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Multiboson measurements at CMS
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Gauge bosons mutual/self-interaction — due to the non-Abelian structure of the electroweak (EW) theory.

CMS Preliminary

August 2026
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7 TeV (L<5fb)

5.02 TeV (L<302pb1)
276 TeV (L<231nb") 7

95% CL limit at
13.6 TeV (L<171fb7")
Theory prediction
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Diboson measurements: ) W
q

— validation of the EW gauge sector

— direct probe of triple gauge couplings

q
v

Triboson measurements &
— explore rare interactions v

q
— direct probe of quartic gauge couplings
— sensitivity to new physics

Vector boson scattering: ! vy
— direct probe of quartic
gauge couplings and EWSB ¢ v &

see VBS dedicated talk by Ruobing Jiyang
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https://indico.global/event/17070/contributions/162413/
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measurements
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Run 3 (2022-2023 dataset) analysis

T

><1(%38 CM§ Pre//‘m(‘r?ary : : e? fb"(u‘ie TeV) x10° CMS f’relimi?aly : : 62 1‘1)"(13.‘6 TeV)
. .. . E ww region ¥ Data E 10 ¥ Data 7_
Simultaneous fit in 4 orthogonal regions: CMS-PAS-SMP-24-01 1 {8 el R b region It
H s Il - other % 8 Il i - other
e  WW Region: 0S-fz, b-veto; 2 — e g [T
I otrer w e Il other b
. . p: 8 W i > bV i by
e 1bRegion: 0S-fz, 1 b-tag jet; PelRs . — " ]
o e 7/ syst.unc. ]
. . w* 4
®  2b Region: 0S-fr, >=2 b-tag jet; i 1
. . 0 0
° Same sign Region: SS-{z, b-veto. Q1.4F ] 2F T
% 52 g 1B a A AR A g /
P T AF & 09F /
CMS Preliminary CMS-PAS-SMP-24-011 13.6 TeV — < Sosf g Y I
0.6F, , I I ! 1 I e : - 7
100 150 200 250 300 350 400 450 500
-- SM theory unc. —stat. unc. —total unc. GWW probing WW prod uction 40 60 & 100 12%1 pl“[?;e\} ‘ m, [GeV]
i : : i 62 i‘b"(13.|6 TeV) x10° CMS ‘Prelimr"naly i i esz”ua.‘e TeV)
ou ; from a new angle: 3 A 3 ]
: 46 . ) 2b region I Nonprompt SS region I Nonprompt
PLB 861 (2025) 139231, L, = 35 fb" —q- 126’ pb — 7 in the final state § postfit -D'E"'Yﬂ" % 1 Post%t -D'e""’a" E
: oo ® - 1t — other = 6 1t — other _:
- er 3 " — SenSItIVIty to new L% I single t L% o 0 single t E
—_———— y . . I otrer I otrer E
This work, L, = 62 fb" : 1336 pb couplings with 7 B o B 4 Wi nehvy
E I ww o i 3 3
: 77 syst.unc.
HT i —e— 1527%pb e 2
< This work, L, =62fb" : -14 ]
0
2
1
1
9
8

} | —— 144%? pb 3 ' T
This work, L, =62 fb’ B 2
s s HW/://W//ﬁ//W//i///W K
clomblnatlonq - 1292 pb L
This work, L, = 62/35 fb : 100 150 200 250 300 350 400 450 500
PN PR R S I S 1 A IR IR AP B Mys [GEV My, [GeV]
0 20 40 60 80 100 120 140 160 180 200

() [pb] 4
The CMS Collaboration QCD@LHC2026 Cristiano Tarricone


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/

Ly

I Ry PR LYY Submitted to PLB

Run 3 (2022 dataset) analysis

e Selections:

q 7 q

o e‘e” /Wty pair: 71<m,< 111 GeV 3 2
©  (Sub-)Leading lepton: p. > 25 (20) GeV Z/y ?
o  Photon: p, >30GeV ' -
Non-prompt photon background determined from
sidebands of charged isolation and shower shape . 3000CMS_ 34870 136TeV
) ¢  Data with stat. uncertainty
2 2500} 77 Total uncertainty
5 - 7y
Lil 2000 B Nonprompt photon E
=

Measured fiducial cross-sections:

Zy out—of—fiducial

Channel 0B =+ stat + syst + theo (pb)
Zy (uu) 0.928 + 0.018 £ 0.027 £ 0.004
Zvy (ee) 0.975 £ 0.021 £ 0.038 &= 0.003

Z7y (combined) 1.896 4 0.033 £ 0.054 £ 0.006

Cross-section predicted by the SM:
osm = 1.922 4+ 0.094 pb

— good compatibility observed

Others (WW, WZ., ZZ, tt)

arXiv:2512.085828&
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Run 3 (2022 dataset) analysis _ CMS 348! 136Tev
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o e'e /utu pair: 71<m,< 111 GeV i

©  (Sub-)Leading lepton: p. > 25 (20) GeV
o  Photon: p, >30GeV

e  Non-prompt photon background determined from

sidebands of charged isolation and shower shape %
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triple gauge coupling
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Me-e-y [GeV]

e  Constraints on dim.8 EFT operators — 2 models: Limits Expected Observed
o Vertex Parametrization Model Lower Upper Lower Upper
K —1.01x107% 1.01x10~¢ —8.17x10~7 820x 10~/

m  only U(1)_, symmetry preserved; 4

VUl Y P hi —834x10* 858x10™* —6.67x10"* 6.88x10~*
©  Gauge Symmetry Preserving Model Ky ~7.01x107* 696x107* -569x10~* 548 x10~*
Co— -3.09 3.18 —2.44 2.54
preserved Cs ~1.24 1.26 ~0.98 1.00

[Ellis et al. PRD 107 (2023) 035005]

The CMS Collaboration QCD@LHC2026

Cristiano Tarricone

(s


http://dx.doi.org/10.1103/PhysRevD.107.035005
https://arxiv.org/abs/2512.08582
https://arxiv.org/abs/2512.08582
https://arxiv.org/abs/2512.08582

Triboson
measurements
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e Inclusive 48y (no mitigation of FSR contribution)

o

Data-driven nonprompt y and € estimate

e Triboson ZZy (FSR suppressed) — requiring min{m"y}>100 GeV

o

o

PRL 137 (2026) 091805,

m,, [GeV]

CMS 138 fb~' (13 TeV) CMS 138 fb~' (13 TeV)
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L Inclusive pp —»4ly —4—Data 8 £ Triboson 22y —4— Data
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PRL 137 (2026) 091805

Fake y from MC: (qa/gg—)ZZ—4L (+y,,)
Fake €: data-driven technique

° Very stringent fiducial region (only 11 event candidates)
o Smallest (fiducial) cross-section at LHC:
— measured (predicted):

60727 ab (47.56 + 0.04 ab)

° First evidence of the ZZy production at 13 TeV with the CMS
experiment:

o Observed (expected) significance: 3.7 (3.1) S.D.

° First observation of the 4ly production at 13 TeV:
o Observed (expected) significance: 5.0 (4.2) S.D.

The CMS Collaboration

QCD@LHC2026
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WW?Z fully leptonic channel

CMS Run 2 (2016-2018) - 3 (2022-2023) analysis

Measurement of W"W~Z and ZH signal strengths individually and together

e Final state selected with 4 charged leptons (e, )
o 2 charged leptons reconstructing the best Z candidate

o  The remaining 2 charged leptons must be opposite-charge,
same-flavor (SF) or opposite-flavor (OF) defining 2 corresponding channels

\\%
q q H ‘:CC
W .
q Z q Z

PRL 135 (2025) 09180

£

® CRsto normalize the main o A R
backgrounds, i.e., ttZ and ZZ -0 #Z SF tZ OF cendaie)
i 2l v | SF A SF
SR SR
e  BDT multiclassifier assigning D OF SR > e
three different scores (summed to 1) SF OF Mz candidates)
o non-resonant WWZ The ttZ estimation The ZZ estimation
o ZH, H->WWwW*
o  background
The CMS Collaboration QCD@LHC2026 Cristiano Tarricone
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Events

Events
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CMS

£ wwz fully leptonic channel

CMS Run 2 (2016-2018) - 3 (2022-2023) analysis
138 fb™' (13 TeV)
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Scores used to define a set of
Signal Regions:

8(4) SRs per channel,
i.e., SF and OF channels

Separately defined SRs per era,
i.e., Run 2 (13 TeV, 138/fb)
and Run 3 (13.6 TeV, 62/fb)

>\/\A/q_£'\A W M w
Z q z
Era Total WWZ ZH

Run2 2.9 (4.4)
Run3 3.8(2.5)
Total 4.5(5.0)

13(3.1) 2.0(2.6)
25(1.3) 25(L7)
24(3.3) 3.1(3.1)

Observed (expected) significance per era

(0
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EFT Multiboson
Combination



CMS 138 b (13 TeV)

1.5 2 2.5 3 3.5 4

arXiv.2605.15023 S, [TeV]

e  High-yield inclusive dibosons drive

CMS Preliminary

< Multiboson EFT results — Combination (dim.6)
' Run2 (138 fb) VBS (VVijj), VBF (Vjj), diboson (SS/0S-WW), and triboson (combined VVV = WWW, WWZ, WZZ, ZZZ) meas.
138 fb~' (13 TeV)

CMS-PAS-SMP-25-002
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c
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s 10 ¢ Data [ISMVVV Lin.  exp. 55:/° cL Quad. exp. 53:/° cL = OSWW -ww = VBS WV . Lin. c=0.1 . Quad. c=0.1
~ vV I V+jets =6= Lin. obs. 68% CL == Quad. obs. 68% CL ssww W VBF-W W VBSZV = Lin. c=1  Quad.c=1
_.(2 :'ﬁ]tfv QéD ==== Lin. obs. 95% CL ---- Quad. obs. 95% CL W SSWW (t,) ™ VBF-Z VWV Lin. c=(4m)? Quad. ¢ = (4m?
5 10 2 -2 3 i B e (<10) | |
g — C,/A°=0.3 TeV™ [ Uncertainty cw — o
i1 Post-fit
1 02 0e/n CHw ;m v e ——
> 3 V-tagged jets
L Chws -
10 L B ] I @
CHDD
1 R S —— (x0.01) B L D
e R M
g 1 g : o] ——-- -0 1
E - [
8 1 E [EETI RSN EEEE EEEA RRE T I S R S R MR erT I MY
‘D‘S 05 E 6 -4 2 0 2 4 6 0 05 110-2 10-1 10° 10!
: 0 E Wilson coefficient [TeV-2] £ A at 95% CL [TeV]

Both linear and linear + quadratic terms are evaluated to quantify EFT

truncation effects.

bulk precision e  Stringent limits set on triple-gauge (c,), gauge-Higgs (c,,,, ¢,z ), and

e  VBSand tribosons constrain high-p_ contact operators (CHtB), ch‘3))

and high-m,, tails. e Combination tightens individual channel bounds by factors of ~2-5

(2
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Summary
and Outlook
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Stairway to discovery...
... and higher precision

e We have reached the era of precision for diboson
measurements at the LHC

e Systematic uncertainties are starting to become more relevant
than statistical ones

e Still a lot more to study with Run 3 data and beyond:
— New final states
— Differential cross sections
— Polarization

— EFT

(14

QCD@LHC2026 Cristiano Tarricone
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\ Multiboson Physics

V q
Diboson and Triboson production processes N
14

q q
extremely rare q ' » Quartic gauge Triple gauge Higgs-gauge
14
valuable precision tests for the electroweak
1%
sector of the Standard Model v

novel observation of very rare processes
TGCs and QGCs involved (and couplings with the Higgs boson)

— Powerful tool to probe the EWSB



Multiboson Physics

Diboson and Triboson production processes

e  Predicted by the SM (but extremely rare)
— valuable precision tests for the EWSB

— very rare processes’ novel observation

® TGCs and QGCs involved (and couplings with the Higgs boson)

— Potentially hiding new physics

NEECKS,

Quartic gauge Triple gauge Higgs-gauge

Y

X particle




\ Multiboson new Physics — EFT Framework

Diboson and Triboson production processes

@@@

Quartic gauge Triple gauge Higgs-gauge

Predicted by the SM (but extremely rare) &
— valuable precision tests for the EWSB

— very rare processes’ novel observation

X particle Anomalous coupling

» Vﬁ

— Interpretable as a point-like interaction/anomalous couplings in an effective field theory (EFT)

TGCs and QGCs involved (and couplings with the Higgs boson)

— Potentially hiding new physics

E > Eine

— Systematic parametrization to search for any subtle deviations — constraints to guide future collider efforts

(1o



‘Compact Muon Solencid

Multiboson measurements at CMS

CMS Preliminary August 2026
104, ]
lov 136 TeV (L<171f07) |
5 105 el mon 13 TeV (L<138fb-")
= . w8 TeV (L<19.6f07)
o 10784 1 qv o & v 7TeV (L<5fb) B
oo cel . ¥ B 5.02 TeV (L<302pb")
o 10°r ¢+ vgtee o1 276 TeV (L<231nb™") |
-_‘3 . o *oae R .. 95% CL limit at . .
o 10 m v*%c lioay leo, A 7713 TeV (L<138fb™") o Run 1: first look at multiboson
[77] oA Ay 95% CL limit at
v © K Ve 7
@ 104 — *VEI o P 136 TeV (L<171107) | processes
o VWV icti
o 3 than a9 ealverw o WY W I Theory prediction
b 10% Tou WHl'_!.l/‘ﬁ oxf Wz y . .
, L Ili. L !-aid O Run 2: several multiboson-final-state
8 10 i VBF WWZ Zﬂ' _,— *y 3\7W < T . 3
= wz | & ™ -4, i . discoveries
"6 101 777 ols o l
3 R o ]
S 1 w | 2T w ™| o Run3&HL-LHC:
W zr g . .
o 10-1 . 1 — differential XS measurements
] | .
. — enhance new physics searches
QCb vy W # VBF  t WW | H goH| Vy [ VBF [VH VW [iX H X HHjew exzz 43t Vyy ew
z ¥ 74 VBF v Wy WwW Wy WW
7z 7y wZ
7z
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;\ Recent Diboson measurements
CMS Preliminary | January 2026
Cross-section measurement of WW g ———— et I
production with hadronic tau decays " == 13.6Tev (L<62fb) - S en il .
ol 13 TeV (L<138fb7") o= PRL 127 (2021) 191801 =
at 13.6 TeV [CIVIS-PAS-24-011] w8 TeV (L<19.60b-") s RS :
wz| w1 7 TeV (L<5fb") A ) EPJC 77 (2017) 236 4
. mm 502TeV (L<302pb!) ¥ A f
Cross-section measurement of » - |
Y PRL 126 252002 (2021 )
Z roduction at 13.6 TeV -‘h EPJC 81 (2021)2(00 ) t‘
p :
A PLB 740 (2015) 250 ;
. 77 2 JHEP 01 (2013) 063 v
[arXiv:2512.08582 , Subm. to PRL] ; v ppid i sl ‘?
2y .l v e b
Constraints on anomalous couplings in 15— 5 ‘ S e
semi-leptonic channel of Production cross section, g (fb) Data/Theory
WV production at 13 TeV Note: many ongoing efforts within CMS dedicated to
[arXiv.2608.18245 , Subm. to PLB] diboson production processes via Vector Boson Scattering

— see Ruobing Jivang’s dedicated talk in this session

21


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-011/
https://arxiv.org/abs/2512.08582
https://doi.org/10.48550/arXiv.2608.18245
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WW (W—7,v ) (NEN

CMS-PAS-SMP-24-011

a W

Run 3 (2022_2023 dataset) analySIS 4 —>— Wy o - x10° CMS Preliminary  621b"'(13.6TeV)
Yo E 12:_ ¢ Data —:
Probing WW production from a new angle: ¢——1 W g v &  DYregion - Drel-Yan 1
ag 10~ postfit -ﬁ—miher .
— including taus in the final state % s I T
w 8r B
Wt r -Other ]
— sensitive to new physics coupling with taus 6l R [T
F mwwor
Selections: f 4 77 systune.
o 11(e/u), with p.>30 GeV 2F . . ]
. . 0 Corco.co.nenel® et el

o 1hadronicT, with p_>25 GeV N 7 —
= 11F 3
o m,>100 GeV 8 4k E
T S F E
009F 3
Backgrounds: O O T T T R

0 75 80 85 90 95 100 105 110

o Non-prompt — the dominant bkg.: estimation via Fake Factor method. My [GeV]

QCD-induced and W+jets — considered separately and weighted to their expected contribution
o ttbar: cross section measured through regions with b-tags
o DY : controlled by Z — pu region

WW signal is extracted via fit to BDT output distribution

The CMS Collaboration QCD@LHC2026 Cristiano Tarricone
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Run 2 analysis — constraints on anomalous couplings

" cws ]3|8f[b‘l'(]3,TgV[)
Selections: g’ 1061 Z’s“fﬁ;?,"f oA
. . = ¢Data | [§ DOW+jets
o  1W]/Z- tagged large-radius jet (ParticleNet) C —WW'SM  —WZSM  ESinglet
10° = [llOther Tot. unc. =
— 75 GeV<mVTJ<115 GeV, p,>200 GeV £ & 1 3
10*E
o le/n— p>50GeV g
ML discriminator o
o p.  >100GeV : =
T,miss used for signal
o 1 reconstructed leptonically decaying W boson extraction 10°
— p,>200 GeV 10
B 20 —Tot. unc. ]
Limits (TeV~?) 8. Tag +4
WC Expected Observed T o10peattteg ot qantot, -
68% 95% 68% 95% 0sf ‘ . ‘
50 100 150 200 250
cHISZ/A2 [-3.09,2.92] [-4.69,449] [-2.81,3.32] [-5.18,5.39] m, [GeV]
cwa,zw/ A% [-0.55,0.55] [-0.81,0.82] [-0.58,0.55] [-0.93,0.93]
CHISZ/A2  [115,070] [1.66,1.14] [-0.56,1.02] [-1.44,1.78] ®  Most stringent limits on operators involving TGCs
chos /AP [-0.26,0.27]  [-0.40,0.40] [-0.13,0.33] [-0.37,0.49] e  Limits on quark-boson couplings competitive with

HISZ 2 . . .
cHISZ/A2  [166,1.12] [-2.37,179] [-131,124] [224,2.13] inclusive jet measurements
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Cross-section measurement of
ZZy production at 13 TeV
[PRL 137 (2026) 091805]
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Cross-section measurement of

w
WW?Z production at 13 TeV and b

Search for new physics (EFT Zzy

dim.-6 & 8) in VVV production at
13 TeV
[arXiv.2605.15023 Subm. to JHEP]
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— relevant in the global Multiboson CMS EFT Combination
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CMS Run 2 analysis

Measurement of WWY with fully leptonic final state
Data-driven method for estimating bkg. processes
containing a prompt lepton/photon

o Zy

o ttbar+y

o single-top
Control Regions to validate the bkg. estimations:

o SSWWy

o Topy
— m"YW> 10 GeV cut not applied in the CR

Measured fiducial cross section:

o = 6.0 + 1.0(stat) £+ 1.0(syst) + 0.9(theo) fb

1 =1.3140.17(stat )\ + 0.21(syst) 5.6(4.7) S.D.
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T Iy

Extraction of
limits on Higgs
couplings with

light quarks from
Hy — WWy

Kq limits obs. (exp.) at 95% CL

K4 limits obs. (exp.) at 95% CL

The CMS Collaboration

Process o upper limits obs. (exp.) [fb]
Ul — H+ 1y = epv v,y 85 (67) k| < 16000 (13000) [, <75 (6.1)
dd = H+17 = epv,v,y 72 (58) 4| < 17000 (14000) I£4| < 16.6 (14.7)
s§ = H+17 — epvev,y 68 (49) || <1700 (1300) |K,| <32.8(25.2)
@ - H47v = epv v,y 87 (67) |x.| <200 (110) [R.| < 45.4 (25.0)
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CMS Run 2 analysis
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£ Results of WWZ CMS analysis

CMS
138 fb™ (13 TeV) 62 fb'(13.6 TeV) 200 fb' (13+13.6 TeV)
HeH HaH HmH
SM n stat.  syst.
F—e—i 0.52 +0.45 + 0.12
Nonresonant WWZ P—*—l 1.91+1.03 +£0.20
R 0.87 +0.44 +0.11
i 1.01+0.56 + 0.11
ZH(H > WW) l—»—-—f 1.57 +1.00 +0.21
o 1.20 +0.50 + 0.11
e 0.75 +0.30 + 0.09
Inclusive e 1.74 +0.63 +0.19
2y 1.03 +0.29 + 0.09
5 = 5 > 4 6

Signal strength: p = Gobs/ [

CMS

R R

200 fb™' (13 + 13.6 TeV)
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—2 s.d. contour-
-1 s.d. contour-
x Best fit
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\ Multiboson new Physics — EFT Framework

Operator O; Wilson coefficient
Gauge boson self-interaction
KWW W, o
otow,, Wi Cw
o' B, B Cup
CD.fTIq) WLVBVU CHWB
(@T®)O(PTP) CHO
(®'D,®)* (®'DH®) CHDD
Gzi_ge boson and fermion interaction
(®*l<_>1 ®)(7,T'v"q,) Chgp
(D D ®)@,7"q,) Chq1
(CI)H(B) (I))( p7 u ) CHu
(@' D CID)(dp'de ) CHd
—h
(@' D ®)(£,Ty"L,) Cries
) F_our—fermlon interaction
(Ep’yygr)(fs’yygt) Cro1

Operator O; Wilson coefficient
Longitudinal operators
[(D,®)'D,®] [(D"®)'D"®] fso
[(D,®)'D"®] [(D,®)'D"®] fsa
[(D,®)'D,®] [(D'®)'DI'®] fsp
Transverse operators
(W, W) T W W] fro
(W, W) T[W,, W] fra
Te[W,, W] Tr[W, W] Fra
(W, W) TeW™ W) frs
Tr[W,, W, ;] BB fra
Tr[wyuwyv] BaﬁB“ﬁ frs
Tt [W,, W] B, B fre
Tr[wu;twyﬂ] BﬁvBm fr7
B, B BB frs
B, B/ Bg,B" Jfro
Mixed operators
Te[W,,W"'] [(Dp®) " D D] fmo
Te[W,,, W] [(Dy) " D] fans
[B,,B"] [(Dp®)DF D] fme
[B,,,B"*] [(Dg)" DM ] fus
[(D,®)*W g, DM D] BAY Fria
(D, ®)*W, D'®] BF¥ + H.c. fums
(D, @)Wy, W'D fuuz




VVV EFT Combination

" Goal: Constraints on Wilson coefficients associated with 12 dimension-6 and 20 dimension-8 relevant EFT operators

- General strategy:

MC EFT simulation at LO
O  additional parton to approximate NLO
behavior, for capturing EFT interference
ParticleNet algorithms
O  totaglarge-radius jets originated from a
boosted V boson decay (V-Tagged Jets)
Background estimation:
o MC simulation and data-driven techniques
o Modeling validation in dedicated CRs
o  Soft-drop mass (mSD) used in many cases in the

side-bands to derive corrections to MC bkg.

INEN
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— validation of MC modeling of m_ shape for the

main backgrounds: good agreement
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Vvv EFT Combination — Target Processes

-

Fully hadronic (0€) \ /

(2)2 V-Tagged Jets (VTJ)
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Target signal: WVV

\ Same-Sign (SS) dilepton
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arXiv.2605.15023

Hadronically-decaying Tau
1€ (28) + 17, + (2)1VT)

Target signal: W(—7,v )JVV
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Fully hadronic (0€)
(2)2 V-Tagged Jets (VTJ)

— ParticleNet medium w.p.

— VT p,>200 GeV

— electrons and muons vetoed
—40< mg, < 150 GeV

+ sel. depending on sub-SR

\ SR-2VTJ SR-(2)3VT) /

~

% IVVV EFT Combination — Signal Regions

Single lepton
1€ +(2)2 V1)

— ParticleNet loose w.p.
— VTJ p > 200 GeV

— p,£> 150 Gev
W+jets
— b-veto — suppr.

\

Same-Sign (SS) dilepton
eteti(2)1vT

~

— ParticleNet medium w.p.
— p, )5 40 (30) Gev

— suppr. — suppr. misid. jet/€ bkg.
— b-veto — suppr. ttbar bkg.
Top bkg. — |m_—m,| >20 GeV — suppr.

Zjj
— AR,, > 1.2 — suppr. trident ev.s

)

-

Opposite-Sign (OS) dilepton

etet(2)1vT)

— b-veto — suppr. ttbar bkg.

et o

(2€-0S-DF21VTJ)

offZ |

\l

— ParticleNet: 21 (2) tight (medium) VTJ, pTJ>ZOOGeV

2e/2u (2€-0S-SF21VT))

— [Mge—m, | 220 GeV
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Hadronically-decaying Tau
1€ (2€) + 17, + 1 (0) VTJ

—N,+N, +Nz, =3 (triboson assumption)
— ARee >0.4
— 2 {ch.=+1

t=e,u,v .
— My s o~ M, | >20 GeV — suppr. Z+jets
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Analysis channels Discriminating variable
SR-0/-2VT] and SR-0/-3VT] ST =YL PLviet + LPTjet
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Channel Leading Backgrounds
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VVV EFT Combination
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~ Multiboson EFT results — Combination (dim.6) @

Run 2 (138 fb'!) VBS (VVijj), VBF (Vjj), diboson (SS/0S-WW), and triboson (combined VVV = WWW, WWZ, WZZ, ZZZ) meas.

EW production Final states EW production
VBS SSWW OSWW Wz 77 VVV (V=W,Z) L4
lq Ve, q £ .q
w# w+ z
v, q (A g q
1 e 14 A
w w- w q
g v -
ve I 7
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Vr fas o+ ¢ q
0 .q 7 Vv
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0 q q v
w VA |4
q
14 I
v /+
0 jet: 1 jet
" 9 ; . . .
N - ' a - Note: fully harmonized experimental (lumi, leptons, JES/JER)
g o and theoretical (PDF, QCD scales) systematics.
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~ Multiboson EFT results — Combination (dim.6) @

Run 2 (138 fb'!) VBS (VVijj), VBF (Vjj), diboson (SS/0S-WW), and triboson (combined VVV = WWW, WWZ, WZZ, ZZZ) meas.

Analysis Final state Operators Ref.
e  High-yield inclusive dibosons VBS-SSWW(e, 1) gigizyjj Oupr Orw, Ouws: Onos Ow [13]
drive bulk precision VBS-SSWW(ty,) EinZij Oup, Ouw, Ouwsr Ouor Ow [14]
VBS-OSWW (07205 Oup, Ouw, Ouws, O, Ow [15]
®  VBSand tribosons constrain VBS-WZ, (0~ 0Fvijj Ompr Ouwr Orawsr Ouoy Ow [13]
high-p_and high-m, tails. VBS-WV E v Our, Ouw, Opwe, Ouos Ow [16]
VBS-ZV ) Onp, Onw, Onws, O, Ow [17]
VBE-W C+vjj Oup, Onws, Ow [18]
VBF-Z e Oup, Ouws, Ow [19]
WW 0t 2v Ouws, Ow [20]

6), - vijfj, €L,
VVV/y 007 2vj, 050%2vi  Oug, Oup, Ouw, Onws, O, Ow  [21]

CETEvf, 0 T3y

CMS-PAS-SMP-25-002
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\ Multiboson EFT results — Combination (dim.6) CNEN

Run 2 (138 fb™!) VBS (VVijj), VBF (Vjj), diboson (SS/0S-WW), and triboson (combined VVV = WWW, WWZ, WZZ, ZZZ) meas.
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All observations — fully consistent with the SM.
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Multiboson EFT results — Combination (dim.6) @

Run 2 (138 fb'!) VBS (VVijj), VBF (Vjj), diboson (SS/0S-WW), and triboson (combined VVV = WWW, WWZ, WZZ, ZZZ) meas.

imi o = -25.- -1
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Both linear and linear + quadratic terms are evaluated to quantify EFT

truncation effects.

Stringent limits set on triple-gauge (c, ), gauge-Higgs (c,,. ¢, ), and

(3) (3)
contact operators (CHz » Chg )

Combination tightens individual channel bounds by factors of ~2-5
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Vyy

Results: SM & aQGCs
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Parameter Expected Observed Expected Observed
f2/ANF [—57.3,57.1] [-39.9, 39.5] — -
fuz/A* [—91.8,92.6] [—63.8, 65.0] — —
fro/A*  [-1.86,1.86] [-1.30,1.30] [—4.86,4.66] [—5.70,5.46]
fri/A* [-238,238] [~1.70,1.66] [-4.86,4.66] [—5.70,5.46]
fra/A*  [-5.16,5.16] [-3.64,3.64] [-9.72,9.32] [—11.4,10.9]
frs/A* [-0.76,0.84] [-0.52,0.60] [-2.44,252] [-2.92,2.92]
fre/A*  [-0.92,1.00] [-0.60,0.68] [-3.24,3.24] [-3.80, 3.88]
fr7/A* [-1.64,1.72] [-1.16,1.16] [—6.68, 6.60] [—7.88,7.72]
frs/A* — — [-0.90, 0.94] [-1.06, 1.10]
fro/ A* — — [—1.54,1.54] [-1.82,1.82]
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