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The QCD Lagrangian allows a CP violating term:
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The QCD Axion vs. ALPs

The Strong CP Problem:
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The QCD Lagrangian allows a CP violating term:

It contributes to the neutron EDM

dn ! ! " O(10! 16) e cm
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The QCD Axion vs. ALPs

The Strong CP Problem:

L QCD ! !
g2

s
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The QCD Lagrangian allows a CP violating term:

dn ! 0.3 ! 10! 25 e cm
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It contributes to the neutron EDM
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A dynamical solution with U(1) PQ
Peccei & Quinn, PRL38 (1977)
Weinberg, PRL40 (1978)
Wilczek, PRL40 (1978)The axion      generated as GBa
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Naturally light
Only derivative couplings
Excellent DM candidate
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The QCD dynamics 
generates an effective 
potential for

No CPV

Axion mass
mafa = const
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Intensive study from both experimental and theoretical side:

(GeV�1)

ma(eV)

ga! !
!

8" f a

ga!

!

!

a

Giannotti, Ruz & Vogel, 1611.04652 

10! 5 < m a < 10! 2(eV) 109 < fa < 1012(GeV)QCD axion: !5



10! 5 < m a < 10! 2(eV) 109 < fa < 1012(GeV)QCD axion:

more general ALPs

In the presence of NP:         outside this range and ma ! 1/ f ama
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10! 5 < m a < 10! 2(eV) 109 < fa < 1012(GeV)QCD axion:

more general ALPs

Much larger 
parameter 
space to study!

ga!

!

!

a

In the presence of NP:         outside this range and ma ! 1/ f ama

Bauer, Neubert & Thamm, 1708.00443 !6



APLs appear in many BSM theories:

In theories for dynamical neutrino masses: Majorons

In String models

The Higgs itself maybe be a pseudo-GB (Composite Higgs)

Flavour models with global symmetries

Axion/ALP couplings are determined 
by the ßavour symmetry

Wilczek, 1982

!7



APLs appear in many BSM theories:

In theories for dynamical neutrino masses: Majorons

In String models

The Higgs itself maybe be a pseudo-GB (Composite Higgs)

Flavour models with global symmetries

Axion/ALP couplings are determined 
by the ßavour symmetry

Wilczek, 1982

!7



APLs appear in many BSM theories:

In theories for dynamical neutrino masses: Majorons

In String models

The Higgs itself maybe be a pseudo-GB (Composite Higgs)

Flavour models with global symmetries

Axißavon/Flaxion
Ema, Hamaguchi, Moroi & 
Nakayama, 1612.05492

Calibbi, Goertz, Redigolo, 
Ziegler & Zupan, 1612.08040

Axion/ALP couplings are determined 
by the ßavour symmetry

Wilczek, 1982

!7



APLs appear in many BSM theories:

In theories for dynamical neutrino masses: Majorons

In String models

The Higgs itself maybe be a pseudo-GB (Composite Higgs)

Flavour models with global symmetries

Axißavon/Flaxion
Ema, Hamaguchi, Moroi & 
Nakayama, 1612.05492

Calibbi, Goertz, Redigolo, 
Ziegler & Zupan, 1612.08040

MFV Axion
Arias-Aragon & LM, 1709.07039

Axion/ALP couplings are determined 
by the ßavour symmetry

Wilczek, 1982

Other example e.g. in 
Bjorkeroth, Chun & King, 1806.00660
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Axißavon/Flaxion vs. MFV Axion
Pretty similar Lagrangian:

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j
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! =
! + v!!

2
eia/v !

<latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit>

Masses and mixing

Axion couplings

!8



Axißavon/Flaxion vs. MFV Axion
Pretty similar Lagrangian:

But many differences:

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

! =
! + v!!

2
eia/v !

<latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit>

Masses and mixing

Axion couplings

Axißavon MFV Axion

!8



Axißavon/Flaxion vs. MFV Axion
Pretty similar Lagrangian:

But many differences:

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

! =
! + v!!

2
eia/v !

<latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit>

Masses and mixing

Axion couplings

Axißavon MFV Axion

U(1)FN = U(1)PQ
<latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit><latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit><latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit><latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit>

are the charges under the PQ xi
<latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit>

Froggatt & Nielsen, 1979
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Axißavon/Flaxion vs. MFV Axion
Pretty similar Lagrangian:

But many differences:

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

! =
! + v!!

2
eia/v !

<latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit><latexit sha1_base64="DfIs/Qd7Ht5XPnbAJ2TYyrO/BeQ=">AAACFnicbZDLSsNAFIYn9VbrLerSTbAIgliTIuhGKLhxWcFeoIlhMpk0QyeTODMplJCncOOruHGhiFtx59s4abPQ1h8Gfr5zDmfO7yWUCGma31plaXllda26XtvY3Nre0Xf3uiJOOcIdFNOY9z0oMCUMdySRFPcTjmHkUdzzRtdFvTfGXJCY3clJgp0IDhkJCIJSIVc/tdshubL9gEOU2TyMT8ZugfLMFg9cNnN8nxF4VkJXr5sNcypj0VilqYNSbVf/sv0YpRFmElEoxMAyE+lkkEuCKM5rdipwAtEIDvFAWQYjLJxselZuHCniG0HM1WPSmNLfExmMhJhEnuqMoAzFfK2A/9UGqQwunYywJJWYodmiIKWGjI0iI8MnHCNJJ8pAxIn6q4FCqBKSKsmaCsGaP3nRdJsNy2xYt+f1VquMowoOwCE4Bha4AC1wA9qgAxB4BM/gFbxpT9qL9q59zForWjmzD/5I+/wBGCyf8Q==</latexit>

Masses and mixing

Axion couplings

Axißavon MFV Axion

U(1)FN = U(1)PQ
<latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit><latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit><latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit><latexit sha1_base64="p3RTtsZ906g4VFITwltIm07QIWA=">AAACBnicbVBNS8NAEN34WetX1KMIwSLUS0lE0ItQEMSTtGDaQhvCZrtpl242YXciltCTF/+KFw+KePU3ePPfuG1zqK0PBt6+N8POvCDhTIFt/xhLyyura+uFjeLm1vbOrrm331BxKgl1Scxj2QqwopwJ6gIDTluJpDgKOG0Gg+ux33ygUrFY3MMwoV6Ee4KFjGDQkm8euWXn1O8AfYTs5m50NfOs1Ue+WbIr9gTWInFyUkI5ar753enGJI2oAMKxUm3HTsDLsARGOB0VO6miCSYD3KNtTQWOqPKyyRkj60QrXSuMpS4B1kSdnchwpNQwCnRnhKGv5r2x+J/XTiG89DImkhSoINOPwpRbEFvjTKwuk5QAH2qCiWR6V4v0scQEdHJFHYIzf/IiaZxVHLvi1M9L1WoeRwEdomNURg66QFV0i2rIRQQ9oRf0ht6NZ+PV+DA+p61LRj5zgP7A+PoFe2SX2w==</latexit>

are the charges under the PQ xi
<latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit>

Froggatt & Nielsen, 1979

U(3)3 ! SU(3)3 " U(1)P Q
<latexit sha1_base64="vFWuV72fgKLXeggu0RwwNf1Ps/Q=">AAACDnicbVDLTsJAFJ36RHxVXbqZSEhgQ1ox0SWJG5cQLZBAbabDFCZMH5m5NSENX+DGX3HjQmPcunbn3zhAFwqeZJJzz7k3d+7xE8EVWNa3sba+sbm1Xdgp7u7tHxyaR8dtFaeSMofGIpZdnygmeMQc4CBYN5GMhL5gHX98PfM7D0wqHkd3MEmYG5JhxANOCWjJM8tOpV69r/dVmigG+DYvgYdMYadiV72s2Zp6ZsmqWXPgVWLnpIRyND3zqz+IaRqyCKggSvVsKwE3IxI4FWxa7KeKJYSOyZD1NI2IXudm83OmuKyVAQ5iqV8EeK7+nshIqNQk9HVnSGCklr2Z+J/XSyG4cjMeJSmwiC4WBanAEONZNnjAJaMgJpoQKrn+K6YjIgkFnWBRh2Avn7xK2uc126rZrYtSo5HHUUCn6AxVkI0uUQPdoCZyEEWP6Bm9ojfjyXgx3o2PReuakc+coD8wPn8Aa3eZzw==</latexit><latexit sha1_base64="vFWuV72fgKLXeggu0RwwNf1Ps/Q=">AAACDnicbVDLTsJAFJ36RHxVXbqZSEhgQ1ox0SWJG5cQLZBAbabDFCZMH5m5NSENX+DGX3HjQmPcunbn3zhAFwqeZJJzz7k3d+7xE8EVWNa3sba+sbm1Xdgp7u7tHxyaR8dtFaeSMofGIpZdnygmeMQc4CBYN5GMhL5gHX98PfM7D0wqHkd3MEmYG5JhxANOCWjJM8tOpV69r/dVmigG+DYvgYdMYadiV72s2Zp6ZsmqWXPgVWLnpIRyND3zqz+IaRqyCKggSvVsKwE3IxI4FWxa7KeKJYSOyZD1NI2IXudm83OmuKyVAQ5iqV8EeK7+nshIqNQk9HVnSGCklr2Z+J/XSyG4cjMeJSmwiC4WBanAEONZNnjAJaMgJpoQKrn+K6YjIgkFnWBRh2Avn7xK2uc126rZrYtSo5HHUUCn6AxVkI0uUQPdoCZyEEWP6Bm9ojfjyXgx3o2PReuakc+coD8wPn8Aa3eZzw==</latexit><latexit sha1_base64="vFWuV72fgKLXeggu0RwwNf1Ps/Q=">AAACDnicbVDLTsJAFJ36RHxVXbqZSEhgQ1ox0SWJG5cQLZBAbabDFCZMH5m5NSENX+DGX3HjQmPcunbn3zhAFwqeZJJzz7k3d+7xE8EVWNa3sba+sbm1Xdgp7u7tHxyaR8dtFaeSMofGIpZdnygmeMQc4CBYN5GMhL5gHX98PfM7D0wqHkd3MEmYG5JhxANOCWjJM8tOpV69r/dVmigG+DYvgYdMYadiV72s2Zp6ZsmqWXPgVWLnpIRyND3zqz+IaRqyCKggSvVsKwE3IxI4FWxa7KeKJYSOyZD1NI2IXudm83OmuKyVAQ5iqV8EeK7+nshIqNQk9HVnSGCklr2Z+J/XSyG4cjMeJSmwiC4WBanAEONZNnjAJaMgJpoQKrn+K6YjIgkFnWBRh2Avn7xK2uc126rZrYtSo5HHUUCn6AxVkI0uUQPdoCZyEEWP6Bm9ojfjyXgx3o2PReuakc+coD8wPn8Aa3eZzw==</latexit><latexit sha1_base64="vFWuV72fgKLXeggu0RwwNf1Ps/Q=">AAACDnicbVDLTsJAFJ36RHxVXbqZSEhgQ1ox0SWJG5cQLZBAbabDFCZMH5m5NSENX+DGX3HjQmPcunbn3zhAFwqeZJJzz7k3d+7xE8EVWNa3sba+sbm1Xdgp7u7tHxyaR8dtFaeSMofGIpZdnygmeMQc4CBYN5GMhL5gHX98PfM7D0wqHkd3MEmYG5JhxANOCWjJM8tOpV69r/dVmigG+DYvgYdMYadiV72s2Zp6ZsmqWXPgVWLnpIRyND3zqz+IaRqyCKggSvVsKwE3IxI4FWxa7KeKJYSOyZD1NI2IXudm83OmuKyVAQ5iqV8EeK7+nshIqNQk9HVnSGCklr2Z+J/XSyG4cjMeJSmwiC4WBanAEONZNnjAJaMgJpoQKrn+K6YjIgkFnWBRh2Avn7xK2uc126rZrYtSo5HHUUCn6AxVkI0uUQPdoCZyEEWP6Bm9ojfjyXgx3o2PReuakc+coD8wPn8Aa3eZzw==</latexit>

x i
<latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit><latexit sha1_base64="A5hpcY1JcQQk2okdDy+pM13+JIc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxrwQbXm1t0cZJV4BalBgeag+tUfxiyNUBomqNY9z02Mn1FlOBM4q/RTjQllEzrCnqWSRqj9LD91Rs6sMiRhrGxJQ3L190RGI62nUWA7I2rGetmbi/95vdSE137GZZIalGyxKEwFMTGZ/02GXCEzYmoJZYrbWwkbU0WZselUbAje8surpH1R99y6d3dZazSKOMpwAqdwDh5cQQNuoQktYDCCZ3iFN0c4L86787FoLTnFzDH8gfP5A1/2jdY=</latexit>

are the charges under the PQ 
and they are universal !

xq
<latexit sha1_base64="7GVaEX9LzgMW44NtuigpvpwfrDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbTbt0s0l3J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGNzO/9ci1EbF6wEnC/YgOlAgFo2il+6feuFeuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophtd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVD236t1dVmq1PI4inMApnIMHV1CDW6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBsFo3e</latexit><latexit sha1_base64="7GVaEX9LzgMW44NtuigpvpwfrDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbTbt0s0l3J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGNzO/9ci1EbF6wEnC/YgOlAgFo2il+6feuFeuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophtd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVD236t1dVmq1PI4inMApnIMHV1CDW6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBsFo3e</latexit><latexit sha1_base64="7GVaEX9LzgMW44NtuigpvpwfrDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbTbt0s0l3J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGNzO/9ci1EbF6wEnC/YgOlAgFo2il+6feuFeuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophtd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVD236t1dVmq1PI4inMApnIMHV1CDW6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBsFo3e</latexit><latexit sha1_base64="7GVaEX9LzgMW44NtuigpvpwfrDU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbTbt0s0l3J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGNzO/9ci1EbF6wEnC/YgOlAgFo2il+6feuFeuuFV3DrJKvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0vd1PCEshEd8I6likbc+Nn81Ck5s0qfhLG2pZDM1d8TGY2MmUSB7YwoDs2yNxP/8zophtd+JlSSIldssShMJcGYzP4mfaE5QzmxhDIt7K2EDammDG06JRuCt/zyKmleVD236t1dVmq1PI4inMApnIMHV1CDW6hDAxgM4Ble4c2Rzovz7nwsWgtOPnMMf+B8/gBsFo3e</latexit>

xu
<latexit sha1_base64="k23emSCChnLnWQgsFMyG1bQgIM8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxqkg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB3ImjeI=</latexit><latexit sha1_base64="k23emSCChnLnWQgsFMyG1bQgIM8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxqkg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB3ImjeI=</latexit><latexit sha1_base64="k23emSCChnLnWQgsFMyG1bQgIM8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxqkg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB3ImjeI=</latexit><latexit sha1_base64="k23emSCChnLnWQgsFMyG1bQgIM8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9xm+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWByM/c7j6g0j+WDmSboR3QkecgZNVa6fxqkg2rNrbs5yCrxClKDAs1B9as/jFkaoTRMUK17npsYP6PKcCZwVumnGhPKJnSEPUsljVD7WX7qjJxZZUjCWNmShuTq74mMRlpPo8B2RtSM9bI3F//zeqkJr/2MyyQ1KNliUZgKYmIy/5sMuUJmxNQSyhS3txI2pooyY9Op2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAEz/AKb45wXpx352PRWnKKmWP4A+fzB3ImjeI=</latexit>

xd
<latexit sha1_base64="oTFiaEjQDJ0nqI+zsn9o2zHWW2s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDabTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTjm5nfeeTaiEQ94CTlfkyHSkSCUbTS/dMgHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5+fOiVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7G8SCs0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1hijdE=</latexit><latexit sha1_base64="oTFiaEjQDJ0nqI+zsn9o2zHWW2s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDabTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTjm5nfeeTaiEQ94CTlfkyHSkSCUbTS/dMgHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5+fOiVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7G8SCs0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1hijdE=</latexit><latexit sha1_base64="oTFiaEjQDJ0nqI+zsn9o2zHWW2s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDabTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTjm5nfeeTaiEQ94CTlfkyHSkSCUbTS/dMgHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5+fOiVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7G8SCs0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1hijdE=</latexit><latexit sha1_base64="oTFiaEjQDJ0nqI+zsn9o2zHWW2s=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi8eK9gPaUDabTbt0swm7E7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTjm5nfeeTaiEQ94CTlfkyHSkSCUbTS/dMgHFRrbt2dg6wSryA1KNAcVL/6YcKymCtkkhrT89wU/ZxqFEzyaaWfGZ5SNqZD3rNU0ZgbP5+fOiVnVglJlGhbCslc/T2R09iYSRzYzpjiyCx7M/E/r5dhdO3nQqUZcsUWi6JMEkzI7G8SCs0ZyokllGlhbyVsRDVlaNOp2BC85ZdXSfui7rl17+6y1mgUcZThBE7hHDy4ggbcQhNawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB1hijdE=</latexit>

DÕAmbrosio et al., 0207036
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Axißavon MFV Axion

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>
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Axißavon MFV Axion

(Yu,d )ij ! O(1)
<latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit>

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>
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Axißavon MFV Axion

(Yu,d )ij ! O(1)
<latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit>

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

v!!
2! !

" !
<latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit>

(Yu )ij = ! x u j ! x qi (Yu )ij
<latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit>

(Yd)ij = ! x d j ! x qi (Yd)ij
<latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit>

!9



Axißavon MFV Axion

(Yu,d )ij ! O(1)
<latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit>

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

v!!
2! !

" !
<latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit>

(Yu )ij = ! x u j ! x qi (Yu )ij
<latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit>

(Yd)ij = ! x d j ! x qi (Yd)ij
<latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit>

All  masses and CKM by 
choosing the PQ charges

!9



Axißavon MFV Axion

(Yu,d )ij ! O(1)
<latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit>

Yu = V   diag
!

mu

mt
,

mc

mt
, 1

"

<latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit>

Yd = diag
!

md

mb
,

ms

mb
, 1

"

<latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit>

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

v!!
2! !

" !
<latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit>

(Yu )ij = ! x u j ! x qi (Yu )ij
<latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit>

(Yd)ij = ! x d j ! x qi (Yd)ij
<latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit>

All  masses and CKM by 
choosing the PQ charges

!9

(scalar pot.: Alonso, Gavela, LM & Rigolin, 1103.2915)



Axißavon MFV Axion

(Yu,d )ij ! O(1)
<latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit>

Yu = V   diag
!

mu

mt
,

mc

mt
, 1

"

<latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit>

Yd = diag
!

md

mb
,

ms

mb
, 1

"

<latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit>

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

v!!
2! !

" !
<latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit>

(Yu )ij = ! x u j ! x qi (Yu )ij
<latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit>

(Yd)ij = ! x d j ! x qi (Yd)ij
<latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit>

All  masses and CKM by 
choosing the PQ charges

!9

(scalar pot.: Alonso, Gavela, LM & Rigolin, 1103.2915)



Axißavon MFV Axion

(Yu,d )ij ! O(1)
<latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit><latexit sha1_base64="EqsBUfEEyURShJ8ZJWxcNLFi+iQ=">AAACE3icbVDLSsNAFJ34rPUVdelmsAitSElE0GXBjTsr2Ic0IUwm03bsTBJmJkIJ+Qc3/oobF4q4dePOv3HSBtHWAxcO59zLvff4MaNSWdaXsbC4tLyyWlorr29sbm2bO7ttGSUCkxaOWCS6PpKE0ZC0FFWMdGNBEPcZ6fiji9zv3BMhaRTeqHFMXI4GIe1TjJSWPPOo6nCkhhix9Dbz0uQ4yGpeSu8yR1L+Y11lVbvmmRWrbk0A54ldkAoo0PTMTyeIcMJJqDBDUvZsK1ZuioSimJGs7CSSxAiP0ID0NA0RJ9JNJz9l8FArAexHQleo4ET9PZEiLuWY+7ozv1LOern4n9dLVP/cTWkYJ4qEeLqonzCoIpgHBAMqCFZsrAnCgupbIR4igbDSMZZ1CPbsy/OkfVK3rbp9fVppNIo4SmAfHIAqsMEZaIBL0AQtgMEDeAIv4NV4NJ6NN+N92rpgFDN74A+Mj28tmp5P</latexit>

Yu = V   diag
!

mu

mt
,

mc

mt
, 1

"

<latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit><latexit sha1_base64="f8gn23NxtdqceLok1/qyMaewU7Y="></latexit>

Yd = diag
!

md

mb
,

ms

mb
, 1

"

<latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit><latexit sha1_base64="Pvfn3j6OyXVGNxvW2JPB4DQiOUE="></latexit>

L Y = !
!

!
" !

" x u j ! x qi

qL i
#H Yu uR j !

!
!

" !

" x d j ! x qi

qL i
H YddR j

<latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit><latexit sha1_base64="rBr7BloAuVjyl3XDGObjR+kTES4="></latexit>

v!!
2! !

" !
<latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit><latexit sha1_base64="iU8pGR4weLKcy4IO0LnHJMAJq/w=">AAACGnicbVDLSgMxFM34rPVVdekmWARXZaYIuiy4ceGign1AZyiZzJ02NJOZJplCGfodbvwVNy4UcSdu/Bsz7Sy09UDgcM49Se7xE86Utu1va219Y3Nru7RT3t3bPzisHB23VZxKCi0a81h2faKAMwEtzTSHbiKBRD6Hjj+6yf3OBKRisXjQ0wS8iAwECxkl2kj9iuMGoSQ0m/Td5pDNMleNpa67d+aGgCw0F8Ypm2AXEsV4nqnaNXsOvEqcglRRgWa/8ukGMU0jEJpyolTPsRPtZURqRjnMym6qICF0RAbQM1SQCJSXzVeb4XOjBDiMpTlC47n6O5GRSKlp5JvJiOihWvZy8T+vl+rw2suYSFINgi4eClOOdYzznnDAJFDNp4YQKpn5K6ZDYqrSps2yKcFZXnmVtOs1x64595fVRqOoo4RO0Rm6QA66Qg10i5qohSh6RM/oFb1ZT9aL9W59LEbXrCJzgv7A+voB4fqh/g==</latexit>

(Yu )ij = ! x u j ! x qi (Yu )ij
<latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit><latexit sha1_base64="J4jVQ1pBuHGRnplSkhmroJrq3Ls="></latexit>

(Yd)ij = ! x d j ! x qi (Yd)ij
<latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit><latexit sha1_base64="d1d4+7zlz8mweg0Nnc4LjMt/Vxg="></latexit>

All  masses and CKM by 
choosing the PQ charges

Masses and CKM by          and 
third gen. masses by PQ charges

!9

(scalar pot.: Alonso, Gavela, LM & Rigolin, 1103.2915)



!10

L a!! = v! !
ij

a
v!

" L i
" R j

<latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit>



!10

L a!! = v! !
ij

a
v!

" L i
" R j

<latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit>



Axißavon MFV Axion

!10

L a!! = v! !
ij

a
v!

" L i
" R j

<latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit>



Axißavon MFV Axion

Axion-top suppressed

!10

L a!! = v! !
ij

a
v!

" L i
" R j

<latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit>



Axißavon MFV Axion

Flavour non-conserving 

Axion-top suppressed

!10

L a!! = v! !
ij

a
v!

" L i
" R j

<latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit><latexit sha1_base64="50GII/UU3RU+MaBN0knNI9qDA+M="></latexit>



Axißavon MFV Axion

Flavour non-conserving 

Axion-top suppressed

Section 6.1 Axißavon phenomenology 42

øs,øb

a

ød, øs

u u
K + , B + ! + , K +

FIGURE 6.1: Tree level decay ofK + and B + with an axion emission.

For the Þrst process there are bounds for its branching ratio coming from the E787

and E949 [51] experiments:

BR
!
K + ! ! + + a

"
< 7.3 á10! 11, (6.10)

and since the decay width is found [ 24] to be:
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where mK is the kaon mass and B 2
S = 4.6 is a non-perturbative parameter related to

the quark condensate [52]. Using the deÞnition given in eq. ( 5.9), the result is:
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where it has been used the assigned Axißavon charges from eq. (5.4) and it has been

taken into account that Y d
21 "

#
2ms md

v with v the Higgs Þeld VEV. Finally, combining

these three last equations, the following result is reached:

v! ! 2 á1011 GeV, (6.13)

which, given the analysis performed with the photon couplings, suggests a mass for

the axion below the 6 meV.
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with Ca!! =
!

5
3xQ + xL ! 4

3xu ! 1
3xd ! xe

"
as deÞned in eq. (5.19). As it happened in

the case of the Axißavon, the only mass range for the axion compatible with it being an

usual QCD KSVZ axion is ma < 6meV, with all the other cases corresponding to ALPs.

When studying the rare meson decays introducing the MFV Axion, a fundamental

difference with the Axißavon case appears: since the MFV Axion couples to the SM

fermions in a generation-independent way, no FCNC involving the MFV Axion will

appear. This implies that the processes must happen at loop level, with two possible

penguin-like diagrams: the MFV Axion can be connected to the loop either through

the fermion or through the W gauge boson, as it can be seen in the Feynman diagrams

shown below.

øs,øb ød, øs

a

u u

øu, øc,øt

W +

K + , B + ! + , K +

(a) Axion emitted from the W boson.

øs,øb ød, øs

a
u u

øu, øc,øt

W +

K + , B + ! + , K +

(b) Axion emitted from the loop fermion.

FIGURE 6.3: One loop decay ofK + and B + with an axion emission.

Notice that in the case of the axion appearing through a fermion coupling, there

are two terms that should, at Þrst thought, be taken into account from eq. ( 5.18): the

MFV Axion couples to SM fermions through a derivative term (Þrst line of the equa-

tion) and through the Yukawas (second line of the equation). Nevertheless, since the

fermion within the loop must be left-handed so that it can couple to the W boson that

causes for the ßavour change, the dominant contribution to the diagram is the deriva-

tive one due to chirality.

Taking into account that for both the K + " ! + + a and B + " K + + a processes the

quark in the loop is an up-type quark, it is possible to deÞne a coupling constant of the
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where mK is the kaon mass and B 2
S = 4.6 is a non-perturbative parameter related to
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these three last equations, the following result is reached:
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FIG. 1: The axißavon band (light brown) projected on the axion parameter space: mass vs. photon coupling deÞned in Eq. (16).
The standard KSVZ/DFSZ band is shown in light yellow. The grey exclusion region is obtained from the combination of
various axion constraints that are summarized in the legend. The dashed colored lines show the projected reach of future axion
experiments. The solid blue line is the exclusion reach from current ßavor experiments for an axißavon model with ! sd /N = 1
(cf. Eq. (21)). The dashed blue line depicts the expected reach of future ßavor experiments for the same choice of parameters.

corresponding to theU(1)H breaking happens before in-
ßation, the energy density stored in the axion oscillations
can be easily related to the present Dark Matter (DM)
abundance [8Ð10]:

! DM h2 ! 1 " 10! 7
!

eV
ma

" 7/ 6

! 2 . (18)

For a given axion mass below roughly! 10! 5# 10! 4 eV it
is then always possible to choose a misalignment angle!
to get the correct dark matter abundance! DM h2 ! 0.12.
The axion domain wall problem is automatically solved
in this setup, but interesting constraints can arise from
isocurvature perturbations [40].

We show in Fig. 1 present and future bounds on the
axißavon both from axion searches and from ßavor ex-
periments in terms of its massma and its coupling to
photons ga!! . In this plane one can appreciate how the
allowed range ofE/N is considerably reduced compared
to the standard axion window [32]. Assuming that the
axißavon is also accounting for the total DM abundance
we give the corresponding value of! for a given mass.

In the high mass region with ma $ 0.1# 10 meV strin-
gent bounds on the axißavon comes from its coupling to
fermions and are hence independent ofga!! . A mild lower
bound on the axißavon decay constantf a can be derived
from axißavon coupling to electrons which a" ects white
dwarf cooling [41]. This bound cuts o" our parameter
space at aroundma ! 10 meV.

A stronger bound comes from the ßavor-violating cou-
pling of the axißavon to down and strange quarks,asd,
leading to (bounds from kaon decays are more restrictive
than the bounds from kaon mixing)

#(K + % " + a) &
mK

64"
|#d

21 + #d"
12 |2B 2

s

!
1 #

m2
"

m2
K

"
, (19)

where mK, " are the kaon and pion masses, andBs =
4.6(8) is the nonperturbative parameter related to the
quark condenstate [42]. The 90% CL combined bound
from E787 and E949, BR(K + % " + a) < 7.3á10! 11 [43],
gives

1
2

|#d
21 + #d"

12 | < 1.4 á10! 13. (20)

DeÞning |#d
21 + #d"

12 | ' 2$sd
(

mdms/ (2Nf a), this gives

f a "
$sd

N
" 7.5 á1010 GeV , (21)

where $sd /N $ O(1) are model-dependent coe$ cients
controlled by the particular ßavor charge assignments,
and quark masses are taken atµ $ 2 GeV. Similarly in
the B sector we Þnd

#(B + % K + a) &
mB

64"
|#d

32 + #d"
23 |2

#
f K

0 (0)
$2

%BK , (22)

with f K
0 (0) = 0 .331 [44] and the shorthand notation

%BK =
!

mB

mb # ms

" 2!
1 #

m2
K

m2
B

" 3

. (23)
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corresponding to theU(1)H breaking happens before in-
ßation, the energy density stored in the axion oscillations
can be easily related to the present Dark Matter (DM)
abundance [8Ð10]:
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! 2 . (18)

For a given axion mass below roughly! 10! 5# 10! 4 eV it
is then always possible to choose a misalignment angle!
to get the correct dark matter abundance! DM h2 ! 0.12.
The axion domain wall problem is automatically solved
in this setup, but interesting constraints can arise from
isocurvature perturbations [40].

We show in Fig. 1 present and future bounds on the
axißavon both from axion searches and from ßavor ex-
periments in terms of its massma and its coupling to
photons ga!! . In this plane one can appreciate how the
allowed range ofE/N is considerably reduced compared
to the standard axion window [32]. Assuming that the
axißavon is also accounting for the total DM abundance
we give the corresponding value of! for a given mass.

In the high mass region with ma $ 0.1# 10 meV strin-
gent bounds on the axißavon comes from its coupling to
fermions and are hence independent ofga!! . A mild lower
bound on the axißavon decay constantf a can be derived
from axißavon coupling to electrons which a" ects white
dwarf cooling [41]. This bound cuts o" our parameter
space at aroundma ! 10 meV.

A stronger bound comes from the ßavor-violating cou-
pling of the axißavon to down and strange quarks,asd,
leading to (bounds from kaon decays are more restrictive
than the bounds from kaon mixing)
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where mK, " are the kaon and pion masses, andBs =
4.6(8) is the nonperturbative parameter related to the
quark condenstate [42]. The 90% CL combined bound
from E787 and E949, BR(K + % " + a) < 7.3á10! 11 [43],
gives

1
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mdms/ (2Nf a), this gives

f a "
$sd

N
" 7.5 á1010 GeV , (21)

where $sd /N $ O(1) are model-dependent coe$ cients
controlled by the particular ßavor charge assignments,
and quark masses are taken atµ $ 2 GeV. Similarly in
the B sector we Þnd
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For a given axion mass below roughly! 10! 5# 10! 4 eV it
is then always possible to choose a misalignment angle!
to get the correct dark matter abundance! DM h2 ! 0.12.
The axion domain wall problem is automatically solved
in this setup, but interesting constraints can arise from
isocurvature perturbations [40].

We show in Fig. 1 present and future bounds on the
axißavon both from axion searches and from ßavor ex-
periments in terms of its massma and its coupling to
photons ga!! . In this plane one can appreciate how the
allowed range ofE/N is considerably reduced compared
to the standard axion window [32]. Assuming that the
axißavon is also accounting for the total DM abundance
we give the corresponding value of! for a given mass.

In the high mass region with ma $ 0.1# 10 meV strin-
gent bounds on the axißavon comes from its coupling to
fermions and are hence independent ofga!! . A mild lower
bound on the axißavon decay constantf a can be derived
from axißavon coupling to electrons which a" ects white
dwarf cooling [41]. This bound cuts o" our parameter
space at aroundma ! 10 meV.

A stronger bound comes from the ßavor-violating cou-
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For a given axion mass below roughly! 10! 5# 10! 4 eV it
is then always possible to choose a misalignment angle!
to get the correct dark matter abundance! DM h2 ! 0.12.
The axion domain wall problem is automatically solved
in this setup, but interesting constraints can arise from
isocurvature perturbations [40].

We show in Fig. 1 present and future bounds on the
axißavon both from axion searches and from ßavor ex-
periments in terms of its massma and its coupling to
photons ga!! . In this plane one can appreciate how the
allowed range ofE/N is considerably reduced compared
to the standard axion window [32]. Assuming that the
axißavon is also accounting for the total DM abundance
we give the corresponding value of! for a given mass.

In the high mass region with ma $ 0.1# 10 meV strin-
gent bounds on the axißavon comes from its coupling to
fermions and are hence independent ofga!! . A mild lower
bound on the axißavon decay constantf a can be derived
from axißavon coupling to electrons which a" ects white
dwarf cooling [41]. This bound cuts o" our parameter
space at aroundma ! 10 meV.

A stronger bound comes from the ßavor-violating cou-
pling of the axißavon to down and strange quarks,asd,
leading to (bounds from kaon decays are more restrictive
than the bounds from kaon mixing)
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For a given axion mass below roughly! 10! 5# 10! 4 eV it
is then always possible to choose a misalignment angle!
to get the correct dark matter abundance! DM h2 ! 0.12.
The axion domain wall problem is automatically solved
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isocurvature perturbations [40].

We show in Fig. 1 present and future bounds on the
axißavon both from axion searches and from ßavor ex-
periments in terms of its massma and its coupling to
photons ga!! . In this plane one can appreciate how the
allowed range ofE/N is considerably reduced compared
to the standard axion window [32]. Assuming that the
axißavon is also accounting for the total DM abundance
we give the corresponding value of! for a given mass.
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gent bounds on the axißavon comes from its coupling to
fermions and are hence independent ofga!! . A mild lower
bound on the axißavon decay constantf a can be derived
from axißavon coupling to electrons which a" ects white
dwarf cooling [41]. This bound cuts o" our parameter
space at aroundma ! 10 meV.

A stronger bound comes from the ßavor-violating cou-
pling of the axißavon to down and strange quarks,asd,
leading to (bounds from kaon decays are more restrictive
than the bounds from kaon mixing)
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Figure 2: The leading-ordergg ! ga scattering rate in the thermal plasma is equivalently
obtained by: a) summing the Feynman diagrams in the upper row, squaring the total ampli-
tude, performing the thermal average; b) summing the imaginary parts of the two loop thermal
diagrams in the lower row. In both cases the result is infra-red divergent, such that proper
inclusion of higher order e! ects is needed. For simplicity, we here plotted the diagrams relative
to a simpliÞed world without quarks.

¥ The Feynman diagrams forgg ! ga scatterings are plotted in the upper row of Þgure2
and are namedS (s-channel gluon exchange),T (t-channel),U (u-channel) andX (quartic
vertex). When computing the rate in terms of scatterings, the rate is proportional to the
modulus squared of the total amplitude,|S + T + U + X |2.

¥ The equivalent thermal diagrams at leading order ing3 arise at two-loop level and are
plotted in the lower row of Þgure2, where they are namedA, B , C, D. The rate
is proportional to the their sum, that contains the various tree-level scatterings in the
following way:

A = 2Re [S! T + S! U + T! U] B = 2Re [X ! (S + T + U)],
C = |X |2 D = |S|2 + |T|2 + |U|2.

(2.7)

We explicitly see that the thermal axion production rate! = ! A + ! B + ! C + ! D is equivalent
to the scattering computation |S + T + U + X |2.

However, both computations give an infra-red divergent result, because of the massless gluon
in the T and U diagrams, or equivalently in the thermal diagramD. We employ the thermal
Þeld theory formalism because it is more appropriate for dealing with such issues.
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For Axißavon and MFVA models, the b-coupling is relevant!
Arias-Aragon, DÕEramo, Ferreira, LM & Notari, to appear
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ALPs: MFV case
Focussing in an ALP possibility with ma ! GeV
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ALPs: MFV case

Brivio, Gavela, LM, Mimasu, No, Rey & Sanz, 1701.05379

Bauer, Neubert & Thamm, 1708.00443

Observables/Processes
Parameters contributing
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Astrophysical obs. ga!! c ÷W c÷B c ÷W c÷B

Rare meson decays c ÷W ca! c ÷W c2D c2 c6 c8 c17
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BSM Z width ! (Z ! a! ) c ÷W c÷B c ÷W c÷B c1 c2 c7

LHC processes

Non-standard h decays ! (h ! aZ) ÷a2D ÷a3 ÷a10 ÷a11! 14 ÷a17

Mono-Z prod. pp ! a Z c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c3 c7 c10 c11! 14 c17

Mono-W prod. pp ! a W± c ÷W c÷B ca! c ÷W c÷B c2D c2 c6 c8 c10
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ts Associated prod. pp ! aW± ! c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c6 c7 c8

VBF prod. pp ! ajj (! ) c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c6 c7 c8

Mono-h prod. pp ! h a ÷a2D ÷a3 ÷a10 ÷a11! 14 ÷a17

atøt prod. pp ! atøt ca! c2D

Table 2: Couplings contributing to the observables considered here, stemming from the purely bosonic
operators in the linear and non-linear scenarios. The block of new constraints explores the sensitivity of
LEP and present LHC data to di! erent operators, see Sect.6. The last block corresponds instead to the
sensitivity analysis from Sect.7, which assumes both LHC prospects with300 fb! 1 of data and projections
to the HL-LHC phase with 3000 fb! 1 of data. The operator coe" cients to which present or expected
measurements are found to be sensitive appear in bold.

takes the form:
gaZ ! = f ! 1

a

!
4s2" (c ÷W " c÷B ) +

g
4"

(2c1 + t" (c2 + 2c7))
"

, (68)

with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
c1 = c2 = c7 = 0 . This interaction can be constrained from various sets of experimental data:

- The uncertainty on the Z boson width [42], ! (Z ! BSM) ! 2 MeV at 95% C.L., allows
to set a conservative bound on the processZ ! a! . The latter would contribute to the Z
width as
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, (69)

constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).
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Table 2: Couplings contributing to the observables considered here, stemming from the purely bosonic
operators in the linear and non-linear scenarios. The block of new constraints explores the sensitivity of
LEP and present LHC data to di! erent operators, see Sect.6. The last block corresponds instead to the
sensitivity analysis from Sect.7, which assumes both LHC prospects with300 fb! 1 of data and projections
to the HL-LHC phase with 3000 fb! 1 of data. The operator coe" cients to which present or expected
measurements are found to be sensitive appear in bold.
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with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
c1 = c2 = c7 = 0 . This interaction can be constrained from various sets of experimental data:

- The uncertainty on the Z boson width [42], ! (Z ! BSM) ! 2 MeV at 95% C.L., allows
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constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).
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Table 2: Couplings contributing to the observables considered here, stemming from the purely bosonic
operators in the linear and non-linear scenarios. The block of new constraints explores the sensitivity of
LEP and present LHC data to di! erent operators, see Sect.6. The last block corresponds instead to the
sensitivity analysis from Sect.7, which assumes both LHC prospects with300 fb! 1 of data and projections
to the HL-LHC phase with 3000 fb! 1 of data. The operator coe" cients to which present or expected
measurements are found to be sensitive appear in bold.
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with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
c1 = c2 = c7 = 0 . This interaction can be constrained from various sets of experimental data:

- The uncertainty on the Z boson width [42], ! (Z ! BSM) ! 2 MeV at 95% C.L., allows
to set a conservative bound on the processZ ! a! . The latter would contribute to the Z
width as
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constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).

21

Focussing in an ALP possibility with ma ! GeV
<latexit sha1_base64="teB83uEDrfP/iG04L2LzjnM8Wxs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix40GMF+wFtCJvtpF26m4TdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpoJrdN1va2V1bX1js7RV3t7Z3du3KwctnWSKQZMlIlGdkGoQPIYmchTQSRVQGQpoh6Orqd++B6V5Et/hOAVf0kHMI84oGimwKzKgPc1lD+ER82toTQK76tbcGZxl4hWkSgo0Avur109YJiFGJqjWXc9N0c+pQs4ETMq9TENK2YgOoGtoTCVoP5+dPnFOjNJ3okSZitGZqb8nciq1HsvQdEqKQ73oTcX/vG6G0aWf8zjNEGI2XxRlwsHEmebg9LkChmJsCGWKm1sdNqSKMjRplU0I3uLLy6R1VvPcmnd7Xq3XizhK5Igck1PikQtSJzekQZqEkQfyTF7Jm/VkvVjv1se8dcUqZg7JH1ifP63xlEA=</latexit><latexit sha1_base64="teB83uEDrfP/iG04L2LzjnM8Wxs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix40GMF+wFtCJvtpF26m4TdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpoJrdN1va2V1bX1js7RV3t7Z3du3KwctnWSKQZMlIlGdkGoQPIYmchTQSRVQGQpoh6Orqd++B6V5Et/hOAVf0kHMI84oGimwKzKgPc1lD+ER82toTQK76tbcGZxl4hWkSgo0Avur109YJiFGJqjWXc9N0c+pQs4ETMq9TENK2YgOoGtoTCVoP5+dPnFOjNJ3okSZitGZqb8nciq1HsvQdEqKQ73oTcX/vG6G0aWf8zjNEGI2XxRlwsHEmebg9LkChmJsCGWKm1sdNqSKMjRplU0I3uLLy6R1VvPcmnd7Xq3XizhK5Igck1PikQtSJzekQZqEkQfyTF7Jm/VkvVjv1se8dcUqZg7JH1ifP63xlEA=</latexit><latexit sha1_base64="teB83uEDrfP/iG04L2LzjnM8Wxs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix40GMF+wFtCJvtpF26m4TdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpoJrdN1va2V1bX1js7RV3t7Z3du3KwctnWSKQZMlIlGdkGoQPIYmchTQSRVQGQpoh6Orqd++B6V5Et/hOAVf0kHMI84oGimwKzKgPc1lD+ER82toTQK76tbcGZxl4hWkSgo0Avur109YJiFGJqjWXc9N0c+pQs4ETMq9TENK2YgOoGtoTCVoP5+dPnFOjNJ3okSZitGZqb8nciq1HsvQdEqKQ73oTcX/vG6G0aWf8zjNEGI2XxRlwsHEmebg9LkChmJsCGWKm1sdNqSKMjRplU0I3uLLy6R1VvPcmnd7Xq3XizhK5Igck1PikQtSJzekQZqEkQfyTF7Jm/VkvVjv1se8dcUqZg7JH1ifP63xlEA=</latexit><latexit sha1_base64="teB83uEDrfP/iG04L2LzjnM8Wxs=">AAAB+nicbVBNS8NAEN34WetXqkcvwSJ4KokIeix40GMF+wFtCJvtpF26m4TdiVpif4oXD4p49Zd489+4bXPQ1gcDj/dmmJkXpoJrdN1va2V1bX1js7RV3t7Z3du3KwctnWSKQZMlIlGdkGoQPIYmchTQSRVQGQpoh6Orqd++B6V5Et/hOAVf0kHMI84oGimwKzKgPc1lD+ER82toTQK76tbcGZxl4hWkSgo0Avur109YJiFGJqjWXc9N0c+pQs4ETMq9TENK2YgOoGtoTCVoP5+dPnFOjNJ3okSZitGZqb8nciq1HsvQdEqKQ73oTcX/vG6G0aWf8zjNEGI2XxRlwsHEmebg9LkChmJsCGWKm1sdNqSKMjRplU0I3uLLy6R1VvPcmnd7Xq3XizhK5Igck1PikQtSJzekQZqEkQfyTF7Jm/VkvVjv1se8dcUqZg7JH1ifP63xlEA=</latexit>

FLAVOUR:

B decays

Izaguirre, Lin & Shuve, 1611.09355
Gavela, Houtz, Quilez, del Rey, Sumensari, 1901.02031

3

K + ! +

u

øs

W

ød

u, c, t u, c, t

a
ca!

K + ! +

u

øs

u, c, t

ød

W W

a
cW

FIG. 1. Illustration of diagrams giving one-loop contributions to the
processK + ! ! + a via the interactions deÞned in Eq.(3).

It follows that the decay rate for the processK + ! ! + a
can be expressed as

! (K + ! ! + a) =
m3

K |ga
sd |2

64!
f 0(m2

a)2" 1/ 2
! a

!
1 "

m2
!

m2
K

" 2

,

with " ! a =
#
1 " (m a + m ! )2

m 2
K

$ #
1 " (m a ! m ! )2

m K
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$
. In this ex-

pression,f 0 denotes theK ! ! scalar form factor, which
has been computed in lattice QCD in Ref. [60]. An analo-
gous expression can be obtainedmutatis mutandisfor the de-
cayB ! Ka , in which case the relevant form factors can be
found in Refs. [61, 62].

In Eq. (6), the contribution proportional tocW is Þnite
due to the GlashowÐIliopoulosÐMaiani (GIM) mechanism, in
agreement with the results of Ref. [47]. The ca! term is in-
stead logarithmically sensitive to the ultraviolet scale of the
theory f a, and its contribution is thus approximated by the
leading log model-independent component. Furthermore, be-
causeg(x) # x + O(x2) for smallx, the contributions from
the up and charm quarks are sub-leading in both terms with
respect to that of the top quark. Also, note that the logarith-
mic enhancement of theca! term ($ log (f a/m t )) should be
particularly relevant for large values off a.

The interplay betweenca! andcW presents interesting fea-
tures which depend on their relative sign. Their contributions
to ALP production in rare decays can interfere destructively if
and only if ca! /c W > 0. Such a cancellation would leave a
region in parameter space which cannot be probed by relying
only on FCNC decays such asK ! ! a andB ! Ka . An
alternative to lift this degeneracy using LHC constraints will
be discussed further below, after deriving the constraints that
follow from rare meson decays.

In order to determine the detection possibilities for a given
Þnal state channel, an important element is whether the ALP
can decay into visible particles within the detector, or whether
it escapes and contributes to an ÒinvisibleÓ channel. We dis-
cuss next both cases.

IV. THE INVISIBLE ALP

Let us consider Þrst the scenario of an ALP that does not
decay into visible particles in the detector, which we shall re-
fer to as the Òinvisible ALPÓ. This situation can arise ifa is
sufÞciently light, makinga long-lived, or if there are large

couplings ofa to a dark sector, makingB(a ! inv) sufÞ-
ciently large. The analysis performed below is general and
applies to both cases.

The experimental constraints relevant for differentma
ranges are listed next:

¥ ma %(0, mK " m! ):

Searches for the decayK ! !# ø# have been performed
at the E787 and E949 experiments. The bounds obtained
can be directly reinterpreted to limit the parameter space of
new undetected particles. E787 and E949 experiments take
measurements in two regions of pion momentum, namely
p! % (140, 199) MeV andp! % (211, 229) MeV, which
can be translated into the ALP mass ranges150 MeV <#
ma

<# 260 MeV andma
<# 115 MeV, respectively. The

limits reported in these searches areB(K + ! ! + #ø#)exp =%
1.73+1 .15

! 1.05

&
& 10! 10 [58] and B(K + ! ! + #ø#)exp <

2.2 & 10! 9 [59], which lie slightly above the SM predic-
tion, B(K + ! ! + #ø#)SM = (9 .11± 0.72) & 10! 11 [63].
Similar searches have been performed at the NA62 experi-
ment, which aims at attaining the SM rates in the very near
future [64]. In our analysis, we consider the E787 and E949
constraints, as summarized in Ref. [58].

¥ ma %(0, mB " mK ):

The most constraining experimental limits onB(B !
K (" ) +inv) were obtained by the Belle collaboration. These
areB(B ! K #ø#) < 1.6 & 10! 5 andB(B ! K " #ø#) <
2.7 & 10! 5 (90% C.L.) [65], which lie respectively a fac-
tor of 3.9 and 2.7 above the SM predictions [66]. In the
near future, Belle-II aims at measuring the SM value with
a O(10%) precision [67]. For the new physics scenario
considered here, the strongest constraint arises from the
B ! K #ø# result.

The constraints set on ALP-electroweak coefÞcients by data
will be analyzed in two steps: Þrst within aone coupling at a
timeapproach, where either onlycW or ca! are switched on;
next, the{ ca! , cW } parameter space spanned by thesimulta-
neous presence of both couplingswill be considered.

Fig. 2 depicts the allowed values ofcW (left panel) andca!
(right panel) as a function of the ALP mass, when only one of
these two couplings is added to the SM. The constraints ob-
tained on the{ ma, cW } plane (left panel) coincide with those
derived in Ref. [47]. The constraints on the parameter space
for { ma, ca! } (right panel) are a novel contribution of this
work. The case illustrated corresponds tof a = 1 TeV. The
quantitative similarity of the exclusion limits on the two cou-
plings depicted in Fig.2 is fortuitous; it is easy to check that
the constraints onca! become stronger than those forcW for
larger values off a, as expected from the logarithmic depen-
dence of its contribution, see Eq. (6).

These plots also indicate that kaon constraints are typically
one order of magnitude stronger than those derived fromB -
meson decays, although limited to a more restrictedma range.
Future prospects from NA62 and Belle-II are also illustrated
in Fig. 2 with dashed lines.

When bothca! andcW are simultaneously considered, an
interesting pattern of destructive interference can take place,
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Observables/Processes
Parameters contributing

Linear Non-Linear

Astrophysical obs. ga!! c ÷W c÷B c ÷W c÷B

Rare meson decays c ÷W ca! c ÷W c2D c2 c6 c8 c17
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LEP data

BSM Z width ! (Z ! a! ) c ÷W c÷B c ÷W c÷B c1 c2 c7

LHC processes

Non-standard h decays ! (h ! aZ) ÷a2D ÷a3 ÷a10 ÷a11! 14 ÷a17

Mono-Z prod. pp ! a Z c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c3 c7 c10 c11! 14 c17

Mono-W prod. pp ! a W± c ÷W c÷B ca! c ÷W c÷B c2D c2 c6 c8 c10

P
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ts Associated prod. pp ! aW± ! c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c6 c7 c8

VBF prod. pp ! ajj (! ) c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c6 c7 c8

Mono-h prod. pp ! h a ÷a2D ÷a3 ÷a10 ÷a11! 14 ÷a17

atøt prod. pp ! atøt ca! c2D

Table 2: Couplings contributing to the observables considered here, stemming from the purely bosonic
operators in the linear and non-linear scenarios. The block of new constraints explores the sensitivity of
LEP and present LHC data to di! erent operators, see Sect.6. The last block corresponds instead to the
sensitivity analysis from Sect.7, which assumes both LHC prospects with300 fb! 1 of data and projections
to the HL-LHC phase with 3000 fb! 1 of data. The operator coe" cients to which present or expected
measurements are found to be sensitive appear in bold.

takes the form:
gaZ ! = f ! 1
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g
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(2c1 + t" (c2 + 2c7))
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, (68)

with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
c1 = c2 = c7 = 0 . This interaction can be constrained from various sets of experimental data:

- The uncertainty on the Z boson width [42], ! (Z ! BSM) ! 2 MeV at 95% C.L., allows
to set a conservative bound on the processZ ! a! . The latter would contribute to the Z
width as
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, (69)

constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).
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with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
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constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).
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with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
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constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).
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FIG. 1. Illustration of diagrams giving one-loop contributions to the
processK + ! ! + a via the interactions deÞned in Eq.(3).

It follows that the decay rate for the processK + ! ! + a
can be expressed as

! (K + ! ! + a) =
m3

K |ga
sd |2

64!
f 0(m2

a)2" 1/ 2
! a

!
1 "

m2
!

m2
K

" 2

,

with " ! a =
#
1 " (m a + m ! )2

m 2
K

$ #
1 " (m a ! m ! )2

m K
2

$
. In this ex-

pression,f 0 denotes theK ! ! scalar form factor, which
has been computed in lattice QCD in Ref. [60]. An analo-
gous expression can be obtainedmutatis mutandisfor the de-
cayB ! Ka , in which case the relevant form factors can be
found in Refs. [61, 62].

In Eq. (6), the contribution proportional tocW is Þnite
due to the GlashowÐIliopoulosÐMaiani (GIM) mechanism, in
agreement with the results of Ref. [47]. The ca! term is in-
stead logarithmically sensitive to the ultraviolet scale of the
theory f a, and its contribution is thus approximated by the
leading log model-independent component. Furthermore, be-
causeg(x) # x + O(x2) for smallx, the contributions from
the up and charm quarks are sub-leading in both terms with
respect to that of the top quark. Also, note that the logarith-
mic enhancement of theca! term ($ log (f a/m t )) should be
particularly relevant for large values off a.

The interplay betweenca! andcW presents interesting fea-
tures which depend on their relative sign. Their contributions
to ALP production in rare decays can interfere destructively if
and only if ca! /c W > 0. Such a cancellation would leave a
region in parameter space which cannot be probed by relying
only on FCNC decays such asK ! ! a andB ! Ka . An
alternative to lift this degeneracy using LHC constraints will
be discussed further below, after deriving the constraints that
follow from rare meson decays.

In order to determine the detection possibilities for a given
Þnal state channel, an important element is whether the ALP
can decay into visible particles within the detector, or whether
it escapes and contributes to an ÒinvisibleÓ channel. We dis-
cuss next both cases.

IV. THE INVISIBLE ALP

Let us consider Þrst the scenario of an ALP that does not
decay into visible particles in the detector, which we shall re-
fer to as the Òinvisible ALPÓ. This situation can arise ifa is
sufÞciently light, makinga long-lived, or if there are large

couplings ofa to a dark sector, makingB(a ! inv) sufÞ-
ciently large. The analysis performed below is general and
applies to both cases.

The experimental constraints relevant for differentma
ranges are listed next:

¥ ma %(0, mK " m! ):

Searches for the decayK ! !# ø# have been performed
at the E787 and E949 experiments. The bounds obtained
can be directly reinterpreted to limit the parameter space of
new undetected particles. E787 and E949 experiments take
measurements in two regions of pion momentum, namely
p! % (140, 199) MeV andp! % (211, 229) MeV, which
can be translated into the ALP mass ranges150 MeV <#
ma

<# 260 MeV andma
<# 115 MeV, respectively. The

limits reported in these searches areB(K + ! ! + #ø#)exp =%
1.73+1 .15

! 1.05

&
& 10! 10 [58] and B(K + ! ! + #ø#)exp <

2.2 & 10! 9 [59], which lie slightly above the SM predic-
tion, B(K + ! ! + #ø#)SM = (9 .11± 0.72) & 10! 11 [63].
Similar searches have been performed at the NA62 experi-
ment, which aims at attaining the SM rates in the very near
future [64]. In our analysis, we consider the E787 and E949
constraints, as summarized in Ref. [58].

¥ ma %(0, mB " mK ):

The most constraining experimental limits onB(B !
K (" ) +inv) were obtained by the Belle collaboration. These
areB(B ! K #ø#) < 1.6 & 10! 5 andB(B ! K " #ø#) <
2.7 & 10! 5 (90% C.L.) [65], which lie respectively a fac-
tor of 3.9 and 2.7 above the SM predictions [66]. In the
near future, Belle-II aims at measuring the SM value with
a O(10%) precision [67]. For the new physics scenario
considered here, the strongest constraint arises from the
B ! K #ø# result.

The constraints set on ALP-electroweak coefÞcients by data
will be analyzed in two steps: Þrst within aone coupling at a
timeapproach, where either onlycW or ca! are switched on;
next, the{ ca! , cW } parameter space spanned by thesimulta-
neous presence of both couplingswill be considered.

Fig. 2 depicts the allowed values ofcW (left panel) andca!
(right panel) as a function of the ALP mass, when only one of
these two couplings is added to the SM. The constraints ob-
tained on the{ ma, cW } plane (left panel) coincide with those
derived in Ref. [47]. The constraints on the parameter space
for { ma, ca! } (right panel) are a novel contribution of this
work. The case illustrated corresponds tof a = 1 TeV. The
quantitative similarity of the exclusion limits on the two cou-
plings depicted in Fig.2 is fortuitous; it is easy to check that
the constraints onca! become stronger than those forcW for
larger values off a, as expected from the logarithmic depen-
dence of its contribution, see Eq. (6).

These plots also indicate that kaon constraints are typically
one order of magnitude stronger than those derived fromB -
meson decays, although limited to a more restrictedma range.
Future prospects from NA62 and Belle-II are also illustrated
in Fig. 2 with dashed lines.

When bothca! andcW are simultaneously considered, an
interesting pattern of destructive interference can take place,
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Observables/Processes
Parameters contributing

Linear Non-Linear

Astrophysical obs. ga!! c ÷W c÷B c ÷W c÷B

Rare meson decays c ÷W ca! c ÷W c2D c2 c6 c8 c17

N
ew

co
ns

tr
ai

nt
s

LEP data

BSM Z width ! (Z ! a! ) c ÷W c÷B c ÷W c÷B c1 c2 c7

LHC processes

Non-standard h decays ! (h ! aZ) ÷a2D ÷a3 ÷a10 ÷a11! 14 ÷a17

Mono-Z prod. pp ! a Z c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c3 c7 c10 c11! 14 c17

Mono-W prod. pp ! a W± c ÷W c÷B ca! c ÷W c÷B c2D c2 c6 c8 c10

P
ro

sp
ec

ts Associated prod. pp ! aW± ! c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c6 c7 c8

VBF prod. pp ! ajj (! ) c ÷W c÷B ca! c ÷W c÷B c2D c1 c2 c6 c7 c8

Mono-h prod. pp ! h a ÷a2D ÷a3 ÷a10 ÷a11! 14 ÷a17

atøt prod. pp ! atøt ca! c2D

Table 2: Couplings contributing to the observables considered here, stemming from the purely bosonic
operators in the linear and non-linear scenarios. The block of new constraints explores the sensitivity of
LEP and present LHC data to di! erent operators, see Sect.6. The last block corresponds instead to the
sensitivity analysis from Sect.7, which assumes both LHC prospects with300 fb! 1 of data and projections
to the HL-LHC phase with 3000 fb! 1 of data. The operator coe" cients to which present or expected
measurements are found to be sensitive appear in bold.

takes the form:
gaZ ! = f ! 1

a

!
4s2" (c ÷W " c÷B ) +

g
4"

(2c1 + t" (c2 + 2c7))
"

, (68)

with the custodial-preserving limit recovered forc7 = 0 and the linear limit at NLO recovered for
c1 = c2 = c7 = 0 . This interaction can be constrained from various sets of experimental data:

- The uncertainty on the Z boson width [42], ! (Z ! BSM) ! 2 MeV at 95% C.L., allows
to set a conservative bound on the processZ ! a! . The latter would contribute to the Z
width as

! (Z ! a! ) =
M 3

Z

384"
g2

aZ !

#
1 "

m2
a

M 2
Z

$ 3

, (69)

constraining the combination of coe! cients in Eq. (68) within the limit (with basically no
dependence onma for ma ! 1 GeV)

|gaZ ! | < 1.8 TeV! 1 (95% C.L.) . (70)

- LEP limits on Z ! 3! [36] constrain the product ga!! gaZ ! . However, given the bounds
on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
Eq. (70).
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on ga!! reported at the end of Sect.2, the inferred bound on gaZ ! is weaker than that in
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ii) Mixed (non-)resonant : if ! (nS) is not reconstructed (withn = 1 , 2, 3),
then the search becomes sensitive to both resonant and non-resonant
contributions: cf. e.g. [BaBar, 0808.0017]

e!

e+

! !

aca!!

e!

e+ cabb

!

a

! !e!

e+ ca!! a

!! !

!

In this case,

! ! res. + ! non res."vis # ! ! res."vis [ca !! , cabb ] + ! non res.[ca !! ] ,

NB. Exp. searches have neglected so far the 2nd term,

which becomes dominant if |ca !! | ! |cabb | !

iii) Purely non-resonant : for
$

s = m! (4S) , the resonant contribution is
negligible so one can directly probeca!! % No exp. searches thus far!

e!

e+

!
!

a
ca!!
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Even  strongest bound from              ! (3S)
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f a ! 2.5 ! 103 GeV
<latexit sha1_base64="xvV56XR2ZBOfFpve3V4/9akDb6o=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd2oaBmw0DKCeUA2htnJ3WTI7IOZu2JY8gE2/oqNhSK2foCdf+Mk2UITDwwczjmXO/d4sRQabfvbyi0tr6yu5dcLG5tb2zvF3b2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPLid+8B6VFFN7iKIZOwPqh8AVnaKRuseR3mdtHEwgq5TMXRQCaOvbdiYvwgCm9gsbYpOyyPQVdJE5GSiRDrVv8cnsRTwIIkUumdduxY+ykTKHgEsYFN9EQMz5kfWgbGjKztJNOjxnTI6P0qB8p80KkU/X3RMoCrUeBZ5IBw4Ge9ybif147Qf+ik4owThBCPlvkJ5JiRCfN0J5QwFGODGFcCfNXygdMMY6mv4IpwZk/eZE0KmXHLjs3p6VqNasjTw7IITkmDjknVXJNaqROOHkkz+SVvFlP1ov1bn3Mojkrm9knf2B9/gBSq5p/</latexit><latexit sha1_base64="xvV56XR2ZBOfFpve3V4/9akDb6o=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd2oaBmw0DKCeUA2htnJ3WTI7IOZu2JY8gE2/oqNhSK2foCdf+Mk2UITDwwczjmXO/d4sRQabfvbyi0tr6yu5dcLG5tb2zvF3b2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPLid+8B6VFFN7iKIZOwPqh8AVnaKRuseR3mdtHEwgq5TMXRQCaOvbdiYvwgCm9gsbYpOyyPQVdJE5GSiRDrVv8cnsRTwIIkUumdduxY+ykTKHgEsYFN9EQMz5kfWgbGjKztJNOjxnTI6P0qB8p80KkU/X3RMoCrUeBZ5IBw4Ge9ybif147Qf+ik4owThBCPlvkJ5JiRCfN0J5QwFGODGFcCfNXygdMMY6mv4IpwZk/eZE0KmXHLjs3p6VqNasjTw7IITkmDjknVXJNaqROOHkkz+SVvFlP1ov1bn3Mojkrm9knf2B9/gBSq5p/</latexit><latexit sha1_base64="xvV56XR2ZBOfFpve3V4/9akDb6o=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd2oaBmw0DKCeUA2htnJ3WTI7IOZu2JY8gE2/oqNhSK2foCdf+Mk2UITDwwczjmXO/d4sRQabfvbyi0tr6yu5dcLG5tb2zvF3b2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPLid+8B6VFFN7iKIZOwPqh8AVnaKRuseR3mdtHEwgq5TMXRQCaOvbdiYvwgCm9gsbYpOyyPQVdJE5GSiRDrVv8cnsRTwIIkUumdduxY+ykTKHgEsYFN9EQMz5kfWgbGjKztJNOjxnTI6P0qB8p80KkU/X3RMoCrUeBZ5IBw4Ge9ybif147Qf+ik4owThBCPlvkJ5JiRCfN0J5QwFGODGFcCfNXygdMMY6mv4IpwZk/eZE0KmXHLjs3p6VqNasjTw7IITkmDjknVXJNaqROOHkkz+SVvFlP1ov1bn3Mojkrm9knf2B9/gBSq5p/</latexit><latexit sha1_base64="xvV56XR2ZBOfFpve3V4/9akDb6o=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSBYhd2oaBmw0DKCeUA2htnJ3WTI7IOZu2JY8gE2/oqNhSK2foCdf+Mk2UITDwwczjmXO/d4sRQabfvbyi0tr6yu5dcLG5tb2zvF3b2GjhLFoc4jGamWxzRIEUIdBUpoxQpY4EloesPLid+8B6VFFN7iKIZOwPqh8AVnaKRuseR3mdtHEwgq5TMXRQCaOvbdiYvwgCm9gsbYpOyyPQVdJE5GSiRDrVv8cnsRTwIIkUumdduxY+ykTKHgEsYFN9EQMz5kfWgbGjKztJNOjxnTI6P0qB8p80KkU/X3RMoCrUeBZ5IBw4Ge9ybif147Qf+ik4owThBCPlvkJ5JiRCfN0J5QwFGODGFcCfNXygdMMY6mv4IpwZk/eZE0KmXHLjs3p6VqNasjTw7IITkmDjknVXJNaqROOHkkz+SVvFlP1ov1bn3Mojkrm9knf2B9/gBSq5p/</latexit>

LM, Pobbe, Rigolin & Sumensari, 1905.03259 !15
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ALP production @ B-Factories
B-Factories can provide interesting bounds even on FC couplings.

proposed to analyse decays of 
heavy mesons on scalars

Wilczek, 1977

An old idea:

Triggered several exp. searches: [BaBar, Belle]

¥ ! (nS) ! ! S, with S decaying (or not!) in the detector.

¥ Reported (model independent) limits onB(! (nS) ! ! S) " B(S ! . . . ).

Important assumption :

¥ NegligibleS!! coupling (= loop suppressed) in comparison toSbøb.

¥ Not true for most ALP scenarios!
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!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>
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ALP production @ B-Factories
B-Factories can provide interesting bounds even on FC couplings.

Experimental effort in:

                        , with     decaying in the detector. ! (nS) ! !"
<latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit><latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit><latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit><latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit>

!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Bounds on B(! (nS) ! !" ) " B(" ! . . .)
<latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit><latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit><latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit><latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit>

proposed to analyse decays of 
heavy mesons on scalars

Wilczek, 1977

An old idea:

Triggered several exp. searches: [BaBar, Belle]

¥ ! (nS) ! ! S, with S decaying (or not!) in the detector.

¥ Reported (model independent) limits onB(! (nS) ! ! S) " B(S ! . . . ).

Important assumption :

¥ NegligibleS!! coupling (= loop suppressed) in comparison toSbøb.

¥ Not true for most ALP scenarios!
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!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>
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ALP production @ B-Factories
B-Factories can provide interesting bounds even on FC couplings.

Experimental effort in:

                        , with     decaying in the detector. ! (nS) ! !"
<latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit><latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit><latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit><latexit sha1_base64="RoNDdeQbzljrVScmiolrcOtt6tE=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoigi4LblxWNG2hCWUynbRD5xFmJkIJBTf+ihsXirj1J9z5N07bLLT1wIXDOfdy7z1xyqg2nvftlFZW19Y3ypuVre2d3T13/6ClZaYwCbBkUnVipAmjggSGGkY6qSKIx4y049H11G8/EKWpFPdmnJKIo4GgCcXIWKnnHoVBqimToibuzkIjwwHiHMEwHdKeW/Xq3gxwmfgFqYICzZ77FfYlzjgRBjOkddf3UhPlSBmKGZlUwkyTFOERGpCupQJxoqN89sMEnlqlDxOpbAkDZ+rviRxxrcc8tp0cmaFe9Kbif143M8lVlFORZoYIPF+UZAwaCaeBwD5VBBs2tgRhRe2tEA+RQtjY2Co2BH/x5WXSOq/7Xt2/vag2GkUcZXAMTkAN+OASNMANaIIAYPAInsEreHOenBfn3fmYt5acYuYQ/IHz+QNzx5dg</latexit>

!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

Bounds on B(! (nS) ! !" ) " B(" ! . . .)
<latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit><latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit><latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit><latexit sha1_base64="7HIjm5ZWfazi3JvU+dySfFA+cq0=">AAACMXicbVDLSgNBEJz1bXxFPXoZDEK8hF0R9Bj0kqOiSYRsCL2TSTI4j2WmVwhLfsmLfyJePCji1Z9wNubgq2Cgprqa7q4klcJhGD4Hc/MLi0vLK6ultfWNza3y9k7Lmcwy3mRGGnuTgONSaN5EgZLfpJaDSiRvJ7fnRb19x60TRl/jOOVdBUMtBoIBeqlXbsQKcMRA5meTatxMnZBGV/XVYYwmHoJSQON0JPxXKO7oD7fXC5fsG3SHvXIlrIVT0L8kmpEKmeGiV36M+4ZlimtkEpzrRGGK3RwsCib5pBRnjqfAbmHIO55q8PO7+fTiCT3wSp8OjPVPI52q3ztyUM6NVeKdxcbud60Q/6t1MhycdnOh0wy5Zl+DBpmkaGgRH+0LyxnKsSfArPC7UjYCCwx9yCUfQvT75L+kdVSLwlp0eVyp12dxrJA9sk+qJCInpE4a5II0CSP35Im8kNfgIXgO3oL3L+tcMOvZJT8QfHwC+dWqqg==</latexit>

However:

  unclear/incomplete/inconsistent results in the theory literature

          was neglected with respect to        , but not always true for !""
<latexit sha1_base64="d61Na0Kb81JhwO+4yaaXK0ybqDA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8lUQEPRa8eKxgP6AJZbLdtEt3N2F3Uyih/8SLB0W8+k+8+W/ctjlo64MZHu/NsLMvzjjTxve/nY3Nre2d3cpedf/g8OjYPTlt6zRXhLZIylPVjVFTziRtGWY47WaKoog57cTj+7nfmVClWSqfzDSjkcChZAkjaKzUd90wG7FwiELgsvfdml/3F/DWSVCSGpRo9t2vcJCSXFBpCEete4GfmahAZRjhdFYNc00zJGMc0p6lEgXVUbG4fOZdWmXgJamyJY23UH9vFCi0norYTgo0I73qzcX/vF5ukruoYDLLDZVk+VCSc8+k3jwGb8AUJYZPLUGimL3VIyNUSIwNq2pDCFa/vE7a1/XArwePN7VGo4yjAudwAVcQwC004AGa0AICE3iGV3hzCufFeXc+lqMbTrlzBn/gfP4Ao/eTpA==</latexit><latexit sha1_base64="d61Na0Kb81JhwO+4yaaXK0ybqDA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8lUQEPRa8eKxgP6AJZbLdtEt3N2F3Uyih/8SLB0W8+k+8+W/ctjlo64MZHu/NsLMvzjjTxve/nY3Nre2d3cpedf/g8OjYPTlt6zRXhLZIylPVjVFTziRtGWY47WaKoog57cTj+7nfmVClWSqfzDSjkcChZAkjaKzUd90wG7FwiELgsvfdml/3F/DWSVCSGpRo9t2vcJCSXFBpCEete4GfmahAZRjhdFYNc00zJGMc0p6lEgXVUbG4fOZdWmXgJamyJY23UH9vFCi0norYTgo0I73qzcX/vF5ukruoYDLLDZVk+VCSc8+k3jwGb8AUJYZPLUGimL3VIyNUSIwNq2pDCFa/vE7a1/XArwePN7VGo4yjAudwAVcQwC004AGa0AICE3iGV3hzCufFeXc+lqMbTrlzBn/gfP4Ao/eTpA==</latexit><latexit sha1_base64="d61Na0Kb81JhwO+4yaaXK0ybqDA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8lUQEPRa8eKxgP6AJZbLdtEt3N2F3Uyih/8SLB0W8+k+8+W/ctjlo64MZHu/NsLMvzjjTxve/nY3Nre2d3cpedf/g8OjYPTlt6zRXhLZIylPVjVFTziRtGWY47WaKoog57cTj+7nfmVClWSqfzDSjkcChZAkjaKzUd90wG7FwiELgsvfdml/3F/DWSVCSGpRo9t2vcJCSXFBpCEete4GfmahAZRjhdFYNc00zJGMc0p6lEgXVUbG4fOZdWmXgJamyJY23UH9vFCi0norYTgo0I73qzcX/vF5ukruoYDLLDZVk+VCSc8+k3jwGb8AUJYZPLUGimL3VIyNUSIwNq2pDCFa/vE7a1/XArwePN7VGo4yjAudwAVcQwC004AGa0AICE3iGV3hzCufFeXc+lqMbTrlzBn/gfP4Ao/eTpA==</latexit><latexit sha1_base64="d61Na0Kb81JhwO+4yaaXK0ybqDA=">AAAB+XicbVBNS8NAEJ34WetX1KOXYBE8lUQEPRa8eKxgP6AJZbLdtEt3N2F3Uyih/8SLB0W8+k+8+W/ctjlo64MZHu/NsLMvzjjTxve/nY3Nre2d3cpedf/g8OjYPTlt6zRXhLZIylPVjVFTziRtGWY47WaKoog57cTj+7nfmVClWSqfzDSjkcChZAkjaKzUd90wG7FwiELgsvfdml/3F/DWSVCSGpRo9t2vcJCSXFBpCEete4GfmahAZRjhdFYNc00zJGMc0p6lEgXVUbG4fOZdWmXgJamyJY23UH9vFCi0norYTgo0I73qzcX/vF5ukruoYDLLDZVk+VCSc8+k3jwGb8AUJYZPLUGimL3VIyNUSIwNq2pDCFa/vE7a1/XArwePN7VGo4yjAudwAVcQwC004AGa0AICE3iGV3hzCufFeXc+lqMbTrlzBn/gfP4Ao/eTpA==</latexit>

! bb
<latexit sha1_base64="G+PJJlQL/b6rJoU598kuUvS6n2k=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXBjcsK9gGdoWTSTBuaSYYko5Sxn+LGhSJu/RJ3/o2ZdhbaeiBwOOfc5OZEKWfaeN63s7a+sbm1Xdmp7u7tHxy6taOOlpkitE0kl6oXYU05E7RtmOG0lyqKk4jTbjS5KfzuA1WaSXFvpikNEzwSLGYEGysN3FqQjlkgbaS4IY9m0cCtew1vDrRK/JLUoURr4H4FQ0myhApDONa673upCXOsDCOczqpBpmmKyQSPaN9SgROqw3y++gydWWWIYqnsEQbN1d8TOU60niaRTSbYjPWyV4j/ef3MxNdhzkSaGSrI4qE448hIVPSAhkxRYvjUEkwUs7siMsYKE2PbqtoS/OUvr5LORcP3Gv7dZb3ZLOuowAmcwjn4cAVNuIUWtIHAIzzDK7w5T86L8+58LKJrTjlzDH/gfP4A8YKUbA==</latexit><latexit sha1_base64="G+PJJlQL/b6rJoU598kuUvS6n2k=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXBjcsK9gGdoWTSTBuaSYYko5Sxn+LGhSJu/RJ3/o2ZdhbaeiBwOOfc5OZEKWfaeN63s7a+sbm1Xdmp7u7tHxy6taOOlpkitE0kl6oXYU05E7RtmOG0lyqKk4jTbjS5KfzuA1WaSXFvpikNEzwSLGYEGysN3FqQjlkgbaS4IY9m0cCtew1vDrRK/JLUoURr4H4FQ0myhApDONa673upCXOsDCOczqpBpmmKyQSPaN9SgROqw3y++gydWWWIYqnsEQbN1d8TOU60niaRTSbYjPWyV4j/ef3MxNdhzkSaGSrI4qE448hIVPSAhkxRYvjUEkwUs7siMsYKE2PbqtoS/OUvr5LORcP3Gv7dZb3ZLOuowAmcwjn4cAVNuIUWtIHAIzzDK7w5T86L8+58LKJrTjlzDH/gfP4A8YKUbA==</latexit><latexit sha1_base64="G+PJJlQL/b6rJoU598kuUvS6n2k=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXBjcsK9gGdoWTSTBuaSYYko5Sxn+LGhSJu/RJ3/o2ZdhbaeiBwOOfc5OZEKWfaeN63s7a+sbm1Xdmp7u7tHxy6taOOlpkitE0kl6oXYU05E7RtmOG0lyqKk4jTbjS5KfzuA1WaSXFvpikNEzwSLGYEGysN3FqQjlkgbaS4IY9m0cCtew1vDrRK/JLUoURr4H4FQ0myhApDONa673upCXOsDCOczqpBpmmKyQSPaN9SgROqw3y++gydWWWIYqnsEQbN1d8TOU60niaRTSbYjPWyV4j/ef3MxNdhzkSaGSrI4qE448hIVPSAhkxRYvjUEkwUs7siMsYKE2PbqtoS/OUvr5LORcP3Gv7dZb3ZLOuowAmcwjn4cAVNuIUWtIHAIzzDK7w5T86L8+58LKJrTjlzDH/gfP4A8YKUbA==</latexit><latexit sha1_base64="G+PJJlQL/b6rJoU598kuUvS6n2k=">AAAB+nicbVDLSgMxFL3js9bXVJdugkVwVWZE0GXBjcsK9gGdoWTSTBuaSYYko5Sxn+LGhSJu/RJ3/o2ZdhbaeiBwOOfc5OZEKWfaeN63s7a+sbm1Xdmp7u7tHxy6taOOlpkitE0kl6oXYU05E7RtmOG0lyqKk4jTbjS5KfzuA1WaSXFvpikNEzwSLGYEGysN3FqQjlkgbaS4IY9m0cCtew1vDrRK/JLUoURr4H4FQ0myhApDONa673upCXOsDCOczqpBpmmKyQSPaN9SgROqw3y++gydWWWIYqnsEQbN1d8TOU60niaRTSbYjPWyV4j/ef3MxNdhzkSaGSrI4qE448hIVPSAhkxRYvjUEkwUs7siMsYKE2PbqtoS/OUvr5LORcP3Gv7dZb3ZLOuowAmcwjn4cAVNuIUWtIHAIzzDK7w5T86L8+58LKJrTjlzDH/gfP4A8YKUbA==</latexit>

a
<latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="ozJl6L+kb7zjrSMYVQIkkL11XTU=">AAACCHicbZDLSgMxGIX/qbdaq45u3QwWQURKUktbd4IblxXsBaZDyaRpG5q5kGSEMvQd3Pgqblwo4hO4823MtF1o64HAxzm5/Dl+LLjSCH1buY3Nre2d/G5hr7h/cGgfFdsqSiRlLRqJSHZ9opjgIWtprgXrxpKRwBes409us7zzyKTiUfigpzHzAjIK+ZBToo3Vty/S3vwSV458L0Xl60atUq1dojJCdVzBGVTq1avqjMz6dimzMznrgJdQgqWaffurN4hoErBQU0GUcjGKtZcSqTkVbFboJYrFhE7IiLkGQxIw5aXzcWbOmXEGzjCSZoXambu/T6QkUGoa+GZnQPRYrWaZ+V/mJnrY8FIexolmIV08NEyEoyMnK8gZcMmoFlMDhEpuZnXomEhCtamxYErAq19eh3aljFEZ3yPIwwmcwjlgqMMN3EETWkDhCV7gDd6tZ+vV+ljUlbOWvR3DH1mfP/b6mKQ=</latexit><latexit sha1_base64="5zky4uVW6St+MyMj5AuLi4cedL4=">AAACCHicdZDLSgMxGIX/qbdaq1a3boJFEJGSqaWtO8GNywr2Au1QMmmmDc1cSDJCGeYd3Pgqblwo4hO4823M9AIqeiBwOF8uf44bCa40xp9Wbm19Y3Mrv13YKe7u7ZcOih0VxpKyNg1FKHsuUUzwgLU114L1IsmI7wrWdafXGe/eM6l4GNzpWcQcn4wD7nFKtImGpbNkML+kL8euk+DKZbNerdXPcQXjhl21M1Nt1C5qKUmHpfKKoxVHK45sk2Qqw1KtYeljMApp7LNAU0GU6ts40k5CpOZUsLQwiBWLCJ2SMesbGxCfKSeZj5OiE5OMkBdKswKN5un3EwnxlZr5rtnpEz1Rv1kW/sX6sfaaTsKDKNYsoIuHvFggHaKsIDTiklEtZsYQKrmZFdEJkYRqU2PBlLD6KfrfdKoVG1fsWwx5OIJjOAUbGnAFN9CCNlB4gCd4gVfr0Xq23hZ15axlb4fwQ9b7F1RCmOY=</latexit><latexit sha1_base64="qK9e/XqyNVepCveCMlUrPlmwET0=">AAACE3icdZDLSgMxFIYzXmu9VV26CRZBRIbMWNq6q7hxWcFeoB1KJs20oZkLSUYow7yDG1/FjQtF3Lpx59uYaTugogcCP/93TnLyuxFnUiH0aSwtr6yurRc2iptb2zu7pb39tgxjQWiLhDwUXRdLyllAW4opTruRoNh3Oe24k6uMd+6okCwMbtU0oo6PRwHzGMFKW4PSadKfXdITI9dJkHlRr9qV6hkyEapZtpUJu1Y5r6Q4HZTKOYc5hzmHlnayKoNFNQelj/4wJLFPA0U4lrJnoUg5CRaKEU7TYj+WNMJkgke0p2WAfSqdZLZOCo+1M4ReKPQJFJy53ycS7Es59V3d6WM1lr9ZZv7FerHy6k7CgihWNCDzh7yYQxXCLCA4ZIISxadaYCKY3hWSMRaYKB1jUYeQ/xT+L9q2aSHTukHlxuUijgI4BEfgBFigBhrgGjRBCxBwDx7BM3gxHown49V4m7cuGYuZA/CjjPcv8xmaXw==</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit><latexit sha1_base64="Li6Xn34kTrnlAWxsOIQhS6swNF8=">AAACE3icdZDLSsNAFIYnXmu9RV26GSyCiIQkhrbuKm5cVrAXSEOZTCft0MmFmYlQQt/Bja/ixoUibt24822ctA2o6IGBn/87Z+bM7yeMCmman9rS8srq2nppo7y5tb2zq+/tt0WcckxaOGYx7/pIEEYj0pJUMtJNOEGhz0jHH1/lvHNHuKBxdCsnCfFCNIxoQDGSyurrp1lvdonLh76XmcZFvWo71TPTMM2aZVu5sGvOuTNF075eKTgsOCw4tJSTVwUsqtnXP3qDGKchiSRmSAjXMhPpZYhLihmZlnupIAnCYzQkrpIRConwstk6U3isnAEMYq5OJOHM/T6RoVCISeirzhDJkfjNcvMv5qYyqHsZjZJUkgjPHwpSBmUM84DggHKCJZsogTCnaleIR4gjLFWMZRVC8VP4v2jbhmUa1o1TaVwu4iiBQ3AEToAFaqABrkETtAAG9+ARPIMX7UF70l61t3nrkraYOQA/Snv/AvRZmmM=</latexit>

proposed to analyse decays of 
heavy mesons on scalars

Wilczek, 1977

An old idea:

Triggered several exp. searches: [BaBar, Belle]

¥ ! (nS) ! ! S, with S decaying (or not!) in the detector.

¥ Reported (model independent) limits onB(! (nS) ! ! S) " B(S ! . . . ).

Important assumption :

¥ NegligibleS!! coupling (= loop suppressed) in comparison toSbøb.

¥ Not true for most ALP scenarios!
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!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>

!
<latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit><latexit sha1_base64="wA4tehRqBC+RUART94OHIq3wsBk=">AAAB63icbVBNSwMxEJ3Ur1q/qh69BIvgqeyKoMeCF48V7Ae0S8mm2W5okl2SrFCW/gUvHhTx6h/y5r8x2+5BWx8MPN6bYWZemApurOd9o8rG5tb2TnW3trd/cHhUPz7pmiTTlHVoIhLdD4lhgivWsdwK1k81IzIUrBdO7wq/98S04Yl6tLOUBZJMFI84JbaQhmnMR/WG1/QWwOvEL0kDSrRH9a/hOKGZZMpSQYwZ+F5qg5xoy6lg89owMywldEombOCoIpKZIF/cOscXThnjKNGulMUL9fdETqQxMxm6TklsbFa9QvzPG2Q2ug1yrtLMMkWXi6JMYJvg4nE85ppRK2aOEKq5uxXTmGhCrYun5kLwV19eJ92rpu81/YfrRqtVxlGFMziHS/DhBlpwD23oAIUYnuEV3pBEL+gdfSxbK6icOYU/QJ8/Eu6OPQ==</latexit>
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The effective Lagrangian at               :µ = mb
<latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit><latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit><latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit><latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit>

L a ! "
ca!!

4
a
f a

Fµ" !F µ" "
! µ a
2f a

"

f

cabb b" µ " 5b
<latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit><latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit><latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit><latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit>

both couplings can be important for ALPs.
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<latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit><latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit><latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit><latexit sha1_base64="G8FkPTl/94DFYtdYy7PNhI0rFOE=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9CIEvHiMYB6QLGF20psMmZldZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7olRwY33/21tb39jc2i7tlHf39g8OK0fHLZNkmmGTJSLRnYgaFFxh03IrsJNqpDIS2I7GdzO//YTa8EQ92kmKoaRDxWPOqHVSuyezW9mP+pWqX/PnIKskKEgVCjT6la/eIGGZRGWZoMZ0Az+1YU615UzgtNzLDKaUjekQu44qKtGE+fzcKTl3yoDEiXalLJmrvydyKo2ZyMh1SmpHZtmbif953czGN2HOVZpZVGyxKM4EsQmZ/U4GXCOzYuIIZZq7WwkbUU2ZdQmVXQjB8surpHVZC/xa8HBVrdeLOEpwCmdwAQFcQx3uoQFNYDCGZ3iFNy/1Xrx372PRuuYVMyfwB97nDx2xj2c=</latexit>

L a ! "
ca!!

4
a
f a

Fµ" !F µ" "
! µ a
2f a

"

f

cabb b" µ " 5b
<latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit><latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit><latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit><latexit sha1_base64="hZ/00lcSAmTWMvYSEjsmUL76jsw="></latexit>

both couplings can be important for ALPs.

e!
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!
!

a
ca!!

Non-resonant ALP production
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<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

! ! /m ! ! 1
<latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit>

! R ! ! NR
<latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit>

!19



For              ,             ,            , ! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

! ! /m ! ! 1
<latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit>

! R ! ! NR
<latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit>

This is NOT the case at B-Factories

!19



For              ,             ,            , ! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

! ! /m ! ! 1
<latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit>

! R ! ! NR
<latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit>

This is NOT the case at B-Factories

Energy spread of the beam ! W ! 5 MeV
<latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit><latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit><latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit><latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit>

! ! !
<latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit><latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit><latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit><latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit>

The resonance cannot be fully resolved (caveat for           )!! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

!19



For              ,             ,            , ! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

! ! /m ! ! 1
<latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit>

! R ! ! NR
<latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit>

This is NOT the case at B-Factories

To account for the beam-energy spread: convolution with Gaussian dist.

! ! R (s)"vis =
!

dq
! R (q2)
#

2"! W
<latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit><latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit><latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit><latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit>

Eidelman, Epifanov, Fael, Mercolli & Passera, 1601.07987

Energy spread of the beam ! W ! 5 MeV
<latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit><latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit><latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit><latexit sha1_base64="vLEA5tt8VvcZ7Kja+h+Cp70OVXg=">AAACBHicbVA9SwNBEN3zM8avU8s0i0GwCneiaBmwsREimA/IHWFvM0mW7H2wOycJRwob/4qNhSK2/gg7/42b5ApNfDDweG+GmXlBIoVGx/m2VlbX1jc2C1vF7Z3dvX374LCh41RxqPNYxqoVMA1SRFBHgRJaiQIWBhKawfB66jcfQGkRR/c4TsAPWT8SPcEZGqljlzwt+iHrND2WJCoeXXgII8zoLTQmHbvsVJwZ6DJxc1ImOWod+8vrxjwNIUIumdZt10nQz5hCwSVMil6qIWF8yPrQNjRiIWg/mz0xoSdG6dJerExFSGfq74mMhVqPw8B0hgwHetGbiv957RR7V34moiRFiPh8US+VFGM6TYR2hQKOcmwI40qYWykfMMU4mtyKJgR38eVl0jiruE7FvTsvV6t5HAVSIsfklLjkklTJDamROuHkkTyTV/JmPVkv1rv1MW9dsfKZI/IH1ucP92OYRg==</latexit>

! ! !
<latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit><latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit><latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit><latexit sha1_base64="b+yfUz0nhRDwzMn1qJG3RD/onRg=">AAAB+3icbVBNS8NAEJ34WetXrUcvi0XwVBIR9FjwoMcKpi00oWy2m3bp7ibsbsQS+le8eFDEq3/Em//GTZuDtj4YeLw3w8y8KOVMG9f9dtbWNza3tis71d29/YPD2lG9o5NMEeqThCeqF2FNOZPUN8xw2ksVxSLitBtNbgq/+0iVZol8MNOUhgKPJIsZwcZKg1o9GI2CWywEHgR+qhkvxIbbdOdAq8QrSQNKtAe1r2CYkExQaQjHWvc9NzVhjpVhhNNZNcg0TTGZ4BHtWyqxoDrM57fP0JlVhihOlC1p0Fz9PZFjofVURLZTYDPWy14h/uf1MxNfhzmTaWaoJItFccaRSVARBBoyRYnhU0swUczeisgYK0yMjatqQ/CWX14lnYum5za9+8tGq1XGUYETOIVz8OAKWnAHbfCBwBM8wyu8OTPnxXl3Phata045cwx/4Hz+AAgllGs=</latexit>

The resonance cannot be fully resolved (caveat for           )!! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

!19



For              ,             ,            , ! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

! ! /m ! ! 1
<latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit>

! R ! ! NR
<latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit><latexit sha1_base64="g4xwY0CMBf+QQyGLaD/Jcvf3xXY=">AAACC3icbVBNS8NAEN3Ur1q/oh69hBbBU0lE0GPBiyepxX5AE8Jmu0mXbjZhdyKW0LsX/4oXD4p49Q9489+4bXOwrQ8GHu/NMDMvSDlTYNs/RmltfWNzq7xd2dnd2z8wD486KskkoW2S8ET2AqwoZ4K2gQGnvVRSHAecdoPR9dTvPlCpWCLuYZxSL8aRYCEjGLTkm1VXsSjGvgv0EfLWxI2iBeW2NfHNml23Z7BWiVOQGirQ9M1vd5CQLKYCCMdK9R07BS/HEhjhdFJxM0VTTEY4on1NBY6p8vLZLxPrVCsDK0ykLgHWTP07keNYqXEc6M4Yw1Ate1PxP6+fQXjl5UykGVBB5ovCjFuQWNNgrAGTlAAfa4KJZPpWiwyxxAR0fBUdgrP88irpnNcdu+7cXdQajSKOMjpBVXSGHHSJGugGNVEbEfSEXtAbejeejVfjw/ict5aMYuYYLcD4+gVmcpvj</latexit>

This is NOT the case at B-Factories

! ! /m ! ! 1
<latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit><latexit sha1_base64="11mmKjm4pWlSRqrWpLh6nD+Sn/c=">AAACB3icbZDLSsNAFIYn9VbrLepSkMEiuKqJCLosuNBlBdMWmhAm00k7dC5hZiKU0p0bX8WNC0Xc+grufBunbRBt/WHg4z/ncOb8ScaoNp735ZSWlldW18rrlY3Nre0dd3evqWWuMAmwZFK1E6QJo4IEhhpG2pkiiCeMtJLB1aTeuidKUynuzDAjEUc9QVOKkbFW7B6G14hzFIdBpimT4pT/YMiYH7tVr+ZNBRfBL6AKCjVi9zPsSpxzIgxmSOuO72UmGiFlKGZkXAlzTTKEB6hHOhYF4kRHo+kdY3hsnS5MpbJPGDh1f0+MENd6yBPbyZHp6/naxPyv1slNehmNqMhyQwSeLUpzBo2Ek1BglyqCDRtaQFhR+1eI+0ghbGx0FRuCP3/yIjTPar5X82/Pq/V6EUcZHIAjcAJ8cAHq4AY0QAAweABP4AW8Oo/Os/PmvM9aS04xsw/+yPn4Bv+TmV8=</latexit>

! ! R (m2
! )"vis = " ! peak B(! # #a)

<latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit><latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit><latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit><latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit>

! =

!
"
8

! !

#W
<latexit sha1_base64="fU1FWi6fVxVxWslTAVafWiXk9mM=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiWBCh4EKXFewDOmXIZDJtaB5jkhHKMB/jxl9x48IHLtz4LaYPQVsPXDg5515y7wkTRrVx3U+nsLS8srpWXC9tbG5t75R391papgqTJpZMqk6INGFUkKahhpFOogjiISPtcHg59tv3RGkqxa0ZJaTHUV/QmGJkrBSUz301kBe+vlMm86NYIZz5Cc2zWp7/PK8Q5yjwm4mmTIo88zXtW6GdB+WKW3UngIvEm5EKmKERlN/8SOKUE2EwQ1p3PTcxvQwpQzEjeclPNUkQHqI+6VoqECe6l02OzOGRVSIYS2VLGDhRf09kiGs94qHt5MgM9Lw3Fv/zuqmJa72MiiQ1RODpR3HKoJFwnBiMqCLYsJElCCtqd4V4gGw0xuZasiF48ycvktZJ1XOr3s1ppV6fxVEEB+AQHAMPnIE6uAYN0AQYPIAn8AJenUfn2Xl3PqatBWc2sw/+wPn6BkHPpwM=</latexit><latexit sha1_base64="fU1FWi6fVxVxWslTAVafWiXk9mM=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiWBCh4EKXFewDOmXIZDJtaB5jkhHKMB/jxl9x48IHLtz4LaYPQVsPXDg5515y7wkTRrVx3U+nsLS8srpWXC9tbG5t75R391papgqTJpZMqk6INGFUkKahhpFOogjiISPtcHg59tv3RGkqxa0ZJaTHUV/QmGJkrBSUz301kBe+vlMm86NYIZz5Cc2zWp7/PK8Q5yjwm4mmTIo88zXtW6GdB+WKW3UngIvEm5EKmKERlN/8SOKUE2EwQ1p3PTcxvQwpQzEjeclPNUkQHqI+6VoqECe6l02OzOGRVSIYS2VLGDhRf09kiGs94qHt5MgM9Lw3Fv/zuqmJa72MiiQ1RODpR3HKoJFwnBiMqCLYsJElCCtqd4V4gGw0xuZasiF48ycvktZJ1XOr3s1ppV6fxVEEB+AQHAMPnIE6uAYN0AQYPIAn8AJenUfn2Xl3PqatBWc2sw/+wPn6BkHPpwM=</latexit><latexit sha1_base64="fU1FWi6fVxVxWslTAVafWiXk9mM=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiWBCh4EKXFewDOmXIZDJtaB5jkhHKMB/jxl9x48IHLtz4LaYPQVsPXDg5515y7wkTRrVx3U+nsLS8srpWXC9tbG5t75R391papgqTJpZMqk6INGFUkKahhpFOogjiISPtcHg59tv3RGkqxa0ZJaTHUV/QmGJkrBSUz301kBe+vlMm86NYIZz5Cc2zWp7/PK8Q5yjwm4mmTIo88zXtW6GdB+WKW3UngIvEm5EKmKERlN/8SOKUE2EwQ1p3PTcxvQwpQzEjeclPNUkQHqI+6VoqECe6l02OzOGRVSIYS2VLGDhRf09kiGs94qHt5MgM9Lw3Fv/zuqmJa72MiiQ1RODpR3HKoJFwnBiMqCLYsJElCCtqd4V4gGw0xuZasiF48ycvktZJ1XOr3s1ppV6fxVEEB+AQHAMPnIE6uAYN0AQYPIAn8AJenUfn2Xl3PqatBWc2sw/+wPn6BkHPpwM=</latexit><latexit sha1_base64="fU1FWi6fVxVxWslTAVafWiXk9mM=">AAACJHicbVDLSgMxFM3UV62vqks3wSK4KjMiWBCh4EKXFewDOmXIZDJtaB5jkhHKMB/jxl9x48IHLtz4LaYPQVsPXDg5515y7wkTRrVx3U+nsLS8srpWXC9tbG5t75R391papgqTJpZMqk6INGFUkKahhpFOogjiISPtcHg59tv3RGkqxa0ZJaTHUV/QmGJkrBSUz301kBe+vlMm86NYIZz5Cc2zWp7/PK8Q5yjwm4mmTIo88zXtW6GdB+WKW3UngIvEm5EKmKERlN/8SOKUE2EwQ1p3PTcxvQwpQzEjeclPNUkQHqI+6VoqECe6l02OzOGRVSIYS2VLGDhRf09kiGs94qHt5MgM9Lw3Fv/zuqmJa72MiiQ1RODpR3HKoJFwnBiMqCLYsJElCCtqd4V4gGw0xuZasiF48ycvktZJ1XOr3s1ppV6fxVEEB+AQHAMPnIE6uAYN0AQYPIAn8AJenUfn2Xl3PqatBWc2sw/+wPn6BkHPpwM=</latexit>

! 10! 3
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To account for the beam-energy spread: convolution with Gaussian dist.

! ! R (s)"vis =
!

dq
! R (q2)
#

2"! W
<latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit><latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit><latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit><latexit sha1_base64="aXkiUIFP0Y5tIOuKB/VBuC8QHQM="></latexit>

Eidelman, Epifanov, Fael, Mercolli & Passera, 1601.07987

Energy spread of the beam ! W ! 5 MeV
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The resonance cannot be fully resolved (caveat for           )!! (1S)
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Photo-philic ALP:                    .   |ca!! | ! |cabb |
<latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit><latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit><latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit><latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit>

!

a

!

b

øb

b
! !

!

a

!

b

øb
!

a

!

b

øb

b
ca!!

cabb

cabb
! ! R (m2

! )"vis = " ! peak B(! # #a)
<latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit><latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit><latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit><latexit sha1_base64="HVy/gu3A+o6g/maGMzbYpbqYD98="></latexit>

!20



Photo-philic ALP:                    .   |ca!! | ! |cabb |
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Masso & Toldra, 9503293
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Photo-philic ALP:                    .   |ca!! | ! |cabb |
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! (nS) m! [GeV] " ! [keV] ! peak [nb] " ! ! R(m2
! )"vis/ ! NR

! (1S) 9.460 54.02 3.9(18)# 103 6.1 # 10! 3 0.53(5)

! (2S) 10.023 31.98 2.8(2) # 103 3.7 # 10! 3 0.21(3)

! (3S) 10.355 20.32 3.0(3) # 103 2.3 # 10! 3 0.16(3)

! (4S) 10.580 20.5 # 103 2.10(10) 0.83 3.0(3) # 10! 5

Table 2: Estimated visible cross-section at Belle-II fore+ e! $ ! $ #a compared to the
non-resonant one,e+ e! $ #" $ #a. Here, vanishing ALP couplings withb-quarks have
been assumed,cabb = 0. Experimental inputs are taken from Ref. [46]. Belle-II machine
parameter have been considered [48], namely ! W = 5.45 MeV for the beam-energy spread.

3.2 The general case: ca!! %= 0 and cabb%= 0

The previous discussion implies that the resonant contributions are not only important
to correctly assess limits on the ALP coupling to photons,ca!! , but they also open the
window to probe the ALP coupling tob-quarks,cabb, cf. Fig. 2. The simultaneous presence
of these contributions gives rise to a rich phenomenology which will be discussed in the
following.

Firstly, the hadronic matrix element needed to estimate thecabb contribution to B(! $
#a) is far more intricate than the one given in Eq. (12), since this is a QCD-structure
dependent emission, as depicted in the last two diagrams in Fig. (2). This contribution
was Þrst computed by Wilczek for a SM-like Higgs by using a non-relativistic approximation
[2,54], see also Ref. [55Ð58]. 4 By using a similar approach, the totalB(! $ #a) branching
fraction reads
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$em
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m2
!

" #
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f a

!
1 &

m2
a

m2
!

"
& 2

cabb

f a

$2

. (14)

This expression includes, for the Þrst time, the most generalca!! and cabb contributions,
as well as their interference. Note, however, that the computation of thecabb contributions
are done within a Þrst approximation that considerably simpliÞes the QCD structure-
dependent emission of this decay. If a new physics signal is indeed observed in such
observable, a more accurate theoretical calculation would be needed to fully assess the
(non-perturbative) e#ects associated to the last two diagrams in Fig.2.

As shown in Eq. (14), the ca!! and cabb couplings can induce comparable contributions
to the non-resonant cross-section in Eq. (6). Moreover, depending on the relative sign of
these two couplings, these couplings can interfere destructively or constructively, as will
be illustrated with a concrete example in Sec.5. Finally, note that Eq. (14) shows a
di#erent dependence onma and { ca!! , cabb} than the non-resonant cross-section in Eq. (5).
A comparison between! ! R"vis and ! ! NR "vis ' ! NR is postponed to Sec.5 where a concrete
scenario will be considered.

4Compatible results have also been obtained in Ref. [59] for small pseudoscalar masses by using a QCD
sum-rules approach.

7

Using Belle II energy-spread for illustration (similar for BaBar and Belle).
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Photo-philic ALP:                    .   |ca!! | ! |cabb |
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! (nS) m! [GeV] " ! [keV] ! peak [nb] " ! ! R(m2
! )"vis/ ! NR

! (1S) 9.460 54.02 3.9(18)# 103 6.1 # 10! 3 0.53(5)

! (2S) 10.023 31.98 2.8(2) # 103 3.7 # 10! 3 0.21(3)

! (3S) 10.355 20.32 3.0(3) # 103 2.3 # 10! 3 0.16(3)

! (4S) 10.580 20.5 # 103 2.10(10) 0.83 3.0(3) # 10! 5

Table 2: Estimated visible cross-section at Belle-II fore+ e! $ ! $ #a compared to the
non-resonant one,e+ e! $ #" $ #a. Here, vanishing ALP couplings withb-quarks have
been assumed,cabb = 0. Experimental inputs are taken from Ref. [46]. Belle-II machine
parameter have been considered [48], namely ! W = 5.45 MeV for the beam-energy spread.

3.2 The general case: ca!! %= 0 and cabb%= 0

The previous discussion implies that the resonant contributions are not only important
to correctly assess limits on the ALP coupling to photons,ca!! , but they also open the
window to probe the ALP coupling tob-quarks,cabb, cf. Fig. 2. The simultaneous presence
of these contributions gives rise to a rich phenomenology which will be discussed in the
following.

Firstly, the hadronic matrix element needed to estimate thecabb contribution to B(! $
#a) is far more intricate than the one given in Eq. (12), since this is a QCD-structure
dependent emission, as depicted in the last two diagrams in Fig. (2). This contribution
was Þrst computed by Wilczek for a SM-like Higgs by using a non-relativistic approximation
[2,54], see also Ref. [55Ð58]. 4 By using a similar approach, the totalB(! $ #a) branching
fraction reads

B(! $ #a) =
$em

216" !
m! f 2

!

!
1 &

m2
a

m2
!

" #
ca!!

f a

!
1 &

m2
a

m2
!

"
& 2

cabb

f a

$2

. (14)

This expression includes, for the Þrst time, the most generalca!! and cabb contributions,
as well as their interference. Note, however, that the computation of thecabb contributions
are done within a Þrst approximation that considerably simpliÞes the QCD structure-
dependent emission of this decay. If a new physics signal is indeed observed in such
observable, a more accurate theoretical calculation would be needed to fully assess the
(non-perturbative) e#ects associated to the last two diagrams in Fig.2.

As shown in Eq. (14), the ca!! and cabb couplings can induce comparable contributions
to the non-resonant cross-section in Eq. (6). Moreover, depending on the relative sign of
these two couplings, these couplings can interfere destructively or constructively, as will
be illustrated with a concrete example in Sec.5. Finally, note that Eq. (14) shows a
di#erent dependence onma and { ca!! , cabb} than the non-resonant cross-section in Eq. (5).
A comparison between! ! R"vis and ! ! NR "vis ' ! NR is postponed to Sec.5 where a concrete
scenario will be considered.

4Compatible results have also been obtained in Ref. [59] for small pseudoscalar masses by using a QCD
sum-rules approach.
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Using Belle II energy-spread for illustration (similar for BaBar and Belle).

is sub-dominant, but not negligible for            ,           ,               ! R
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This has not been considered in theory papers, e.g. Dolan et al., 2018
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! (nS) m! [GeV] " ! [keV] ! peak [nb] " ! ! R(m2
! )"vis/ ! NR

! (1S) 9.460 54.02 3.9(18)# 103 6.1 # 10! 3 0.53(5)

! (2S) 10.023 31.98 2.8(2) # 103 3.7 # 10! 3 0.21(3)

! (3S) 10.355 20.32 3.0(3) # 103 2.3 # 10! 3 0.16(3)

! (4S) 10.580 20.5 # 103 2.10(10) 0.83 3.0(3) # 10! 5

Table 2: Estimated visible cross-section at Belle-II fore+ e! $ ! $ #a compared to the
non-resonant one,e+ e! $ #" $ #a. Here, vanishing ALP couplings withb-quarks have
been assumed,cabb = 0. Experimental inputs are taken from Ref. [46]. Belle-II machine
parameter have been considered [48], namely ! W = 5.45 MeV for the beam-energy spread.

3.2 The general case: ca!! %= 0 and cabb%= 0

The previous discussion implies that the resonant contributions are not only important
to correctly assess limits on the ALP coupling to photons,ca!! , but they also open the
window to probe the ALP coupling tob-quarks,cabb, cf. Fig. 2. The simultaneous presence
of these contributions gives rise to a rich phenomenology which will be discussed in the
following.

Firstly, the hadronic matrix element needed to estimate thecabb contribution to B(! $
#a) is far more intricate than the one given in Eq. (12), since this is a QCD-structure
dependent emission, as depicted in the last two diagrams in Fig. (2). This contribution
was Þrst computed by Wilczek for a SM-like Higgs by using a non-relativistic approximation
[2,54], see also Ref. [55Ð58]. 4 By using a similar approach, the totalB(! $ #a) branching
fraction reads

B(! $ #a) =
$em

216" !
m! f 2

!

!
1 &

m2
a

m2
!

" #
ca!!

f a

!
1 &

m2
a

m2
!

"
& 2

cabb

f a

$2

. (14)

This expression includes, for the Þrst time, the most generalca!! and cabb contributions,
as well as their interference. Note, however, that the computation of thecabb contributions
are done within a Þrst approximation that considerably simpliÞes the QCD structure-
dependent emission of this decay. If a new physics signal is indeed observed in such
observable, a more accurate theoretical calculation would be needed to fully assess the
(non-perturbative) e#ects associated to the last two diagrams in Fig.2.

As shown in Eq. (14), the ca!! and cabb couplings can induce comparable contributions
to the non-resonant cross-section in Eq. (6). Moreover, depending on the relative sign of
these two couplings, these couplings can interfere destructively or constructively, as will
be illustrated with a concrete example in Sec.5. Finally, note that Eq. (14) shows a
di#erent dependence onma and { ca!! , cabb} than the non-resonant cross-section in Eq. (5).
A comparison between! ! R"vis and ! ! NR "vis ' ! NR is postponed to Sec.5 where a concrete
scenario will be considered.

4Compatible results have also been obtained in Ref. [59] for small pseudoscalar masses by using a QCD
sum-rules approach.
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Different combination wrt NR case

! NR (s) =
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! (1S)
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<latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit>
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! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

is fully reconstructed from ! (2S,3S) ! ! (1S)! + ! !
<latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit>

Bounds on this BR in BaBar, 1007.4646 & Belle, 
1809.05222 for a stable ALP or that decays into invisibles.
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! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

is fully reconstructed from ! (2S,3S) ! ! (1S)! + ! !
<latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit><latexit sha1_base64="GveQeZYEVvFmyYPyN//+JPWsrEA=">AAACEXicbVBNS8MwGE7n15xfVY9eikOYqKOdgh4HXjxOZrfBWkeapTMsTUqSCqPsL3jxr3jxoIhXb978N6ZbEd18IOHJ87wvb94niCmRyra/jMLC4tLySnG1tLa+sbllbu+0JE8Ewi7ilItOACWmhGFXEUVxJxYYRgHF7WB4mfnteywk4exGjWLsR3DASEgQVFrqmRXPjSWhnFVqzePT5qGn+I/i6GdMbo+y66Rnlu2qPYE1T5yclEGORs/89PocJRFmClEoZdexY+WnUCiCKB6XvETiGKIhHOCupgxGWPrpZKOxdaCVvhVyoQ9T1kT93ZHCSMpRFOjKCKo7Oetl4n9eN1HhhZ8SFicKMzQdFCbUUtzK4rH6RGCk6EgTiATRf7XQHRQQKR1iSYfgzK48T1q1qmNXneuzcr2ex1EEe2AfVIADzkEdXIEGcAECD+AJvIBX49F4Nt6M92lpwch7dsEfGB/fDjeb3w==</latexit>

Translating in ALP couplings par. space, constructive or 
destructive interference.

Bounds on this BR in BaBar, 1007.4646 & Belle, 
1809.05222 for a stable ALP or that decays into invisibles.
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<latexit sha1_base64="8ZLk8jcvKkUMV+ywMHvj8fcfJXg="></latexit><latexit sha1_base64="8ZLk8jcvKkUMV+ywMHvj8fcfJXg="></latexit><latexit sha1_base64="8ZLk8jcvKkUMV+ywMHvj8fcfJXg="></latexit><latexit sha1_base64="8ZLk8jcvKkUMV+ywMHvj8fcfJXg="></latexit>
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B(" " " a)
<latexit sha1_base64="q1O4MkhB9PHZaH9waazBaK6Rq5Y="></latexit><latexit sha1_base64="q1O4MkhB9PHZaH9waazBaK6Rq5Y="></latexit><latexit sha1_base64="q1O4MkhB9PHZaH9waazBaK6Rq5Y="></latexit><latexit sha1_base64="q1O4MkhB9PHZaH9waazBaK6Rq5Y="></latexit>
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Non-Resonant Searches

For             , the resonant contribution is negligible ! (4S)
<latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit>
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Non-Resonant Searches

For             , the resonant contribution is negligible ! (4S)
<latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit>
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<latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit><latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit><latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit><latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit>

The            can be probed directly        ca!!
<latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit><latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit><latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit><latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit>
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Non-Resonant Searches

For             , the resonant contribution is negligible ! (4S)
<latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit>
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<latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit><latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit><latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit><latexit sha1_base64="qn7ujzWdNhtrrOQtpxqz2HcfqgI="></latexit>

The            can be probed directly        ca!!
<latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit><latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit><latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit><latexit sha1_base64="Y/NHAKRrVnUE7qhgpPbp3riutZE=">AAAB+nicbVBNS8NAEJ34WetXq0cvwSJ4KokIeix48VjBfkAbwmS7aZfubsLuRimxP8WLB0W8+ku8+W/ctjlo64MZHu/NsLMvSjnTxvO+nbX1jc2t7dJOeXdv/+CwUj1q6yRThLZIwhPVjVBTziRtGWY47aaKoog47UTjm5nfeaBKs0Tem0lKA4FDyWJG0FgprFRJmGN/iEIUfRpWal7dm8NdJX5BalCgGVa++oOEZIJKQzhq3fO91AQ5KsMIp9NyP9M0RTLGIe1ZKlFQHeTz06fumVUGbpwoW9K4c/X3Ro5C64mI7KRAM9LL3kz8z+tlJr4OcibTzFBJFg/FGXdN4s5ycAdMUWL4xBIkitlbXTJChcTYtMo2BH/5y6ukfVH3vbp/d1lrNIo4SnACp3AOPlxBA26hCS0g8AjP8ApvzpPz4rw7H4vRNafYOYY/cD5/AI6NlCw=</latexit>

This analysis had not been done yet!
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Mixed Resonant - Non-Resonant Searches
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Mixed Resonant - Non-Resonant Searches
! (1S)

<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Without reconstructing 
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Mixed Resonant - Non-Resonant Searches
! (1S)

<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Without reconstructing ii) Mixed (non-)resonant : if ! (nS) is not reconstructed (withn = 1 , 2, 3),
then the search becomes sensitive to both resonant and non-resonant
contributions: cf. e.g. [BaBar, 0808.0017]
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Mixed Resonant - Non-Resonant Searches
! (1S)

<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Without reconstructing ii) Mixed (non-)resonant : if ! (nS) is not reconstructed (withn = 1 , 2, 3),
then the search becomes sensitive to both resonant and non-resonant
contributions: cf. e.g. [BaBar, 0808.0017]
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! ! R (s) + ! NR (s)"vis
<latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit>
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Mixed Resonant - Non-Resonant Searches
! (1S)

<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Without reconstructing ii) Mixed (non-)resonant : if ! (nS) is not reconstructed (withn = 1 , 2, 3),
then the search becomes sensitive to both resonant and non-resonant
contributions: cf. e.g. [BaBar, 0808.0017]
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In this case,

! ! res. + ! non res."vis # ! ! res."vis [ca !! , cabb ] + ! non res.[ca !! ] ,

NB. Exp. searches have neglected so far the 2nd term,

which becomes dominant if |ca !! | ! |cabb | !

iii) Purely non-resonant : for
$

s = m! (4S) , the resonant contribution is
negligible so one can directly probeca!! % No exp. searches thus far!
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! ! R (s) + ! NR (s)"vis
<latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit>

Effects of the bream-energy spread!
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Mixed Resonant - Non-Resonant Searches
! (1S)

<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Without reconstructing ii) Mixed (non-)resonant : if ! (nS) is not reconstructed (withn = 1 , 2, 3),
then the search becomes sensitive to both resonant and non-resonant
contributions: cf. e.g. [BaBar, 0808.0017]
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!

In this case,

! ! res. + ! non res."vis # ! ! res."vis [ca !! , cabb ] + ! non res.[ca !! ] ,

NB. Exp. searches have neglected so far the 2nd term,

which becomes dominant if |ca !! | ! |cabb | !

iii) Purely non-resonant : for
$

s = m! (4S) , the resonant contribution is
negligible so one can directly probeca!! % No exp. searches thus far!
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! ! R (s) + ! NR (s)"vis
<latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit>

Babar, 08080017 neglected the NR term and the result 
should be rescaled

! ! R (s) + ! NR (s)"vis

! ! R "vis
# 1 +

! NR

! ! R "vis
<latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit>

Effects of the bream-energy spread!
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Mixed Resonant - Non-Resonant Searches
! (1S)

<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

! (2S)
<latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit><latexit sha1_base64="/QuqheB37TTtBgribkDvDBb/dBU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkpSBD0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJp9nw3IZ3f1VrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AGiiRDA==</latexit>

! (3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Without reconstructing ii) Mixed (non-)resonant : if ! (nS) is not reconstructed (withn = 1 , 2, 3),
then the search becomes sensitive to both resonant and non-resonant
contributions: cf. e.g. [BaBar, 0808.0017]
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$
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! ! R (s) + ! NR (s)"vis
<latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit><latexit sha1_base64="JInBfO/AEasUndXnuqqUPgcdrAE="></latexit>

Babar, 08080017 neglected the NR term and the result 
should be rescaled

! ! R (s) + ! NR (s)"vis

! ! R "vis
# 1 +

! NR

! ! R "vis
<latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit>

Effects overlooked in theory analyses, e.g. Cid Vidal et al. 
1810.09452

Effects of the bream-energy spread!
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! ! R (s) + ! NR (s)"vis

! ! R "vis
# 1 +

! NR

! ! R "vis
<latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit>

Considering 

Limits on BR are 3 times more stringent if |ca!! | ! |cabb|
<latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit><latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit><latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit><latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit>
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! ! R (s) + ! NR (s)"vis

! ! R "vis
# 1 +

! NR

! ! R "vis
<latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit><latexit sha1_base64="Xie/zud1pojbZv8S1w9vW1nbRY0="></latexit>

Considering 

Limits on BR are 3 times more stringent if |ca!! | ! |cabb|
<latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit><latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit><latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit><latexit sha1_base64="QYX3rNjsSIrnF7yWvLfSIoOhUpI=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQlCgrESC2OR6ENqoshxndSq7US2g1SlGVn4FRYGEGLlE9j4G9w0A7Qc6V4dnXOv7HvClFGlHefbWlldW9/YrG3Vt3d29/btg8OuSjKJSQcnLJH9ECnCqCAdTTUj/VQSxENGeuH4Zub3HohUNBH3epISn6NY0IhipI0U2CdTHOTIixHnVS+mXhyXahgW08BuOE2nBFwmbkUaoEI7sL+8YYIzToTGDCk1cJ1U+zmSmmJGirqXKZIiPEYxGRgqECfKz8tDCnhmlCGMEmlKaFiqvzdyxJWa8NBMcqRHatGbif95g0xH135ORZppIvD8oShjUCdwlgocUkmwZhNDEJbU/BXiEZIIa5Nd3YTgLp68TLoXTddpuneXjVariqMGjsEpOAcuuAItcAvaoAMweATP4BW8WU/Wi/VufcxHV6xq5wj8gfX5Ay1cmrE=</latexit>
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! (1S) Belle

Complementary Studies

Green area: resonant search for ! (1S)
<latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit><latexit sha1_base64="Lg1aWhoonfiU5n+rFZlVXrvqMpY=">AAAB83icbVBNSwMxEJ31s9avqkcvwSLUS9kVQY8FLx4rum2hu5Rsmm1Ds0lIskIp/RtePCji1T/jzX9j2u5BWx8MPN6bYWZeojgz1ve/vbX1jc2t7dJOeXdv/+CwcnTcMjLXhIZEcqk7CTaUM0FDyyynHaUpzhJO28nodua3n6g2TIpHO1Y0zvBAsJQRbJ0URaEyjEtRCx4uepWqX/fnQKskKEgVCjR7la+oL0meUWEJx8Z0A1/ZeIK1ZYTTaTnKDVWYjPCAdh0VOKMmnsxvnqJzp/RRKrUrYdFc/T0xwZkx4yxxnRm2Q7PszcT/vG5u05t4woTKLRVksSjNObISzQJAfaYpsXzsCCaauVsRGWKNiXUxlV0IwfLLq6R1WQ/8enB/VW00ijhKcApnUIMArqEBd9CEEAgoeIZXePNy78V79z4WrWteMXMCf+B9/gAYopEL</latexit>

Blue: resonant - non-resonant search for ⌥(3S)
<latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit><latexit sha1_base64="HlCVSE3UVaAuUQLC6anIjtKcBk4=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkqigh4LXjxWNG2hCWWz3bRLN5tldyOU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmRZIzbVz32ymtrW9sbpW3Kzu7e/sH1cOjtk4zRahPUp6qboQ15UxQ3zDDaVcqipOI0040vp35nSeqNEvFo5lIGiZ4KFjMCDZWCgJfasZTUb98OO9Xa27DnQOtEq8gNSjQ6le/gkFKsoQKQzjWuue50oQ5VoYRTqeVINNUYjLGQ9qzVOCE6jCf3zxFZ1YZoDhVtoRBc/X3RI4TrSdJZDsTbEZ62ZuJ/3m9zMQ3Yc6EzAwVZLEozjgyKZoFgAZMUWL4xBJMFLO3IjLCChNjY6rYELzll1dJ+6LhuQ3v/qrWbBZxlOEETqEOHlxDE+6gBT4QkPAMr/DmZM6L8+58LFpLTjFzDH/gfP4AG66RDQ==</latexit>

Vertical line: Belle II prospects on non-resonant search for ! (4S)
<latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit><latexit sha1_base64="CeQAbB4mudAQZwENdDEShSHdGmA=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvHisaNpCE8pmu2mXbjbL7kYooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMiyRn2rjut1Pa2Nza3invVvb2Dw6PqscnHZ1milCfpDxVvQhrypmgvmGG055UFCcRp91ocjv3u09UaZaKRzOVNEzwSLCYEWysFAS+1Iynot58uBxUa27DXQCtE68gNSjQHlS/gmFKsoQKQzjWuu+50oQ5VoYRTmeVINNUYjLBI9q3VOCE6jBf3DxDF1YZojhVtoRBC/X3RI4TradJZDsTbMZ61ZuL/3n9zMQ3Yc6EzAwVZLkozjgyKZoHgIZMUWL41BJMFLO3IjLGChNjY6rYELzVl9dJ56rhuQ3vvllrtYo4ynAG51AHD66hBXfQBh8ISHiGV3hzMufFeXc+lq0lp5g5hT9wPn8AHTSRDg==</latexit>
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Conclusions
QCD Axion / ALPs arise from ßavour models and 
have speciÞc couplings with fermions

Axißavon and MFV Axion are very similar but 
provide much different predictions

Couplings with b-quarks are relevant!

Induce contributions to             probe by CMB

Impact on ALP production @ B-Factories

Axion

ALP

Axißavon MFV Axion

Astro/Cosmo + 
B-Factories (FV coup.)

Astro/Cosmo

Colliders + 
B-Factories (FC coup.)
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Photo-philic ALP:                    .   |ca!! | ! |cabb |
<latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit><latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit><latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit><latexit sha1_base64="EDpWAtZjBHogtpnho8QADbMHLhQ="></latexit>
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<latexit sha1_base64="Xy48+7eyc1sauW6MAbKXmSbikWE="></latexit><latexit sha1_base64="Xy48+7eyc1sauW6MAbKXmSbikWE="></latexit><latexit sha1_base64="Xy48+7eyc1sauW6MAbKXmSbikWE="></latexit><latexit sha1_base64="Xy48+7eyc1sauW6MAbKXmSbikWE="></latexit>
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B(! ! ee)
<latexit sha1_base64="hcZJF43jtf+8T49YSMKs1hRW5e4="></latexit><latexit sha1_base64="hcZJF43jtf+8T49YSMKs1hRW5e4="></latexit><latexit sha1_base64="hcZJF43jtf+8T49YSMKs1hRW5e4="></latexit><latexit sha1_base64="hcZJF43jtf+8T49YSMKs1hRW5e4="></latexit>

with                     experimentally determined B(⌥ ! ee)
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accurately measured experimentally [45]. Alternatively, B(! ! ee) can be expressed in
terms of the ! decay constant, defined as

"0|b̄! µb|! (p)# $ m! f ! " µ(p) , (12)

which encapsulates the QCD dynamics of this process and which has been independently
computed, for the lighter ! resonances, by means of numerical simulations of QCD on the
lattice [50–52]. The previous definition allows to recast Eq. (11) in the more convenient
form,

B(! ! ! a)
!
!
!
cabb =0

=
#em

216 " !
m! f 2

!

c2
a!!

f 2
a

"
1 %

m2
a

m2
!

# 3

. (13)

The Lattice QCD (LQCD) determinations of f ! (nS) are summarized in Tab. 1 along with
the values extracted from the experimentally determined B(! (nS) ! e+ e! ) [45], showing
a reasonable agreement.

! (nS) f latt .
! (MeV) f exp.

! (MeV)

! (1S) 680(14) 659(17)

! (2S) 494(15) 468(27)

! (3S) 539(84) 405(26)

! (4S) – 349(23)

Table 1: ! (nS) decay constants computed by means of numerical lattice simulations [50Ð52]
or determined experimentally fromB(! (nS) ! e+ e! ) [45].

In Table 2, Eq. (11) is combined with Eqs. (5) and (9) to estimate the resonant and
non-resonant cross-section, for each ! resonance, along with the peak cross-section $peak

and the suppression parameter %. This computation has been performed with the Belle-II
(KEKB) energy-spread for illustration, which is similar to the ones from BaBar (PEP) and
Belle (KEK). From this table, one learns that even though the peak cross-section is large
for the ! (nS) resonances (n = 1, 2, 3), the beam-energy uncertainties entail a considerable
suppression of the visible cross-section. These e#ects are milder for the ! (4S) resonance,
but in turn the cross-section at the peak is much smaller in this case. The final results
are summarized in the last column of Table 2, which shows that the e#ective resonant
cross-section is smaller than the non-resonant one, but it still contributes with numerically
significant e#ects. For the (very) narrow resonances ! (nS) (n = 1, 2, 3), the resonant
contribution amounts to corrections between 20% and 50% to the non-resonant one, which
should be included when reinterpreting experimental searches. 3 On the other hand, for
the ! (4S) resonance the resonant contribution turns out to be negligible, due to its larger
width, as expected.

3Interference e↵ects between the non-resonant and resonant ca!! terms turn out to be negligible due to
the small width of the ⌥(nS) resonances.
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Comments on other analyses
BaBar made an analysis on dark-photons BaBar, 1702.0332

Dolan et al, 1709.00009 recasted the analysis on ALPs 
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Figure 4 : Present and future constraints on ALPs decaying into DM compared to the
parameter region where one can reproduce the observed DM relic abundance via resonant
annihilation of DM into photons. Note that this process is e! cient only if m! is slightly
smaller than ma/ 2 (see Þgure3).

5.1 ALP decays into dark matter

We study decays of ALPs into DM from ALP-strahlung production for ALP masses up to
ma = 8 .5 GeV. Signal Monte Carlo events have been generated usingMadGraph5 v2.2.2
[90]. We have generated samples using a Þxed ALP mass per sample in steps of 0.05 GeV
with 10,000 events each, using a branching ratio into DM of BR(a ! !! ) = 1 .0. The Þnal
state consists of a single, highly energetic photon with an energy

E" =
s " m2

a

2
#

s
, (5.1)

where
#

s = 10.58 GeV is the collision energy. This search is very similar to the search
of Dark Photon decays into DM described in ref. [44]. The backgrounds for this search
have been found to be due to high cross section QED processese+ e! ! e+ e! " (" ) and
e+ e! ! "" (" ) where all but one photon are undetected. The background composition is
a complicated function of detector geometry details that cannot be adequately reproduced
without a full Belle II detector simulation. We therefore take the background rates from
ref. [44]. It should be noted that the irreducible background from e+ e! ! #ø#" is negligible.
We obtain the signal e! ciency for ALPs using generator-level Monte Carlo simulations.

We determine the expected 90 % CL upper limit of signal eventsns such that the
Poisson probability of observing less thann events when expectingns + nb events is$ 0.1,
wheren is the integer closest to the number of background eventsnb. Expected upper limits
on the coupling ga"" are summarized as a function of ALP massma in Þgure 4. The much
better expected sensitivity compared to BaBar is mainly due to the more homogeneous
calorimeter of Belle II. Figure 4 also shows the parameter ranges corresponding to resonant
freeze-out. We observe that, if DM annihilation into photons is resonantly enhanced,

Ð 16 Ð

Twice stronger 
than us

BaBar analysis considered data collected at different runs: resonant 
effects should be taken into account

Detection efÞciencies are different for dark photons and ALPs
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