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Why Study Vector Bosons?

SM vector bosons interactions:
Lorocs = — 3 Fu F" + mB, BY
Eq of motion: 9,F* + m*B” =0
Solved by plane-wave Ansatz: B*(x) = Ce"(p)e™"»
with polarization ¢

Longitudinal polarisation component ¢; proportional to

cartesian circular+longitudinal
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= Amplitude diverges with \/s = £ — oo
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This breaks unitarity! 1/19



Restoring Unitarity

Example: Scattering of longitudinal W components:
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e Divergence from Higgs-less processes cancelled by those with Higgs

e Even small deviations from SM values of and triple gauge
couplings would spoil this cancellation:
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= Vector boson couplings are highly sensitive probes

for SM & BSM 2/19


https://arxiv.org/abs/1412.8367

Toolset: Effective Field Theory (EFT)

Standard Model Effective Field Theory (SMEFT)
Based on Taylor expansion in local operators with mass dimension > 4
With energy scale A as effective expansion parameter

£EFT = ;CSM + Z ﬁo?imﬁ + Z ﬁo}jim—S

O; : EFT operators invariant under SM, suppressed by powers of A

e Dim-6 operators: Anomalous Triple Gauge Couplings (aTGC): triboson
— @ Warsaw basis: 2499 operators, reduced to 59 by U(3)° symmetry
e Dim-8 operators: Anomalous Quartic Gauge Couplings (aQGC): VBS

— = Eboli basis: 21 operators for aQGC
e 3 groups: scalar (S), transverse (T), and mixed (M)
e Neutral Anomalous Triple Gauge Couplings (nTGC): e.g.: Z — vy

(nTGC are forbidden at tree level in SM)
3/19

(all odd dimensions ops. violate either baryon- or lepton-number conservation)


https://arxiv.org/abs/1008.4884
https://arxiv.org/abs/1604.03555

Toolset: Effective Field Theory (EFT)

Additional terms: Expansion assumes that interference term dominates
(lowest A power):

dim-6: |AIM 02 = Z SALA; +Z Ll AP+ S C/"\ij,TAj
i.J,i#j

dim-8: |ATM 82 = +Z Al A; +Z 3 C/’\ZJATA
i.J,i#j

Not necessarily given in all kinematic regions.
— Also consider pure EFT term, or even EFT cross-term in signal EFT MC

Clipping: The EFT expansion in A is not valid for energies above A
— "Clip” v/8 > A and calculate upper limits as function of A

100 T

E \ ATLAS
75F \ Vs=13TeV, 1407~
E 38+ jets and 4¢ combination J

e Scan over every cut-off value /3
depending on the Wilson coefficient

(often \/§ = Mvv(\/))
e Remove all EFT MC events above /3§

>
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e Limits physically meaningful up to 75F / oo BE RS
intersection with resulting unitarity bound B N L B 32[/19
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https://arxiv.org/abs/2412.15123

New experimental results:

Charged-Current DY at High Mt
vVZ
Zy nTGC
Semileptonic VBS (VV)))
Semileptonic VBS (ZVj))
WZ~



ATLAS

Charged-Current DY at
High M+

Measurement of double-differential charged-current Drell-Yan
cross-sections at high transverse masses in pp collisions at /s = 13 TeV
with the ATLAS detector
@ arxiv:2502.21088

EFT constraints:
4 dim-6 fermionic operators


https://arxiv.org/abs/2502.21088

wHw-)

First measurement of
pp — W* = 1%(= e/p)v above
resonance region: m-'FV > 0.2 TeV

Full Run 2 (13 TeV, 140 fb~1)
Single (mY) differential
cross-sections up to m1W <5 TeV

e Double (m¥, |n.|) differential
up to m-‘lfv <2 TeV

Unfolded to fiducial SR:
In| < 2.4, pt > 65, p¥ > 85 GeV

Multijet CR: no mYY, invert EMiss cut

— Data driven (matrix method)

Top CR: require 2 £ (dilep tt)

e’ signal region
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 paper: Fig 9a

3% precision < 0.8 TeV, statistics
dominated beyond
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https://indico.ph.liv.ac.uk/event/612/#44-year-2-students-sam-alibocu
https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.21088

T signal region

ATLAS (5=13 TeV, 140 fo*
high m", p*

wHw-)

Events

o Data =W

=
. Multijet 3 Diboson
EV-v ]

First measurement of
pp — W* = 1%(= e/p)v above
resonance region: m-'FV > 0.2 TeV

Full Run 2 (13 TeV, 140 fb~1)

Single (mY) differential

ATLAS
(5=13 Tev, 140 for*

cross-sections up to m1W <5 TeV

e Double (m¥, |n.|) differential
up to m-‘lfv <2 TeV

Unfolded to fiducial SR: -
—20F i 4

< 2.4, pt > 65, p¥ > 85 GeV ‘ 3

i Pr Pr ) 3x107 10°  2x10° 3

Multijet CR: no mYY, invert EMiss cut mylGev]

— Data driven (matrix method) 3% precision < 0.8 TeV, statistics

Top CR: require 2 £ (dilep tt) dominated beyond 5/19


https://indico.ph.liv.ac.uk/event/612/#44-year-2-students-sam-alibocu
https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.21088

ATLAS

Charged-Current DY at High M+

Differential cross-section
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Measurements based on single
(m7) and double (mt, |ne|)
differential cross-sections

Separate/combined for 4 SRs:
e+7 e, N/+7 l’(‘7
No significant deviation from SM

NNLO perturbative QCD, NLO
EWK effects — constrain PDFs

Ki
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EXPERIMENT
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https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.21088

Charged-Current DY at High @ﬁlmﬁé

EFT Interpretation Constraints on 4 dim-6 SMEFT
- e fermion operators:
e LO predictions modified to p
. Wilson Coefficient Operator
account for higher-order QCD
) 0 = Ity u
& EW corrections: ‘U - Urbaryte)
. C;]l) 0(1) — (ly,,l(!)b’"l) i
RE) <3> DY (T
. . c Oy H'i D uH Itlyml) &
e Warsaw basis with U(3)° B m = WD)
Chg = (H'D'LH)(qr'y"q) S
e SM-EFT interference and pure ob 4l -
. . served limits
EFT terms considered in MC rtas
{s=13TeV, 140 fb™ Observed 95% CL limits
e Constraints driven by @ e
interference terms o
. . /100
e Limits are driven by PDF '
uncertainty /100
e Improve by factor 1.4 - 2.6 2
) . (3) o
when only considering O/ 100 &
experimental uncertainties 007 8018 0156 0 o0 661 601 g2 g
¢,/ A [Tev?] \g

e Quark-lepton contact operator O/(;): significance enhancement at high m¥Y’

e Other 3 operators: constant scaling without m¥ dependence 7/19


https://arxiv.org/abs/2502.21088
https://arxiv.org/abs/2502.21088

ATLAS

EXPERIMENT

VVZ

Observation of VVZ production at /s = 13 TeV with the ATLAS detector
@ arxiv:2412.15123

EFT constraints:
4 dim-8 mixed (M) aQGC operators


https://arxiv.org/abs/2412.15123

ATLAS

EXPERIMENT

e Full Run 2 (13 TeV, 140 fb~1)
e Occurs in only 1 in 10712 pp interactions
e 7 decay channels with highest significance

— 12 analysis regions (7 SR + 5 CR)

ATLAS ¢ Daa mzzz wzz
E=13TeV, 140 " Wz Owzeers  WZzees
"E Combined i Diz+ess @iz Wotners

Post.Fit DFake 7 Uncertainty

WZ = (W = ev)(W — w)(Z — pp)

g B 5 » o candidate event
= e Yoz 2 ;A"V'/ v
s 2 5 s s 2™ b, O S0 5
mono-V vertices triple-V coupling quartic-V coupling Higgsstrahlung
- Vi " v
V
q 2
R ——et -
hrarann 1) V* §
'§
——thn 1y W Vs
7 ' 7 8/19


https://arxiv.org/abs/2412.15123
https://home.cern/news/news/physics/observing-triplets-weak-bosons
https://arxiv.org/abs/2412.15123

vz ©aTLAS

e First observation of VVZ (6.4 o), Individual BDT in each SR

@ 20 T T T T T T T T ™
e Evidence for WWZ (4.4 o) § iz giggx\ff&mom‘;g%m éiw?z :
e Search for WZZ (2.8 o) - pome Domeray T 3
e No ZZZ region due to low cross-section 12 :
e Signal strengths compatible with SM : E
e Previously observed: ‘2‘
o WWW (8.0 0 = ATLAS, 2022) 3 .0 <
e VWV (5.7 ¢ = CMS, 2020) st Mok ;+;$ 4 £
e Previous evidence:  %TETez os o 05 6 o7 o e \i

o WWZ (3.4 ¢ »CMS, 2020)

Process ‘ Signal strength Cross section (fb) Observed (expected) sensitivity
VVZ | 143 £0.20(stat) *02] (syst)  660*93 (stat) 88 (syst.) 6447 2
WWZ | 133+ 0.28(stat.)f(()]'_zl;(syst.) 442 + 94 (stat.)* ”’“ 25 (syst.) 44 (3.6) o g
WZZ | 2.13*518 (stat)*0 70 (syst)  200%1!(stat)* s 53 (syst.) 28(1.6) o 5
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.061803
https://arxiv.org/abs/2006.11191
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.151802
https://arxiv.org/abs/2412.15123
https://arxiv.org/abs/2412.15123

vvZ AT

EXPERIMENT

e Limits on aQGC via 4 dim-8 Clipping scan for Wilson coefficient fy5
.. . . — 100p R . . ,
EFT coefficients (Eboli basis) Lo \ ATLAS ]
e 75 \.\ Vs=13TeV, 140fb™"
. . S E . 3¢+ jets and 4¢ combination
e From simultaneous fit to 3/ & 3 %F N E
25 . E
4¢ channels P—— = __ ]
OF e R TR RS
e BDT trained on EFT signal in s
E 7
each SR —50 / —-= Unitarity bound
_75i / —— Expected
Limits unitarized with clippin i / SR
[ ] E J i
IMILs uni pPINg 100 T0 T 20 25 30
parameter /5. Vi Tev] 2

o /5 = Mmax(Vi, V;): maximum of the three diboson invariant mass

combinations
Unitarized limits

Coefficient | Expected limit [TeV—] Exp. V5. [TeV ] | Observed limit [TeV=] | Obs. V3. [TeV ]
a2/ A* [-18,17] 1.2 [-19,19] 1.2 @
Fara/ A [-28,29] 1.5 [-28,29] 1.5 i
fualA* [-14,14] 1.6 [-12,12] 1.7 g
Sfus/A* [-11,11] 2.1 [-9.1,9.3] 2.2 _:

Limits consistent with those from W~jj (z ATLAS, =z CMS) 10/19


https://arxiv.org/abs/2412.15123
https://arxiv.org/abs/2412.15123
https://arxiv.org/abs/2403.02809
https://arxiv.org/abs/2212.12592

ATLAS

EXPERIMENT

Zv nTGC

Measurements of Z~ differential cross sections and search for neutral triple
gauge couplings in pp collisions at /s = 13 TeV with the ATLAS detector
=z ATLAS-CONF-2025-001

EFT constraints:
4 dim-8 nTGC coefficients and form factors


https://cds.cern.ch/record/2926741/files/

ATLAS

EXPERIMENT

e Improvements on #2023 paper

e Dedicated region to enhance nTGC

e High pJ > 200 GeV
e Jet veto & narrow mz window

e Previous: Conventional form factors
o Only satisfies U(1) (unphysical)

e New: nTGC form factors

2

e Satisfy full SU(2), x U(1)

(2 paper: Fig

e Up to 2 orders of magnitude
difference

(

e More in @ Elvira's presentation

Wilson coefficients

Parameters Current limits at 95% C.L. Limits at 95% C.L. from Reference [59]
(140 b1 using new formalism (36.1 b7 1) using old formalism
Observed 95% C.L. Expected 95% C.L. Observed 95% C.L. Expected 95% C.L. :3
[TeV—4 [TeV 4] [TeV—4] [TeV—4] -
Cpp/A* [-0.37,0.37] [-0.44, 0.44] [-0.24,0.24] [-0.28, 0.27] i
Caw /A [-0.54,0.53] [-0.62,0.61] [-L1, L.1] [-13,13] 5
Cew /A* [-0.87,0.95] [-1.05, 1.14] [-0.65, 0.64] [-0.74, 0.74]

Cyw/A* [-1.90, 1.78] [-2.26, 2.13] [-23,23] [-2.7,2.7] 11/19


https://link.springer.com/article/10.1007/JHEP07(2023)072

Improvements on #2023 paper

Dedicated region to enhance nTGC

e High pJ > 200 GeV
e Jet veto & narrow mz window

Previous: Conventional form factors
o Only satisfies U(1) (unphysical)
New: nTGC form factors

e Satisfy full SU(2), x U(1)

Up to 2 orders of magnitude

difference

More in @ Elvira's presentation

Form factors
Parameters Current limits at 95% C.L.
(140 fb~ 1) using new formalism

Limits at 95% C.L. from Reference [59]

(36.11b71) using old formalism

Observed 95% C.L.

Expected 95 % C.L.

Observed 95% C.L.

Expected 95 % C.L.

h; [~1.3%107%,1.4x 1075]
hj [-2.4%x107°,2.6 x 107°]
hy [-3.5%107%,4.6 x 107%]
h? [=3.2%107%,3.2x 1074

[-1.5%107%,1.6 x 107°]
[-2.8%x107%,3.0x 107°]
[-4.0x107%,4.9%x 1074
[-3.7%107%,3.6 x 107%]

[-4.4x1077,43x1077]
[-4.5x 1077, 4.4x1077]
[-3.7x107%,3.7x 1074
[-3.2x107%,33x 1074

[-5.1%x1077,5.0%x 1077]
[-5.3%1077,5.1x 1077] «
[-4.2x107%,43x 1074

— 4 -4
[-3.8%107%,3.8x1077] 11/19


https://link.springer.com/article/10.1007/JHEP07(2023)072

ATLAS

EXPERIMENT

Semileptonic VBS (VVjj)

Electroweak diboson production in association with a high-mass dijet
system in semileptonic final states from pp collisions at /s = 13 TeV with
the ATLAS detector
@ arxiv:2503.17461

EFT constraints:
18 dim-8 aQGC operators in Eboli basis


https://arxiv.org/abs/2503.17461

Semileptonic VBS (VVj))

e EWK VVjj measurement

e Full Run 2 (13 TeV, 140 fb™1)

e Semi-lep channel: high aQGC sensitivity
Experimental Signature:

e 2 forward, back-to-back jets (jj)™8

e One boson decays hadronically:

2 R = 0.4 signal jets (resolved)

$aTLAS

EXPERI

Slmultaneous fitin9 SRs +9 CRs

Events

High-Purity | Low-Purity | Resolved | TCR
SR i SR i SR H

A TLAS ) Data - Wﬂe(s
Z+jets . Top
1
Vs =13 TeV, 140 fo QCOW  mEEWK Wi
N Uncertainty

i Merged i Resolved
i VCR 1 VCR

5 11
orlR—lOsi nal jet (merged £ TSR I
B DJG (merged) & 1\\\ .
ot © 0.9550 \x\\\\\
2 09
VBS EWK non-VBS non-VBS
resolved merged
o One boson decays leptonically: , Wi , EWK VV,{J , QCD VV{J ~
e O-lepton: Z — vv, W — vf 2 we /u
o l-lepton: W — fv, Z — ¢f ’ / v ’ hwg
’ ! ! ! ! 12/19

e 2-lepton: Z — U4 relevant for aQGC EFT


https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2503.17461

Semileptonic VBS (VVj))

Final discriminant: ATLAS | i3 Tev. 140" ’
Tot.
e Recurrent NN (RNN) on up to .
Tot. (Stat., Syst.)
5 jets (p.l—, n, (bv E’ ntracks) 21epton [E— 115 88 (a3
. . . 1-lepton Fod 1.02 8% (o83
+ large-R jet in merged regime otepton
Results Hereee
Resolved S
e First observation of EWK VVjj in Como. WK V1j .
semileptonic decay (7.4 o) e &
Hewk &
e In fiducial VBS phase space N ATiAS "
= ogf —ggssﬁr&/ed 95% CL - ‘ =
e EWK and QCD associated VVjj 2,*53553?2& B aTov, uaw”
production measured in 2D fit 15f ]
e Individual limits on 0,1,3-¢ channels £ “ ]
& merged, resolved decay 055 E
L L F ute =1.20 051 (£ 0.10 stat. “5%g syst) i
e No significant deviation from SM OF o _2090% (s00dstat YWeyst)
-1 70‘.5 0 015 ‘1 1.‘5 é 2.‘5 é 315 45
Haco ]

13/19


https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2503.17461

Semileptonic VBS (VVj))

ATLA

EXPERIMENT

Wilson coefficient  Expected limit [TeV ]

Observed limit [TeV ]

Expected limit unitarized [TeV 4]

Observed limit unitarized [TeV 4]

e Limits to 18 dim-8 aQGC e e
Friiat [-0.19,0.19]

coefficients in Eboli basis frin, Loss 0
fra/A* [-1.46, 1.32]

H o frsiAt [-0.57,0.53]

e Each SR is further split into o, o707
low/high Myy region to i (122 120
fsoa /A [-3.22,322]

increase sensitivity e ross o34
S [-3.23,3.24]

'111/11 -1.66, 0

e 1,2-lep: at 1.5 TeV N [

Faral A [-2.62,2.62]

e O-lep: at 1.05 (merged), 7t G

1.2 (resolved) TeV

[:0.25.022]
[0.24,024]
[0.55,055]
[0.48,0.48]
[-151,137]
[0.64.058]
[0.74,071]
[-1.94,1.70]
[0.48,0.48]
[-1.02, 1.03]
[3.96.3.96]
[-8.06, 8.06]

[5.68.5.71]

[-2.96,2.97]
[441,4.44]
16,60, 6.43]

[:0.79, 0.47] at [1.76, 1.96] TeV
[-0.34,0.34] at [2.59, 2.59] TeV
m% 0.96] at [2.22, 2.22] TeV/
2,0.621 at [2.71, 2,711 TV
| 3.03,2.60] at 202, 2.09] TV

[2.82,2,001at (166, 173] Tev
[-7.88, 4.29] at [1.65, 1.90] TeV
[-5.53, 5.54] at [2.07, 2.67] TeV

[-2.61, 2.58] at [2.00, 2.00] TeV
1622, 6.22] at [2.27, 2.27) TeV

[-23.69,23.39] at [1.57, 1.57] TeV

[-6.80. 6.80] at [2.33, 2.33] TeV'
[-9.47,9.38] at [2.43, 2.43] TeV

e Clipping with respect to myy, to avoid unitarity violations

|A

Improves on previous ATLAS searches in all M & S operators

e T operators still best constrained by @ Z(— vi7)~jj analysis

dim—38

2 _
full | -

+Z% W +2Z

|fil?

+

Z ’JAA

lJJ#J

Individual MC samples for SM-EFT interference and pure EFT

[:0.85,0.47] at [1.73, 2.00] TeV
[0.43,043] at [243, 2.43] TeV
[-1.16, 117) at [2.12, 2.11] TeV
[0.88, 0.88] at [2.49, 2.48] TeV
-3.03,2.60] at [2.02, 2.10] TeV
[-265.2.57) at [1.53, 1.54] TeV
[-2.98,2.62] at [1.64, 1.69] TeV
[-6.70, 4.1 at [1.72, 1.91] TeV

[6.16,6.17] at [2.01, 2.01] TeV

[-2.71,2.65] at [1.97, 1.98] TeV
[7.42,743] at [2.17, 2.17) TeV

=

[-18.62. Nlﬂjaruﬁﬁ 1.65] Tev

[-7:28,7.30] at Lz 29,2.29] TeV
[-1191, 11.11] at [2.29, 2.33] TeV &)

Osg & Oy are hermitian conjugates, hence: varied simultaneously as O g0y

14/19


https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2208.12741

Semileptonic VBS (V/Vjj) @EATLAS

XPERIMENT

e Limits to 18 dim-8 aQGC
coefficients in Eboli basis

e Each SR is further split into o
low/high My, region to
increase sensitivity

e 1,2-lep: at 1.5 TeV r
e O-lep: at 1.05 (merged), -t
1.2 (resolved) TeV ool 2 e DL.

my, clipping value [TeV] N

e Clipping with respect to myy, to avoid unitarity violations

paper:

e Improves on previous ATLAS searches in all M & S operators

e T operators still best constrained by @ Z(— //17)~jj analysis

j |fi] fif;
A = o+ Y e+ 2 A+ S Fala
111751

e Individual MC samples for SM-EFT interference and pure EFT

14/19


https://arxiv.org/abs/2503.17461
https://arxiv.org/abs/2208.12741

Semileptonic VBS (ZV)))

Study of vector boson scattering in the semileptonic final state and search
for anomalous quartic gauge couplings from proton-proton collisions at
Vs =13 TeV
z CMS-PAS-SMP-22-011

EFT constraints:
20 dim-8 aQGC coefficients in Eboli basis


https://cds.cern.ch/record/2926224

Semileptonic VBS (ZVjj)

Final Discriminant: DNN

e Hadronically decaying V: ORI
o 01 02 03 04 05 06 07 08 09 1

DNN score

e Full Run 2 (13 TeV, 138 fb~1) 18 iaaTen
= T T T T T T T T T
.. . S8 MS Prelimi ~+-Data Drell-Yan
e Mearured EWK ZVjj cross-section =77 Qe mui  mwey
£10° W VBS QCD top
= 12 | Other
(130, p=10.63"9%) M Bomsew
S D
Experimental signature 10
10
e 2 forward, back-to-back jets i
. L S
e 2 isolated ¢ = u, e from Z e i %
S e = STEC S P L
£ 0g —— - DTS e
8 nst Postfit sPrefit ), j g
S

&

(

2 AK4 signal jets (resolved) EWK VBS process

or 1 AK8 signal jet (merged)
e SR split into b—tag/veto

(DeepCSV tagger)

Mieptons = 2, My¢ € 76,106] GeV, pr(£y) > 35 GeV, pr(£;) > 20 GeV,

Tab 1

Preselection prljss) > 30 GeV, my > 500GeV, Ay > 2.5
Regions Variables Lepton Selection |  Other Requirements a
Signal Region (SR) 65 GeV < my < 105 GeV Same Flavor Split in b-tag and b-veto .\';

DY Control Region (DY CR) | my < 65 GeV, my > 105 GeV Same Flavor Split in b-tag and b-veto
Top Control Region (Top CR) 65 GeV < my <105 GeV Opposite Flavor - 15/19



https://cds.cern.ch/record/2926224
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Semileptonic VBS (ZVjj)

e Limits to 20 dim-8 aQGC

TR . - - Observed (WV)  Expected (WV) Observed (ZV) Expected (ZV) Observed Expected
coefficients in Eboli basis SV W R S awh
ol AT [-3.01,3.1] [47,477] [-9.76,9.89] 286,2.96] [4.68,4.75]
[-4.27,432] [-6.56, 6.6] [-102,103] [397,402]  [-6.45,6.49]
[-4.42, 4.48] [-6.81, 6.86] [:9.75,9.89] [-4.04,4.11] [-6.68, 6.73]
[ ) Sepa rate fOr WZ , ZV , 10568, 0567]  [-0.844,0843]  [-1.38, 138 F0539, 053] [-0.525, 08271
[1.71,1.75] [-2:6,2.63] [-3.97,4.00] ,
. [0746,0747)  [111,111]  [-1.86,1.86]
com bl ned [-281,281] [42,42] [-5.60,5.59] I-
m/;\‘ [-1.74,1.73] [-2.6,2.59] [-2.70, 2.70] [ 3. m 3.61] [-148,1 48]
e Fus/At [253,251] [-380,381]  [521,523]  [214,213]
138 fb (13 TEV) fur/ A [2.86,2.82] [-6.09, 6.07] [-8.26, 8.24] [-2.63,2.58] 3
L A L UL AL L BN B B fro/ AT [-0.096, 0.083] [-0. M 0. l’ﬁ] [-0.26,0.25] [-0.33,0.32] [-0.0921, 0.0785]  [-0.138,0.127]
CMS A 4 Fr/A* 0 100933,01]  [0042,0049]  [022,024]  [-030,031]  [0.0863,00043] [-0.4,0.147]
Prellmlnary ~-Data W w+dets fr/AY 102250205 [0336,0335]  [036,060]  [074076]  [021,0214] = [0331,0332]
SR-boosted-ele x [0206,0206]  [0.311,031] , [-0.64,066]  [0191,0.194]  [-0305,0305] 2
top .VBF VHVY [-1.09, 1.02] [-1.58,1.53] [1.84,1.77]  [-0.895,0.828] [14,135]
. VVHVWWV Drell-Yan [-0.287,0257]  [-0.391,0.383] [-076,073]  [0265,0237] [0382,0373] .
. Tre [-0656,0627]  [0.976,0954] [-094,092]  [-05,0478]  [0.794,0775] ©
[l nonprompt — f;,= 1.0 Tev*3 Fir/ A [0.936,0.899] [-139,1.36] [-2.26,2.16] ¢ .81 [134129] &
Frs/ A [-0. ~3 053] [-0.67, 0.67] [ ] [-0.67,067] =
Srof A* - - [-1.17,1.16] [-1.47, 1.45] [ x7,x 16] [147,145) T

e SM-EFT interference and pure EFT
terms considered

B, 1 . o Including systematic uncertainties on
i | e PO oo 0
P s o e o .
8 ggt Pos}-fi( ePre‘f‘\;‘l— ‘ ‘ - EFT Slgnal
500 To0g 1500 M, (Gevy e Was not done in = previous CMS

@

result

16/19


https://cds.cern.ch/record/2926224
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/1905.07445
https://www.arxiv.org/abs/1905.07445

Measurement of WZ~ production and constraints on new physics
scenarios in proton-proton collisions at /s = 13 TeV
z CMS-PAS-SMP-22-018

EFT constraints:
6 dim-8 transverse (T) aQG operators in Eboli basis


https://cds.cern.ch/record/2905175

Full Run 2 (13 TeV, 138 fb™)
Observed WZ~ (5.4 o)
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ALP— Z~ limits
e Full Run 2 (13 TeV, 138 fb~) CMS Preliminary

138 fb* (13 TeV)
10 T T

T
— Theory cross section with 1/f =2 Tev*

e Observed WZy (5.4 o)
p2% = 1.47 4 0.15(syst)
+ 0.11(theo) £ 0.25(stat)

Median Expected
I 68% Expected
95% Expected

F.
S
T

— Observed

H
S

e Limits on axion-like particles

e 3 charged leptons from

10 L L L I I
150 200 250 300 350 400

o(pp - Wa)B(W - Iv)B(a— Zy)B(Z- I'') [pb]

! gt /
WZ — w0, 00 = e, + 1 v
ALP mass [GeV]
QGC TGC multipheral
w* q w* q w*
wt
wt -
z 7 z -
’ ’ 3
Y q Y q 14 q Yo
Region Ny N, Nosst Npag MET  pr{lyy, Lz, by, b3} min(m(L0)) - [m(lz1, bz0) —mz| m(Cz, Lza b)) — mly,v) 7
[GeV] [GeV] [GeV] [GeV] [GeV] [GeV] K}
SR =3 =1 >1 =0 >30 >{25,15,25} >4 <15 >100 <750r>105 .
ZZCR =4 — >1 =0 <30 >{25,15,25,15} >4 <15 >100 — 2
Nonprompt / CR = — >1 >0 >30 >{25,15,25} >4 >15 >100 — 2
NonpromptyCR =2 >1 =1 >0 <30 >{25,15} >4 >15 — — o)
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e Using invariant mass myg,

Limits on 6 dim-8 aQGC operators (Eboli basis)

No significant deviation from SM observed

SM-EFT interference and pure EFT terms considered

Quadratic function fit to ratio of aQGC / SM yields in final mgg, bin
Unitarity bound determined with @ VBFNLO framework

Operators  Observed limits [TeV ~%]  Expected limits [TeV ~%] Unitarity bound [ TeV ]
Fro/A* [-2.60, 2.60] [-2.52,2.52] 1.32
Fri/A* [-3.28, 3.24] [-3.18, 3.14] 1.48
Frp/A* [-7.15,7.05] [-6.95, 6.85] 1.35
Frs/A* [-2.54,2.56] [-2.46,2.50] 1.55
Fre/A* [-3.18,3.22] [-3.08, 3.14] 1.61
Fry/A* [-6.85, 7.05] [-6.65, 6.85] 1.71

(£ paper: Tab 4
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Summary

EFT constraints by presented analyses:

ATLAS Charged-Current DY at High Mr:
ATLAS VVZ:

ATLAS Zv nTGC:

ATLAS Semileptonic VBS (VVjj):

CMS Semileptonic VBS (ZVjj):

CMS WZ~:

Outlook

Many EFT constraints set with full Run 2 dataset

EXPERIMEN

e Run 3: Promising for EFT with more statistics and higher /s
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Appendix



aQGC Dimension 8 EFT Operators (Eboli Basis)

Eboli basis

e 21 Operators S (scalar) operators

e Parametrize anomalous quartic affect longitudinal polarization

. Oso= [(l),,q»)' 1),,(\‘] x [u)mv)"n“q{

gauge cou pllngs (aQGC) Os1 = [4 D, )" D“'I:J x [(Dl,(D)T o]
Experimental handles: Osz = [0 ] x [(00)' D]

Vector boson

scattering (VBS) T (transverse) operators

Triboson production

Gin an . .
v, affect transverse polarization
Org="Tr [ﬁ',, W x Tr [ﬂ,,j ] L Opy =Tr [1? TV ‘] xTr n, AT
) Or = T [Wo,, W02 T [Wa, W4 Ors = To [Wu 1] B,
Ve Org="Tr [li,,,,liw] x BB L Opr=Tr [lT e ] X By, B
Ors = BuyB" Bop B , Org = BauB" By, B
Gi2
M (mixed) operators
Contributions to vertices of 4 bosons: affect mixed polarization
allowed at tree-level SM not allowed Outo = T [ 09] x [(D3) D8], O = T [W,u47] x [(D30) Do4]
WWWw l\‘\\ WZZ|\WWAZ|WW~y|2222 222~|ZZ~y Zﬁm*"“vm" . 4 ]
Os0, 05t v | v v | Oni = [BuB™] x [\n,«w l)’«l’] Ous = [BuwB"?] x [\IJ,‘I']‘ n"q»] ]
O, Ort1.Omiss Otz |+ v v v | v v | v X S i =
Owm2 ,Om3, Ona Onis v v v v v v o Ona = [\D,.‘lw H'z”D"xl»] x B Oms = [xl),,«l»)‘ W z,,l)”tb] x B 4+ he. g
Oro 01,1 Ora v v v v v v v = noo_ ot B v -
Ors Ors Ors v / v v v v v |7 & Oz = [‘“" ®) W WokD"a N
Ors Oro v v v vivhy


https://indico.in2p3.fr/event/29680/contributions/124128/attachments/79708/116889/Higgs-EW_1.pdf
https://arxiv.org/abs/1604.03555

nTGC Dim-8 EFT Operators

Trilinear coupling between Z and
photons

z 3
- )

v:’,.«{,\/ﬁ"_\:—\x\ Z

Opw = i H'B,,W" {D,, D"} H,
Oww = i H'W,,W" {D,, D"} H,
Opp = iH'B,,B"" {D,, D"} H.
Opy = i H'BuWW" {D,, D"} H,

Ecole de Gif 2023

(2 Saskia Falke


https://indico.in2p3.fr/event/29680/contributions/124128/attachments/79708/116889/Higgs-EW_1.pdf

Fermionic Dim-6 Operators: Examples (Warsaw Basis)

lir lir
i(CS)Uuﬁ:J&"L-&- %
+Ciy e i)y Pr © 5o PL S
kK qir ,g
: > - q v
(3) Sy I I p W _
&2 (H'i D LH) (I, ") £ 0
q ~H
N i q W ¢
(3) & g T ¥ = I . u
CHq (IIT v D “}1’)((1",)7' ’7“(1’1') V.

L]
'
/
T
[y


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.105.096040
https://indico.in2p3.fr/event/29680/contributions/124128/attachments/79708/116889/Higgs-EW_1.pdf
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CMS Diboson & Triboson & VBS
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