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Semi-leptonic CC

Ui
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| Important playground for Bavour physics"
CKM determination, hadronic matrix eleients

| Tree-level W exchange in the SM:"
ONP-freeO - To be reconsidered in view of ongoing BFanomalies

| BSM perspective: "
Sizeable non-standard effects in Taus are motivated . -«

e.g. TeV scale dynamics + U(2) [3avour symmetry

- TeV scale dynamics still motivated - U(2) is a good approximate global symmetry of the SM#
and not fully explored territory - Admits TeV scale dynamics / protects dangerous FCNC#
- Admits solutions to the Ravour puzzle, i.e. the peculiar Yukawa structure
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Low/High p 1 Interplay

New opportunityHarvesting the large statistics at highest collider energies

¥ The same underlying 4-point fu_ndtion | 1y
- albeit different kinematical regime M ! M !

¥ Rather generic / model-independent M| | | "
¥ Current statusCompetitive limits at high-p

¥ Futurelmprovements at both frontiers
(LHCb & Belle I) vs (ATLAS & CMS)
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Low/High p 1 Interplay

New opportunityHarvesting the large statistics at highest collider energies

Renormalisation
flow

IR

Example: (& vpaanL )(B, W“UaLﬁ)
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Low/High p 1 Interplay

New opportunityHarvesting the large statistics at highest collider energies

Example:
(@ 7.0%QL ) (B HooL))

U ! 2
BV g %,
dj ! ( S()/Om/v
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Low/High p 1 Interplay

New opportunityHarvesting the large statistics at highest collider energies

Example:
(@ 7.0%QL ) (B HooL))

U ! 2
BV g %,
dj ! ( S()/Om/v

b I iy n I Ill
>'\ﬂ<j LX s) mg ML M1 MI
¥ Correction to observables
2
T (1A
e.g.
B! DO&

- 40



Flavour Physics with High-pT Leptons - Admir Greljo, CERN

Low/High p 1 Interplay

New opportunityHarvesting the large statistics at highest collider energies
11
Example: PP | |
(@ 7.0°QL)(BL+*o°LT)
< ¥ Correction to observables
2
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Background,
q Valence quarks
Signal,
Heavy flavour

" j - Parton luminosity
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LHCis a E!

Ecollider ofovequark Ravours
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H j - Parton luminosity
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LHCis a E!

Ecollider ofovequark Ravours

PDF luminosity ratio X [V;; °
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LHCis a E!

Ecollider ofovequark Ravours

PDF luminosity ratio X |V;|*
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¥ Correction to observables
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LHCis a E!

Ecollider ofovequark Ravours

‘ lerrree o]

Q_
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PDF luminosity ratio X
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, Energy enhanceme

| Back of the envelop

] - +(0.0)

tails
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LHCis a E!

Ecollider ofovequark Ravours

EFT validity s M2
0.100 ... A [consider explicit mod>ells] S( MX

Tree-level
001
009 Ifls¢ Mg s-channel
10~ >\/< _, ¥ EFT bounds are
' B el overly conservati

PDF luminosity ratio X |V;|*
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Mono lTau

Crossing symmetry

[AG, Martin Camalich, Ruiz-Alvarez]!
Phys.Rev.Lett. 122 (2019) no.13, 131803

*Updated for Portoro" 2019 by JMC
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¥ We recast the latest hadronic Tau + MET searches

MadGraph5 AMC@NLO v2.6.1 > Pythia 8 v8.230 > Delphes v3.4.1

> L s S s S S S s S S 3.59 fp-lu(lu?) TEIV)I > = T T T T T I T
3 10°= CMS ¢ Data [Jwsjets 5 &) § ATLAS e Data .
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#

1+ WoP # am WP d + §' PP # as % Prd

$

+$ 9 P de ! W PLd+ 8 0P # aePLd + & WP # dePrd +h.c,

* 1% (red) and 2% (blue)
ranges on the absolute
value of the WCs of
semi-tauonic cb
transitions at % = mb

* R,y @ ATLAS m CMS @ LHC O HL-LHC (20) JAN [TeV] ‘,! — V/ . |VCb||I l |
o 4 3 2 1
ek € -
i o ER
¢ Vector
L A lot of room for
" N |mprov|ementst:
L ¢ Tensor - b-tag] _
° - tau charge-asymetri
- - rapidity distributiomh,
ek - polarization.
I Scalar- Tensor
O
00 02 04 06 0.8 1.0 1.2
| Erl Greljo, JIMC & Ruiz-¢lvarez, PRL122, 131803 (updated)

16



Flavour Physics with High-pT Leptons - Admir Greljo, CERN

WO 11 Od el L C gpc*"Pr,rbW,+gr 07" P rT W, +h.c.

RH WO models: !
[Asadi, Buckley, Shih] 1804.04135
[AG, Robinson, Shakya, Zupan] 1804.04642

LH WO models: !
[AG, Isidori, Marzocca] 1506.01705

pp" "*"  [Faroughy, AG, F. Kamenik]
1609.07138

Obc W("jgi;

1
S# M\%VI nE |M W!! w!

Three parameters (in full generality)#

Event shape depends on #w - and#M yy -

Normalisation controlled by: gbcgﬁ-

pp! 1#] :
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WO 11 Od el L C gpc*"Pr,rbW,+gr 07" P rT W, +h.c.

RH WO models: !
[Asadi, Buckley, Shih] 1804.04135

[AG, Robinson, Shakya, Zupan] 1804.04642 | Upper limit on the Wilson coe&cient from MonoTau

LH WO models: !
[AG, Isidori, Marzocca] 1506.01705 o7 T TS S )
pp n o unu+n” [Faroughy, AG, F. Kamenik] \\ |gbcg.;.‘,| / A/FW'/ITeV ] (for AX = 62)
1609.07138 - T Tt T ppoTvilimits

Obc \/\/(“jgiqr

1
S# M\%V' + IM w!hw!

I'w /| My [%]

W'r model
R(DY) - (0.1 +0.1)TeV

10 15 20 25 30 35

_ _ My, [TeV]
Three parameters (|n full generallty)# *Very wide resonances indicate the loss of predictivity

Event shape depends on #w - and#M yy -

Normalisation controlled by: gbcgﬁ-

pp! 1#] :
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LQ model  t" geuPir" U+ g8 PLg #U}

LH U, model:

[Buttazzo, AG, Isidori, Marzocca]
1706.07808

RH U; model:
[Robinson, Shakya, Zupan] 1807.04753

Smooth distortion of the distribution#

The total width e'ects negligible#

Two parameters (in full generality)

M u, gbgé
pp! 1#] )
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LQ model  t" geuPir" U+ g8 PLg #U}

LH U, model:

[Buttazzo, AG, Isidori, Marzocca]
1706.07808
RH U; model:

[Robinson, Shakya, Zupan] 1807.04753 From B-decays

4 -
Ul Lept oquark )
LHC excl usion @ 2! ! .-
3 .- «3&‘"‘3
B -
> | 150 8
t# M3, + iMy, !y, *Uz ________________
E ,_f,’ -------------------------- 3 ab 1—
C Ikg 1 ————————————
P v
Smooth distortion of the distribution# 0 . : e ; .
The total width e'ects negligible# My, [TeV]
Two parameters (in full genera"ty) *Good agreement with the EFT results for the heavy LQ

M u, gbgé
pp! #] .
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Consolidation

¥ Signal prediction @ NLO QCD ¥ The most sensitive bins
2
3 1RSI #$% & s(> |\/|-|-
"N
h (0 v L % 1.05— ' ' ' '
! CF L #Y T HSYS A ATLAS 36.1 o' ‘ O EFT
$! | -
104_ () ATLAS 3ab 0
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z 3 103 & £ :
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" $ $H %" %' &' & M
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g ¥ Systematic uncertainties fully included
= I"(#}+ .
if ;"fj ¥ PDFs not effected by this NP

rE S S % % &' &' ¥ MC tools available upon request
I
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DiTau vs B decays

[Faroughy, AG, F. Kamenik]
1609.07138

¥ SU(2)gauge symmetry
Charged currents Neutral currents
b I
ove)
C |

¥ Flavour Structure

O(1)
¥ Generically, CKM enhanced DiTau! op" " P
¥ One of the main obstacles to NP ¥ However, still some model

explanation of anomalies in B> D' 'tv dependence unlike MonoTau

P2



Flavour Physics with High-pT Leptons - Admir Greljo, CERN

Connection to D-meson physics
&

C

d, s>.< "

| Preliminary LHC limits | Looking at the PDG

cs! & 0 (D.! &)= (5.55% 0.24%
# - 003 #- 0.02

Vector Scalar Tensor
LHC combined 0.009 0015 0004

0 (D! &)< 1.2&108
# - 0.09 #- 0.05

cd! & | Phase space suppression
Data set Vector Scalar Tensor 0
LHC combined 0.015 0025 0008 Mp: %omg 1 90 MeV

High-pT beats Low-pT!

[AG, Martin Camalich, Ruiz-Alvarez]!

. P3
W.i.p



Flavour Physics with High-pT Leptons - Admir Greljo, CERN

Conclusions
M | I\/II! " )
M1 1" pp! |
Meson decay High-p Tauls rarias

| New physics in semi-leptonic CC
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Backup
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b# U

transitions

Data set Vector Scalar Tensor B 0 # % #+ "

LHC combined 0.72 123 034 o : b |

LHC (150 fo' 1) 0.48 084 023 %1.25! &° ! 0.57
HL-LHC 0.21 037 010 041.75 | %? + %t; | 0.94

*No anomaly here. The comparison of the upper limits from the High-pT tails (left) and B-decays (right).

[AG, Martin Camalich,
' Ruiz-Alvarez]
| 1811.07920 L6

|
‘|
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Bpilela'éu beats MonoTau

Recent examplé: LT -g_ué[uf g+l A

Vector LQ model 1.0 e e e e e
N #53 =1,gy=3 NV
! 0.9F S :
B ) / -
(2 $"bL)( 8! L) Foe & :
’ n . :_ & /! —:
8 $ b ) $."0) oz E
This ratio is controlled by 2 E
\ 0.6 & =
I oL i
23 v :F T ]
205 o E
. - = ]
Natural expectation: 04 © -
O(Ven) 03F = .
L b .
0.2F ]
C X i .
w = i ) i [Baker, Fuentes-Martin,
0.1 [ / 13 TeV, 35.9 tb™ y Thad V ] |Sid0ri, Kor“g]
] | ' 11901.10480
0.0 [N [P IR EPRPRRI B I
1.0 15 20 25 30 35 40 45 5.0

MU [TGV]
¥ Two different scenarios considered

¥ In both cases, DiTau beats MonoTau in the natural parameter space
p7




