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CMS

INFN Vector Boson Scattering

Vector boson scattering (VBS) happens at the LHC when the two incoming partons
radiate electroweak vector bosons that interact with each other

e At LO, the pure EWK signal is ~a®. while the mixed QCD \iz
induced ~a_%a* and the interference is ~a_a® :
e \Without photons, VBS presents a 6-fermions final state: |
2 jets coming from the initial state partons, 4 coming from the |
scattered bosons /ﬁ
o 2 highly energetic jets ("tagging’ jets) :
o large gap inn (lAnyD of
o high jet invariant mass (mjj)
e leptons (v or 2l) from the boson are emitted centrally with
respect to the tagging jets (Z,)

1

a (779'1 + 77j2)
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VBS is a fundamental probe to understand the electroweak

INFN

Vector Boson Scattering

CMS

[Denner, Hahn, 1997]
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This is a very delicate equilibrium: if H boson is not the SM
one (d), cancellation is only partial, expected divergence
of V|V, —V V, cross section @ high energies — New
physics
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INFN Input Analyses

EW Production Final states
Vector Boson Scattering SSWW OoSWwW WZ YA
*.q = N
Z
Ve, q [+v i o+
¢ I I
V4
'r,f: I
w* VA4
| Vr as
(d: f*,q
W 4
Vi Ve, q
Shorthand name Production modes Final state | N. ¢ | Reference
WV pp — WHW~jj, WEWEjj, W=Zjj Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj E0Faujj | 2 [2]
osww pp — WTW-jj L0 2vjj 2 [3]
v pp — W*Zjj, 2zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj Erfaujj | 2 [5]
Wz pp — W*Zjj 30vjj 3 [2]
ZZ(4¢) pp — ZZjj Ljj 4 (6]
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2008.07013

CMS

INEN 1 lepton

Phys. Lett B 834 (2022

First evidence for W\W/WZ semileptonic VBS. Final state requires & | —
. =TS :O. e ‘

1 charged lepton + MET and 4(3) jets. T /( 7\‘%: . &W “‘, " ‘
ﬁ\‘/ \ﬁ “; j ]1/75\ AR N 7,//

e Resolved regime: 4 AK4 jets
e Boosted regime: 2 AK4 + 1 AK8 (boosted decay of the V

0\ /o
) / \/’E- \ \‘ ]~///
b b7

A
7.
9

boson) 2 %
e« DNN trained in each regime to improve performance AN 2 >
CMS L=1381b" (13 TeV) = 24SN‘I,SH S ‘1‘3%@-‘1“3‘ T?\i)
=z B T T T ] et e 8% CL expected ] .
g Wy T il 1 T 2g oL expocied ] Results include a 2D fit for the pure EWK and
=2 " I oy [0 VvBF-v, vy, VBS-Z(I)V(j) ke 68% CL E ) ) )
2 "L [ Nonprompt [ Top E ot oo mixed-QCD production of a W + jets
10 0 Wadets [ vBS-W(WV(i) 4 oF i}_‘ best fit E
E [ syst i “F ]
e E o N pew = 0.85 &+ 0.12(stat) 515 (syst) = 0.8515:23
“F e, NN
1 )N +0.19 +0.20
: 0.6f P
12 — — E 7/ . 0 g
i ] T S i S———"" ] in agreement with the SM expectations
%gfzf i = - ‘CE""“' | ol i
0.2 04 0.6 0.8 1 0 0.5 1.5 2 2.5 3
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DNN boosted
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https://www.sciencedirect.com/science/article/pii/S037026932200572X?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S037026932200572X?via%3Dihub

INFN Input Analyses

CMS

EW Production Final states
Vector Boson Scattering SSWW OoSWwW WZ YA
L tering | ] — =
Z
g (45
- -
V4
7 o
s q
VA4
e+ q
g &
VA4
Ve, q ¢t
Shorthand name Production modes Final state | N. ¢ | Reference
Wwv pp — WHW—jj, WEWEjj, W=Zjj Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj (E0Faujj | 2 [2]
osSww pp — WtW—jj He2vjj | 2 [3]
v pp — W*Zjj, 2Zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj Erfaujj | 2 [5]
Wz pp — W*Zjj 30vjj 3 [2]
ZZ(4¢) pp — 2Zjj uLjj 4 [6]
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2008.07013
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INFN 2 leptons (1)

Phys. Lett B 809 (2020
135710

SSWW VBS final state: 2 (VBS) jets and 2 isolated lepton + MET.
Significant contribution from VBS-WZ (with 1 lepton lost) — W*W*and WZ

CMS 137 b (13 TeV)

cross-section measurement is simultaneous : LT mw T o
L N Vy x\\Blig.:mc. |

Other backgrounds: ‘é - by ez
e Non-prompt: tight-to-loose ratio relaxing one lepton requirements "k — |

e Wrong-sign: efficiency correction factors estimated in Z events i Nonpromet 1

e QCD-induced W*\¥*+ 2 jets, W*Z + 2 jets § ]

e QCDandEW ZZ+2jets o5 &g |
Observables: ___f‘aﬁ@& ]
o EWW*W*signalis extracted with a 2D fit m;; x m, (8x4 bins) o _I“—‘\—Itv T —

e m used to constrain QCD-WZ and ZZ normalizations 5 15 ' ]

VBS EW production of W*W*is
observed with a significance >> 50

500 7000 1500 2000 2500 __ 3000
m; [GeV]
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https://www.sciencedirect.com/science/article/pii/S037026932030513X
https://www.sciencedirect.com/science/article/pii/S037026932030513X
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Input Analyses

CMS

EW Production Final states
Vector Boson Scattering OoSWwW WZ YA
o - Ved N\ .q =
Z
g ' (s
e [~ (-
V4
Vg 7 a
T Ve ‘- q
w* VA4
vy & o+ q
=~ ,q g I
W w- z
v \ vy, y Ve q ¢+
Shorthand name Production modes Final state | N. ¢ | Reference
wv pp — WHW=jj, WEWEjj, W=Zjj Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj E0Faujj | 2 [2]
osww pp — WTW-jj L0 2vjj 2 [3]
v pp — W*Zjj, 2Zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj Erfaujj | 2 [5]
Wz pp — W*Zjj 30vjj 3 [2]
ZZ(4¢) pp — ZZjj Ljj 4 [6]
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2008.07013

. CSMS___  138f7(3Tev) NG
INEN 2 leptons (I) & ok mo - otan
104%_ tW and tt - \BS -
103; Bl A0
First observation of the EW production of a leptonically decaying o — o
W/~ pair + jets. Final state requires 2 leptons + MET + 2 (VBS) jets. ok _
Different background composition depending on SF / DF | -
channels: i _
o (SF)ee, yu: major contribution from DY % s - Do L Toe .r+:
e (DF) ew reduced DY contribution, leading sensitivity a o8 PPN 0_8+ 4
DNN output
Lepton-flavor dependent signal extraction: oMs  138m'(13Tey)
e (SF):5m. bins form. 2500 and |An.| 2 3.5, 3 bins in |An.| and 2 10F - vas Noport [l Muisbcson 3
. 1 b gl 4 4 C Mz " |acp-induced ww [T DY no PU jets ]
m, with low sensitivity oael? . Eovieus tmat e
E Z o m;; > 300 GeV p <1 3
e (DF): DNN trained against main backgrounds. Different 3ol an >33 ]
H H 1 3 % " / = 500 750 1000 1500 2000 GeV =
model trained depending on Z value ’ REIRE -
10 Py _;
The leptonic VBS W"W™ cross section is observed with a £ s
significance of 5.6¢ (5.2 expected) e —
OEW — 10.2 £ 2.0fb §1‘41—_,- N I S S :
5 121 » Uncertainties —s ‘ \\\\\ ]
in agreement with the SM expectations (9.1 + 0.6 fb) g 0 b B ‘@&%
Bins

08/07/2025 Andrea Claudio Maria Bulla 9


https://www.sciencedirect.com/science/article/pii/S0370269322006293?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0370269322006293?via%3Dihub

Input Analyses

EW Production

Vector Boson Scattering

Final states

SSWW OSWwW

Y44

Shorthand name Production modes Final state | N. Z | Reference
wv pp — WHW=jj, W=W=jj, W=Zjj | Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj E0Faujj | 2 [2]
osww pp — WTW-jj L0 2vjj 2 [3]
v pp — W*Zjj, 2Zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj CErfavjj | 2 [5]
Wz pp — W*Zjj 30vjj 3 [2]
ZZ(40) pp — ZZjj uljj 4 [6]
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2008.07013

CMS

2 leptons (1)

CMS-PAS-SMP-22-011

Measurement for Z\W./ZZ semileptonic VBS. Final state requires 2 OS

charged leptons and 4(3) jets. - . .1.?%?_'1.(.1.3.:?.\/.)
« Resolved regime: 4 AK4 jets %1(’:? SR"{,'ﬁsﬁ’gg’{,”zgga'y ;Sjﬁmc mvery
o Boosted regime: 2 AK4 + 1 AK8 (boosted decay of the V boson) s10°F =gasQ ’ =tgt’:1er
e SR splitted in btag/bveto to account for different mismodeling in the %104? _,__._+:Tfimp‘ ,,_V,.B,,.S‘EYi
DY events i 7 =
o Multiple DNNs trained in each regime and used to extract the signal

Cross-section
o P2 xVBStrialing jet p; is used in the DY CRs to constrain and
correct the main background 10 — %

Data / Pred
~%<‘r

The semileptonic VBS ZV cross section is measured with a ; , +
. . 0.6 +Post f‘t aPre ft %
significance of 1.3¢ (1.8 expected) O T S v o

+0.53 DNN score
pew = 0.63%0 5

in agreement with the SM expectations
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-22-011/index.html

Input Analyses

CMS

EW Production

Final states

Vector Boson Scattering OoSWwW WZ YA
L tering | - — =
Z
L4 e
- -
V4
7 o
s q
VA4
e+ q
g &
VA4
Ve, q ¢t
Shorthand name Production modes Final state | N. ¢ | Reference
wv pp — WHW=jj, WEW=jj, W=Zjj | Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj E0Faujj | 2 [2]
osww pp — WTW-jj L0 2vjj 2 [3]
v pp — W*Zjj, 2Zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj R [5]
wz pp — W*Zjj 3vjj 3 [2]
ZZ(40) pp — ZZjj uljj 4 [6]
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2008.07013

INFN

SSWW VBS with 1 tau: 7, exploited for the first time in VBS,
Final state requires 2 (VBS) jets, 1 lepton and 17, + MET

7,: reconstructed using hadron-plus-strips (HPS) algorithm
[71. Deeplau (8] is also used to distinguish them from
quarks, gluons or charged leptons.

DNN trained for enhance signal significance in SR, also
used in CRs to boost separation in the fit

Results include a 2D fit for the pure EWK and
mixed-QCD VBS production

EW \W*W* j =z 2v jj significance of 276 (2.9 EW + QCD)

+0.63

pew = 1.447¢53 o5

LEw+ocep = 1.43755,

in agreement with the SM expectations
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2 leptons (V)

CMS

arXiv:2410.04210

Region | EW-VBS | Fake tt 0S+Z/~ | QCD-VBS
SR eTh 3.0% 92.2% 0.9% 2.0% 0.3%
SR HTh 31% 93.3% 0.5% 1.7% 0.3%
tt CR - 371% | 61.6% 8.2% -
OS CR = 56.4% 7.9% 351% =
I .48 ¢}
cmls '+ Da;a ' -IQCD s:sww ‘VBS
E :ﬂ | Redi Other bkgs. 08 + (ZUy + jets)
%_ 'gnal Region tt dilep. Nonprompt leptons

Andrea Claudio Maria Bulla

B EW ssww VBS % stat. + syst. unc.

N
T

Pre-fit Unc.

- | Post-fit Unc.

.

N ©
TTTTJTT

Pull Data/Pred.

N ©
[T ]

0

01 02 03 04 05 06 07 0.8 0.9

1

SM DNN output
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https://arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/1809.02816
https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07023
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Input Analyses

CMS

EW Production

Final states

Vector Boson Scattering WZ YA
I | R G -
Z
g ' (s
- .
V4
g Ve ot
Vg I q
VA4
y+ (‘.; q
,q g -
VA4
7, G ve.q ) (50
Shorthand name Production modes Final state | N. ¢ | Reference
wv pp — WHW=jj, WEWEjj, W=Zjj Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj E0Faujj | 2 [2]
osww pp — WTW-jj L0 2vjj 2 [3]
v pp — W*Zjj, 2zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj Erfaujj | 2 [5]
wz pp — W*Zjj 3vjj 3 [2]
ZZ(4¢) pp — ZZjj uljj 4 [6]

Andrea Claudio Maria Bulla
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
https://www.arxiv.org/abs/2410.04210
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2008.07013

INFN

3 leptons

CMS

Phys. Lett B 809 (2020
2VBS jets e
The VBS WZ production is treated as a background for Wy > 500 Gev
Py > 50
the \W*W* analysis, but since is an interesting process
itself, its measured together with the VBS \¥*W* |
2lept
_o¢ems  1m'(13Tey) el el ﬁl_lfz'l’f%"ﬁiv & laptons
s i I vy I -+ Data ] N':AE“T>>23OOGGe:v M > 100 Gev |mu-sz|’< 15 GeV
E : [ Wrong sign N\ Bkg. unc. : 2 <0.75 METZT,iO_IGEV
§ 150 - I Other bkg. =‘I,EVV;KWZ N
- : *ﬁz . : /\ v
i il [ objets | [>1b-jets | | objets | [ >1bjets | [0 bejets |
100 N 7 7 7 7
77777777 ] Ww SR WW CR WZ SR WZ CR ZzCR
SO ] QCD-WZ induced events are the main background:
””” 1 BTD is trained in the WZ SR and used to extract the signal
s 15
n
g VBS EW production of W*Zis observed
[m)] 0 ] g
with a significance of 6.8¢ (5.3 expected)
A 05 0 0.5 1
BDT score
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https://www.sciencedirect.com/science/article/pii/S037026932030513X
https://www.sciencedirect.com/science/article/pii/S037026932030513X

CMS

INEN Input Analyses
EW Production Final states
Vector Boson Scattering YA
- ] cafl )
Z
g (47
- -
V4
Vi a
IS q
VA4
e+ q
g &
VA4
Vi q \ [-)
Shorthand name Production modes Final state | N. ¢ | Reference
wv pp — WHW=jj, WEW=jj, W=Zjj | Lujjjj 1 [1]
SSWW (e, ) pp — WEW=jj E0Faujj | 2 [2]
osww pp — WTW-jj L0 2vjj 2 [3]
v pp — W*Zjj, 2zjj 20jjjj 2 [4]
SSWW (73,) pp — WEW=jj Erfaujj | 2 [5]
Wz pp — W*Zjj 30vjj 3 [2]
Z7(4¢) pp — ZZjj L) 4 [6]

08/07/2025 Andrea Claudio Maria Bulla
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https://www.arxiv.org/abs/2112.05259
https://www.arxiv.org/abs/2005.01173
https://www.arxiv.org/abs/2205.05711
https://cds.cern.ch/record/2926224
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https://www.arxiv.org/abs/2008.07013

CMS

4 leptons

2 Phys. LettBB12 2021
Evidence for EW production of four charged leptons. Final state with 2 e

(VBS) jets and two OS same-flavor lepton pairs consistent with Z decays

< 0SS e B (13 TeY
e ZZ-inclusive region: m; > 100 % §
e loose VBS-enriched: IAnﬂ|>2.4, m; > 400 ,jij 103;— m; > 100 GeV :gff(a E
e tight VBS-enriched: IAr]J.J.|>2.4, m; > 1TeV - %tt_z, V\;ZZ .
2 — |
e CRdefined inverting one of the loose VBS conditions 10 .ZZ -2z 3
B EW ZZjj ]

10

Signal is extracted with a Matrix Element Discriminant (K,) after having

check the performances against a BDT.

107"
Evidence for VBS EW production of ZZ with 4.0¢ (3.5 expected) ]
Inclusive region: opw = 0.331918(stat) 003 (syst)fh s bt 3
a 0 01 02 03 04 05 06 07 08 09 1
loose VBS-enriched: oy = 0.180700%0 (stat) 0521 (syst)fh Ko
9 tight VBS-enriched:  oew = 0.097003(stat) & 0.02(syst)fb y in agreement with the SM expectations
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https://www.sciencedirect.com/science/article/pii/S0370269320307954
https://www.sciencedirect.com/science/article/pii/S0370269320307954

INFN Statistical Model

CMS-PAS-SMP-24-013

Two combination models are considered: one with four parameters of interest (4-POls), providing a global probe
of VBS processes, and another with six parameters of interest (6-POls), which extends the analysis to test the
expected charge asymmetry in production.

6-POIs | \W*W*, W' W, W2 W2, ZZ [ WA WA, W2, 27 ] 4-POls

CMS preliminary
T L

138 to~! (13 TeV) CMS Preliminary
— ; 2 el Llsliciliiil ;
-WW- W

138 fb~! (13 TeV)
FEW-W- BmWrZ EEW-Z EmZZ mE OSWw o Ssww

. Wz 77

SSWW(Th) 31.48 events

SSWW(e, )| AR CEns

0.0 02 04 0.6 08 10 02 04 06 08 1.0
Signals fraction
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-013/index.html

INFN

Results

0oSWW SSWW wz 7z
% m | 1095575 (£5%) 104=g5 (Y55) 119792 (19%) 115154 (+94)
o 6.2 (6.1) > 5(> 5) 7.0 (5.5) 4.0 (3.6)
w+w- wHw+ w-w- w+z w-2z 7z
2 || 108102 (1518) | 1297 (15%) 0.840Z, (152) | 115195 (19B) 13013, (19%) | 116104 (152)
o 6.1 (6.1) >5(>5) 4.0 (4.6) 57 (4.7) 4.2(32) 4.0 (3.6)
— 10: .. 1 10p
8 f CMS Preliminary —Hyw.  ~Hw.w, o £ CMS Preliminary — —yp u
< F 138 o' (13 TeV) _“w-w- W+Z g} 95*1 38 b (13 TeV) _HOSWW _MSSWW
D = w-Z 7z N Wz 77
1 13
o
af-955% 4_955/ ______________________________________________________________
o 13
13 13
= 1*683/ ______________________________________________________________
Co: 003 L
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CMS-PAS-SMP-24-013
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-013/index.html

Most channels show an excess.
Signal modeling is currently only at
LO; NLO corrections can reduce
yields by up to 40% in the
high-energy tails — even larger
excesses are expected

Several analyses are now equally
affected by systematic and statistical
uncertainties, opening the door to
polarized VBS studies

All charged coupling coefficients
have been fitted simultaneously,
providing individual evidence for each
and achieving a 5-10% improvement

08/07/2025

CMS

Results
CMS Preliminary 138 i (13 TeV) S
[ + 1 SD (syst) == + 1 SD (stat®syst) & Observed
[ = 1 SD (stat) +2 SD (stat@syst) Tot. Stat. Syst. B e
Hooww ———— woe | el 5t
Mooy ~— —e— 1.09795( 2340 ( 532)|  ming,
T —— 119732 22) (332 —_—.—
i, p— 1153‘3“7‘(321)(*8?2) SN
L — - AR L )
Ky —e 084705 ( %) (o%)| ==
| 108ﬁ?8(f813)(+ )| =
n,. o 1505 ( 95)(53)| ===
N — 130313(3?;‘2)(* D=
i, —l 116333(?21)(i8?3 E—
(; IO.‘SI — 1 — I1‘.5I 25 3 | l3‘5 0‘1;:‘3:1;6‘3;8
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Parameter estimate

Significance
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-013/index.html

CMS

INFN Results

CMS-PAS-SMP-24-013

A simultaneous scan is performed over pairs of signal strengths, with the remaining u parameters profiled alongside
the nuisance parameters. The results show only mild correlations and are in good agreement with SM expectations.

> 3 R > X
s - — e Y
| CMS Preliminary Thetue et 25 CMS Preliminary ~ — Mosww™ Mz
| o -1 -y =y o, E
[ 68% CL, 138 fb” (13 TeV) :ﬁm{ﬁzﬁw :ﬁm EZW [ 68% CL, 138 fb” (13 TeV) — Hosvw EZZ
| o W Wz Waw-* 2z - SsSww osww
2.5 — Observed b b vz | —Observed — Msouw ™ Huz
- . 21— ussw_w - My
: ! B uWZ H zz
ot i
i 1.5
1.5 i
| 1
1L i
i L ‘ Ll ‘ Ll | Ll | Ll | Ll | Ll ‘ Ll ‘ Ll ‘ L I | | | | | | | | | | | | | | | | L ‘ L
06 08 1 12 14 16 18 2 0.6 0.8 1 1.2 1.4 1.6
X X
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-013/index.html

CMS

INFN S/B plots

CMS-PAS-SMP-24-013

Prefit log(S/B) plots show good agreement with the SM prediction at LO, differentially

e Forallthe input templates bins, loglS(u=1)/Bl is computed

e Postfit yields of signal, backgrounds and data is assigned to the leading S distribution:
plots are mutually exclusive (data is not shown twice)

e Uncertainty on the background prediction is computed with 500 toys
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SMP-24-013/index.html

Conclusions

o First VBS combination including five fully leptonic and two semileptonic channels

o Two statistical models used: one with 4 and one with 6 parameters of interest

e Results based on 1D and 2D profile likelihood scans show good agreement with the
SM, even in log(S/B) bins

o Combined fit improves signal strength (u) precision by 5-10% over individual analyses

o« A mild excess of data observed compared to predictions

o First simultaneous evidence for all six charged VBS parameters

This VBS combination marks a first step toward a global interpretation of VBS processes.

Future developments will explore EFT interpretations and polarization-sensitive measurements.

08/07/2025 Andrea Claudio Maria Bulla

CMS

23




CMS

INFN

Backup



INFN

Input analyses
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INEN Overlap (1)

Table 14: Summary table of the signal regions defined in the analyses entering the combination
along with some of the selections that make them orthogonal to each other

Region n. ¢ | £veto SF | ¥ charge| | b-veto my; MET n. AK4
WV-SR 1 yes - 1 yes - - (>4)or(>2+2>1AKS8)
SS-SR 2 yes - 2 yes > 20 GeV > 30 GeV >2
OS-SR(SF) 2 yes Yes 0 yes > 120 GeV > 60 GeV >2
OS-SR(DF) 2 yes No 0 yes > 50 GeV > 20 GeV >2
ZV-SR(btag) 2 yes Yes 0 no € [76,106] GeV - (>4)or(>2+>1AKS)
ZV-SR(bveto) 2 yes Yes 0 yes € [76,106] GeV - (>4)or(>2+>1AKS)
WZ-SR 3 yes | Yes(Z) 1 yes € [76,106] GeV | > 30 GeV >2
ZZ-SR 4 yes Yes 0 - € [60,120] GeV - >2

Table 15: Summary table of the signal regions defined in the analyses entering the combination
along with some of the selections that make them orthogonal to each other

Region n.¢ | {veto | SF | |X charge| | b-veto my MET n. AK4
SS-SR 2 yes - 2 yes > 20 GeV > 30 GeV >2
OS-SR(SF) 2 yes Yes 0 yes > 120 GeV > 60 GeV >2
OS-SR(DF) 2 yes no 0 yes > 50 GeV > 20 GeV >2
ZV-Top 2 yes no 0 - € [76,106] GeV - (>4)or(>2+>1AKS8)
OS-DY(DF) 2 yes no 0 yes € [50,80] GeV | >20GeV >2
OS-DY(SF) 2 yes | yes 0 yes € [76,106] GeV | > 60 GeV >2
ZV-DY(bveto) 2 yes yes 0 yes € [76,106] GeV - (>4)or(>2+>1AKS8)
ZV-SR(bveto) 2 yes yes 0 yes € [76,106] GeV - (>4)or(>2+2>1AKS8)
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2 leptons - bveto >

2 charged leptons regions (b-vetoed): Negligible overlap

e SSW\W SRs orthogonal to all other b-vetoed regions thanks to |Z charge| - 2

o SSWWI(r,)OS CR only region requiring a1,

e /V Top CR partially overlap with OS-SR(DF), OS-DY(DF) - Removed ZV Top CR

e OSWW DY CR, ZV-DY and ZV-SR different MET requirements and target different kinematic regimes in
number of jets: ZV SR m,, € [65, 105] inverted for ZV DY CR

Region n.¢ | ¢/rveto | SF | |3 charge| | b-veto my MET n. AKg4
SS-SR 2 yes/yes - 2 yes > 20 GeV > 30 GeV >2
SS(7)-SR 2 yes/no - 2 yes - > 50 GeV >2
SS(7)-0S 2 yes/no - o yes - - >2
OS-SR(SF) 2 yes/- Yes o yes > 120 GeV > 60 GeV >2
OS-SR(DF) 2 yes/- no o yes > 50 GeV > 20 GeV >2
0S-DY(DF) 2 yes/- no 0 yes € [50,80] GeV | > 20 GeV >2
0S-DY(SF) 2 yes/- yes o} yes € [76,106] GeV | > 60 GeV >2
ZV-DY(bveto) 2 yes/- yes o yes € [76,106] GeV - (> &) or (> 2+ > 1AK8)
ZV-SR(bveto) 2 yes/- yes o yes € [76,106] GeV - (> 4)or (> 2+ > 1AK8)
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CMS

2 leptons - btag

Potential overlaps from 2 charged leptons regions (b-tag): Negligible overlap

e SSW\W-btag orthogonal to all other b-tag regions thanks to |Z chargel - 2

o SSWWIr,) Top CR only region requiring a1,

o OSWW/(ee, up) Top CR orthogonal by SF requirements and m > 120 GeV

e ZVTop CR partially overlap with OS-SR(DF), OS-DY(DF) — Removed 2V Top CR
e ZV Top CR partially overlap with OS-Top CR (e) —» Removed 2V Top CR

Region n.¢ | ¢/Tveto | SF | |>_ charge| | b-veto my MET n. AK4
SS-b 2 yes/yes - 2 no > 20 GeV > 30 GeV >2
SS()-Top 2 yes/no - o no - > 50 GeV > 2
0S-Top(SF) 2 yes/- yes o no > 120 GeV > 60 GeV >2
ZV-DY(btag) | 2 yes/- yes o no € [76,106] GeV - (> 4)or(>2+>1AK8)
ZV-SR(btag) 2 yes/- yes o no € [76,106] GeV - (> 4) or (> 2+ > 1AK8)
0S-Top(DF) 2 yes/- no o no > 50 GeV > 20 GeV >2
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Other regions >

Other regions do not show significant overlaps

e WV CR only regions with 1 charged lepton and veto on additional ones
o SSWW/WZ ZZ CR not sensitive to EW ZZ — 40 but used to measure normalization of QCD-induced part
— Removed 77 CR

Region n.¢ | £/Tveto | SF | |3 charge| | b-veto my MET n. AK4
WV-Top 1 yes/- - 1 no - - (> 4) or (> 2+ > 1AKS8)
WV-Wjets 1 yes/- - 1 yes - - (> 4) or(>2+>1AK8)
ZZ-SR 4 yes/- yes o - € [60,120] GeV - >2
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Table 16: Summary table of the signal regions defined in the analyses entering the combination

Overlap (1)

along with some of the selections that make them orthogonal to each other

CMS

Region n. ¢ | £veto SF | ¥ charge| | b-veto my MET n. AK4
WV-Top 1 yes - 1 no - - (>4)or(>2+>1AKS8)
SS-b 2 yes - 2 no > 20 GeV > 30 GeV >2
WZ-b 3 yes yes (Z) 1 no € [76,106] GeV | > 30 GeV >2
OS-Top(SF) 2 yes yes 0 no > 120 GeV > 60 GeV >2
ZV-DY (btag) 2 yes yes 0 no € [76,106] GeV - (>4)or(>2+>1AK8)
ZV-SR(btag) 2 yes yes 0 no € [76,106] GeV - (>4)or(>2+>1AKS8)
ZV-Top 2 yes no 0 - € [76,106] GeV - (>4)or(>2+>1AKS8)
OS-Top(DF) 2 yes no 0 no > 50 GeV > 20 GeV >2

Table 17: Summary table of the signal regions defined in the analyses entering the combination

along with some of the selections that make them orthogonal to each other

Region n. ¢ | {veto | SF | |¥ charge| | b-veto my, MET n. AK4
WV-Wijets yes - 1 yes - - (>4)or(>2+>1AK8)

ZZ-SR yes yes 0 - € [60,120] GeV - >2

SS-ZZ yes | yes 0 - € [76,106] GeV - >2
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