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Electroweak milestones: From infancy to adolescence
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https://indico.cern.ch/event/1301000/timetable/?view=standard
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https://home.cern/news/news/physics/w-boson-turns-40
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https://link.springer.com/article/10.1140/epjc/s10052-018-6131-3
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Direct and indirect searches for BSM

Events

Electroweak Beyond the
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Rich results at the LHC (ATLAS, CMS)
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/StandardModelPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined
https://arxiv.org/abs/2405.18661
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Selected Topics with bias
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Phys. Rev. Lett. 126. 252002 (2021) W‘}/
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* WYy fiducial cross section measurement based on d
fit to m,, distribution:

* 0=15.44 +0.05 (stat) £ 0.84 (exp) £ 0.12 (theory) pb

* Theoretical cross sections:
* MadGraph5 aMC@NLO 0+1 jets at NLO: 15.44 + 1.24
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.252002
https://doi.org/10.1016/j.aop.2013.04.016
https://doi.org/10.1103/PhysRevLett.126.252002

Phys. Rev. Lett. 126, 252002 (2021)

Phys. Rev. D 105 (2022) 052003

Wy

CMS 138 fb™! (13 TeV)

e Technique called interference resurrection used S v hics SRS . PG
- v (O] I:I‘ll\lvo“nvp);'lompl/mlsid.y
to enhance anomalous coupling sensitivity 5 o | el
o o =
* Phenomenon called radiation amplitude zero: a0 & }' - —FA—
in the LO cross section at An(l,y) =0 | S
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Table 4: Best fit values of C;}y and corresponding 95% CL confidence intervals as a function of

The technique will also be valuable in the future when sufficiently small values of aGCs

"2 the maximum p] bin included in the fit.

pT cutoff (GeV) Best fit C3yy (TeV—?) Observed 95% CL (TeV ~?) Expected 95% CL (TeV ~?)
SM+int. only SM+int.+BSM SM+int. only SM+int.+BSM SM+int. only SM+int.+BSM
200 —0.86 —0.24 [-2.01,038] [-0.76,040] [-1.16,127] [-0.81,0.71]
300 —0.25 —0.17 [-0.81,0.34] [-0.39,0.28] [-0.56,0.60]  [—0.33,0.33]
500 —-0.13 —0.025 [-0.50,025]  [-0.15,0.12]  [-0.35,0.38]  [—0.17,0.16]
800 —0.20 —0.033 [-0.49,0.11]  [-0.10,0.08]  [-0.29,0.31] [—0.097,0.095]
[ [

1500 -0.13 —0.009 —0.38,0.17] [-0.062,0.052] [—0.27,0.29] [—0.066,0.065]

are probed such that the interference contribution will be dominant


https://doi.org/10.1103/PhysRevLett.126.252002
https://doi.org/10.1103/PhysRevD.105.052003

Boosted Assymetry of di-boson productions
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Boost asymmetry of the diboson productions in pp collisions

Siqi Yang ,] Mingzhe Xie ,] Yao Fu ,' Zihan Zhao ,l Minghui Liu,1 Liang Han,I

Tie-Jiun Hou,2 and C.-P. Yuan®®

Error bands of d(x.Q)
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.L051301
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.106.L051301
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JHEP 07 (2022) 032

W/Z (polarization)
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First observation of single
longitudinally polarized W
bosons in WZ production!
5.60 (4.30) obs (exp).
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https://doi.org/10.1007/JHEP07%282022%29032

Phys. Lot 8843 2023137895 W2 (jOint polarization)
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Measurement performed as well
separating by the W charge

— Significance on foo at 6.96 in W+Z
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https://www.sciencedirect.com/science/article/pii/S0370269323002290?via%3Dihub

erc 1330020101302 W.Z high PT polarization and RAZ

e This analysis focuses on WZ events with Z bosons required to have high transverse momenta
e Two fiducial regions featuring two longitudinally polarized bosons are defined.
e The first study of the Radiation Amplitude Zero effect

o Events with two transversely polarized bosons are analyzed

-—m - e 0
o= 0.7 ATLAS -e- Data @B Stat. Uncert.
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Signal regions

Radiation Amplitude Zero

00-enhanced region 1

00-enriched region 2

Pass inclusive WZ event selection v v
Transverse momentum of the Z boson ( pf. ) [100,200] GeV

v
> 200 GeV

“Transverse momentum of the WZ system (p)¥%)

< 20, 40,70 GeV

<70 GeV

dominated by 77T events with low momentum W and Z bosons [1, 2, 13].
events with Z bosons required to have high transverse momenta ( p% ). The co
wz
Pr
the inclusive region to 20 — 30% in the region with high p% and low p;yz [

This analysis focuses on WZ
mbination of high p% and low

significantly reduces the TT contribution and increases fyo. As a result, fyo increases from 5 — 7% in

14].

Measurement
100 < p% <200 GeV pZ > 200 GeV
foo 0.19 18:% (stat) 18:85 (syst) 0.13 18:82 (stat) i8:8§ (syst)
Jor+ro 0.18 ig:gg (stat) i8:82 (syst) 0.23 ig:% (stat) i8:?8 (syst)
frr 0.63 18:82 (stat) ig:gj (syst) 0.64 i&}% (stat) igzgg (syst)
foo obs (exp) sig. 5243) o 16230

1 observation 1in
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.101802

Selected Topics with bias

e Di-boson

O WY AN crercctcantetetaiicaes

() PO | a ri Ze d D i— b O S O n Higgs boson exchange § }“{:

o WZ M}V\.

e Polarized VBS Fo oo v ><

o  Same-Sign WW scattering ::%;:
o Tri_boson Vector boson exchange : }\A{

| o WZyWWy  asaaasi e
e More VBS: -

o H scattering; 2 to 3 scattering

e Quantum tomography
: o HtoVVand more
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PLB 841(2023)137495

seecreonzs - \fector Boson Scattering: W+W- and WZ
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https://doi.org/10.1016/j.physletb.2022.137495
https://link.springer.com/article/10.1007/JHEP07(2024)254
https://link.springer.com/article/10.1007/JHEP06(2024)192
https://indico.cern.ch/event/1253590/contributions/5843984/attachments/2872663/5031146/2024-06-07-govoni.pdf
https://indico.cern.ch/event/1253590/contributions/5843984/attachments/2872663/5031146/2024-06-07-govoni.pdf

Longitudinal Polarized VBS

Importance of W;W;" - WrW;m  we  we we  wsowe we

» Higgs Goldstone bosons result in longitudinal
polarized vector bosons:

HT—W;

4H‘—>W,j
QHO — 7

SM Higgs h

Higgs field ®

. Longitudinal Wy Wi — WFW; would
violate unitarity if Higgs coupling deviates
from SM prediction

= WEWE — WEW: is a unique opportunity to L S
probe electroweak symmetry-breaking A Ecu (Gev) 1©



Access Polarization Information

W= rest frame

li

. W* polarization determines decay angle P 1
W=W= rest frame

= BUT: Cannot access W= rest frame since the
two neutrinos are not reconstructable 4

= Simulate full event kinematic of polarization
states predicted by SM

W= > Wi

—'1 coS(e) 1 —'1 coS(B) i —'1 cos(8) 1



reeizee0 130 Polarized VBS from CMS

e Signal sample simulated in WW/pp center-of-mass frame
e Simultaneous fit on two BDT discriminant variables:

& W;" Wi signal BDT (W) W vs W3 Wy) and inclusive BDT

proton

proton

(VBS vs Bkg.) -~
& W; Wy: signal BDT (W Wy vs WZ W) and inclusive BDT '
. Observed (expected) significance
(VBS vs Bkg.) for LL and LT+LL: 0.88 (1.17)c; 2.3 (3. 1)0
M Selection and CRs are same as EW WeWe production s s
13716 (13 TeV) 5 : 137 b (13 TeV) 21y CMS — ]37fb (13 Te\./)
5 cMs  MOtherbkg. ¢ Data a3 i CcMsS -3"::” bkg. ¢ [B’:m P -+« Expected bkg. only stat
=~ 40 —w W WBkg.unc. _| = el el o).l N kg tnc. A | ... Expected bkg. only statisyst - & g
‘g wLwawrwx o wLwT Ww .g wwa/wTw‘l' wLwT wzw z 8 -+ Expected slgnal+bkg. S j
g — W, W, mwz g 3 — W, W, B '
@ 10? zz N 5 10 2z —tCbmared
i Nonprompt  § {2 Nonprompt
tvx 1 . Besvesan Snaraaaaaans mtvx
102 e | 10 ey A skl . (SO S ]
\\'\\\\\\\\ NN
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3 14 g 14
E 1'21 E 12
g 08 (Du !
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https://arxiv.org/abs/2009.09429

Moriond 2025 Polarized VBS from ATLAS

Neural Networks Save the Day

WEW; jj EW WEWZ jj EW

‘ WL WL jj EW =
Other prompt =El WV Wjj Int
r i Conversion WEWLjjQCD o .
Lo . Non-prompt ' 7 QCD by 2 '
WZ EW LAY
+ e
‘ W
WEWEjj EW s
‘ackground
DNN trained to split signal region in 3 regions DNN trained as discriminant variable
— . vt . Yt vt
with increasing W=W=jj EW purity to measure W; W, jj EW/ W, W= EW

10

19


https://indico.in2p3.fr/event/35965/contributions/152508/attachments/91674/139717/7_MStange-v1.pdf

Moriond 2025

Single Boson Polarization WZ—LWi

« Significance of 3.3 & for WLtWij'j'
(expected 4.0 o)

= First evidence for longitudinal

polarization in vector boson scattering

* Measured cross-section in agreement

with the Standard Model

* Dominated by statistical uncertainty

Prediction ~ Measured o8 (fb) Uncertainty breakdown (tb)

[1.18 £0.29

180
160
14
120
100
80
60
40
20

Events

o

0
% 1.25

0.88 + 0.30 (tot)] |+0.28 (stat.) | 0.08 (mod. syst.) + 0.05 (exp. syst.) & 0 75}

o 0.5

=

0 > 1

Polarized VBS from ATLAS

WEW=

jj EW vs bkg

Polarization

L L B L B A
C ATLAS ® Data B w;w;jj Ew

— {s=13TeV,140fb"  Ew:w;iew W5 Wz EW

C WiWsj fit B W Wi Int W*Wjj QCD

- SR B wzacp Bwzew

— Post-Fit Non-prompt Conversions

:_ Other prompt 7/ Tot. Uncert.

E  Incl. DNN bin 0 =3 Incl. DNN bin 1 =3 Incl. DNN bin 2
-

Signal DNN score + Incl. DNN bin
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https://indico.in2p3.fr/event/35965/contributions/152508/attachments/91674/139717/7_MStange-v1.pdf

arXiv:2503.11317 Polarized VBS from ATLAS

[arXiv:2503.11317] q1

qs3

- WFW;- - WZW7 is unique opportunity to probe EWS

State-of-the-art polarization prediction:
« Multi-jet merging in matrix element [JHEP04(2024) 001]
 NLO EW correction [JHEP11(2024) 115]

First evidence for longitudinal polarization in vector
boson scattering

Most stringent limits for WW;jj EW (1.5 x SM)

Dominated by statistical uncertainty

21


https://arxiv.org/abs/2503.11317

Selected Topics with bias
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o Quantum tomography
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PRL132 (2024) 021802
arXiv:2503.21977

z
W
¢ ——
W

WZy observation

S|

w

(euu, uee, eee, uuu) channels combined
profile-likelihood fit in SR+2CRs

Process SR ZZvy CR ZZ(e — v) CR
WZy 92 15 0.21 +£0.07 0.56 +0.14
ZZy 107 = 23 23 i 1.8 £04
ZZ(e > vy) 30 = 06 0.028+0.020 30 =6

Zyy 1.3+ 032 015 =0.06 0.29£0.10
Nonprompt background 30 + 6 - -

Pileup y 1.9 = B - -

Total yield 139 212 23 +5 33 <£6

Data 139 23 33

Events / 20 GeV

o
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https://doi.org/10.1103/PhysRevLett.132.021802
https://arxiv.org/abs/2503.21977

PRL132 (2024) 121901

WWYy Observation

Signal region categorized with 0 and >0 jet,

only ex channel
s 5.6 (4.7)o obs.(exp.)
data-driven non-prompt backgrounds

o
o
e SSWWy and TOPy CRs,
o
o

maximum likelihood fit of 2D binned distributions.

obs. 4 = 1.31+0.17 (stat) & 0.21 (syst)
CMS 138 fb' (13 TeV)
c =1 7 T LI N B s S " - . . . .
5 L rww snt VT EWWy ] Also sensitive to Higgs couplings with light quarks
Z ICategory O?et § w Nonprompt / i o no gluon fusion contribution due to Furry’s theorem
o L : - .. . . . . ..
& 100 ; EToe ENopomety - Further optimization targeting the Higgs characteristics
s —+ Data 77 Stat @ Syst 4 -
- : : - +
(20,150] Em,,Ye(150,25O]§ my;, € (250,) A 4 __4____}.1____>_2_,/v/l
SO s : : ] il W= Vi
o upper limits obs. (exp.) [fb] x, limits obs. (exp.) at 95% CL
- — A 85 (67) [, | < 16000 (13000)
a 15 n i
b g-g_—;— e N firisisent + prrecy & 72 (58) k4| < 17000 (14000)
§ 553338333833 68 (49) [, <1700 (1300)
Q & B g E& z &&= g 87 (67) |x.| < 200 (110)
TWW [GeV] 24



https://doi.org/10.1103/PhysRevLett.132.121901

arXiv:2412.15123

Dominant background from Diboson processes: estimated from the data

Events

Data / Pred.

Among the rarest processes at the LHC
measurement at 13 TeV with 140 fb™?
VVZ (V= W, or Z): WWZ +WZZ+Z27Z

3¢: WWZ and WZZ ,4¢ WWZ, >5¢ WZZ and Z22Z

BDT discriminant for each channel

T T T T 1 1 T T T T T
ATLAS ¢ Data WZZzZ Wzz
[ fs=13TeV, 140 fb” BWWZ [JWZ+jets W ZZ+jets

10°F Combined fit [z+jets @tz [l Others
Post-Fit [JFake Uncertainty

10*

10°

10?

10

VVZ Observation

Vi
Simultaneous fit across final states and CRs

combined signal strength parameter u for VVZ production
Significance: observed 6.4c

Process Signal strength Cross section (fb) rObsc:rved (expected) sensitivity
VWZ | 143+ 0.20(stal.)j‘(’)-A21‘9(syst.) 660*_’%(5(&.)':’;‘; (syst.) I 6.4(4.7) o-I
WWZ | 133+ 0.28(stat.)j‘(;-'2]'7(syst.) 442 + 94(stat.)j‘;‘;(syst.) 44(3.6) 0
WZZ | 2135 (stat.)?070 (syst.)  200*1'!(stat.)*S3 (syst.) 28(1.6) o

24, /% Wo , 22, 4
ols oy Zop <Hets C/;/% o P SR
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https://arxiv.org/abs/2412.15123

Selected Topics with bias

e Di-boson

o Wy

- @ Polarized Di-boson

o WZ

~ e Polarized VBS

o Same-Sign WW scattering
o Tri-boson

o WZy, WWy

- o More VBS:

o H scattering; 2 to 3 scattering
o Quantum tomography
: o HtoVVandmore
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ook o (e 133300 W and Higgs scattering

e Anovel type of Vector Boson Scattering process
e Can be sensitive to the relative sign of HWW and Hzz
e ATLAS and CMS both exclude kw/kz<0 beyond 5o in H—bb final states

d
d
- U 138 fo~' (13 TeV)
W W+t : SM expected 95% CL CMS (2022)
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.133.141801
https://linkinghub.elsevier.com/retrieve/pii/S0370269324007603

CMS-PAS-HIG-24-001

e Another novel type of Vector Boson Scattering
e Can be sensitive to HHVV coupling
e Open new doors to probe most rare process

0 a ¢ 1
\\<«\- W= W
\
\
\ ‘\
O----- H / >~ H
’ /
/ /
’
/&" \\’:t /&N “’i
/p) q- q2 (].,2

95% CL upper limit on p

2—3 VBS Process

10t CMS
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10° 3

10%E

10k
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[ +1o Expected
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http://cds.cern.ch/record/2905615?ln=en

Selected Topics with bias

e Di-boson

o Wy

- @ Polarized Di-boson

o WZ

~ e Polarized VBS

o Same-Sign WW scattering
e Tri-boson

o WZy, WWy

- e More VBS:

o H scattering; 2 to 3 scattering
o Quantum tomography
: o HtoVVandmore




Quantum entanglement at high energy

LHC experiments at CERN observe
quantum entanglement at the
highest energy yet

The results open up a new perspective on the complex world of quantum physics

18 SEPTEMBER, 2024
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% Check for updates

Entanglement is a key feature of quantum mechanics'?, with applicationsin

fields suchas metrology, cryptography, quantum information and quantum
computation**. It has been observed ina wide variety of systems and length scales,
ranging from the microscopic’  to the macroscopic'* '*. However, entanglement
remains largely unexplored at the highest accessible energy scales. Here we report the
highest-energy observation of entanglement, in top-antitop quark events produced
atthe Large Hadron Collider, using a proton—proton collision dataset with a centre-of-
mass energy of Vs =13 TeVand an integrated luminosity of 140 inverse femtobarns
(fb) ' recorded with the ATLAS experiment. Spin entanglement is detected from the
measurement of asingle observable D, inferred from the angle between the charged
leptonsin their parent top-and antitop-quark rest frames. The observable is measured
inanarrow interval around the top-antitop quark production threshold, at which the
entanglement detection is expected to be significant. Itis reported ina fiducial phase
space defined with stable particles to minimize the uncertainties that stem from the
limitations of the Monte Carlo event generators and the parton shower modelin
modelling top-quark pair production. The entanglement marker is measured to be
D=-0.537 +0.002 (stat.) + 0.019 (syst.) for 340 GeV < m,; <380 GeV.The observed
resultis more than five standard deviations from a scenario without entanglement
and hence constitutes the first observation of entanglement in a pair of quarks and the
highest-energy observation of entanglement so far.
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https://www.nature.com/articles/s41586-024-07824-z

Why QE at high energy? (ref)

Understand quantum nature & seek for BSM effects.

Particle scattering/decay of unstable particles provide a natural laboratory
o the momenta of observed particles are essentially commuting observables. Therefore, there is
always some hidden variable theory that can explain the observed momentum data
o However, one can focus on spin correlation emerges in different phase-space region

It is plausible that quantum mechanics undergoes modifications (ref) at
some short distance scales to achieve compatibility with gravity. Such
modifications could, in principle, be (only) detected by measuring Bell-type
observables or through quantum process tomography (ref)

offers the potential to uncover new insights into quantum field theory.

https://scipost.orag/10.21468/SciPostPhys.3.5.036

Sci|Pos SciPost Phys. 3, 036 (2017)

Maximal entanglement in high energy physics

Alba Cervera-Lierta®, José I. Latorre2, Juan Rojo® and Luca Rottoli*
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https://arxiv.org/abs/2504.00086
https://arxiv.org/abs/2403.14757
https://arxiv.org/abs/2502.19470
https://scipost.org/10.21468/SciPostPhys.3.5.036

Quantum Entanglement among gauge bosons

A broad new programme for collider physics

: : 3
Testing the foundations of quantum theory (and beyond?) (*'f - W / 22

@ 12 orders of magnitude higher energy that existing tests
(shorter time scale, shorter length scale. .. )

¥ #
@ In ‘self-measuring’ quantum system k - W / zz

@ Deep in the realm of quantum field theory
(virtual particles)

@ in qubit and qutrit systems
@ in bipartite and tripartite systems

@ in systems with orbital angular momentum

* 5=0 =
W W/
ttps://indico.cern.ch/event/1354279/contributions/5714378/attachments/2873703/5032375/SUSY24_Barr @<N\/\/\f l/\/\/\>

It's also a good way to find new fields

Many clever techniques and ideas being developed
Many measurements within reach (soon)

Review: AJB, M.Fabbrichesi, R.Floreanini, E.Gabrielli, L.Marzola: 2402.07972
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https://indico.cern.ch/event/1354279/contributions/5714378/attachments/2873703/5032375/SUSY24_Barr_Entanglement_and_collider_physics.pdf

QE Workshop@PKU

Workshop on Quantum Entanglement at the Energy Frontier
Apr 25, 2025, 4:00 PM — Apr 27, 2025, 12:00 PM Asia/Shanghai

@ W202 (School of Physics, Peking University)

Alim Ruzi (school of physics Peking Uniersity) , Chen Zhou (Peking University (Atm|A%) ), Hao Zhang (FER ¥ RS EYERRFAELE) ,
Qiang Li (School of physics, Peking University), Qing-Hong Cao (Peking University)

Description HAREFUEMIGEIRAEANRT SEHESEER GRS ENEN LNARMWAZ — BABEMENHRVSEH IR UERRNE
FUE, SENENSSESEENEFUENARRHTHINMRER. Rz, EFUEHTENELINEREFYIZRE T HHOWVENT
2 YEN

ZETF2025F48250F48278 (4B25BARFEM. 4B260BFARERER, 4827HEBHITIL) HIRAFYEFZREBH SEEFENEF
LEIITS": https://indico.ihep.ac.cn/event/24387/, IEZNMREITERSMILAFARRZ R. SWNHILEAFYEFR. ItRAFESHEYIEHRR
FED

The study of the quantum entanglement and testing Bell inequality violation can be another new subject for the high energy physics community.
While detectors at high-energy colliders are not specifically designed to probe quantum entanglement, they have demonstrated surprising
effectiveness in this task. This opens up exciting opportunities for novel measurements in quantum information science, as well as potential
discoveries that could extend beyond the Standard Model.

The workshop on Quantum Entanglement at the Energy Frontier (Registration on April 25, talks and posters on April 26, and free discussions on
April 27) offers a welcoming environment for physicists interested in Quantum Entanglement at the energy frontiers, inviting both experimental
and theoretical communities to come together and share their latest findings. This workshop aims to facilitate discussions on ongoing and
proposed experiments, as well as to encourage participants to consider future possibilities.
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https://indico.ihep.ac.cn/event/24387/timetable/?view=standard

Al for boosted boson

b reconstructed
large-R jet

reconstructed
C small-R jet

<°: from a single
W boson decay

el U (triggered)

®) [ boosted-jet [ calibrated in situ by

bc tagging

q

\ J . J

FIG. 1. Illustration of (a) the boosted event topology of semi-
leptonic ¢f channel including a W — be decay, and (b) tech-
niques of boosted-jet be tagging and in-situ calibration intro-
duced in this work.

g Global Particle Transformer (GIoParT)

A universal model that outperforms existing models across existing tasks

Exhibits strong fine-tuning capability in various downstream tasks

HO:t5x;X; (2-prong) like
(15 classes)

HO* ?
:: ?

bb, cc, ss, qq, (bc)*, (be)-, bs,
(cs), (cs)-, gg,

GloParT 3 categorization

csc, css, €sq, qqc, 44, 444,
csev, qgev, Cspv, qquy, CSTeV,

YY; €€, U, TnTe, ThTy, TnTh

HO25yyx;ix; like
(40 classes)

H—%
hoE

yybb, vy, yyss, yvaq, yybe, vycs, yyba, vycq, yysa,
VYEE, YVEE, YYMM, YYTrTe, YYTHTi:, YTHTh,

YYb, YYC, YVS, YVQ, YYE, YVE, YYM, YYTe, VY Ty, YYTh,

ybb, yee, yss, vaa, ybe, ycs, yba, yea, vsq, veg,
Yee, ymm, YTnTe, YThTy, YTnTh

EERNENIEN

qQTeV, CSTLV, QTyV, CSTHY, GqTaY

9q¢, 995, 990,

bbee, bbup, bbe, bby, bee, by, bbhTe, bbThTs, bbThth, bTTe,

bThT,, bThTs, CCee, CC, CCe, CCH, Cee, CHY, CCThTe, CCTHT,,

CCThTh, CTHTe, CTHT,., CTHTh, SS€€, SSUH, S, S|, See, S, SSThTe,
SSTHT,, SSTHTS, STHTe, STHT,, STHTs, Qqee, qQu, qqe, Gqu, qee,

QUH, GQTiTe, QGThT,, GQTHTh, GThTe, QTRTy, GTHTR

t->bW like t>bW* like
(17x2 classes) t>bW- like QCD
w ? (5 classes)
'_‘% ?
? g qibic)
b /wma< T

bWcs, bWqg, bwc, bWs, bwg, bWev,
bWy, bWtev, bWt,v, bWTsv,
Wcs, Wqq, Wev, Wuv, Wrev, WT,v,
Wi

[ % L]
f)
qiblc)

bb, cc, b, ¢, others

More funs to explore and enjoy:)

H>ZZ' like

WO HoWWlike H->ZMZ( like H-ZZ lik

H>WOWO) like H>WW like G S—

(193 classes) : (743 classes) H->Z'Z(") like
HaW'WI" like A ?
w ? H ?
H_‘.dmﬁ ? 3
? ke
W ? Z ?
bbbb, bbee, bbss, bbqq, cecc, cess, ccqq, 5555, 5599, 4qq9,
¢scs, €sqq, 49qq, bbb, bbe, bbs, bbg, ccb, ccc, ccs, ccq, ssb, ssc, 55, 559, b, ® GlOParTV3 has 750 raw

output nodes (374 final
states!) [review]

» trained with

classification (374)
split-class mass regression (374)
unified-class mass regression (2)

« trained as a mass-
decorrelated model

« from v1-v3: complexity
improves significantly
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https://arxiv.org/abs/2503.00118

Summary and Prospects

Rich progress and potential from the electroweak physics
o Precise measurements, rare process discovery

o NNNLO/polarization/interference/global...
o Tools to explore unknown: QE, Ovpp...
High energy, High Luminosity, High multiplicity
o High opportunities although with challenges!,

Quantity Current FCC-ee stat. Required Available calc. Needed theory
precision (syst.) precision theory input in 2019 improvement '
my, 2.1 MeV 0.004 (0.1) MeV non—reson'ci.mt N‘LO. ' NNLO for
I'z 2.3MeV  0.004 (0.025) MeV ete™ — ff, ISR logarithms ', .
y y initial- 6th order

cin2 gt 16x10-4 92(2.4 10—6 initial-state up to

= e s (2:4) % radintion (IS5

mw 12 MeV 0.25 (0.3) MeV lineshape of NLO (ee — 4f NNLO for

ete™ - WW or EFT frame- ee— WW,

SUb'.M.ev near threshold work) W — ff in
precision EFT setup

HZZ — 0.2% cross-sect. for NLO 4+ NNLO NNLO

coupling ete” = ZH QCD electroweak

FCC feasibility Mid-term report - Deliverable #8, physics and Experiment
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Higgs without Higgs

TABLEI. Each effect (left-hand column) can be measured as an
on-shell Higgs coupling (diagram in the HC column) or in a high-
energy process (diagram in the HwH column), where it grows
with energy as indicated in the last column.

Growth

~(E?/A?)

R

~(E?/A?)

7 OWW
S OBB ——--
Ky O,-

~(EY/A?)

HCs are associated with an EFT lLagrangian L =
3. ¢;0;/A?, consisting in particular of the dimension-
six operators [12,13],

— |H|2a;1H%a“H’ OA\'W — Ylp|H|2WLHWR~
Ogs = ¢*|H|*B,, B", Oww = ¢*|H|* Wi, W,
Occ = g:|HI*G;,G*,  Os = |HI°, (1)

with Y,, the Yukawa coupling for the fermion y. [Note that
the parameters in Eq. (3) can be put in correspondence with
other parametrizations of HCs: via partial widths x? =
[)_;i/ToM. [14], via Lagrangian couplings in the unitary
gauge ¢p;; [13,15], or via pseudo-observables [16].]

The operators of Eq. (1) have the form |H|?> x OM, with
OM a dimension-four SM operator (i.e., kinetic terms,
Higgs potential, and Yukawa couplings) times
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.123.181801

ATLAS WZ

DNN reweighting

Possible to reweight a distribution using a DNN [arXiv:1207.08209] lye.w — vzl
=>Acts as a multi-dimensionnal reweighting of the input MC sample lgf{nz
4 DNN trained on polarised Madgraph samples to discriminate one A¢(ﬁ",gV)
joint-polarisation states against the inclusive : event-by-event output p¥z
used in reweighting pg e
bz
P
Training@ AB(£1Z,027)
polarised Vs. mwz
00 R‘ R cos(O;W)
cos(8,z)
NLO Poéarlii;ing cos(6y)
inclusive for 00 Reweighting DNNs
input variables
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https://indico.cern.ch/event/1252432/contributions/5261540/attachments/2607382/4504015/LHCEWPolarisation-JointPolarisation.pdf

Future

precision reach on effective couplings from SMEFT global fit

W HL-LHC 82 + LEP SLD B CEPC Z,50/WWg/240GeV 5 [
(combined in all lepton collider scenarios) | ll CEPC +360GeV, M ILC +350GeV, ,+500GeV, .CLIC +1 .5TeV2 5 Il MuC 10TeV 49
Free H W\dth ‘ M ILC +1TeVy VwiGiga-Z | ll CLIC +3TeVs W MuC 1ZSGeVo 02+10TeV 4
» l no H exotic decay subscripts denote luminosity in ab™', Z & WW denote Z-pole & WW threshold i52
£ |
=t : . )
3 107"- Global SMEET Fits at Future Colliders , {107 o
4 ] O
[72] F 7]
@) -2 -4
D 107k 10
I =]
1073 {0
107 107

H 691,2

With 20 ab' at Vs=100 TeV expect:

2 1013 W . . . . .

~102 Z Without H: V, V| scattering violates unitarity at m,,, ~TeV

~10" tt OH regularizes the theory fully - a crucial “closure test” of the SM

= 10;0 H UElse: new physics: anomalous quartic couplings (VVVV, VVhh) and/or new
: 187 E":' heavy resonances

~105 gluino pairs m=8 TeV FCC-hh: direct discovery potential of new resonances in the O(10 TeV) range

Fabiola Gianotti at “The 50th Anniversary of Hadron Colliders at CERN” 39



https://indico.cern.ch/event/1068633/timetable/?view=standard#11-hl-lhc-and-beyond
https://arxiv.org/abs/2206.08326

