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Probing NP in the leptonic sector
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Model-independent predictions
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* Main messages:

» Aa, =~ (3 +1) x 10—° requires a nearly flavor and CP conserving NP
» Large effects in the muon EDM d,. ~ 10—22 e cm are still allowed!

[Giudice, PP, & Passera, '12]

Paride Paradisi (University of Padova and INFN) Hunting for new physics with leptonic g-2 La Thuile 2021



Relativistic generalization of EDMs and MDMs

Interaction of a fermion f with the photon field A,, F.., = 9, A, — 0. A,
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the usual minimal coupling of fermions with the photon give rise to a
magnetic moment with gyromagnetic factor g = 2

the dimension 5 operators induce an electric dipole moment dr and an
anomalous magnetic moment a;

e
H=9igm (gr — 2) = 24

dr and ar are described by non-renormalizable interactions of fermions

with the photon. They are absent for elementary fermions at the classical
level, but can be induced by loop corrections.

Antonio Masiero & Paride Paradisi (University of Padow Misure EDM e fisica beyond Standard Modal
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e Kusch and Foley 1948:

exp
(%ﬂ) = 1 4+ a%P = 1.00119 =+ 0.00005

® Schwinger 1948 (triumph of QED!):

th
(%) =1+a™=1.00116. ..

® We keep studying the lepton-y vertex: —— g 4

a2 u(p) = a(m[»mﬂ(q?) iowd” ) (g2) + .. }u(p)

Fi(0)=1  Fp0)=a; | ‘e

A

M. Passera Milano 3.10.2019



June 3, 2025: Final resul of the Muon g-2 Coll. measuring (g-2),to 127 ppb
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(8-2) , measuments at FNAL have improved the precision on the world average
by over of factor of four =2 uncertainty of the WA to 125 ppb!



The 4 classes of SM contributions to the muon g-2
uncertainty largely dominated by the hadronic contributions in Vacuum Polarization (HVP)

a,(SM) = a,(QED) + a,(Weak) + a,(Hadronic)

OED/ N 116584 718.9 (1) x 107 0.001 ppm
Weak :
AL+ 153.6 (1.0) x 10~**  0.01 ppm
/u""’z e
“Hadronic...
...Vacqum Polarization (HVP) 6845 (40) x 10711 0.37 ppm
o A N [0.6%]

92 (18) x 107! 0.15 ppm
ad e+, [20%]

S F'u ] ] )

Numbers from Theory Initiative Whitepaper




HVP: the major source of uncertainty in the muon g-2 SM computation
2
Im J\/\/\J./\/\N ~ ‘ W\/\<
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~ % kernel funcoon

Hadrons

~  olete” — v* — hadrons)

dispersion relations optical theorem K(s) = mf. 13s for VG > m,
HLO  @° feo ds o(eT e~ — had)
a = — — K(s) R(s) R(s) =
K 3m2 am2. S olete” —-putpu—)
ayHLlo = 6895 (33) x 10-11 F. Jegerlehner, arXiv:1711.06089
= 6939 (40) x 1011 Davier, Hoecker, Malaescu, Zhang, arXiv:1908.00921
= 6928 (24) x 10-11 Keshavarzi, Nomura, Teubner, arXiv:1911.00367
= 6931 (40) x 10-11 (0.6%) WP20 value
4

WP20 = White Paper of the Muon g-2 Theory Initiative: arXiv:2006.04822



e*te=> ‘" dominance of the low-energy hadronic cross-section
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[WP20, 2006.04822]
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BMWoc20: S. Borsanyi et al. 2002.12347, published on Nature, April 7, 2021
first published lattice result with sub-percent precision!
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Colangelo, El-Khadra, Hoferichter, Keshavarzi, Lehner,
Stoffer, Teubner, arXiv:2205.12963v2 (2022)
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Figure 1: Short-distance, intermediate, and long-distance weight functions in Euclidean time (left), and their correspondence in center-of-mass energy (right).



New result on R(s) from CIMID3 (VEPP
had,po _ M /‘“ Oete= o hadrons (8) K (S) — 2000 Novosibirsk)  PRL June 2024
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The “NEW” (2025) muon g-2 problem

(% of 2x measured)
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MUonE: a new determination of Aapag

MUonE: Muon-electron scattering @ CERN n

® Adpada(t) can be measured via the elastic scattering pe — pe.

® We propose to scatter a 150 GeV muon beam, available at CERN'’s
North Area, on a fixed electron target (Beryllium). Modular
apparatus: each station has one layer of Beryllium (target) followed
by several thin Silicon strip detectors.

Si Si Si

B

Be

Abbiendi, Carloni Calame, Marconi, Matteuzzi, Montagna,

Nicrosini, MP, Piccinini, Tenchini, Trentadue, Venanzoni
EPJC 2017 - arXiv:1609.08987

[Courtesy by M. Passera]



Spacelike proposal for a,HLO

® At present, the leading hadronic contribution a,H0 is computed
via the timelike formula:

Hadrans ]_ e 0
! ’ a,” = i3/, ds K(s) opaq(s)
K(s) /ld z”(1-2)
8) — J
o @+ (1—a)(s/m})
S .
® Alternatively, exchanging the x and s integrations in a,HLO
a 1
a, " = ;/ dz (1 — x) Aahad[t(z)]
0
t Hadrons
$2m2
t(z) = £ <0
(2) = ——

4

Lautrup, Peterman, de Rafael, 1972

Adnad(t) is the hadronic contribution to the running of o in the
spacelike region: a, "L can be extracted from scattering data!

M. Passera HCINP Se ber 73.98 2019 Carloni Calame, MP, Trentadue, Venanzoni, 2015 ]

- NO, NP cannot spoil the
validity of such extraction

New Physics extracting Adnaq(t) at MUoONE? Padova and Heidelberg 2020



a HLo : timelike vs spacelike method

Timelike —y Spacelike
Aanad(t) can be measured via the elastic scatteringpe— pe.
m
=
R :%:I__: 1
5
4
1
Smooth integrand
.01 T TR - TR
1 0z 03 04 05 04 0f  0As 09 1

Carloni Calame, Passera, Trentadue, .
Venanzoni, PLB 2015
M Inclusive measurement

M Smooth integrand
M Direct interplay with lattice QCD
24

F. Jegerlehner, arXiv:1511.04473

M Passera LaThuile 09.03.2022



s of the HVP contribution to the muon g-2

1 [~ : ?(1 — x)
HVF - _
({1” ete— = 13 - ds K#(s] Ohad(8) K,.(s) = L 4:155.:':32 TR py

™

at large energy, s>m, 2 K~ m/
The KNT19 data replaced by compilation by the
the CDM3 data only in its KNT coll. in 2019

available energy range without the CMD-3 data
EMDE — HV Py CMD3 HVPyKNT10 — .
=(a,  )etem —(a, " )ete— =(21.7£3.6) x 1077 6.10 tension

5DCMD3 — {UH‘\-"F‘_ )DMEE . (DEE_)ENTIEI

eTe
Di Luzio, Keshavarzi, A.M., Paradisi PRL 134 (2025) 1

the Electron g-2 (a,)

Observables to consider the Muonium HyperFine Splitting (HFS)
the Taug-2 (a,)

the low-energy weak mixing angle sin%6,,(0)
the running of a



Sensitivity of other physical observables to

[GapHVP]NP =[a uHVP]LQCD,CDM3 - [apHVP]DR,WPZO

which exp. and th. accuracy should be reached for the above observables to probe 6a """
* the Electron g-2 (a,)

e the Muonium HyperFine Splitting (HFS)

* theTaug-2 (a))

* the low-energy weak mixing angle sin0,,(0)

* the running of a.,

Leptonic g-2 sin%0,, and Muonium HFS
running of o,



Measurement of the Electron Magnetic Moment

X. Fan 2 * T. G. Myers,2 B. A. D. Sukra,?2 and G. Gabrielse?:

! Department of Physics, Harvard University, Cambridge, Massachusetts 02138, USA
?Center for Fundamental Physics, Department of Physics and Astronomy,
Northwestern University, Fvanston, [llinois 60208, USA
(Dated: December 8, 2022

The electron magnetic moment, —p/pup = g/2 = 1.001 159652 18059 (13) [Q 13 pptl. is determined
2.2 times more accurately than the value that stood for 14 years. The most precisely determined
property of an elementary particle tests the most precise prediction of the Standard Model (SM) to
1 part in 10**. The test would improve an order of magnitude if the uncertainty from discrepant
measurements of the fine structure constant « is eliminated since the SM prediction is a function
of a. The new measurement and SM theory together predict a=! = 137.035999 166 (15) [0.11 ppb]
with an uncertainty ten times smaller than the current disagreement between measured a values.

> = 0.00115965218059(13)

In 2008 Gabrielse et al. had

€ obtained 6a. " =2.8 x 1013
-1 g5 PPO 0 05
g/2(2022) with SM —_——
P 05 o PPt 05 ;| /2(2008) with SM . o |
T B L T B T T T 1 Rb ———t
g2 2022 ——a— Cs | -
g/2 2008 - .
gm mm gfgﬁf . - ° >0 (o - 13'2'?335 999 DDD;??? 0° 290
[
1795 180 1805 181 . 1815

{(-/p_ - 1.001 159 652 000) x10'°




HVE and a

relating a; i

HV'P

Electron g-2
_ 2
) ;M0 da e (mﬂ) ~ (5+1)x 10~

in good agreement with the numerical results

.m. #

/

omr. (1) KNT19

(2) KNT19/CMD3 | Correlation, pia

Difference, §0°""* /S{gﬂiﬁcaﬂce (o)

eETE /
aﬂvp x 101° 602.8 = 2.4 714.5 + 3.4 0.280 21.7T + B.E/ 6.1
alfVF % 101 186.1 + 0.7 192.0 + 0.0 0.257 6.0 + lfl 6.2
Aa,. error source Value % of Aa. error
Fi\?E—].DDp QED, !JJ'-HEEDE 6 ]_U_H: 5% (CE}/’I].B% {Rb] |fthe.experlmenta| rESOIUtlon on aem .and
o HAD Uy 10-14 1o a,** improve by ~ one order of magnitude
adronic, o, X < 1/ - uncertainties on Aa, ~ 0(1014) >
a(Cs), da2(c® 22 x 10~ 14 70% sensitivity to the increase of a "'*due to

Experiment, daZ*F

13 x 10~'* 24% (Cs)/59% (Rb)




The Muonium HyperFine Splitting (HFS)

Muonium HFS of the 1S ground state

Muonium: bound state of p* and e-
VHFS
=1+a, + Adps + AfES + Afips

Pure lepton
= point particle
P P FF
M = o [ dsKnu() onaa(s)  Kaule) m 2 (S10g 5+ 22) e
HFS 2?r3 Mu ad (S Mu(s) & —= { 5 log w2t 1) m,
for s >>m?
Av = 4463 MHz 5
ﬂ mPK 2 HVP
HFS ~ 6 —5Kmu(m,) (a, " )ete-
pi
= 0.63 (a®¥7) 4+ .-
Av : Muonium Hyperfine Structure ( He }E £
P. Strasser, Workshop of the Muon g-2 Tl, HVP HVP — HVFP
Bern, Sept. 2023 VHrs = ('11 +ﬂHF{) vp = 1.63vpa,
CMD3 . + ér.q'i + A N
dvgprs. ~ (16 £ 3) Hz > g > > é @,,;

5.90 discrepancy in the comparison!



(0 (1) KNT19 |(2) KNT19/CMD3|Correlation, p;2|Difference, §O“""* | Significance (o)
aiv® x 101 692.8 + 2.4 714.5 4+ 3.4 0.280 21.7 + 3.6 6.1
alVFP x 10 186.1 = 0.7 192.0 &+ 0.0 0.257 6.0 &+ 1.0 6.2 d—
a?VF x 10° 3328 + 1.4 3402 + 2.1 0.546 7.4 4+ 1.8 4.9
Aa®) (M2) x 10*| 276.1 + 1.1 2775 + 1.2 0.908 1.4 + 0.5 2.8
sin® By (0) x 10* |2386.0 + 1.4 2386.4 + 1.5 0.996 0.4 4+ 0.1 2.9
viv? (Hz) 540.5 + 1.0 557.0 + 2.7 0.207 16.5 4+ 2.8 5.9 <4u—

¥

Muonium HFS one of the most sensitive probes of 6a,“MP* - to be sensitive to this s
of O(1) Hz
Current measurement v®°= (4463302776 +51) Hz

needs a precision

MuSEUM at J-PARC plans t
the uncertainties by ~ one or
hence going well below the shift
Other sources of uncertainty: (Strasser et al. Hyperfine Interact. 2016)

i) uncertainty on v fully dominated by m,/ m, = induced error on v ~ 4 x 10°Hz

Mu-MASS at PSI to improve the precision on the measurement of vis_,s (from which m./ m, is extracted)

by 3 orders of magnitude (P. Crivelli Hyperfine Interact. 2018);

ii) Theory uncertainty in v,;;s from unknown 3-loop QED contributions to 6,%P amounting to ~ 70 Hz = need
for a complete 3-loop QED calculation (Eides and Shelyuto Int. J. Mod. Phys A 2016; Eides PLB 2019)



Model independent tests of the HVP contribution to the muon g-2

HVP | | ,
ﬂF I T 1 | [‘
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an
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Statistical significance of P (g)
Di Luzio, Keshavarzi, A.M. , Paradisi PRL 134 (2025) 1



BACK-UP SLIDES



On leptonic dipoles: ¢ — ¢y

* NP effects are encoded in the effective Lagrangian

L = E% (ERJ#HAEE’EI + F.‘_J#HAEE’ ‘EIH) F* ‘Ez E; = e u,T,

» Branching ratios of £ — £/~

BR(f — ('y)  48r%a
BR(¢ — l'vyiryr) G2

(|A£E’ 2 + IAEfflz) :

* Aay and leptonic EDMs

d
Aay = 27 Re(Ag), EE = my Im(Ag).

» “Naive scaling”: a broad class of NP theories contributes to Aay and d; as

ﬂaf . n]% df myg

ﬂafr o mﬁr ’ dfr o mf’ ’

Antonio Masiero & Paride Paradisi (University of Padow Misure EDM e fisica beyond Standard Modal LNL, 15 February 2023



NEW LATTICE result

I
HVP from: 2
BMW20 | |E
S
WP20(lattice) | o 3
E
$
_______________________ nr::~t used i in WFE_D__ L E -
DHMZ19 |+ e %
KNT19 e &
BNL
WP20 - e |
I I I I | I |:r\hﬂ"‘ll_
] | _4{} ] ] | | _3{' ] ] | ] ED ] ] ] ] ID ] | D ] ] ID

(.-;{M %Py x 10"



Electric and Magnetic Dipole Moments

interactions of a particle with spin S
with an electric and magnetic field

electric dipole moment d
magnetic dipole moment u

Antonio Masiero & Paride Paradisi (University of Padov Mizure EDOM & fisica beyond Standard Modal



Properties under C, P, T

Properties under Charge Conjugation C, Parity P, and Time Reversal T

T E — +E B —B S— -8
P E - —E B— +B S—+8
§ . 8 . A
H=—p=-B-—d—=-E |
S| S o |
4=
dﬁu P "'
MDMs are P even and T even | d
EDMSs are P odd and T odd ,____:“_,, q T
assuming CPT invariance T +
(= pretty safe assumption): =
MDMs are CP conserving %
EDMs are CP violating

Antonio Masiero & Paride Paradisi (University of Padow Misure EDM e fisica beyond Standard Modal LNL, 15 February 2023 17/29



QED contribution

"g — 2 is not an experiment: it is a way of life.”
[John Adams (Head of the Proton Synchrotron at CERN (1954-1961)]

This statement also applies to many theorists! [nyfeler 16]

agtP = (1/2) (a/m) [schwinger, 194]

+0.765857426 (16) (/)2

[Sommerfield; Petermann; Suura&Wichmann '57; Elend '66] W V

+ 24.05050988 (28) (a/7)°

[Remiddi, Laporta, Barbieri...; Czarnecki, Skrzypek '99]

e
d

+ 130.8780 (60) (a/m)*
[Kinoshita et al. '81-'15; Steinhauser et al. '13-'16; Laporta "17]
+ 750.86 (88) (a/m)* [Kinoshita et al. '90-'19]

a,EDb =116584718.931 (19)(100)(23) x 10-11

mainly from 4-loop coeff. unc. <~  &doop > from a(Cs)
a = 1/137.035999046(27) [0.2ppb] Parker et al 2018 WP20 value

[WP20 = T. Aoyama et al., Phys. Rept. '20]

Paride Paradisi (University of Padova and INFN) The new muon g-2 puzzle



Experiment vs SM: 27 May 2025

BNL & FNAL '23  |——]
0.30 D—q
—=—
BMW/DMZ '24
i = i
White paper '25
L - [ ]
| | | |
RBC/UKQCD '24
L - [ |
I = | " Mainz/CLS '24
BMW '20
—e {
White paper '20
WeTe] >
BaBar
CMD3
KLOE H—e—H
Tau
T T T T T T
180 190 200 210 220 230

a, x 10'% — 11659000

New calculation of &°HP . WP "25 indicates SM confirmed to 0.35 ppm !
— confirmed by two lattice calculations [HEC 24, Mainz 24| to w/in 1.5¢
— WP 25 is consolidated combination of subcontributions from many lattice calculations

r i AVAT " A r_.l A ADRD "5 AAairme "3 4 4. O A
Ll LW et

:F:E":_: UKQCD 18, 23, 24; ETM 19, 22, 24; BMW "20, ), ADAS 22; Mainz '22, 24, 24; SL '24; FHM '24, _—]

Laurent Lellouch Planck 25 @ Padova, 30 May 2025



Summary plot WP25
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Independent muon g-2 determination from
MUONIUM SPECTROSCOPY

Muonium: bound state of p* and e~

Pure lepton
— point particle

Energy (GHzZ)

e

-

Av = 4463 MHz

Av : Muonium Hyperfine Structure
P. Strasser, Workshop of the Muon g-2 Tl, Bern, Sept. 2023

40

]
o

ra
o

Breit-Rabi Energy level diagram = Zeeman Splitting
electron muon
A e
(F, M) ey
(1,1) _——— 1 H
= V12
%—ﬁ;‘: (1-1)
v (0,0 q
|
Zero Flel (ZF) ‘“THZ S
Fa——
V34 =
0 0.5 1.0 15 ./ 2.0

M High Field (HF)

Vi2 + V3q4 = Av

Vip — V3gq X [y, /1y



P. Strasser, Workshop of the Muon g-2 Tl , Bern, Sept. 2023

Most Precise Test of Bound-State QED

‘ Experiment: “ LAMPF Experiment (1999)

W. Liu et al., Phys. Rev. Lett. 82 (1999) 711

vies(€xp)  4463.302 765 (53) MHz  [12 ppb]
w/p, = 3.18334524(37) [120ppb]
m,/m. = 206.768277(24) [120ppb]

‘Theory: ‘

M. I. Eides Phys. Lett. B 795 (2019) 113

Vues(theory) 4463.302 868 (515) MHz  [120 ppb]
Vues(QED)  4463.302 720 (511) (70) (2) MHz
(my/m.) (QED) (o)
Vurs(weak) -65 Hz
vyes(had. v.p.) 232 (1) Hz
vues(had. h.o.) 5(2) Hz 3
v(Fermi) =1?6azcﬂm$ (1+%)

QED calculation: Effort for 10 Hz accuracy in progress (by Eides et al.) Also Laporta is computing the full 3-loop
QED contribution



Keshavarzi, Nomura, Teubner PRD 2020; Eides PLB 2019

A2 VY = (232,04 £ 0.82) Hz
had, VP

Dominated by the TT*1T" channe \A 2y = (159.64 + 0.60) Hz

icates the mllestones set by the Mu-MASS (MuoniuM |Aser SpectroScopy) exp.
ectroscopy Experiment Using Microwave) at J-

Ongoingg
at PSl and

»
; |quantity Uy parameter| qu Uy
(unit) current ongoing ultimate (unit) current ongoing ultimate
QED 81 57 ﬂ-?' Ms_29 I:E}[p} 825 (.84 0.34
4 me/m, |QED(1S-28)| 1.7 1.2 0.1
1S-28 I?TP ﬂ{}ﬂg ] 0.65 Gpb) | Re | 040 013
- ‘00 ' . total 825 1.5 0.37
(ppt) o O(107%) v1s_os(exp) | 708 0.73 020
exp [3.99 x 10° 4.1 1.6 vups(exp) | 10 1.9 0.77
QED 16 2 9 0.2 QED(15-25)| 1.4 1.0 0.07
HVP 0.23 0.18 €y QED(HFS) 14 1.9 0.2
] ] R 0.35 0.13
(ppb)| Ree | O(1077) a 026 0.14
exp 12 2.2 0.90 total 708 3.0 0.88

Delaunay, Ohayon, Soreq PRL 2021



MUuonium ONgOINg | mm e o e e e e e e [

ultimate [ ————]

Delaunay, Ohayon, Soreq PRL 2021
BNL+FNAL 2021 H&H

SM (BMWc-lattice) @
SM (R—ratio) o

12 14 16 18 20 22 24
a,x10°-1165900

To start testing the NP in the mentioned a "'* discrepancy:

[Sap.HVP]NP = [auHVP]LQCD&DR,CDM3_ [ap.HVP]DR,WPZOZ (~3% shift)

— probably we need to reach for Av,®® and Av >V *°precisions of O(few — 10) Hz
2/



The running of a,,

Hadronic effects to the running QED coupling at the Z —-boson mass (a main component of the elw. precision fit

2

ﬁﬂa'ﬂijd(ﬁf%} _ 3w :-'ng 5aSMP? Magnitude of the shift comparable wi:ch the current
o My, uncertainty on a,,, (M;2) = very diffcult for
~ (1. . — (5) (aq2
(1.5+03) x 10 Aay_4(Mz) to probe da;*"*
omrr (1) KNT19 |(2) RNT19/CMD3|Correlation, pis | Differeniee, §O°""? |Significance (o)
ai¥" x 10" 692.8 £+ 2.4 T14.5 3.4 0.280 21.7 :I:\&Q 6.1
afVF w101 186.1 + 0.7 192.0 + n.[:\\ 0.257 6.0 + 1.0 6.2
alVP x 10° 332.8 + 1.4 340.2 + 2.1 \{;L@ﬂ 74 + 1.8 4.2
Aa® (M2) x 10*| 2761 + 1.1 | 2775 + 1.2 0.908>_ 14 + 0.5 Mo g

At future e*e colliders, e.g., FCC-ee, expected to reach the unprecedenté
precision on ., (M;?) of 0(10-°) which would provide sensitivity to the shft



The running of sin?0,,

sin20,, (0) can be connected with sin20,, (M,) by including the y — Z mixing (Erler and Ferro-Hernandez JHEP 2018)

(Keshavarzi, Marciano, Passera, Sirlin PRD 2020)

The shift from the CDM-3 data can be estimated via:

To make use of sin?0,, (0) to probe the HVP contribution would

2
m
& sin’fyy (0) = k' sinzﬂw{ﬁ,{z 37 _EP ﬁﬂﬁmna
¥ Tn#

~ (0.4 +0.1) x 1074,

require a precision on sin?0,, (0) and sin20,, (M,) at the ~ 10->level A

Future HE e*e colliders aim at resolutions on sin?0,, (M,) much better than O(10-), but
achievable precision on sin?0,, (0) in future low-energy experiments at MESA (P2) in

Mainz and Jlab (Médller) should be only ~ O(10-)

omrr (1) KNT19 |(2) KNT19/CMD3|Correlation, p;2 | Difference, §0"* |Significance (o)
ap’® x 10" 692.8 + 2.4 714.5 + 3.4 0.280 21.7 + 3.6 6.1
alVP x 101 186.1 + 0.7 192.0 + 0.0 0.257 6.0 + 1.0 6.2
aVP x 10% 332.8 + 1.4 340.2 + 2.1 0.546 74 + 1.8 4.2
AalP (M2) x 10*| 276.1 + 1.1 277.5 + 1.2 0.908 1.4 + 0.5 2.8
sin® By (0) x 10* |2386.0 + 1.4 | 23864 + 1.5 0.996 0.4 + 0.1 2.9 F




Assuming dominant effects at the p-peak »

Tau g-2

- _CMD3 2 2 CMD3
6aM"* = 0.63 (m; /m?,) da

p p

~ (7.2+1.4) x 107°

m.>>m,, m, = increased weight of the hadronic contributions to higher energies - influence of
11 and p-resonance contrtibutions is reduced in tau g-2 - degree of correlation between scenario
KNT19 and scenario CMD-3 increases (p ~ 55%) w.r.t. the electron (p ~ 26%) and muon (p ~ 28%)

cases -

SIGNIFICANCE of da,“P™3is 4.20 compared to > 60 for the a,“PM3 g ,COM3

. CMD3
Difference, 60

Significance (o)

OfYF (1) KNT19 |(2) KNT19/CMD3|Correlation, pyo
o™ x 101 | 602.8 +£24 | 7145 + 34 0.280 91.7 £ 3.6 6.1 (o
aVP % 10" | 1861+ 0.7 | 192.0 + 0.0 0.257 6.0 + 1.0 62 <
aPVP % 10° | 3328 £ 14 | 3402 + 2.1 0.546 74+ 18 12 <




some final thoughts ...

The experimental and theoretical precision physics community
has entered an era of unprecedented precision experiments

SYNERGY between small/mid-scale & large-scale experiments =
casting a wider and tighter net for possible effects of BSM physics
Synergy among the various communities operating in precision
physics in (very) different experimental, technological and
theoretical environments

While relatively small in size and cost compared to their energy
frontiers cousins, they are large in reach and discovery potential

These experiments are key to paradigm-shifting discoveries, both in their own right
and as incubators for new technologies and physics directions

Report of the 2023 P5 (Particle Physics Project Prioritization Panel)
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