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CMS

Exploring Beyond the Standard Model $%ATLAS

EXPERIMENT

e No clear evidence of Beyond the Standard Model (BSM) particles at the LHC
= Arise in the indirect search strategy

Large Hadron Collider
proton-proton collisions since 2010

measuremen
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2023-039/
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsCombined

CMS

Why the Effective Field Theory? ATLAS

EXPERIMENT

No clear evidence of BSM particles at the LHC SMEFT is a key tool for
= Arise in the indirect search strategy ____interpreting deviations.
Standard Model Effective Field Theory (SMEFT) : e

o Low-energy limit of generic UV-complete models ,
o Complete basis for interaction, and systematic OlVi
parametrization of BSM effect

v

New insights into the existing spectrum through L E>Eue
reinterpretation, or directly measures coefficients Lepr = Ly + Z (6) n Z @(8)
using the primary likelihood method.

EFT operators may induce growth with the C, free parameters (Wilson coefficients)

n Il UV information
center-of-mass-energy. — encode all UV informatio

O, invariant operators that form

o g . . . _ a complete, non-redundant basis
Exploit differential cross-sections in the TeV region _ describe the IR information

= Better sensitivity in high energy at LHC.
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CMS ® ° ° °
New physics in interactions @
‘/1 qi1 qf1
Tribosons
aQGC V
Vs Vector Boson
Scattering
Vs (VBS)
q y! Dibosons ' b
2> 4
; aTGC
Contact
q V2 Interactions

| will focus on EFT result in Electroweak Sector
JeongEun Lee (SNU) EFT Studies of high-pT SM processes March 7 2024



CMS

Recents EFT results in Electroweak sector wATLAS

EXPERIMENT

e Global combined EFT Interpretations ®
ATL-PHYS-PUB-2022-037

o aTGCinWW+21j °
JHEP06(2021)003

e aQGC in VBS ZZ+jj ¢
JHEP01(2024)004

e aQGC in VBS WW+ijj o
ATLAS-CONF-2023-023

® ZZ production at 13.6 TeV

ATLAS-CONF-2023-062

Recently ATLAS reported
aQGC in VBS WYyH+jj arxiv:2403.02809 (Given in Julia’s talk)

JeongEun Lee (SNU)
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CMS

aTGC in Electroweak Wy
Phys.Rev.D.105(2022)052003

q \%4

TGC
v

q 174

WWZ, WWYy (allowed SM at tree-level)
neutral TGC; ZZZ, ZZy, Zyy (forbidden)

aTGC in Electroweak WZ

JHEPO7(2022)032
aQGC in VBS Wy+ijj act Wiz

Phys.Rev.D.108(2023)032017 Wiz

EW Oblique parameter in W
JHEP 07 (2022) 067

I /
X

4-fermion contact interaction

WWWW, WWZZ, WWZy, WWyy (SM)
neutral QGCs;
7777, 777V, ZZyy, Zyyy (forbidden)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
https://link.springer.com/article/10.1007/JHEP06(2021)003
https://link.springer.com/article/10.1007/JHEP01(2024)004
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-062/
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003
https://link.springer.com/article/10.1007/JHEP07(2022)032
https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.032017
https://link.springer.com/article/10.1007/JHEP07(2022)067
https://arxiv.org/abs/2403.02809
https://agenda.infn.it/event/38205/timetable/?view=standard#29-ew-and-qcd-measurements-atl

CMS

Higgs combination +

EWPO at LEP and SLC

Decay channel Target Production Modes £ [fb™"] Ref.
H — vy geF, VBF, WH, ZH, ttH,tH 139 [10]
H-—ZzZ" ¢eF, VBF, WH, ZH, ttH(4¢) 139 [11]
H—WwW* ggF, VBF 139 [12]
H—> 71 geF, VBF, WH, ZH, ttH (TaqThaa) 139 [13]
- WH,ZH 139 [14,15,16]
H — bb VBF 126 [17]
ttH 139 [18]
Process Important phase space requirements Observable L [ﬂfl] Ref.

o — eFopFy myp > 55GeV, p‘f‘ < 35GeV p]T“"fl lep. 36 [19]
pp— vt my € (81,101) GeV miy% 36 [20]

pp = CT0TCTT my, > 180 GeV mzs 139 [21]
pp— 055 mj; > 1000 GeV, my, € (81,101)GeV  Ag;; 139 [22]
Observable Measurement Prediction Ratio

'z [MeV] 24952 +2.3 2495.7 % 1 0.9998 + 0.0010

20.767 + 0.025 20.758 + 0.008 1.0004 + 0.0013

Ré 0.1721 + 0.0030

R‘é 0.21629 + 0.00066
¥4

Aps 0.0171 + 0.0010
AXE 0.0707 + 0.0035
A 0.0992 = 0.0016

>
ap.y [pb] 41488 + 6

0.17223 + 0.00003

0.21586 + 0.00003

0.01718 + 0.00037
0.0758 + 0.0012
0.1062 + 0.0016
41489 + 5

0.999 + 0.017
1.0020 + 0.0031
0.995 + 0.062
0.932 + 0.048
0.935 + 0.021

0.99998 + 0.00019
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ATLAS Global EFT Interpretations

ATLAS Preliminary o Best Fit M Higgs
V5=13TeV, 36.1-139 fb~" — 68 % CL W EWPO
SMEFTA=1TeV e 95 % CL EwW
Linear parameterisation
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ATL-PHYS-PUB-2022-037

ATLAS

EXPERIMENT

e Combining multiple operators
across multiple channels can help
to improve constraints and reduce
blind directions

e Constraining 6 individual and 22
linear combinations of Wilson
coefficients (linear).

e Several constraints driven by
both ATLAS and LEP/SLD.

e Linear fits agree with the SM
expectation for most fitted
parameters, except for C[4]va,fo
(excess driven by a well known
discrepancy in AO"OFB from the SM
expectation.)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2021-022/

CMS

Electroweak WW +

Unexplored pp — e*v pu'v + jets

topology up to 5 jets.

Fiducial integrated and differential
cross sections in good agreement
with SM with 10% uncertainty.
Dim-6 C,, coefficient constrained
also in high-p_(leading jet) phase
space using unfolded m,,

cross-section

High-p_(leading jet) SR enhances
the sensitivity to SM and EFT
interference effect (backup)

JeongEun Lee (SNU)

| ATLAS

1T
¢ Data and Stat. Uncertainty

>
[0}
o} :
B qp. 5= 1aTav 1gom" W T80 SO 4
& F pp — efvufvj 4 MG5_aMC+Pythia8 FxFx * ]
5 r ¢ MINLO+Pythia8 *
E JW ‘:'M MATRIX nNNLO ® NLO EW
s %% - * plus Sherpa+OL gg — WW |
1k o 4
3 g
~paeys-
anes
1071 s
s 14F ! i
3]
S 1.2% { JG % | ]
1TV 1 YIRU WOV UL PV
g 0.85 =
& 0.6 1 JL ]
9010? 2x10? 3x10% 245102
M, [GeV]

4102

Fit performed both for jet p_> 30
EFT Studies of high-pT SM processes

A [fb]

ATLAS

EXPERIMENT

ATLAS JHEP06(2021)003

W

1 7
g g w
s‘ T Ll §
8 ATLAS [} Data and Stat. Uncertainty E‘
e 1k Vs=13TeV. 139 fb! Total Uncertainty 102 <
= T ss, oe ¢  Sherpa222* ]
E& F pp — evuvj 4 MG5_aMC+Pythia8 FxFx
3 [ pleadA jet > 200 GeV ¢ MiNLO+Pythia8 *
© - MATRIX nNNLO ® NLO EW
© | 4 * plus Sherpa+OL gg — ww
107 — , 410
- ...é.é.’.?....
S L Cn—
|4
9 1.4F : I 1
= ]
Q 1.2t % ‘ f .
L e T e
2 0.8 { | o Ak
o 3 ]
a 0.6 ¢ &
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https://link.springer.com/article/10.1007/JHEP06(2021)003

CMS

dim-6 aTGC in WW + 21 jet

—The total EFT amplitude :

2
A$M+Zci.Ai
i

= lsul® + ) i 2 Re(Agy - A) + Y cf - 14 +
i i

ij, i#j

Z CiCj . Re(A: S A])

interference

SM  Interference Pure BSM nierference
of SM-BSM (quadratic term) (cross term)
(linear term)

e Compare to see whether the pure BSM terms in EFT
expansion are relevant in the different phase space.

® High-p_jet SR enhances the sensitivity to effects
proportional to cW//\2 due to the reduced suppressionlof . 1 . . . |
the interference between the SM and the BSM.

Limit for High-p_ jet
improved relative to a
p; > 30 GeV

JeongEun Lee (SNU)

L T ' 1
ATLAS
Vs=13TeV, 139 fb
pp — e*vpivj

I T T

—— 68% CL

e 95% CL

—— Linear

—— Linear + Quadratic

p*' > 30 GeV

p*' > 200 GeV

4 —2

0 2 I

/A [TeV?
Jet pr Linear only 68% CI obs. 95% CI obs. 68% CI exp. 95% CI exp.
> 30 GeV ves [-1.64, 2.86] [-3.85, 4.97] [-2.30,2.27] [-4.53, 4.41]
> 30 GeV no [-0.20,0.20] [-0.33,0.33] [-0.28,0.27] [-0.39, 0.38]
[>200Gev ves 0.29, 1.84] [ 1.37, 2.81] [ 112, 1.09] [ 2.24, 2.10]
> 200 GeV no [-0.43,0.46] [-0.60, 0.58] [-0.38,0.33] [-0.53, 0.48]

EFT Studies of high-pT SM processes
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CMS

VBS ZZ + Zjets ATLAS

EXPERIMENT
¢ ATLAS JHEP01(2024)004

e Studying the rare VBS ZZ + 2 jets

e Differential cross-section measurement
of 4 charged leptons + 2 jets production

e Key observables:

o VBS sensitive EW VBS ZZJJ Strong ZZJJ

= m,, p,(41), m, Ay, p (i)

. . % 1% ATLAS VBS-Enhanced region_§<0_ri ; g F ATLAS VBS-Enhanced region, { < 0.4 J
o Polarization and CP structure of WWZ g [ @srev. 10w’ o Oaasat e, @ 10 1TV, 108 - Data st nc. 3
. . o E; E Total unc. E 5310 ;_ Total unc. -
and WW?ZZ self-interactions 3 102 — A O e —
e* e* 03: ° il : 10k g Ce—e— -
= i L [ S— E
cosB*,,, cos9%,,, my, Ay, pr (i) N r— e - p—
o Sensitive to extra QCD radiation R oo sy v
.o .o E 2;;343]?3((3!\26:ng0 +PY8) + EW 4ljj (MG5+PY8) F © EWdI" (MGS+ P a) =
: pT(4IJJ)’ ST(4|‘”) ¥ 13,2%_ ........... EW 4ljj (POWHEG+! pyg]l ZZV(V' ”HISHERIPA) . ='§: % 1:);5_ ...... - 'Ewdl‘uPtz‘ 'CF:S; + ZZV(V- jj) (SHERPA) 3
5 16E : E 1.4F ok 3
® The measurements are used to test EFT <4 , e © el =t
S iy —y- hi 2 osfiTg RN RT.] 1,
. . = -0 o E © 0.6F
dim-8 and dim-6 operators O_ aQGC i . o ——— L | S S S
-r'l 2)(102 3><102 103 4X102 103 2)(103 3)(103
m,, [GeV] m; [GeV]
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https://link.springer.com/article/10.1007/JHEP01(2024)004

CMS

[ ] [ ] [ ]
dim-8 aQGC in VBS ZZ+2jets @ATLAS
EXPERIMENT
Constraints on the dim-8 aQGC including/excluding the pure dim-8 contributions
to the EFT prediCtion Wilson |IMas|?  95% confidence interval [TeV ]
coefficient Included Expected Observed
|J'\Al2 il I-/MS.\IIZ 4 B Rf-(f(JMSI\'I*J\/IdS) 4 |Md8|2- fro/A* yes [-1.00, ().‘97] [—().f)?. 0.93]
no [-19, 19] [-23, 17
. . 1 . ETIE ETCET
95% Cl for dim-8 operators as a function of cut-off fra/A e [[1153' i;ll [[11(;(2). i;;:)]]
. most tightly : ——— —
scale (m, < ) using 2D (m m, ) fit. constrained Jr2/AT  ves 2.6, 2.5 125, 24
4l “cutoff no [-63, 62] [-74, 56]
frs/A yes [-2.6, 2.5] [-2.5, 2.4]
T T T T W g g LI 5 B no 68, 67] [-79, 60]
;,‘ Ys=13TeV, 140 fb" - Vs =13 TeV, 140 b’ —; fT.(;/A*‘ yes {_4,1, 4_1] [_3.9, 3_9]
X - = no [-550, 540] [-640, 480]
S ] 3 foi/A? yes [-8.8, 8.4] [-8.5, 8.1]
: E - no [-220, 220] [-260, 200]
: : PETTLLIEELE s = frg/Al yes [zz 2.2] 21, 23]
: = E no [-3.9, 3.8]x10¢  [-4.6, 3.1]x 104
:,'l — — Expected 95% confidence nnterval_: — — Expected 95% confidence interval—; fT‘g/A‘l A [ 47, 1-7] [-4.51 Al.s]
d Observed 95% confidence interval J -30 ——— Observed 95% confidence interval-] no [-(i.-l. (5.3] x 10% [-7.5, 5’)] x 104
:‘ ----- Unitarity Bound : . Unitarity Bound 3
el ; A .175. A é ey ‘2f5' b ! —40F1 ; L _{5_ . é L _2..5, _ ,—3 i = C‘(.S) = f;.(S)/A.;
E, [TeV] E; [TeV]

JeongEun Lee (SNU)
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(dim-6 limits are in backup)
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CMS

VBS WW +2jets ATLAS

EXPERIMENT

ATLAS-CONF-2023-023

q1 a3 a1
fi

i
e Studying the rare VBS same-sign WW + 2 "
fa

forward jets e _ “ _
triple-gauge boson vertex quartic vertex

e Fiducial and differential cross-sections for

——
ATLAS e Data Bl WWHEW  E
{s=13TeV, 139 o' W Wijint WWIacD: 3

inclusive and EW-enhanced phase space

Events/250 GeV
3

RER Non-prompt Conversions =

Pp — WWij EEWZQCD [ WZEW
10° SM prefit Other prompt %77 Tot. Uncert. -
—_— fy/A* =4 TeV* 3

® The m, is sensitive to constraint dim-8 wilson e

coefficients, and the binning is optimized. 10f

fu/A* =140 TeVim  <0.7 TeV ]
5

= The boundaries of the last m, bin are optimised

to have best expected limits

Data/SM
n
-

L v Lo Loy Loy Ly Loy s 1
0 200 400 600 800 1000 1200 1400
m,. [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-023/

CMS

dim-8 aQGC in VBS WW+2jets

® 95% Confidence Intervals on 8 different coefficients of T ST
> 4:_ ATLAS Prehmmargf1 =
aQGC (Linear+Quadratic; SM + Interference + pure BSM) = o e
% g |
Coefficient Type No unitarisation cut-off Lower, upper limit at the respective unitarity bound o F E
[TeV—] [TeV 4] ] ; =
w Exp. [-3.9,3.8] -64 at 0.9 TeV, 40 at 1.0 TeV 0 \‘\ﬂ‘“’ 7 ]
Swo! Obs. [4.1,4.1] -140 at 0.7 TeV, 117 at 0.8 TeV A g :
" Exp. [-6.3, 6.6] -25.5at 1.6 TeV, 31 at 1.5 TeV —25 . =
AT Gopg [-6.8,7.0] 45 at 1.4 TeV, 54 at 1.3 TeV -3¢ Wi
v Exp. [-9.3, 8.8] -33 at 1.8 TeV, 29.1 at 1.8 TeV -4t 2 ity hounds.
fwr/A Obs. [-9.8,9.5] -39 at 1.7 TeV, 42 at 1.7 TeV gl
P [-5.5,5.7] 94 at 0.8 TeV, 122 at 0.7 TeV 88| e
o Obs. [-5.9,59] - \'\ﬂ“ 6: ATLAS Preliminary
Fo1 /A8 Exp. [-22.0, 22.5] - ?,0 il VS =13TeV, 139 fo?
B Obs. [-23.5,23.6] - cut-off 1.5 TeV
4 Exp. [-0.34, 0.34] -3.2at1.2TeV,49at 1.1 TeV £ =
fro/A Obs. [-0.36, 0.36] -7.4 at 1.0 TeV, 12.4 at 0.9 TeV S
" Exp. [-0.158, 0.174]most tightly  -0.32 at 2.6 TeV, 0.44 at 2.4 TeV B
fn/A Obs. [-0.174, 0.186]constrained  20.38 at 2.5 TeV, V.49 at 2.4 TeV £ -2/ I
v Exp. [-0.56, 0.70] -2.60 at 1.7 TeV, 10.3 at 1.2 TeV ] == expected
frl& o, [:0.63, 0.74] - = e
R AT 1A SRR Ay

All other 1D, 2D limits are in backup

JeongEun Lee (SNU)
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CMS

ZZ production at 13.6 TeV

e First measurements of integrated and '

differential fiducial cross-section using

13.6 TeV 2022 data (lumi=29 fb™1)

q

A

9

N

Vd

9

ATLAS

EXPERIMENT
, ATLAS-CONF-2023-062

e :

\L\ z

7 7 @ q

® 2 input observables sensitive to aTGCs: 77 — 4, ZZ — 212y, IH — ZZ and EWK prbduction

o m,, p(4l)

® An excellent agreement of state-of-art-theory prediction with the data.

— 25 — -
o | LHC Data 2022 {s=13.6 TeV ATLAS Preliminary « « « « Data .
o | o ATLAS 7z llil (m 66-116 GeV) 29 b o {5-13.6 TeV. 29 it Seatleticai U >
EN L LHC Data /s = 13 TeV ATLAS Pre“mmary =10. , tatistical nt.:erlalnty :
“bN [ ® CMS ZZ— llll (m 60-120 GeV) 137 fb" Y74 Total Uncertainty H
20— o ATLAS ZZ-> liil {m 66-116 GeV) 36.1 fo Predicted .
|” LHC Data Vs = 8 TeV .
[ m CMS ZZ— Iill (m 60-120 GeV) 19.6 fb H. 5
[ e ATLAS ZZ- li(ilvv) (m, 66-116 GeV) 20.3 fo” 5
15/_LHC Data s = 7 TeV 5
[ m CMS ZZ— lill (m 60-120 GeV) 5.0 fb 2 .
[ o ATLAS ZZ- li(i/vv) (m, 66-116 GeV) 4.6 b Sherpa qqZZ NLO + ggZZ LOX1.7(’) .
I Tevatron Data Vs = 1.96 TeV 17.044 (sys.) pb .
I w CDF ZZ- Ii{ll/vv) (on-shell) 9.7 b d
10{— e DO ZZ— l(lvv) (m 60-120 GeV) 8.6 fo MATRIX qqZZ NNLO + ggZZ NLO(") .
: 17.9+ 0.4 (sys.) pb :
- .
of MATRIX GT14 NNLO MATRIX gqZZ NNLOXNLO.EW + ggZZ NLO(*) _S
I 16.7+ 0.4 (sys.) pb
B — 2z ) s :
L / — ZZ (pP) (*) + Powheg EW ZZjj H
¥ .
s ! ! I B s
0 P P AP ETUPITE PUPUNS IS P WO I
0 2 4 6 8 10 12 14 2 4 6 8 10 12 14 | 16 18 [2?
total cross-section [pb)
s [TeV]

JeongEun Lee (SNU)
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do/dp* [fb/GeV]

Prediction/Data

= L ! ‘ T 3
L ATLAS Preliminary 7 Data ]
VS =136 TeV, 20 f5' ¥ SherpadaNLO+ggLOXI 7> 22) () i
10 77 ¥ MATRIX gaNNLO+ggNLO(— ZZ) (*) 3
g A MATRIX qgINNLOXNLO EW}+ggNLO(- Z2) (") 3
r (*) + Powheg qqNLO( ZZjj) ]
- |
1 ? Va eV A ?
F 5%a ]
N AN I
107 ey E
: F :
i I qhq“:ls ]
i Pk |
- & +v 2
10° L . — —
2 |
. v g +VA TFA ]
T
®67 10 20 3040 107 2x10°
p [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-062/

CMS

measurements at 13 TeV
® Target dim-6 C,, coefficient for aTGC

® EFT effects in decay angle ¢fin the Wy—

Electroweak Wy

e 1 photon and 1 e/u coming from W
e First differential cross section

center-of-mass frame to enhance

sensitivity to SM-EFT interference

“Interference resurrection”

e Important to capture the different

final-state helicity configurations fof

the SM and BSM W_V_ components
e Fit with 2D qbf— p-(Y)

JeongEun Lee (SNU)

Ratio to SM

EFT Studies of high-pT SM processes

q Y
10¢
CMS simulation 13 TeV ,
T T T 10
3F wey —Cyy=0.0 -
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2F e
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} 107°
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ATLAS

EXPERIMENT

CMS Phys.Rev.D.105(2022)052003

X
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~
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¥
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¢ <  mmty
f 1 Zir(ee) e > 1)
ZIy*(Iyy
h WESE
= Wy
q [ Stat.+Syst. Uncertainty ]
--- C,,=02Tev?
15E —— Cyy=-02TeV*
Y 1 $
!
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f
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.052003

CMS

dim-6 aTGC in Electroweak Wy

WY is a new kind of diboson

EFT analysis using angular
info in addition to high
energy enhancement.

2 sigma limits as a function &

of p_(y) cutoff
Information from gbf
dramatically improves
sensitivity to interference
Pure BSM term drives the
overall results

JeongEun Lee (SNU)
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Expected 95% CL (TeV~2)

Pl cutoff (GeV) SM +int. only SM + int. + BSM | SM + int. only|| SM + int. + BSM | SM + int. only SM + int. + BSM

200 -0.86 —0.24 [-2.01,0.38] [~0.76. 0.40] [-1.16,1.27] [-0.81,0.71]
300 —0.25 17 [-0.81,0.34 [~0.39,0.28] [~0.56.0.60] [-0.33,0.33]
500 -0.13 —0.025 [-0.50,0.25 [-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 [-038,0.17]  [-0.062,0.052]  [-0.27.0.29]  [—0.066,0.065]
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Electroweak WZ ATLAS

EXPERIMENT

CMS JHEP07(2022)032
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https://link.springer.com/article/10.1007/JHEP07(2022)032
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dim-6 Charged aTGC in Electroweak WZ

The effect of CP-violating dim-6
operators is introduced for the
first time in WZ, leading to Cls
similar to those obtained in the
CP-conserving case

Provides stronger constraints
than previous analyses by a
factor of 2 (JHEP04(2019)122)

Possible correlations across the
CP-conserving EFT parameters
are studied by producing 2D
limit (backup)

ATLAS

EXPERIMENT
CP-conserving terms
CP-violating terms

T t
(5£AC I cwww II'[W,“,WVPW:,‘] +(D;1H) W}“) (DIH) (D,NH) B’“, (DlH) y

t
~ ¢ E[W,,, WPWH +E. Y D,H) WH (D,H
CP-even terms, a “classic (Cwww ] Wy p]+{ew ) Di ) (D,H)
in WZ production A

CP-odd terms,are the first
introduced in WZ production

+

SM + Interference + pure BSM

Parameter 95% CI, exp. (TeV_Q)

95% CI, obs. (TeV~?)

Best fit, obs. (TeV™?)

o /N [~2.0,1:3] [-2.5,0.3] o i
T [—18; 1.8] [—1:0:1:2] 0.1
cp/A° [—86,125] [—43,113] 44
s IR [—0.76,0.65] [—0.62,0.53] —0.03
o/ N2 [—46, 46] [-32,32] 0
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http://dx.doi.org/10.1007/JHEP04(2019)122
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VBS Wy+2jets ATLAS

EXPERIMENT
CMS Phys.Rev.D.108(2023)032017

Well-displaced 2 jets, 1 photon, and 1

Purely electroweak +~ QCD-induced
lepton coming from W boson (BG)
Measure inclusive and differential

g (d g
cross-sections in a VBS phase space ) .
. bRase sp SM Fit aQGCFit ). 100
Target dim-8 aQGC coefficient in EW cms S S— EHE AT
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L2 6001wy bR 00 G bl fomnalis el ol MisID lepton Stat @ syst
2 approaches : e A= B TeV*

Events / bin

SM fit performed using and m; and m,
EFT aQGCs would enhance yield at
high-mWY region

=)
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(== E =
huBL b
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https://journals.aps.org/prd/pdf/10.1103/PhysRevD.108.032017
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dim-8 aQGC in VBS Wy+2jets ATLAS

EXPERIMENT

Expected limit Observed limit Usound
5 T N = 5.1 G o 55 17
® 95% Confidence Intervals on each aQGC —7.1<fu 1//\: =4 —7:8 <.fy 1//\:‘1 <38.1 2.1
. . —-1.8 < fyur/A* < 1.8 19 < fyua2/A* <19 2.0
coefficient (SM + Interference + pure BSM) |55 _ " /a* <255 2.7 < fga) At <27 27
e The most stringent limits to date on : —B.3< fa/ N <33 =37 < fua/A* <36 23
—B.4-< Forx /A* < 316 ~3.9 < f s/A* <39 27
f / N and f. —18 -2 Fyp ¥ -2 13 14 < FfK* < 14 22
M2=5 043 < fro/A* <051 —047 < fro/A* <051 1.9
027 = Foaf* <031 031 <frght =054 25
. . 4 4
e Provided U [TeV] on scattering energy  —0-72</r2/A" <092 085 < f7,/A" < 1.0 2.3
bound . _ —0.29 < frs/A* <031 —0.31< fr/A* <0.33 2.6
: Beyond this bound, a scattering amplitude [“023 <7, ./A* <025 —025 < fr4/A* <027 2.9
. . . . . . . 4 w 4
violate unitarity. (EFT expansion is not valid) [[0-60 </r7/A" <068 —0.67<fr;/A" <073 3.1
(TeV)

ATLAS also report Wy+2jets very recently!
arxiv:2403.02809 (Given in Julia’s talk)
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https://arxiv.org/abs/2403.02809
https://agenda.infn.it/event/38205/timetable/?view=standard#29-ew-and-qcd-measurements-atl
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EW Obligue parameter in high v ATLAS

EXPERIMENT
CMS JHEP 07 (2022) 067

4 I PLB772(2017)210
JHEP02(2016)086

N

e New resonances, when too heavy to be produced on-shell,
contribute to 4-fermion contact interactions (or modify W/Z
propagators when universal) N

e Deviations entirely parametrized by 4 parameters : Ll ;W Y 2017+2018 V@ LHC In |y

e W, Ygrows with g2 (Vs) : contribute to offshell DY ( ) LALREACY

First resul

B2°-""1""|""| T T T R [T [ T T ]

")‘( 3 E CcMSs ) 1 Allowed region: E

- . = /u+pTies : LEP I, 95% CL
deviation weight > F M Bt |
10;_ 95% CL _;

(BSM/SI\Q) 5 " E
Py = {14 (2t> —1)W i 1 4 Wﬂ m3, ERLEER I E
pO| 1—¢#2 1—#2 g ]
w <E E

t = tangent of the SM weak mixing angle (= 0.3) = E
q = invariant mass of the |+v system at the hard scattering level i o #
mwz W boson mass 205" “—26 ‘ 'l—1|5' =T ._|5. = (I)‘ = . ‘1|0' = 1115' = lzlo' =35
W x 10*

W, Y = oblique parameters

W =—1.2702 % 17
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https://link.springer.com/article/10.1007/JHEP07(2022)067
https://arxiv.org/abs/1609.08157
https://link.springer.com/article/10.1007/JHEP02(2016)086
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Conclusions @ATLAS

EXPERIMENT

® Big efforts to scan all possible sources of indirect new physics effects with the
EFT approach at the LHC

e Differential measurements of vector boson interactions provide unprecedented
sensitivity to both anomalous Triple/Quartic Gauge Coupling (aTGC/aQGCs).

e Still No deviation from the SM was found.

e Global combination including Higgs, EWK and LEP/SLC EWPOQO are available.

e Further developments with more data, robust framework, advanced analysis
techniques.

e Stay tune for upcoming results.

More results in
ATLAS publications, CMS publications
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/Publications
http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO/index.html
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Backup
Collisions That Changed The World

£
Ink'l Herald Tribune
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Warsaw basis

Gauge boson
self-interactions
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CMS

Higgs field
(&£ scalar type)

Lso = [(D.2)! D,8] x [(D")! 0]
Lsy = [(Dﬂd’)TD“tb] x [(D,,@)*D"q)]

Set of dim-8 operators affecting quartic boson vertices:

dim8 EFT operators for QGCs

ATLAS

) EXPERIMENT
0. J. P. Eboli et al. PhysRevD.74.073005

Gauge boson field
(&, tensor type)

Higgs - Gauge boson field
(&,, mixed -scalar tensor type)

Lato = Tr [WuW™] x [(Ds@)! De] Lrg = T [Wu W] x Tr [WogW ]

Lua = T [Wu0?] x [(Ds0)' Do) Lry = Te [Was 4] x T [Were]

Burn— (Bl [(D,,cp)f D»fq;] Lrz =T [u LW ’] x Tr [n R ]

Busi= (BB % [(DJ@)T D"cb]

C-m:Tx[I W ]xB,

Lo = [( L@)T‘if,,,,D"Q] x B Lry, =Tr [H ,H op B ] X By,
[( tfp)f]i'duD'/q)] « B Lrs = T [n, i ] x BagB®

Lo = [(D,@)! Wy, W™ Dra] Lre = Tr [Wa W™ x BugB™
= [(D,®)

® Tli},yﬁ“’“l)“cb]

m

Lrz = Tr [n w’] x By, B
Lrs = Bu,B" B,sB**
£T.9 — B&‘«;LB“"BJ'/BV“

| wwww | wwzz | zzzz | wwaz | wwaa | zzza | zzaa | zaaa | aaaa
Os,0, Os,1 @) @) (@)
Onm,0, On,1,0m,6,0Mm,7 O @) O @) @) @) (@)
Owm,2, Onm,3,00,4,0Mm,5 @) @) @) @) (@) (@)
Or,0, Or,1,01,2 @) © O O © 0 OO0 0 ©
Ors, Or,6,071,7 @) @) @) @) @) @) @) @)
Org, Org @) @) @) @) Q |
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.74.073005
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ATLAS Global combination of EFT result

ATL-PHYS-PUB-2022-037

ATLAS

EXPERIMENT

Wilson coefficient and operator — Affected process group

Wilson coefficient and operator  Affected process group
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1] B } [ g c " EW., B* v v v & (@, 9)(@"q) v
Cw o o HW B 21118)
Crigin e CeH (H'H)(lye,H) v CZI‘;I.I) (@7 7,.9)(@T*+"q) v
o o Gurr (H' H)(gY, u) v g (@)@ v
og| ~moeeees - e (HHQF v %‘3'}8’ (@' T*30) @' ") v
Loy | L 1
06 04 02 0 02 04 06 Cor (H'H)( Hb) v wa (@) (@) v
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-037/
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Electroweak WW + 2 1 jet

saaal
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Interference Resurrection (VBS ZZ+2jets)

arxiv:1708.07823 Diboson interference resurrection

The interference cannot be

experimentally detected with j@
“inclusive” observables

Different helicity configurations
for SM and BSM components
= Leads to suppression of
interference

Try exclusive measurement!

Ratio to Data
00O === o

102

=}

BOOAOBD -

ATLAS

EXPERIMENT

|Md(i|2

95% confidence interval [TeV =2

(ex) Differential angle acquires sensitivity to interference

CP-odd dim-6 operators (blue box*), constraints are

obtained using A(pjj distribution

= large asymmetric effects for SM-EFT interference.

E ATLAS VBS-Enhanced reglor:,;<0.4 3 Wilson
E (5=13TeV, 140 0" -e- Data, stat. unc. 3 2 -
E tomwe. 3  coefficient| Included | Expected Observed
o e 2yad /A yes  [1.3,1.3] [-1.2,:1:2]
; T E no [_32_’ 32] [_37’ 28]
R 1 /A2 yes 1.3, 1.5] :1.5,19]
E E=e@== Strong 4lj (MG5_NLO+PY8) + EW 4ijj (MG5+PY8)
e | no [-17, 17)* 0, 30]* |
= L 0 l . LR (_f[]n'B/A2 yes [-16. 7] [—16, 6]
L — : no [12, 12] [-15, 10]
e e e 5 e ——
3 -2 -1 0 1 Azq [raé’:] il yes [-1.3, 1.3] [-1.2, 1.2]
’ | no [-67, 67]* [-25, 130]* |
cup/\* yes [-13, 13] [-12, 12]
no [-38, 38] [-38, 38]
Gl & yes [-13, 13| [-12, 12]
| no [-420, 420]* [-200, 790]* |
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https://arxiv.org/pdf/1708.07823.pdf
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dim8 aTGC in VBS WWjj ATLAS

EXPERIMENT
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(d) (e)

95% Cls of the EFT dim8 operator
coefficients (quartic operators) as a
function of the m,, . cut-off scale.

M7 without considering SM-EFT
interference for EW WZjj final state
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CMS

Charged aTGC in Electroweak WZ

compute the EFT effect in the 7 .

high tails of M(W2Z)

JeongEun Lee (SNU)

137 6" (13 TeV)

137 fb (13 TeV)

Best fit, expected
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CMS

2D Limit on CP conserving aTGC in WZ 5/ATLAS

EXPERIMENT

SCMS 137 fb" (13 TeV)
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CMS

Effective Field Theory Approach
EFT approach quantifies potential deviations from the
SM expectations through the W parameter
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Modified SM predictions by reweighting method.
Compared with data and set the W-parameter
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EFT - Composite Higgs Interpretation ATLAS

EXPERIMENT

H compositeness

Composite Higgs boson models JHEP06(2007)
Input for this reinterpretation comes in 3 complementary ways

1. direct W’ search : W’ boson to be a composite resonance.
The gauge coupling to the new constituents is g*
2. indirect EFT approach : W parameter is used to quantify
deviations from the SM.
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