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Introduction

Run 3 has exceeded Run 2 in a lot of aspects:

Integrated luminosity (>160 fb-1)

Data quality: stable physics performance

Push trigger beyond limits: Parking (3.5 KHz) and Scouting (20 KHz) programs
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https://arxiv.org/pdf/2403.16134

CMS multiboson results using Run3 data
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« Many measurements have already been performed with Run 3 data (Top, EWK, EXO, ...)

 Today, we focus on 4 multiboson analyses

CMS-SMP-24-001

pp > WHwW-

Available on the CERN CDS information server CMS PAS SMP-24-001

CMS Physics Analysis Summary

Contact: cms-pag-conveners-smp@cern.ch 2024/03/22

Measurement of WTW~ inclusive and differential cross
sections in pp collisions at /s = 13.6 TeV with the CMS
detector

The CMS Collaboration

CMS-SMP-24-005

pp > W*Z

Available on the CERN CDS information server CMS PAS SMP-24-005

CMS Physics Analysis Summary

Contact: cms-pag-conveners-smp@cern.ch 2024/07/19

Measurement of the inclusive WZ production cross section
in pp collisions at /s = 13.6 TeV with the CMS experiment

The CMS Collaboration

CMS-HIG-23-014

pp » H-vyy

Available on the CERN CDS information server CMS PAS HIG-23-014

CMS Physics Analysis Summary

Contact: cms-pag-conveners-higgs@cern.ch 2024/07/18

Measurements of inclusive and differential Higgs boson
production cross sections at 13.6 TeV in the H — 7 decay
channel

The CMS Collaboration

CMS-HIG-24-013

pp > H-ZZ

Available on the CERN CDS information server CMS PAS HIG-24-013

CMS Physics Analysis Summary

Contact: cms-pag-conveners-higgs@cern.ch 2024/07/19

Measurements of Higgs boson production cross sections in
the four-lepton final state at 13.6 TeV

The CMS Collaboration


https://arxiv.org/pdf/2406.05101
https://cds.cern.ch/record/2905015/files/SMP-24-005-pas.pdf
https://cds.cern.ch/record/2904882/files/HIG-23-014-pas.pdf
https://cds.cern.ch/record/2904969/files/HIG-24-013-pas.pdf

Measurements
WW CMS-SMP-24-001



https://arxiv.org/pdf/2406.05101
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W*tW~ Measurement

First Run 3 di-boson measurement with the CMS detector

« |t demonstrates the capacity of CMS to release analysis with complex topologies: Muons, electrons, jets,
b-jets, MET

« Some updates wrt 2016 measurement and comparable luminosity but overall better sensitivity

* Inclusive and fiducial results using 2022 data: 34.7 fb- \\J/JJJ"
q W

« Targets the different flavour leptonic decay channel Ao

pp > WTW~ > efutv,v, /\’\.\j\”\‘\
q




W*TW~ Measurement

Several updates with respect to the 2016 analysis

+ More control regions introduced in the fit: Top
(2 regions), DY, Same-sign, WZ, and Z2Z

* Object optimization — |ower uncertainties

Data-driven estimation of the non-prompt lepton
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Quantity WW One/twob tags Z — tT Same-sign
Number of tight leptons Strictly 2

Additional loose leptons 0

Lepton charges Opposite Same
phmax >25GeV

phmin >20 GeV

My >85GeV <85GeV  >85GeV
p¥ — <30GeV —
Number of b-tagged jets 1/2 0 0

N; 0/1/2/ >3

Variable 77

Number of tight leptons Strictly 4

Additional loose leptons 0

Lepton pr >25/10/20GeV  >25/20/10/10GeV (pt ordered)
|mgy — my| <15GeV (both pairs)

Mgy >100 GeV —

My >150 GeV
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Number of b-tagged jets 0
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W*TW~ Measurement

Several updates with respect to the 2016 analysis

+ More control regions introduced in the fit: Top
(2 regions), DY, Same-sign, WZ, and Z2Z

* Object optimization — |ower uncertainties

Data-driven estimation of the non-prompt lepton

contamination
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34.8 fb™ (13.6 TeV)
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Quantity WW One/twob tags Z — tT Same-sign
Number of tight leptons Strictly 2
Additional loose leptons 0
Lepton charges Opposite Same
phmax >25GeV
phmin >20 GeV
My >85 GeV >85GeV <85GeV  >85GeV
p¥ — — <30GeV —
Number of b-tagged jets 0 1/2 0 0
N; 0/1/2/ >3
Variable Wz 77
Number of tight leptons Strictly 3 Strictly 4
Additional loose leptons 0
Lepton pr >25/10/20GeV  >25/20/10/10GeV (pt ordered)
|mgy — my| <15GeV <15GeV (both pairs)
Mgy >100 GeV —
My — >150 GeV
paes >30GeV —
Number of b-tagged jets 0
6



W*TW~ Measurement

Several updates with respect to the 2016 analysis

« More control regions introduced in the fit: Top
(2 regions), DY, Same-sign, WZ, and Z2Z

* Object optimization — |ower uncertainties

Data-driven estimation of the non-prompt lepton
contamination
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Quantity WW One/twob tags Z — tT Same-sign
Number of tight leptons Strictly 2
Additional loose leptons 0
Lepton charges Opposite Same
phmax >25GeV
phmin >20 GeV
My >85 GeV >85GeV <85GeV  >85GeV
P4 — — <30GeV —
Number of b-tagged jets 0 1/2 0 0
N 0/1/2/ >3
Variable Wz 77
Number of tight leptons Strictly 3 Strictly 4
Additional loose leptons 0
Lepton pr >25/10/20GeV  >25/20/10/10GeV (pt ordered)
|my, — my| <15GeV <15GeV (both pairs)
Mgy >100 GeV —
Myy — >150 GeV
s >30GeV —
Number of b-tagged jets 0
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W*tW~ Measurement

Good agreement is found in all the jet bins CMS 34.8 b (13.6 TeV)
Z B | ]
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W*TW~ Measurement

Results are also provided as a function of the

centre-of-mass energy

Inclusive result

o'W =125.7+ 5.6 pb

25% lower uncertainty wrt 2016

No particularly dominant uncertainty

Uncertainty source Ay

Integrated luminosity 0.014
Lepton experimental 0.019
Jet experimental 0.008
b tagging 0.012
Nonprompt background 0.010
Limited sample size 0.017
Background normalization 0.018
Theory 0.011
Statistical 0.018
Total 0.044

6(pp/pp = WW) (pb)
o

10'|

10°

Meas./Pred.

15[
1.0

05
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~— pp NNLO QCD x NLO EW (MATRIX)
== p5 NNLO QCD x NLO EW (MATRIX) |

pp NLO (MATRIX)

© pp NLO (MATRIX)

f .‘ 64 -
5 6 8 10 12 14
Vs (TeV)



Measurements
WZ CMS-SMP-24-005



https://cds.cern.ch/record/2905015/files/SMP-24-005-pas.pdf
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W*Z Measurement

« Measurement of the WZ production in the leptonic final state: uuu, pue, uee, and eee

« Data from 2022 period is used: 34.7 fb-

* Inclusive and fiducial results are reported

< NNNNNNN/ <
ql VV ql
q A
q L q

11
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W*Z Measurement

34.7 fb’ (13.6 TeV)
I T T 17T

» Measurement of the WZ production in the leptonic final 2 PSR AR BARRERERS
state: e, uee, and eee g 20 CMS $ Daa
- LU, ppe, pee, 0 C 2228 Uncertainty
200 pog M 022
* An MVA approach is performed to improve the lepton 150(—
identification N
100
« Three control regions are used to estimate the 50[¢
background contributions from data
0 ||||||||||||||||||||
yol e T | T | E
o 77 ;% 1.21_
7 ~ 08 E
o ttz g CEE CEm e i
o Vy - Lepton flavor
Region N, pr{¢y, 45, bw} Nosss [|m(£3,43) —mz| PP Nppg min(m(£,€)) m(Ly, €2, by)
(GeV) (GeV) (GeV) (GeV) (GeV)
SR =3  >{25,15,25} >1 <15 >35 =0 >4 >100
ZZCR =4 >{25,15,2515} >1 <15 - =0 >4 >100
ttZCR =3  >{25,15,25} >1 <15 >35 >0 >4 >100

X+9CR =3 >{25,15,25} >1 - <35 =0 >4 <100 5



W*Z Measurement
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34.7 fb' (13.6 TeV)
U IR IR IR

—
CMS

ttZ CR
Postfit

IIIIIIIIIII
¢ Data

25 Uncertainty ]
Wz X _
mm tZq

mm Nonprompt
pm Other '

* Measurement of the WZ production in the leptonic final £ C
state: uuu, pue, pee, and eee I%’ 120
100
* An MVA approach is performed to improve the lepton —
identification -
* Three control regions are used to estimate the
background contributions from data
B
o ZZ g
o ttZ g
o Vy 0
Region Ny  pr{€z, 45, 6w} Nossp [m(€z,03) —mz| PP Nppg min(m(£,£)) m(€y, 65, by)
(GeV) (GeV) (GeV) (GeV) (GeV)

SR =3  >{25,15,25} >1 <15 >35 =0 >4 >100
ZZCR =4 >{25,15,2515} >1 <15 - =0 >4 >100
tIZCR =3 >{251525} >1 <15 >35 >0 >4 >100

X+yCR =3 >{251525}  >1 - <35 =0 >4 <100

Lepton flavor
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W*Z Measurement

34.7 fb" (13.6 TeV
L IR UL B

N—"

» Measurement of the WZ production in the leptonic final @ 180T -
t t . d CIC) - CMS 50 XY CR -
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. . 120— WZ -]
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. : 40
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0
B 12
o ZZ £ b2
7 ~  o08f
o ttZ g CEE CET e i
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Region N, pr{€z,45,bw} Nogse |m(€y,45) —mz| PP Nyyg min(m(4€)) m(Ly, 45, by)
(GeV) (GeV) (GeV) (GeV) (GeV)
SR =3  >{25,15,25} >1 <15 >35 =0 >4 >100
ZZCR =4 >{25,15,2515} >1 <15 - =0 >4 >100
ttZCR =3  >{25,15,25} >1 <15 >35 >0 >4 >100
X+yCR =3 >{251525}  >1 - <35 =0 >4 <100
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W*Z Measurement

34.7 b (13.6 TeV)

* Measurement of the WZ production in the leptonic final CMS
state: yuu, pue, uee, and eee MATRIX  JHEP 2002 (2020) 087
~—— NNLO QCD x NLO EWK ——e—+—
. . — NLOQCD total stat
« The agreement is found to be excellent in all the flavour
Categones O (PP — WZ) = (stat) = (syst) = (lumi) = (theo)
|
. Di : |
Different generators are checked: Powheg, MATRIX coe el 53.4230:33:08202p
" 34.7 fb” (13.6 TeV) |
2 1600~ T e H——H 548x26:23:08=x0.2pb
S [ CMs WZ SR oo | P
3 1400F Postiit |
io00f. & Data < Uncertainty uue ey 52.9+21+1.4+07+0.1pb
F e WZ mmZZ |
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1000: = o - uup | H-o—1 559+19+11+08+0.1pb
8001 I
6000 ieaaas hocaoo Inclusive | HeH ss2s12:12:08s01p
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200 |
|
0 II|IIII|IIII|IIII|IIII|IIII
'8' 1 oF T T T T = 40 50 60 70 80 90
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g T eee CET e T 15
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Lepton flavor



W*Z Measurement

Measurement of the WZ production in the
leptonic final state: uuu, pue, uee, and eee

Fit performed in both flavour exclusive and
inclusive regions

Breakdown of systematic uncertainties per
flavour

Dominated by statistical uncertainty

The picture may change with future datasets:
2023, 2024, 2025,...

Source

Sergio Blanco (IFCA) — Multiboson 2024
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Inclusive eee eeu pupe uup

—— Integrated luminosity

Trigger efficiencies

b tagging

Pileup

Jet energy scales
Electron ID efficiencies
Electron reconstruction
Electron energy scale
Muon efficiencies
Nonprompt normalization
VVV normalization
tZq normalization

Z7Z normalization

ttZ normalization

X + 7 normalization
VH normalization
ISR/FSR

WZ theo (ug, pr, PDF)
MC statistical

—— Statistical

Total

1.5
0.5
0.1
0.4
0.9
0.7
1.2
0.1
0.7
0.7
0.4
0.1
0.3
0.3
0.2
0.2
0.3
0.2
0.5
2.0
3.3

1.5
1.0
0.1
0.6
1.3
3.6
4.0
0.1
1.6
0.4
0.1
0.8
0.7
0.7
0.2
0.5
0.2
1.9
53
8.4

1.4
1.0
0.1
0.8
0.7
24
29
0.1
0.3
0.5
0.4
0.1
0.7
0.6
0.3
0.2
0.2
0.2
0.9
4.6
6.4

1.4
1.0
0.1
0.2
1.1
1.1
1.1
0.0
0.8
0.7
0.4
0.1
0.5
0.4
0.4
0.1
0.4
0.2
1.0
3.8
5.0

1.5
0.7
0.1
0.4
0.7

1.2
0.7
0.4
0.1
0.5
0.5
0.2
0.2
0.3
0.2
0.9
3.3
4.2

16



W*Z Measurement

 Measurement of the WZ production in the leptonic final state: uuu, pue, uee, and eee

« Similarly to the WW analysis, results are compared with previous CMS measurements

oVZ = 55.2 + 1.2(stat) + 1. 2(syst) + 0.8(lumi) + 0. 1(theo) pb

60

B (&)
o o

w
o
—_——

Total WZ Cross Section (pb)

10}

- CMS

20}

5 TeV (0.302 fb-'), PRL 127 (2021) 191801
7 TeV (4.9 tb), EPJC 77 (2017) 236

8 TeV (19.6 fo-'), EPJC 77 (2017) 236
13 TeV (137 fb-1), JHEP 07 (2022) 032
13.6 TeV (34.7 tb")

@ - P -

- % ~ pp NNLO QCD x NLO EWK (MATRIX)
; === pp NLO (MATRIX)
4 6 8 10 12 14

Vs (TeV)
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Measurements
HGG CMS-HIG-23-014



https://cds.cern.ch/record/2904882/files/HIG-23-014-pas.pdf
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H — yy Measurement

 Measurement of inclusive and differential production cross sections

» Clean final state topology, even with a low branching ratio. The invariant mass can be precisely
reconstructed

« Overall similar strategy than Full Run 2 result

« Again, data from 2022 is used: 34.7 fb"1

8 Y
t W
Fiducial phase space — ) jA—— 7,74
pr'pY /My > 1/3 t al %%
py/my,, > 1/4
8 Y
I <10 GeV
In| < 2.5

19



H — yy Measurement

Photon resolution improved with a BDT

Photon identification improved with a BDT —
reduce the non-prompt photon contamination

The bad modelling of some photon reconstruction
variables in MC is corrected using normalizing
flows.

Data-driven estimation of the background
shape and normalization

Categorization of the signal regions based on the
di-photon resolution

Fraction of events / 0.05

10'

1071

-1.00 -0.75 -0.50 -0.25 0.00 0.25 050 0.75
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CMS Slmulat/on Prel/m/nary (136 Tev)
6 [ e
g Y+jet | Prompt photons
— 10'F EB photons Non-prompt photons |
i) - p} > 25GeV 1
c
(O]
>
(0]
©
c
R
©
Y
L 100 -
CMS Simulation Prellm/nary (136 Tev)

,,,,,,,, — T
| Promptphotons

Non-prompt photons

y+et
- EE photons
B pr > 25GeV

Photon identification BDT score

1.00

-0.50 -0.25 0.00 0.25 050 0.75 1.00
Photon identification BDT score
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H — yy Measurement

CMS Preliminary 34.7 fb~' (13.6 TeV)

9] ISR L L L L BN B

o I - . . ]

. . . . 3.5 EB photons 2 Z—>ee—S|.muIat!on corrected 3

- Photon resolution improved with a BDT s | T e an

%3.0; b
S 2.5:*
« Photon identification improved with a BDT — 520
reduce the non-prompt photon contamination " 1.5

1.0/

5

« The bad modelling of some photon reconstruction
variables in MC is corrected using normalizing
flows.

CMS Pre -

[ EE photons ©Zl Z - ee - Simulation corrected |
— Z - ee - Simulation 1
4 Z-ee-Data ] Ll

liminary
—

34.7 fo-' (13.6 TeV)
T T T T ‘ T T T T ‘ T T T ]

e e e e
-0.25 0.00 0.25 050 0.75 1.00
Photon identification BDT score

[z
- Data-driven estimation of the background
shape and normalization

Fraction of events/ 0.04

0.5}

« Categorization of the signal regions based on the -.,,”W ‘
di-photon resolution QAT T T R Y
S 100 T g s enegrenesess?
‘5"08,““““"’,
-0.75 -050 -025 0.00 025 050 0.75 1.00 21

Photon identification BDT score
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H — yy Measurement

Results in agreement with the SM expectation 10°CMS Preliminary 34.7 b (13.6 TeV)
> T 1T 1771 | LI | LI | LI | LI | LI | LI | T T T T_]
O 18H— vy, m_ =125.38 GeV All Categories =
Ofid = 78 + 11(stat tg(syst) = 783% fb % 16 F- " S/(S+B) weighted E
c |,k ¢ Data E
© : —— S+B fit .
5 25CMS Preliminary 34.7 fb1 (13.6 TeV) % 2?ry L B Component ]
B Y L L L L L L B B C 3
S | — MGS5_aMC@NLO, NNLOPS £ 1F B0 =
& 2.00F - 2 L [J=#20 =
1.75F . E 6 =
i m C .
+ 41— —
1.50 n - 7
B h 2F —
1.25; / 0 :I | I | | | | | | | | | | | | | | |
1-00: / 800:I 1T | L | LI | LI | LI | LI | LI | LI |:
' / 600 - B component subtracted =
0.75} 400 ¢ =

: 200
0.50} :

-200
111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1 | 111 1
100 110 120 130 140 150 160 170 180

m,, (GeV

22

0.25}
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H — yy Measurement

Differential results provided as a function of p¥, |ygl, Njets

Results dominated by the statistical uncertainties

Within the systematics, the photon scale and resolution
dominates

The results are compared with different MC generators

Room for improvement with more Run 3 data

Systematic uncertainty Magnitude
Photon energy scale and resolution group  +5.8%/ —4.9%
Category migration from energy resolution +3.5%/ —3.9%

Integrated luminosity +1.4%
Photon preselection efficiency +1.4%
Energy scale non-linearity +0.8%/ — 1.6%
Photon identification efficiency +1.0%

Pileup reweighting +0.8%

Acig/ApH (fb/GeV)
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CMS Preliminary 34.7 o' (13.6 TeV)
: 1 1 1 1 | 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 :
B p-value (MadGraph NNLOPS) = 0.06 i
102 goH (MadGraph5_aMC@NLO + NNLOPS + Pythia) + xH—=
- ggH (MadGraph5_aMC@NLO + Pythia) + xH E
n ggH (POWHEG + Pythia) + xH 1
10'E xH = ttH + VH + VBF (MadGraph5_aMC@NLO + Pythia) =
- 3 Data (stat & sys unc.) ]
. . = B
10°k Systematic uncertainty 8l
- 8o 3
10_1 il_l—_l_l— E E
102} — o
B -
-3 |
1 o E L L L L | L | L L L L | L L L L | IT L L L
s [ X T T T T ]
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Sof 1} %
() T * i f E e %4 T
et ; o B < D99 R
a [ I e 555 .
~—
@ O ! ]
= | i
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H — yy Measurement

. . . . H
Differential results provided as a function of pz, |yul, Njets CMS Preliminary 34.7 b~ (13.6 TeV)
£ i | p-value (IIVIadGraph NNLOPS) = 0.13 1
— 2001 — ggH (MadGraph5_aMC@NLO + NNLOPS + Pythia) + xH]
<]2 i ggH (MadGraph5_aMC@NLO + Pythia) + xH ]
Results dominated by the statistical uncertainties 3 9gH (POWHEG + Pythia) + xH 1
Y - xH = ttH + VH + VBF (MadGraph5_aMC@NLO + Pythia)
< 150 Data (stat & sys unc.) ]

Systematic uncertainty

Within the systematics, the photon scale and resolution 100}-|
dominates -

| L I | 1

L

50}

The results are compared with different MC generators

0
c T e B L A BN
52} .
Room for improvement with more Run 3 data 8T ]
o 1
Systematic uncertainty Magnitude £ I i
Photon energy scale and resolution group  +5.8%/ —4.9% o) 80 e 0'5  — 110 e 1'5 — 2'0 ——
Category migration from energy resolution +3.5%/ —3.9% ' ' Iy '
Integrated luminosity +1.4%
Photon preselection efficiency +1.4%
Energy scale non-linearity +0.8%/ — 1.6%
Photon identification efficiency +1.0%

Pileup reweighting +0.8% 24
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H — yy Measurement

Differential results provided as a function of p¥, |ygl, Njets CMS Preliminary 34.7 o' (13.6 TeV)

£ 120 = T p-value (MadGraph NNLOPS) = 0.94 ! -

he - — ggH (MadGraph5_aMC@NLO + NNLOPS + Pythia) + xH |

°© 100l —— ggH (MadGraph5_aMC@NLO + Pythia) + xH B

Results dominated by the statistical uncertainties -, I . — 90H (POWHEG + Pythia) + xH ]
// 7 7 xH = ttH + VH + VBF (MadGraph5_aMC@NLO + Pythia)

80 — ;/', é:% § Data (stat @ sys unc.) _

- 1 I Systematic uncertainty ]

Within the systematics, the photon scale and resolution s B

dominates sof B

20__ ]

The results are compared with different MC generators 0‘[ S i l

Room for improvement with more Run 3 data

|||l|||

oo Ulo
[
\
N
\
I\
III||lI| | |l |II_

Systematic uncertainty Magnitude
Photon energy scale and resolution group  +5.8%/ —4.9%
Category migration from energy resolution +3.5%/ —3.9%

Data / Prediction
OO —= =N

Integrated luminosity +1.4% Niets
Photon preselection efficiency +1.4%

Energy scale non-linearity +0.8%/ — 1.6%

Photon identification efficiency +1.0%

Pileup reweighting +0.8% 25




Measurements
HZZ CMS-HIG-24-013



https://cds.cern.ch/record/2904969/files/HIG-24-013-pas.pdf

H — 77 Measurement

Measurement of inclusive fiducial cross section

Clean final state topology. The invariant mass can be precisely reconstructed

Irreducible background from qqZZ process
Overall similar strategy than Full Run 2 result

Again, data from 2022 is used: 34.7 fb-1

| Requirements for the H — 4£ fiducial phase space

Lepton kinematics and isolation

the selected four leptons must originate from the H — 4/ decay

leading lepton pr pr > 20 GeV
next-to-leading lepton pr pr > 10 GeV
additional electrons (muons) py pr > 7(5) GeV
pseudorapidity of electrons (muons) In| <2.5(2.4)
pt sum of all stable particles within AR < 0.3 from lepton <035 pr

Event topology
existence of at least two SFOS lepton pairs, where leptons satisfy criteria above
inv. mass of the Z; candidate 40GeV < m(Z1)< 120GeV
inv. mass of the Z, candidate 12GeV < m(Z,)< 120GeV
distance between selected four leptons AR(¢¢;) > 0.02 for any i # j
inv. mass of any opposite sign lepton pair m({te7) > 4GeV
inv. mass of the selected four leptons 105 GeV < my, < 160 GeV

Sergio Blanco (IFCA) — Multiboson 2024
September 2024

27



Sergio Blanco (IFCA) — Multiboson 2024

H — ZZ Measurement

* Measurement of inclusive fiducial cross section

 Dedicated BDT for electron identification Fit range
105 < my; < 160 GeV

* Results in agreement with the SM

CMS Preliminary 34.7 fo~' (13.6 TeV) CMS Preliminary 34.7 fo~! (13.6 TeV)
L R S L L L L
%80* ¢ Data ] o [ ¢ Data
G 80¢ = H - O a5l O H(125) |
~ 70 Bl g9 - ZZ ] ~ I )i Bl g9 - ZZ |
2 B Z+X } 2 301 B Z+X .
S ank S I 1 ]
2" i 3,
- 25|~ s
50} - .
i 20 .
40t - i
i 151 ,
30} - i
20f * 10:— .
10 % Si
0 358 S 110 120 130 140 150 160

M4z [GeV] Mae [GeV] 28
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H — ZZ Measurement

« Results given as a function of the lepton flavor

- Among the systematics, the 4 muon channel is the most precise one

@@*

« And as a function of the center-of-mass ener +0.53 +0.29
9y Ofia = 2.94Zg49(stat) g5, (syst) fb
6QM§7%W@V“w | | SfﬂbW?ﬁkw 5.1 b™ (7 TeV), 19.7 ib™ (8 TeV), 138 fb” (13 TeV), 35 fb”" (13.6 TeV)
éc:), _ggH(POWHEG+JHUGen+Pyth|a)+XH : 3 IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII
B — ggH (POWHEG + NNLOPS + JHUGen + Pythia) + xH = 6 CcMS Preliminary
51 xH = ttH + VH + VBF (POWHEG + JHUGen + Pythia) ] o) ¥ Run1Data (stat ¢
i § Data (stat @ sys unc.) i = un ata (stat © syst)
B I Systematic uncertainty 1 D 5 ¢ Run 2 Data (stat @ syst)
4 m 4 Run 3 Data (stat ® syst)
B ] - Systematic uncertainty
- 4 ======r Standard model (minloHJ, m,, = 125.00 GeV)
E ssssess Standard model (NNLOPS, m =125.38 GeV)

o
T
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\\I\\
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H — ZZ Measurement

- Differential cross section measurements are provided as a function of p¥, |yyl

+ Results statistically dominated, more precise results may come with larger datasets

CMS Preliminary 34.7 tb~' (13.6 TeV) CMS Preliminary 34.7 fo=! (13.6 TeV)
—_~ | T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T 1 1 ‘ 1 1 1 ] —_~ - T T T T ‘ T T ‘ 1 1 ‘ 1 1 T T ‘ T T T T ]
= B p-value (powheg) = 0.2 1 2 |7 p-value (powheg) = 0.95 i
[0} B ] Nt
(\5 101 — ggH (POWHEG + JHUGen + Pythia) + xH =<8} — ggH (POWHEG + JHUGen + Pythia) + xH —
Ro) 3 — ggH (POWHEG + NNLOPS + JHUGen + Pythia) + xH 3 > | — ggH (POWHEG + NNLOPS + JHUGen + Pythia) + xH
T - xH = ttH + VH + VBF (POWHEG + JHUGen + Pythia) ﬂv B xH = ttH + VH + VBF (POWHEG + JHUGen + Pythia)
% = § Data (stat @ sys unc.) - 6: B Data (stat @ sys unc.) 1
= 100k I Systematic uncertainty — J 6 Systematic uncertainty N
(o) - S i ]
< B ok B 1
i g v T
~la 77
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:—4-i—-n-| & E | p
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Sergio Blanco (IFCA) - Higgs 2023

S u m m a ry November 29, 2023

The Run 3 data-taking period is in good shape, today we have >160 fb-1

« The interest is slowly switching to Run 3 analysis, so we expect more results to come out
soon

- Today, 4 nice Multiboson results have been shown

« Stay tuned for more experimental measurements!
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W*W~ Measurement (2016 / 2022)

Signal/control region yields

WW SR Same-sign CR  Z — 7T CR Oneb-tag CR Two b-tag CR WZ CR 77 CR
WW 16220 + 650 81.7+95 2662 + 94 2220 + 180 248 + 54 WZ 3470 + 130 09 + 0.1
Top quark 19760 + 480 87.3 + 8.4 1126 + 34 63340 + 750 55610 + 620 77 270 + 29 599 + 25
Z 1T 2124 + 72 5704+ 9.3 45630 +590 227 4+ 27 19.6 £ 7.9 Nonprompt 820 + 120 <1
WZ 487 + 21 512 424 97.6 +4.9 96.9 + 6.3 11.84+ 1.7 VVV C0AL37 54103
z7Z 3714 1.7 33.6 4+ 1.7 66.0 + 3.9 6.9+ 0.5 1.0 £ 0.1 s 257131 23402
Nonprompt 4860 +320 2390130 6550 440 2630 £270 1640 + 220 I Eli Lo HELDG
VVV 75.9 + 3.7 2584+ 1.3 47 + 0.4 33.7 + 2.1 87 +0.8 1885 ’ ’ ’ ’
VX 107 + 1.5 8.7 + 2.7 07+01 441432 52.1 +323 vy 283+31 <1
Ve 225 + 18 232 4 19 692+76  432+95 31409 Total 4732 £78 610 +£25
Higgs 90 + 14 275452 344 + 52 293 + 4.8 20.7 + 3.2 Data 4732 610
Total 43890 4+ 410 3460 £ 130 56550 £ 420 68670 =560 57610 & 490

Data 43898 3456 56551 68656 57617
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WTW~ Measurement (2016 / 2022)

Fiducial cross section per N-jets

Sergio Blanco (IFCA) — Multiboson 2024
September 2024

Table 7: Inclusive fiducial cross sections and normalized cross sections obtained in the anal-
ysis. The uncertainty listed is the total uncertainty obtained from the fit to the yields. The
expected predictions are obtained from POWHEG+PYTHIA. In brackets, the split of systematic

and statistical uncertainties are reported.

Observable Expected Observed

Cross section (fb) 812 + 34(31, 15) 813 £ 35(32,15)

O-jet fraction 0.648 + 0.015(0.012,0.009) 0.640 £ 0.016(0.013,0.009)
1jet fraction 0.256 + 0.013(0.008,0.010)  0.243 £ 0.013(0.009, 0.010)

> 24jet fraction  0.096 & 0.011(0.008, 0.008)

0.119 £ 0.011(0.008,0.008)
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WTW~ Measurement (2016 / 2022)

Uncertainty source (%)

Statistical 1.2 .

tt normalization 2.0 Uncertalnty source A],t
Drell-Yan normalization 14 Integrated luminosity 0.014
Wy* normalization 0.4 )

Nonprompt leptons normalization 1.9 Lepton exper imental 0.019
b et (O v Jet experimental 0.008
Mistag rate (q/g) 1.0 b tagging 0.012
Jet energy scale and resolution 2.3 N

Pileup 0.4 onprompt background 0.010
Simulation .and data control .regions sample size 1.0 Limited s ample size 0.017
Total experimental systematic 4.6 . .

QCD factorization and renormalization scales 0.4 Background normahzatlon 0018
Higher-order QCD corrections and pIVYW distribution 1.4 Theory 001 ].
PDF and «g 0.4 e g

Underlying event modeling 0.5 Statistical 0.018
Total theoretical systematic 1.6 Total 0.044
Integrated luminosity 2.7

Total 5.7
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W*W~ Measurement (2016 / 2022)

34.8 fb™ (13.6 TeV
CMS 35.9 b (13 TeV) > CMS | SEALL
= C | | | - S sl + Data ]
O @) = 2 POWHEG+PYTHIA _
< 1 ¢ Data — S B — MATRIX ]
o) ] | B . — MiNNLO+PYTHIA ]
© — POWHEG+PYTHIA - 0.6 |— ]
COR : : :
F — — - —]
= i 04 — —
0.5 — i s :
n i 0.2 — —
n _ B | | i
+ 1.4 - ' ' —
| ] o — \XTheoretical uncertainty =
Yl 1.2 — ¢ Theoretical prediction / measurement _—
| | L4 |8 1 ge«\«\x\w\\*\\\\x\\w\\\\\\\\\\\\\\\\\\&\\\\\\\\\\\\\W
- I | l ] i} 0.8 ;_ —E
8 2 E— Theo. uncertainty —E 1.4 B ™ tical raint : : —
o i g 3 — eoretical uncertain =
L -Ig 1.5 :—.Theo. prediction/measurement = E.‘E 1.2 | 4 Theoretical prediction);measurement + —
ZI5 S| + ; - ] e 5
oe o yEEERETe e = 8 E , , E
o 05 F — o 1.4 ;_ Theoretical uncertaintyI | —;
= | | ] Z|¢ 1.2 [ o Theoretical prediction / measurement —
0 1 =2 = oo e =
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W*Z Measurement

Signal region yields

Process eee eeyu uue UUU Inclusive
Non prompt 25+7 13+5 24 +7 30 £ 10 93 £15
77 25+2 37 £1 49 +3 75+ 3 186 £ 5
X+ 12 +2 2+0 24 +£2 3+0 41 £3
ttX 8+1 11+1 14+1 21 £2 54 +3
\A'AY 4+1 5+2 7+3 10 + 4 27 £5
VH 3+1 4+1 5+1 9+2 20 +2
tZq 4+1 5+1 8+1 11 £1 28 +2
Background 82 +8 785 1309 160=+11 450 =17
WZ 410 £10 556 =12 768 £14 1096 +£22 2830+ 31

Data 491 643 869 1276 3279

37



WT*Z Measurement

Events

Data / Pred.
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W*Z Measurement

Sergio Blanco (IFCA) — Multiboson 2024

Category Accuracy Fiducial cross section (fb)
POWHEG 68.0757 (scale) + 1.0 (PDF)
cee MATRIX, NNLO QCD 77.0118 (scale)
MATRIX, NNLO QCD x NLO EWK 75.4117 (scale)
Measured 72.0 £ 6.1 (stat) £ 6.1 (syst) £ 4.0 (lumi) =+ 0.5 (theo)
POWHEG 68.0733 (scale) & 1.0 (PDF)
cep MATRIX, NNLO QCD 75.0118 (scale)
MATRIX, NNLO QCD x NLO EWK 73.4117 (scale)
Measured 73.9 £ 3.5 (stat) £ 3.1 (syst) £ 1.1 (lumi) =+ 0.3 (theo)
POWHEG 68.0122 (scale) + 1.0 (PDF)
st MATRIX, NNLO QCD 75.011% (scale)
MATRIX, NNLO QCD x NLO EWK 73.4117 (scale)
Measured 71.2 £ 2.9 (stat) £ 2.0 (syst) £ 1.0 (lumi) = 0.1 (theo)
POWHEG 68.0153 (scale) £ 1.0 (PDF)
MATRIX, NNLO QCD 77.011% (scale)
HHH MATRIX, NNLO QCD x NLO EWK 754717 (scale)
Measured 75.3 £ 2.5 (stat) £ 1.5 (syst) £ 1.1 (lumi) + 0.1 (theo)
POWHEG 271.91%2 (scale) + 3.8 (PDF)
Inclusi MATRIX, NNLO QCD 304.077% (scale)
clusive +6.9
MATRIX, NNLO QCD x NLO EWK 298.17;5 (scale)
Measured 297.6 £ 6.4 (stat) £ 6.4 (syst) = 4.2 (lumi) £ 0.5 (theo)

September 2024
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W*Z Measurement (Run 2 / Run 3)

Run 3

Run 2

Accuracy Total cross section (pb)
POWHEG 50.575% (scale) + 1.1 (PDF)
MATRIX, NNLO QCD 55.0712 (scale)
MATRIX, NNLO QCD x NLO EWK 54.7112 (scale)

eee (Measured)
eey (Measured)
uue (Measured)
uuu (Measured)

Inclusive (Measured)

53.4 £ 3.0 (stat) &= 3.3 (syst) & 0.8 (lumi) = 0.2 (theo)
54.8 2.6 (stat) &= 2.3 (syst) & 0.8 (lumi) = 0.2 (theo)
52.9 + 2.1 (stat) == 1.4 (syst) &= 0.7 (lumi) = 0.1 (theo)
55.9 + 1.9 (stat) = 1.1 (syst) & 0.8 (lumi) = 0.1 (theo)

55.2 1.2 (stat) == 1.2 (syst) &= 0.8 (lumi) = 0.1 (theo)

Category or source

Total cross section

POWHEG
MATRIX, NNLO QCD

MATRIX, NNLO QCD x NLO EWK

eee (Measured)
eey (Measured)
upue (Measured)
uupu (Measured)

Combined (Measured)

425775 (scale) & 0.6 (PDF) pb
51.2777 (scale) pb
50.7 175 (scale) pb

53.2 £2.7 (stat) = 2.3 (syst) &= 1.1 (lumi) £ 0.5 (theo) pb
48.1 £1.7 (stat) &= 1.8 (syst) = 1.1 (lumi) £ 0.4 (theo) pb
50.6 £ 1.3 (stat) == 1.5 (syst) &= 1.1 (lumi) £ 0.5 (theo) pb
50.8 £ 1.0 (stat) == 1.5 (syst) &= 1.1 (lumi) £ 0.5 (theo) pb

50.6 £ 0.8 (stat) == 1.5 (syst) &= 1.1 (lumi) £ 0.5 (theo) pb

September 2024
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W*Z Measurement (Run 2 / Run 3)

Run 2 Run 3

Source Combined eee eeu wupe uuu Source Inclusive eee eep ppe pup
Electron efficiency 0.6 32 18 09 — Integrated luminosity 1.5 15 14 14 15
Muon efficiency 1.2 — 05 10 15 Trigger efficiencies 0.5 1.0 10 10 07
Electron energy scale 0.1 03 01 01 00 b tagging 0.1 01 01 01 0.1
Muon energy scale 0.1 00 00 01 01 Pileup 0.4 06 08 02 04
Trigger efficiency 0.7 07 08 07 07 Jet energy scales 0.9 1.3 07 11 07
Jet energy scale 0.9 08 07 10 09 Electron ID efficiencies 0.7 36 24 11 -
b tagging 1.6 1.8 17 18 16 Electron reconstruction 1.2 40 29 11 -
Pileup 0.9 1.0 12 08 07 Electron energy scale 0.1 01 01 00 -
ISR 0.2 02 02 02 02 Muon efficiencies 0.7 - 03 08 1.2
Nonprompt normalization 0.6 07 08 06 07 Nonprompt normalization 0.7 1.6 05 07 07
Nonprompt shape 1.0 1.2 1.0 09 09 VVV normalization 0.4 04 04 04 04
VVV normalization 0.5 06 05 05 05 tZq normalization 0.1 01 01 01 0.1
VH normalization 0.2 01 02 02 0.2 7.7 normalization 0.3 08 07 05 05
WZ EWK normalization 0.2 02 02 02 0.2 ttZ normalization 0.3 07 06 04 0.5
Z7Z normalization 0.3 03 03 03 03 X 4 7 normalization 0.2 07 03 04 02
ttZ normalization 0.3 04 04 04 03 VH normalization 0.2 02 02 01 02
tZq normalization 0.4 04 04 04 04 ISR /FSR 0.3 05 02 04 03
X7 normalization 0.2 05 01 05 01 WZ theo (ug, #g, PDF) 0.2 02 02 02 02
Total systematic uncertainties 2.8 43 37 30 30 MC statistical 0.5 19 09 10 09

o Statistical 2.0 53 46 38 33
Integrated luminosity 2.1 22 22 21 21 Total 33 84 64 50 42
Statistical uncertainty 1.5 50 34 25 20
PDF+scale 0.9 09 09 09 09
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H — yy Measurement

CMS Preliminary 34.7 o' (13.6 TeV) CMS Preliminary 34.7 fo' (13.6 TeV)
RRRYE '—>‘e‘e" T ’E;'«l ‘im;Jai'on‘ 0|:r | = 100 ‘—H;*e‘l T t/ZI‘ in|1uarion o;r ]
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B o}
. S0 ~°”":::**:1?:1‘:*M- : = ol
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. o
efﬁCIenCy by 1'5A) CMVSIPr'e/imvina‘zr‘y‘ ' __34.7fo" (13.6 TeV) CMiS‘Rrelimiqqry‘l __3471fb' (136 TeV)
T35t Eomens ibclvtia INNLEY. oo = oo
 The mass resolution estimator is decorrelated 30k t D ] ool b D ]
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. . . . 2.0 :
using a quantile morphing algorithm o :
I 1.0
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05; o9
= -
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H — yy Measurement

The resulting bin %" categories are [0, 0.01), [0.01, 0.014) and [0.014, ==).

CMS Preliminary 34.7 fb~' (13.6 TeV) CMS Preliminary 34.7 fb~' (13.6 TeV)

: L L e S BN IR : S e B S L L IR
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H — yy Measurement

Events /(0.5 GeV)

Events /(0.5 GeV )

m,, (GeV)

CMS Simulation Preliminary 13.6 TeV
) L L L B B e
I H— Yy Best resolution |
25 I —+— Simulation 2 ]
20 - Parametric -
r model ]
15 -
r O = 1.50 GeV ]
10~ -
5| {

‘905 110 115 120 125 130 135 140
m,, (GeV)

CMS Simulation Preliminary 13.6 TeV
(270 =352 L L L L L L L L L) L L ==
I H— Yy Worst resolution |
50 I —%— Simulation ]
40 Parametric -
N model ]
30l |
: Oy =2.99 GeV ]
20 .
10 -
B I "::::::::::

‘POS 110 115 120 125 130 135 140

Events / (0.5 GeV )

Events / (0.5 GeV )

40

20

CMS Simulation Preliminary 13.6 TeV
) L L e B B B e
I H— Yy Medium resolution ]
60 1—_%_ o ]
r Simulation ]
50 -
L Parametric .
r model 3
40 ]
C 0,y =1.89 GeV .
30— ]
20— ]
10 |

90 S 7::::::::::::::
m,, (GeV)

CMS Simulation Preliminary 13.6 TeV
D) e B e
EH— vy All categories |
140 ]
C —%— Simulation 1
120~ -
L Parametric ]
100 = model =
80 |
E Oy = 2.33 GeV 7
o .

P05 0115 120 125 130 138 340

Sergio Blanco (IFCA) — Multiboson 2024
September 2024

44



Sergio Blanco (IFCA) — Multiboson 2024
September 2024

H — 77 Measurement

0fiq (tb)
2e2u (fb) | 1.6370-3(stat.) Ty 15(syst.)
4yu (fb) 0.461018(stat.) "0 03 (syst.)
4e (fb) 0.831033(stat.) 0 15(syst.)
Inclusive (fb) | 2.941033(stat.) 05 (syst.)
Process 4e 4y 202y 44
Signal(my; =125.38 GeV) | 10.79198 | 11.747021 | 305477 | 53.07+238
nonfid 0357098 | 0.2610% | 0327302 | 0937304
nonres 011700 | 0.2270%0 | 0.337092 | 0.6510%
Total signal 1125798 | 12227022 | 31.19+1%9 | 5465128
qqZZ 13257196 | 33.13715% | 38707271 | 85.07123
gg77 1.897022 | 3.901046 | 3.95%03% | 9.7471%8
zZX 4347120 1 1423%8% | 17.1673% | 35.73775]
Sum of backgrounds | 19.4873:%7 | 51.26775> | 59.8073% | 130.541938
Total expected 30.727223 | 63.487773 | 90.991557 | 185.191356, 15




H — 77 Measurement
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