Experimental Overview: Electroweak
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The status of electroweak global fit

*+7 key observables in electroweak global fit

» Consistency study of the standard model electroweak section

» Need CEPC Z pole and WW runs : Precise measurements on EWK observables.
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W mass measurement W - \/§GF( )

“* myy is a key observable to test SM consistency
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» my; Measurement at future collider 1s essential
consistency
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ATLAS W mass (run I data reanalysis) arXiv:2403.15085
% New ATLAS result my, =80366.5 * 15.9 MeV, old result (2017, ATLAS) mW = 80370 + 19 MeV

My =2202 + 47 MeV , Most precise single-experiment measurement of 'W

Overview of m,, measurements
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CMS Preliminary
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New CMS W mass measurement moovey |
LEP combination | 80376 + 33 | I _
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-002/

W mass measurement (ATLAS and CMS comparison)

CMS Preliminary W mass uncertainty (MeV)
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Fraction of events

Var. / Norm.

Next step in ATLAS W mass measurement

Eur. Phys. J. C 84 (2024) 1126

“*ATLAS is exploring low pileup run 2 data (5 TeV 255 pb-1, 13 TeV: 338 pb-1)
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» First step to measure the W/Z pT (done)

» Expect to update W mass measurement with higher precision
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® Weak mixing angle measurement is well motivated

Weak mixing angle measurements (Sin?0y; )

» ~3c tension between LEP and SLC measurements

» LHC results can reach similar precision level now

CMS 2024 update
CMS PAS SMP-22-010
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LHCb up
CMS ee/,

Weak mixing angle

“*High quality muon reconstruction in LHCb in 2.0 < |1]| < 4.5

‘*Reconstruction of electrons in CMS extended to || <4.36
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Weak mixing angle @ LHC

“*PDF uncertainties is the key

CMS:  sin2¢, = 0.23157 + 0.00010 (stat) + 0.00015 (syst) + 0.00009 (theo) + 0.00027(PDF)
LHCb:  sin? Of;ff = 0.23152 + 0.00044 (stat) + 0.00005 (syst) += 0.00022 (theo/PDF)
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Weak mixing angle @ HL-LHC CMS, FTR-17-001-PAS

“*Extension of CMS/ATLAS acceptance forward during HL-LHC era

increases the sensitivity to the Weinberg angle

CMS Phase-2 Simulation Preliminary 14 TeV
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Overview of electroweak measurements at LHC

A
Standard Model Production Cross Section Measurements Status: February 2022
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“ Diboson polarization measurements have gained increasing interest
» in both the theory and experiment community in recent years
» Important probes of the EWK and Higgs sectors
<

L = 2 /12
qr,rqr,r — VL Vi(h) ~ 1 ~ E?/M

qL.riLr — ViVi(h) | ~my/E | ~ myE/M?
qr,rde,r = VaVo | ~my/E? | ~ E?/M?

backward forward qrL.rAL.r — ViVz ~ 1 ~ 1
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Diboson polarization

> Longitudinal polarisation generated by electroweak symmetry breaking
— asymptotically behave like Goldstone bosons of electroweak symmetry
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> Main challenge: incorporating higher-order corrections
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Diboson polarization
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VBS WiWjjat< 1o
> Experiments gain sensitivity to V; V, production, starting to study energy dependence of cross section

Evidence for Z,Z, production in JHEP 12 (2023) 107
Study of energy dependence of W Z, prod. in arXiv:2402.16365

> Ultimate test of electroweak symmetry breaking is the study of V,V, scattering at the HL-LHC
Analysis of WEWgjj and WEWjj in PLB 812 (2020) 136018
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Diboson WZ polarization

Measurement

100 < p% <200 GeV pZ% > 200 GeV
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RAZ effect leads to a dip around O in
the AY(WZ) and AY ( Ly, Z) distributions
Significant dips are observed
Unfolded distributions also measured
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Triboson WWy production

Phys. Rev. Lett. 132 (2024) 121901 b5

+CMS ZMFN=IFaFIRdiE LR
b A ERT SRS RIES AT RREREURM

https://www.nature.com/articles/
d41586-024-00764-8

nature > research highlights > article

RESEARCH HIGHLIGHT | 21 March 2024

A supercollider glimpses a
Process 0up Pb exp.(obs.) Yukawa couplings lim

WS H+yoeny 00670085 x| <1300 6000 Sathering of three particles never

dd »H+y —eny  0058(0.072)  |xq| <14000 17000) Seen together before
ss >H+vy —euy 0049 (0.068)  [x,| <1300 (1700)

cc >H+vy—euy  0067(0.087)  |x.| <110(200)

Data from billions of proton collisions reveal that subatomic particles called W* and
W bosons keep company with a photon.
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Triboson WZy observation
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LHC as a Vector Boson Collider

VBS observations

e S _— — Wiwzjj (same-sign) CMS: PRL 120 (2018) 081801
ATLAS: PRL 123 (2019) 161801

WEIwtjj (opposite-sign) CMS, PLB 841 (2023) 137495
ATLAS, JHEP 07 (2024) 254

W=Zjj ATLAS, PLB 793 (2019) 469
CMS, PLB 809 (2020) 135710
Wyjj CMS, PLB 811 (2020) 135988
ATLAS, EPJC 84 (2024) 1064
Zyjj CMS, PRD 104 (2021) 072001

ATLAS, PLB 846 (2023) 138222

> —>— _ 7Zjj ATLAS, Nature Phys. 19 (2023) 237
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ATLAS WWjj observation

* Observed by CMS(2023)
« Very challenging due to high background = a DNN discriminant used
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ATLAS Wyjj observation

« QObserved by CMS(2020)
« Very challenging due to high background - a DNN discriminant used
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CMS-PAS-SMP-24-001 :“:j(

First search for VBS WWH
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WH Vector boson scattering ar);%g 51;;;566 | 79, %
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<HEER THWW FIHZZ i8S B BHRGSHIFMIRIsS

CMS 138 fo! (13 TeV) CMS 138 fbo-' (13 TeV)

{ Data — leoson :l Qcb WH ] ' SM expected 95% CL CMS (2022)
B Zijets Bl t mm VBS WH | 14 Il < 95% CL (20) obs. Bl <99.99% CL (50) obs.
0 Wijets @ Singlet %% Syst Unc. ] 2

3| W VBSW | 1.0

|

10!
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Production of T-Leptons from Photons

Rep. Prog. Phys. 87 (2024) 107801 4t

SEIRMNppXHENEIIE, WTauldFEERENE, XRER/SE
» gt =2.0018 +0.0064 —0.0062 (0.3%)

CMS 138 tb~' (13 TeV) CMS 138 b (13 TeV)

e Observed —68%CL —95% CL " 4 Observed [ Z/y* — 11 [12Z/y* — eeluy]
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= w : B

L3 5 1500
ee > Z — 1ty ®
Y PLB 434 (1998) 169

DELPHI o 1000
> T vy — 1t (y from e) a—
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CMS EFT global fit CMS-PAS-SMP-24-003

= SME FT WarS aw baSIS CMS Preliminary 36.3-138 fb ' (13 TeV)

* Constraints on Wilson ° GGl 93w GL e Bestlf — LniQuad, asymole | — LimsGuac. preudocata || ]
Coefficients . }
 Constraints also set on : :
linear combinations of L 5/ :
. o
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Future Electroweak measurement: CEPC physics program

An extremely versatile machine with a ¢
broad spectrum of physics opportunities WHH% > < >£Q’€Lf:: >.<
— Far beyond a Higgs factor

Ope\';f““ mode ¢H = R <« First 10 year operation
5 [GeV] ~240 | ~91.2 | ~160 | ~360
Run time [years] 10 2 1 ) > nggs faCtory
L /1P [x10% cm2s] 3 32 10 - » low-lumi Z (20% of high-lumi Z)
(33':’:3\’) [Ldt[ab,21Ps] | 56 | 16 | 26 | - - Detector calibration and alignment
Event yields [2 IPs] | 1x10° || 7x10™ | 2x107 i - Physics with Giga-Z
Run Time [years] 10 2 1 =15)

% 2 year of high-lumi Z factory operation
30MW | L/IP[x10%cm2s] | 5.0 | 115 | 16 | 0.5 y g y op

L/IP[x10%cm2s1] | 83 || 191.7 | 2656 | 08 | ** 1 year of WW threshold scan

50 MW | [Ldt[ab",21Ps] | 20 | 96 7 1| < 5 year of ttbar runs
Event yields [2 IPs] | 4x10 || 4x10'2 | 5x107 | 5x108

Latest

Both 50 MW and tt modes are currently considered as CEPC upgrades.
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Future Electroweak measurement: CEPC physics program

Observable  current precision  CEPC precision (Stat. Unc.) CEPC runs main systematic

Precision Electroweak Measurements at the CEPC

Amy 2.1 MeV [37-41] 0.1 MeV (0.005 MeV) Z threshold Besini
0.100f = Current accuracy
Al'y 2.3 MeV [37-41] 0.025 MeV (0.005 MeV) Z threshold Ebeam S i
] 3 I
Amy 9 MeV [42-46] 0.5 MeV (0.35 MeV) WW threshold Ebeam 0.010
k ATy 49 MeV [46-49) 2.0 MeV (1.8 MeV) WW threshold Eieam y € 0.001
i
AT U760 Ge v [oU) OTI0) Meve Tf threshold = . o
; . " ©
AA. 4.9 x 1073 [37,51-55] 1.5x107° (1.5x10™°) Z pole (Z = 77) Stat. Unc. CTK)
. - 107°
AA, 0.015 [37, 53] 3.5x 107 (3.0 x 107?)  Z pole (Z — pp) point-to-point Unc.
AA;, 43x1073 [37,51-55] T7.0x107° (1.2x1073)  Z pole (Z = 77) tau decay model 107°
AA, 0.02 [37, 56] 20 x 1072 (3 x 107?) Z pole QCD effects 107 W
M; Tz My Ry, R: Re R, R; A% A% A%pg A% A'rg N,
AA, 0.027 [37, 56] 30 x 1077 (6 x 107?) Z pole QCD effects
A0 had 37 pb [37-41] 2 pb (0.05 pb) Z pole lumiosity CEPC is expected to improve
SR} 0.003 [37, 57-61] 0.0002 (5 x 1079) Z pole gluon splitting th t o o b 1 2
R 0.017 [37, 57, 62-65] 0.001 (2 x 107?) Z pole gluon splitting € curren preCISIon y
R 0.0012 [37-41] 2x 1074 (3 x 1079) Z pole Epeam and t channel Ol‘derS Of magnltUde, Offerlng a
R 0.002 [37-41 15107% (8510~ Z pol Ebeam :
z dea X107 (3 1075) pole be great opportunity to test the
IRV 0.017 [37-41] 1x 107 (3 x1079) Z pole ) - . t f th SM
ON, 0.0025 [37, 66) 2x107% (3x107°) ZH run (vvy)  Calo energy scale consis ency o e °

CEPC snowmass input: https://arxiv.org/abs/2205.08553 ,
7



*Numerous results of precision electroweak physics released

» Active field on both theoretical and experimental side

*What may come next ?

» Update of W mass and weak mixing angle measurements with better precision
» Diboson polarizations in high energy region

» More rare processes in triboson and Vector boson scattering

> ...
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