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Multiboson Physics

e Production of multiboson processes at M{ m
the LHC prowde.s insight into EW W ,
symmetry breaking. These are some of 7“"“::[ Tl
the most rare observed SM processes.

e New CMS multiboson results since PHENO 2025. | will discuss four of them:

o VVV: First EFT search with dim-6 Wilson coefficients (WCs) along with dim-8 WCs [SMP-24-017]
arXiv:2605.XXXXX — in submission queue as of this morning!

o Y-fusion W*W-: Observation and measurement of production cross section and constraints on
dim-8 WCs [arXiv:2601.21574]

o VBS ZZ: First observation in CMS of EW ZZ and constraints on dim-8 WCs [SMP-23-001]

m  VBS W*W* and W*Z: production cross section and differential cross section measurements
[SMP-25-013]

o EFT Combination: Higgs, V, top, and multijet measurements combined to constrain dim-6 WCs

[arXiv:2504.02958]
o Run?2 m Run3



https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-017/index.html
https://arxiv.org/abs/2601.21574
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-013/index.html
https://arxiv.org/abs/2504.02958
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EFT Impact on VVV

e Large pure BSM contribution, small Sketch
SM interference contribution
e Enhancement for large m

wy (=)

Yield

—Analysis targets boosted objects
(leptons, jets)

SR-/-2fj Final State
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Analysis Channels SR-02-2VTJ

CMS 138 fb™' (13 TeV)
Channel label | # leptons # V-tagged # ™ Variable of Interest i% i ] $ Dot B SM VY
jets (VTJ) 2 ot b Baw 2 St
SR-0£-2VTJ 0 2 0 S L 0 i
SR-0(-3VTJ 0 >3 0 St oy 2V sagged ot
SR-1¢-2VT]J 1 > 92 0 M330s o |
SR-2/-0S-1VT]J 2 1 0 St N
SR-2(-0S-2VTJ 2 > 2 0 Sy Y
SR-2¢-SS-1VTJ p =1 0 St % e ot W
SR-1T-1¢-1VTJ 1 ] 1 ||Spand BDTscore (2D) © %50 . .
SR-1T-2(-0VTJ 2 0 1 || St and BDT score (2D) SR s

e Binned signal distributions (~s.) from each channel combined in the statistical analysis

e Dominant backgrounds modeled with data-driven techniques (e.g. ABCD for
SR-0I-2VTJ QCD) and MC for all others.

e Total of 37 signal bins
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AN LL All signal bins combined in a single likelihood fit using the CMS COMBINE tool [Comput Softw Big Sci 8. 19]

c,, (dim-6) fT,O (dim-8)
CMS Supplementary 138 fb~' (13 TeV) CMS Supplementary 138 fb—' (13 TeV)
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e |mpact of systematics driven by theoretical PDF and QCD scales uncertainties,
particularly in dim-8.
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https://doi.org/10.1007/s41781-024-00121-4

Results — Cyy

e Sensitivity driven by
high-s_ bins

e Many final states
contribute significantly
(leading final state
depends on WC)

e Data compatible with
the SM prediction
(p=0.74)
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Bounds: dim-6

Freeze other WCs Profile other WCs
Wilson 95% CL Bounds [TeV 7] 95% CL Bounds [TeV 2]
coefficient Observed Expected Observed Expected
Competitive —— cw G [—0.13,0.12] [—0.12,0.12] [—0.11,0.12] [—0.13,0.12]
bounds CHQ3 / N? [—0.24,0.21] [—0.23,0.20] [—0.44,0.37] [—0.30,0.25]
CHq1 / A\? [—0.34,0.34] [—0.32,0.32] [—0.39,0.42] [—0.33,0.33]
Cigy L N2 [—0.60, 0.59] [—0.61,0.59] [—0.89,0.83] [—0.74,0.73]
cra/ A? [—0.79,0.79] [—0.79,0.79] [—0.98, 1.04] [—0.86,0.88]
caw / A2 [—1.60,1.55] [—1.63,1.55] [—3.2,3.6] [—2.1,2.3]
Card 1K [—5.2,5.0] [—5.5,5.2] [—9.6,9.7] [—7.6,7.4]
cus/AN? [-3.7,1.2]U[9,17] [—3,15] [—5,22] [—4,18]
B [—11,11] [—12,12] [—11,12] [—13,13]
con/N* [—32,—13] U [-9,10] [—30,7] [—34,10] [—32,8]
cgn/ A2 [—76,69] [—69, 61] [—71, 68| [—56, 54]
o [—114,71] [—108, 68] [—164, 81| [—130,72]
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Wilson 95% CL bounds [TeV | ]

Measurement [TeV ™

Bounds: dim-8

coefficient Observed Expected Observed
fro/ A [—0.57,0.63] [—0.48,0.54] —0.051938

fri/ A [—0.63,0.70] [—0.54,0.62] 0.05+32

fra/ A [-1.22,1.32] [—1.04,1.18] 0:10+023

fra/ A [—1.29,1.39] [-1.10,1.24] 0101020

o/ A [—3.8,4.0] [-2.8,3.2] —0.4122

frs/ A [—4.0,3.9] [-3.1,3.0] 0,022

fre/A* [—4.9,4.8] [—3.8,3.7] 0.073%

fma/ A [—6.7,6.4] [-5.0,5.1] —101 %

fra/ At [—9.2,9.0] [-7.1,7.0] 0.0%eo

fr7/ A} [~10,10] ~8,8] 0.1153

fuz/ A [—10,11] (—8,9] ~1.0%]

Bounds compatible =~ ——— fys5/A [—11,11] [—9,9] 0.0%73
with recent ATLAS fre/A* [—11,12] [-7,7] 5.
VVZ EFT search ——— fma/A? [—13,13] [—11,11] 0.0%37
[arXivi2412.15123] —— fuo/Ad [—14,14] [—11,11] 6.0
fro/ At [—22,23] [—14,14] 1t

——— fua/ A [—23,23] [—18,18] gre

fo1/ A [—26,26] [—24,25] e

Fon /8 [—38,38] [—35,35] —2132

foo/ A* [—38,39] [—36,36] P
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https://arxiv.org/abs/2412.15123

g Clipping / Unitarity Bounds™
Additional Results gl

15 CM$ Supplelmentary‘

5 4 _ 95% GL bound: Pl
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= r i — e 95% CLb\%nyd\s 1
— N (data) - ot o
Freeze other WCs < x N e 13807 (13 TeV)
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: : e : B Asimov SR-2(-17,-0VTJ SR-0(-3VTJ
Ow/A° [TeV 7] 1 . . 138fb" (13 TeV) T eu=100% T =109 T jew=1'}
i @ °f CMS ]
PrOflle Other WCS 51 6 Zull analysis
6F 2 y 1 t SR-2(-08-1VTJ SR-0(-2VTJ
1.50 13810 ' (13 Tev) % * ow/A® =1.0TeVF { Dats - ﬁ:::1.74:é%§ T fism=1.078% T fewm =171
CMms G14F - Cug/A2=1.0TeV-2  Uncertainty (MC) -
1.25F 1 o 2ANLL threshold
+ Bestit —— S0 *SM 1 ] _ SR-2(-88-1VT SR-2-08-2VTJ ~ 68%CL
1.00¢p c:j/\; - 0.00 TeV-2 2 5 ‘ ‘ fism =1.0077 33 fism=1.088
& o075 Chga//\2 = 0.10 TeV-2 ---- 68% CL ] 21.0- ' f b
S b osh : i ] SR-16-11-1VTJ SR-(-2VTJ
2 os0- 3 e U fsm=1.0°35 U fem=1.0739
N<\ 0.25- 1 0.6 ]
&U 0.00F B 0.4r | e | q
—0.25F B 0.2+ ]
—0.50( B 0.0F - " + =4 ]
0.75 > L L L L L 1 L 1 1
- —0.2 —0.1 0.0 0.1 0.2 1.0 2.3 2.8 3.3 4.3
ow//\? [TeV?] myyy [TeV]
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https://doi.org/10.48550/arXiv.2601.07920

Y-fusion WTW- SR SR - Backgrounds

CMS 138fb~"(13TeV)
> 07171 UL L R B B
p p(*) & { Data-bkg — frs/A*=0.4 TeV*
CMS 138 fo! (13 TeV) O 60 — fyg/A*=0.8TeV* — fr/A*=0.8TeV*
> T @ | — fuA=08TeVv* — SMyy-WwW
. W+ 8 103 Postfit Niaos =0 ‘::::r:::( E :::e;t/ayl:iy = § 50 fr.4/A*=0.8 TeV-* 71 Bkg. unc. b
¥ 7 o [ Nonprompt [l pp— VV w
7 \\ W_ E 102 -77—> 13 -yy—>ww
S +
°
T
10
p p®
_ . 1
+ . F miss
e Selecte ™y +
“ pT 107 E
® ReqUIre no nearby Q‘ o[+ DatarPostfit 020 40 60 80 100 120 140 760
Gl
traCkS (N = O) w ile.3 Dowpront |, ¢ + | l | ps¥ [GeV]
— S LA R Ty 3 + ' T f o 4 o 4
2] Expected 95% CL (TeV™*) Observed 95% CL (TeV )
tracks Q 0 + | Fo/AF £ [~4.03,4.10] [—3.24,3.25]
(@] Fan /A [~15.46,14.93] [~1231,12.03]
P N 0GR) 1<N <5(CR) 0 50 100 150 jffm//\4 {—0,62,062} {7050,0.49}
rocess iracks = < Niacks < el /A ~0.61,063 ~049,050
Z/7 =Tt 36112 11260 £ 170 Py [GeV] for 12 168 154
Jet mis-ID 119 + 10 2160 + 180 /s ama 17910
Inclusive VV 117 £ 10 3770 £ 220 A at [-412,427] [-3.32,3.40]
vy =TT 342+15 373415  fd— fw/Ay 12203200 Lle1el
Top 66+14 673+ 98 Measured: 0™ = 3.96+0.53-0.51 fb P oo Cos0s)
EW WW +2 jets 36407 289449 Predicted: o= 3.87+0.77 fb i e (204,150
Nonfiducial 7y — WW 114404 704 +24 ’ T ;E% [[—0.3022/ g.g;;)] {—ggg[llgg}
T3 .20, & —2.69, 1.
Total bkg. 653 + 30 18000 + 160 FR/A 008,008 (-0071,0071)
" oy Cae e
Fiducial vy — WW 183 £ 22 121 +£15 ﬁ; ns 1020,016] 016.0.13]
Total 835 £ 29 18120 £ 170 o e oo s o
N [~0.62,0.62] [~0.50,0.50]
Observed 829 18112 ;;/A" [-0.76,0.61] [-0.62,0.47]
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e 2, 2v final state primary target for the analysis
e Cross section measurement: combined with previous ZZ—44
evidence (4.00) [arXiv:2008.07013] for combined significance of 5.00

SR for EFT bounds

CMS Preliminary
—

SR for cross section
measurement

138 fb~! (13 TeV)

— T
s WW e QCD ZZ (gg) -

WZ mm QCDZZ(qd) E
WEODY . EWZZ (frg/A =0 TeV) ]
== Top

Events

— EWZZ (fra/A* =4 Tev*)
¢ Data 1

CMS pPreliminary 138 fo=! (13 TeV) CMS pPreliminary 138 fo=! (13 TeV) -
= T T T & k v a1 L =1 [ ¢ r & 4 T L L

T ™7 T

g ¢ Data = VWV 42 104 ¢ Data [

q>) = WW s QCD ZZ (gg) g == WW  mm QCD ZZ (gg)

] wz mm QCD ZZ (q9) ] 3 wz mm QCD ZZ (qd)
DY  mm EWZZ 10 DY  mm EWZZ

Uncertainty

Uncertainty

. 10—1 i
Process Yield (events) o
DY 111+7 mt [GeV]

Top 159 :l: 23 P ! ‘ : ! Coupling _ Expected 95% CL (TeV %) _ Observed 95% CL (TeV %) _ Unitarity limit (TeV)
o“f B S [~40,40] 1-36,37] B
WW 18+ 3 = I . i fa/at {-or 2 {25, it
g 1 =Aesssmes = = fol A [~39, 40] [-35,37] 11
WZ 55+3 - af 4 4 o/ A =69, 69] [-65, 6] 16
L 1 | 1 L | | | | S /A [—24,24] [-23,23] 16
QCD ZZ (qq) 31+3 %500 1000 1500 8o 0z 04 06 08 10 et e v 13
M;[GeV] D&t s . s, j
QCD 77 (gg) 20+ 1 : R R
Fur/ A* [—44, 4] [~40, 40) 17
VVV 24+0.1 /S 15 s :
Total back q 1o i Laz 1 rde 7
otal backgroun 395+ 26 ZZ —2¢ o b i %
1 . 1o/ A [-86,7.8] [-83,7.] 1
e se (WED aet Measured: o™ = 0.37+0.15-0.13 fb I B -
. . . . fro/ A 42,4, _39, )
Total processes 416 +£23 - fid e (v g I
- = Fra/ A —22,22] —2.1,2.1 12
Data 400 Predicted: 0" = 0.39+0.06 fb fose a1z
fool A [~40, 40] [~36,37) 13
fa /A [-31,32) (28, 28] 11
falA [~39, 40] [-35,37) 11
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https://arxiv.org/abs/2008.07013

WW SR (+An,, Ag,, n, distributions)

VBS: WW* and W*Z (Run 3)

171 o™ (13.6 TeV) 171 ™' (13.6 TeV)
51'5 CMS I Nonprompt + Data g CMS [ Nonprompt ¢ Data
£ W g -V I QCD W'W*
w . =://\Z'ongsign -S\?VILD(V\XIZ H -V\Z'ongsign 0 EWK WZ
Il QCD Wz Bl QCD WZ
ZZ 4 Y4
2
e Select leptonic final states + jets Fraf + B.b | 1
. . . S12F ]
) SRS, CRs included in ML fit Do;:+ £ SRR 8 \?\ N&% XT\%\\\\ N
: 8 3
o  Cross sections for EW WW, EW WZ, and QCD ot L0 560 0
m; [GeV] m"[ eV]

WZ floated. Normalizations for nonprompt lepton

and tZq floated WZ SR

1711b' (13.6 TeV)

171 b (13.6 TeV)

Process W*W* SR Nonpromptlepton CR  WZSR  tZqCR 3 sLCMS  mmwx + Data 5Coms  mmwx + Dia

=, o N : PN - \ i
EW W:t\zé\lizk 282 + 36 98 + 13 — 2 Preliminary = x}{ggs > E\%T(I ""Ar;; £ Preliminary = \H’\i’ggs AN E‘m(' ;‘\’l‘;
QCD W W 255 :|: 30 179 :|: 20 —, — E I QCD Wz LI>J B QCD Wz

2z Y74
EW WZ 20.8 + 45 97+19 131+25 08402 — - — -
QCDWZ 486 4+9.1 409 + 6.0 288 £49 114423 WY VW
zZ 1.6 +£03 13402 188 +38 08+0.1
Nonprompt 142 + 39 348 + 47 47423 170+ 84 \
VVV 9.8 4+26 20.8 +3.9 113426 04401 PPy
tVx 37+14 497 + 84 4413 102+16 .
Wy 23 £10 125 +£42 46+23 02401  LT——— e e _
Wrong-sign  13.6 + 7.1 36.5+9.8 — - a1. Q\ i g12 % \g
Higgs boson — — 26+13 14+03 3 \ﬁx\%\ SNSASNSSN \\% 8 \wﬁ\\\ *\&& \\\*\
Total SM 571 + 24 636 & 25 548 £23 134+ 12 0. 10° g
1. 2 2.5 0.4

Data 578 629 547 135 ° m, [GeV] 85T output
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VBS: WW* and W*Z (Run 3)

Inclusive production cross sections

do/dm, [fb]

05/12/2026 Cole Kampa (Northwestern University)

Process o B (fb) MADGRAPH5_.aMC@NLO prediction MADGRAPH5_.aMC@NLO prediction SHERPA prediction
[ s without NLO corrections ( fb) with NLO corrections ( fb) without NLO corrections ( fb)
I 3.81 +£0.38
EWW*W 033 (stat) + 0.18 (syst) 427 4+0.38 3.51+0.31 3.06 +0.46
SR 4.324+0.40 _
EW+QCD W*W 0.36 (stat) = 0.18 (syst) 4.75 4+ 0.52 3.99 +0.44
143 +£0.26
EWWZ 0.23 (stat) = 0.12 (syst) 1.45+0.13 1.25+0.11 1.24+0.19
4.75+0.35 —
EW+QCDWZ 0.27 (stat)  0.22 (syst) 4.59 +£1.07 439+1.05
A )74 Additional WW differential
Prelimi 171 b (13.6 TeV. Prelimi 171 b (13.6 TeV. H H H .
CMSPreliminay i (esTey = CMSrelminay ' gesToy distributions:
ssseses Data = “ewo Data ]
B MG5_aMC@NLO+Py8 without NLO corr. = 08 MG5_aMC@NLO+Py8 without NLO corr. |
2 » MG5_aMC@NLO+Py8 with NLO corr. — S MG5_aMC@NLO+Py8 with NLO corr. ]
| « SHERPA 2 | % SHERPA 2 i
0.6 —
i | & ] m,, An., A, n.
i ] ] I ol
1 e - il l"-'——if'———] 0.4 Essnnnnfannnns ]
. ’“‘+°“1"::-n ‘ O ! i # 1
i ] 0.2 ]
] L1 1 | | I L1 1 | | L1 1 | | i | T L1 1 | | I I T ) ]
T T T T ™ y
1.5 1.5
1E 3|z 4 | T e e
E = '%::::':::.17:::..."‘.‘::‘ i
05 . - P - P - . 7; 05 . - P - - .
500 1000 1500 2000 2500 500 1000 1500 2000 2500
m; [GeV] m; [GeV]
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Summary

e Multiboson production provides
stringent tests of the SM and access to
potential new physics
(aTGC, aQGC)

Several new results from CMS

e Run 2 analyses setting bounds on
dim-8 WCs:

o VVV [SMP-24-017] — on arXiv ASAP!

o Y-fusion W*W- [arXiv:2601.21574]
o VBS ZZ [SMP-23-001]

e Run 3 analysis:
o VBS W*W' and W*Z [SMP-25-013]
e Stay tuned!

05/12/2026 Cole Kampa (Northwestern University)

wWC VVV vy —= WtW~ | VBS ZZ
fro/A* | [-0.57,0.63] | [-0.53,0.42] | [-1.5,1.1]
fri/A* | [-0.63,0.70] | [-1.71,1.59) [-1.6,1.5]
fr2/A* | [-1.29,1.39] | [-2.04,1.56] [-3.6,2.8]
fra/A* | [-1.22,1.32] | [-2.69,1.90] [-3.7,2.9]
fra/A* [-9.2,9.0] [-0.82,0.58] | [-8.3,7.1]
frs/A* [-4.0,3.9] [-0.16,0.13] | [-3.1,2.6]
fr.e/A* [-4.9,4.8] [-0.52,0.48] | [-3.9,3.8]
fr.7/A* [-10,10] [-0.62,0.47] | [-10,8.23]
fr.s/A* [-11,12] - [-2.1,2.1]
fro/A* [-22,23] - [-4.3,4.3]
fmo/A? [-3.8,4.0] [-3.24,3.25] | [-6.5,6.6]
faa /At | [-6.7,6.4] [-12.31,12.03] [-23,23]
fum2/A [-14,14] [-0.49,0.50] | [-7.8,7.8]
/A [-23.23] [-1.88,1.84] [-27,27]
fma/A [-18,13] [-1.79,1.80] [-18,18]
s /A [-11,11] [-3.32,3.40] [-25,26]
far /A [-10,11] [-24.06,24.62] [-40,40]
fs,0/A* [-38,38] - [-36,37]
fs,1/A* [-26,26] - [-28,28]
fs,2/A* [-38,39] —~ [-35,37]

PHENO 26: Multibosons in CMS


https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-017/index.html
https://arxiv.org/abs/2601.21574
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-23-001/index.html
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-25-013/index.html

Backups



Triboson (VVV) Production at the LHC V=W
e Triboson production provides a precision test of the EW sector
e Rare process with access to, e.g., aTGC and aQGC.
o SM cross sections @ 13 TeV: 509 fb (WWW), 354 fb (WWZ), 91.6 fb (WZZ), 37.1 (ZZ2)
— Prime candidate for an EFT search.
SM VVV:
e ATLAS evidence of WWW and WWZ (4.10) using Run 2 data [PLB 798, 134913] (2019)
e CMS observation of VVV (5.70) using Run 2 data [PRL 125, 151802] (2020)
e ATLAS observation of WWW (8.00) using Run 2 data [PRL 129, 061803] (2022)
e CMS evidence of WWZ and ZH (4.50) with Run 2 and partial Run 3 data [PRL 135, 091802] (2025)
EFT Analyses:
e ATLAS observation of VVZ production (6.40 obs. significance) and bounds on several mixed dim-8 operators
with Run 2 data [PLB 886, 139527] (2025)
e CMS - first analysis of VVV that includes dimension-6 Wilson coefficients. [SMP-24-017]
o Analysis is designed to target boosted objects (leptons, jets): EFT effects grow with §. Additionally, SM
backgrounds fall as § increases.
o  We set bounds on a 12 dimension-6 (dim6) and 20 dimension-8 (dim8) Wilson coefficients (WCs) and
provide additional results (2D contours, clipping, template fit, SM sensitivity)



https://doi.org/10.1016/j.physletb.2019.134913
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.125.151802
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.129.061803
https://doi.org/10.1103/6z3d-zjw4
https://doi.org/10.1016/j.physletb.2025.139527
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-017/index.html

VVV: List of WCs dims8

Eboli basis [PRD 93. 093013]

Operator O; Wilson coefficient
. Longitudinal operators
dim6 (D,®)'D,®] x [(D0)' D) o
Warsaw basis [JHEP 2010, 85] &gﬁ;jg’g}] X [[((gg)):g’g J{s,l
" v X S.2
Operator O; Wilson coefficient ) Transvers?3 operators
Gauge boson self-interaction Te[W,,, W] x Te[W,, W™ fro
I]KWIVW]PWKF cw Tr[www" ] x Tr[WmsW ‘] Fr
TP WvaWIVU Cepe Tr[wmp ﬁ] X Tr[Wﬁv yﬂ] fr2
t nv Tr[w 1 aﬁ] x TI‘[W ‘W ] fT,3
CDTQIBV BI 1% CHB Tr[w}ll/ a ] X BavBVﬁ fT,4
o'tT'dW,, BF CHWB Te[W,, W] x B, ;B Frs
(<I>:<I>)D(<I>*<I>+) CHO Te[W,, W] x B, gB" fre
(®'D,®)* (@'D'®) CHDD Te[W,, W' x B, B J;
Bv T,7
GLge boson and fermion interaction B, B’“’ B,;B* frs
(©'1 D | ®)(3,7"1"4,) Chgs BBt f
bl ixed operators
(cp’flg @)(7,7"4,) CHq1 Tr[W,,W"] x [(Ds®)" DP @] fmo
(q>+l£> (I)) (ﬂplyyur) CHu Fr[WyV‘iVVﬁE(X [(D)ECDE;?F(D] fM,l
7 B, B"| x [(Dg®)"DPD bi
(CI)+1 D yq)) (dp’)/ydr) CHd W ; -
— - [B B"] x [(Dﬁ¢)+D" ] fms
(@' D @) (¢,T'9"Y,) CHe3 [(D @) *wﬁ DI®) x BFY e
. F_our—fermion interaction (D, ®)*W,,D'®] x B + H.c. fms
(gp’)"uer)(zs’)/yet) Cin [(qu)ywﬁvwﬁyqu)] Y%
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https://link.springer.com/article/10.1007/JHEP10(2010)085
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.93.093013
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Impact of EFT (generator level)
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VVV: Final State Objects Hadronic T (7.)
Leptons (e / p) "

e e |D using MVA trained on: shower shape, track-cluster
matching, track quality, ...
e e selection algorithm distinguishes: e from hard scatter; e

e Hadrons-plus-strips (HPS) algorithm
identifies candidate 1, with 1 or 3

from mis-ID charged hadrons or from gamma conversion charged prongs from PF candidates
ey candidates reconstructed using information from tracker e Includes decays with <21°
& muon chamber + requires minimal deposits in e HPS candidates fed into DeepTau
calorimeters algorithm for further discrimination
e ¢/pisolation criteria applied to reduce non-prompt lepton from e, p, jets
backgrounds
V-tagged jets (VTJ) e Reconstructed particle-flow (PF)

e anti-kT algorithm used to cluster jets using R=0.8 (i.e. AK-8 gandldates an.alyzed to construct
jets, “large radius”) and R=0.4 (i.e. AK-4 jets, “small radius”) final states objects

e Exclusions in clustering e.g. charged hadrons not from PV .
e Jet energy correction applied; pileup mitigations applied,; ° A Vanety of pT thresholds & other

lepton isolation applied kinematic requirements applied at

e Jets groomed using soft drop (SD) algorithm _ .
e ParticleNet algorithm used to identify jets from boosted V pre selection level. Channel

e AK-8 jets that pass selections and pass the ParticleNet & SpeCifiC cuts applied downstream.
mg, requirements (channel dependent) are called “VTJ”
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Statistical Combination

e VVV yields supplied as parabola
parameter histograms, per final state bin:

y=c,+c,*WC+c,* WC?

o C,= SM VWV
o ¢c,=pure EFT
o ¢, = interference between SM and EFT

e Extension to multiple WCs varying is a
paraboloid.

e All SR bins combined in one likelihood
function. ANLL vs. WC computed using
the CMS COMBINE tool
[Comput Softw Big Sci 8, 19]
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https://doi.org/10.1007/s41781-024-00121-4

VVV:

05/12/2026 Cole Kampa (Northwestern University)

Measurements dim-6

Freeze other WCs Profile other WCs
Wilson Measurement [TeV 2]  Measurement [TeV 2]
coefficient Observed Observed
cw /A2 B 0.001*9022
/N 005432 014123
Crq/ A? Gelpie —0.075 T oF B9t
Cru/ A 0i09* 8 004138
cha/ A2 010793 003138
Crw/ A? Ny 05718
caws/A? 0.513% 16177
cres/ A 144127 18AF7
cup/ A? O.7J_“$:‘§ 0-73:{
cor /N2 Sl i e g i —25+2 oF 1.6157
cun/ A? 29728 32182
Crpp /A —581 35 R
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EFT Combination (dim-6)

e 7 Run 2 SM analyses combined: H—yy, t tbar—lepton + jets, t tbar X,

WW (Iviv), W(lv)y, Z—vVyv, inclusive jet production
o EWPO included in the fit
e Most of the inputs are cross sections reinterpreted as bounds on WCs (except

t tbar X)

e 04 dim-6 operators studied, primarily targeting linear term (bounds with
quadratic term are also produced)

e PCA performed to also constrain 43 linear combinations of WCs
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EFT Combination (dim-6)

Bounds

36.3-138 fb' (13 TeV)

LIS I B B S B s E B S B B B B E S B B S S B S H B S B B B B E B B B B B B S B B B S S B B B S B B B B B B B
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EFT Combination (dim-6)

POI Expected Observed  Best fit Expected Observed Best fit
(linear) (linear) (linear)  (lin.+quad.) (lin.+quad.)  (lin.+quad.)

eV /A2 [-0.003,0.003] [—0.003,0.002] —0.000 [-0.003,0.003] [-0.003,0.003]  —0.000
cawp/A2 [-0.004,0.004] [-0.004,0.004] +0.000 [—0.004,0.004] [-0.004,0.004]  +0.000
cyp/A? [-0.005,0004] [-0.009,0.001] —0.004 [-0.004,0.004] [-0.008,0.001]  —0.004
cug/A2 [~0.005,0.006] [—0.004,0.008] +0.002 [—0.005,0.006] [-0.004,0.008]  +0.002
/A2 [-0.007,0007) [—0.008,0.005 —0.002 [—0.005,0.014] [-0.007,0.008]  —0.002
il /AZ [-0.007,0007] [-0.011,0.003] —0.004 [-0.007,0.007] [-0.011,0003]  —0.004
/A2 [-0.008,0.008] [—0.010,0.005] —0.002 [—0.008,0.008] [-0.010,0.005]  —0.002
cld/A? [~0.008,0.008] [—0.010,0.005] —0.002 [-0.006,0.012] [-0.008,0.007]  —0.002
/A2 [-0.009,0.009] [—0.010,0.008] —0.001 [—0.008,0.010] [-0.010,0.009]  —0.001
/A2 [0.011,0011] [-0.009,0.012] +0.002 [—0.011,0.011] [-0.009,0.012]  +0.002
cup/A* [-0.012,0.012] [-0.020,0.005] —0.008 [-0.012,0.012] [-0.020,0.005]  —0.008
¢, /A2 [-0013,0013] [-0.008,0.017] +0.004 [-0.013,0013] [-0.008,0.017]  +0.004
caw/A2 [-0.014,0013] [-0.027,0.003] —0.011 [-0.014,0.013] [-0.025,0.003]  —0.011
cy/A? [-0.015,0015] [-0.010,0.020] +0.005 [-0015,0015 [-0010,0020]  +0.005
cS/A2 [-0022,0022) [—0.029,0.016] —0.007 [—0.019,0.033] [—0.024,0.020]  —0.007
cl/A? [-0.032,0032] [-0.031,0032] +0.001 [-0.054,0.022] [-0.070,0.021]  —0.050
S /A* [-0.036,0.036] [—0.054,0.018] —0018 [-0.031,0.044] [-0.045,0.020]  —0.017
Chio/A2 [-0.040,0.040] [-0.024,0.056] +0.016 [-0.040,0.040] [-0.024,0.056  +0.016
cho/A>  [-0.040,0040] [-0.024,0055] +0.016 [—0.040,0.040] [-0.024,0.055]  +0.016
Re(cops) /A2 [~0.044,0.049] [~0.008,0.091] +0.039 [-0.049,0.045] [-0.008,0.078]  +0.036
®/A? [-0.049,0.049] [—0.052,0.046] —0.003 [-0.041,0.075 [-0.045,0.160]  —0.004
B /A2 [-0.059,0059] [-0.106,0.012] —0.047 [-0.018,0.025] [-0.022,0025]  —0.012
/A2 [-0.078,0077) [-0.051,0.104] +0.027 [-0.078,0.077] [-0.051,0.102]  +0.026
Re(cg)/A?  [-0.087,0.078] [-0.161,0.015] —0.068 [~0.083,0.082] [-0.149,0.015]  —0.066
/A2 [-0.086,0.086 [—0.057,0.116] +0.030 [—0.038,0.056 [—0.031,0.065]  +0.040
cf]‘;’//\z [~0.089,0.089] [~0.106,0.073] —0.017 [~0.066,0.138] [-0.080,0.171]  —0.019
G (-0.12,012]  [-0.09,0.15] 4003  [-0.13,0.12]  [-0.09,0.14] +0.03
g/ A2 (-0.14,0.14]  [-0.14,0.13]  —0.01 [-0.017,0.015] [-0.016,0.014]  —0.000
Re(cyy) /A2 [-0.16,0.15]  [-0.30,003] —0.13  [-0.15,0.15]  [—0.26,0.03] —0.11
i /n? [-0.15,015]  [-0.23,008] 008 [-030,0.12]  [~0.26,0.07] —0.07
cpa /A2 [-0.15,0.16]  [-0.23,008] —0.07 [-0.15,0.16]  [—0.21,0.08] —0.07
cw/A? [-0.16,0.15]  [-030,0.01]  —0.14 [-0.061,0.061] [-0.066,0.037]  —0.022
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EFT Combination (dim-6)

PCA Rotation Matrix Bounds

Basis rotation
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