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Introduction

CMS Integrated Luminosity, pp, 2022, vs = 13.6 TeV
Data included from 2022-07-05 00:13 to 2022-11-28 05:00 UTC
as

* Maeasure fiducial cross section of H->ZZ->41 at 13.6 TeV
using the 2022 Data collected by CMS.

* The result has been open to public(ICHEP 2024), and
the paper will be submitted to JHEP.

* Analysis performed on 2022preEE (ECAL leak) ReReco
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and 2022postEE Prompt datasets Y 0 0 (o o 08 o
* A total of 34.7 fb-1 has been analysed, for 7.98fb-1 in e

preEE era and 26.67fb-1 in postEE era.
* Cross section is measured by unfolding experimental

data to the fiducial phase space at generator level.

« Differencial XS for Higgs production are also measured

with several observables.



https://indico.cern.ch/event/1291157/timetable/#20240717

Analysis strategy
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N4 (my) 1s skimmed from Data.
elj-(1+/isa) is measured from signal samples.
Pr(my) Promes(my) are described by signal shape.

Pug(my)  is evaluated from backgrounds

Finally, the fiducial XS can be measured with a
simutanous fitting method. Similarly, the differential XS

can also be fitted with suitable observables binning.
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Object Selection

Electrons:
pT > 7GeV, |eta|<2.5, dxy<0.5cm, dz<lcm
SIP3d<4, BDT ID

Muons:

pT >5GeV, |eta|<2.4, dxy<0.5cm, dz<lcm
SIP3d<4, PF ID if pT<200,

PF ID or HighPTID if pT>200, ISO<0.35

FSR Photons:
pT > 2GeV, |eta|<2.5,ISO<1.8
AR(L,y)<0.5 AR(Ly)/(pT~"2)<0.012

Jets:
To be updated (not used in this analysis)



Electron SFs

* Electron pT/Eta/IP selection was inherited from Run2, but the BDT ID is investigated again in 2022.
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Muon SFs

Muon Efficiencies are measured under LooselD, SIP, ISO cuts with tag-and-probe method, and finally

combined as the SFs.
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Event Selection

« Z Candidates:
any OS-SF lepton pairs with 12 GeV<m_11<120GeV

« ZZ7Z Candidates:

a) Build all possible ZZ pair

b)m_Z1>40GeV, leading Lep_pT>20GeV, sub
leading Lep_pT>10GeV, AR(1,1)>0.02

c)For each OS pair, m_11>4GeV(QCD rejection)

d)For 4e/4mu events, reject | mZa - mZ | <|mZ1

Fiducial Space

Requirements for the H — 4/ fiducial phase space

Lepton kinematics and isolation

leading lepton py pr = 20 GeV
next-to-leading lepton py pr > 10 GeV
additional electrons (muons) py pr > 7(5) GeV
pseudorapidity of electrons (muons) 7| < 2.5(2.4)
pr sum of all stable particles within AR < 0.3 from lepton <0.35- pr

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

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

Fiducial phase space defined at gen-level to

at reco-level to ensure model-

mZ | AND mZb < 12GeV). A l match closely the experimental selections

v

Z>

Za Zy

independency of the measurement and
easy re-interpretability.



BKG estimation

In our selection, two main kinds of bkg process should be taken into account.
1) Irreducible bkg with 4 prompt lepton: qqZZ4l, ggZ741, MC well simulated
2) Reducible bkg by the misidentification of non-prompt leptons: Z+X, using Data Driven method.

Estimation:
For 2P2F and 3P1F CR in Z+X, once we know the

probability for a “fake” lepton identified as a prompt
lepton, we can evaluate how many Z+X evts in SR
according to CR yields and fake rates.

Fake rate measurement:

Z+1L CR requires 2 tight OSSF lepton, and
an additional loose lepton. We can count
how many prompt in this CR to get Fake

Rates.
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BKG Modeling

Both kind of Bkg can be fitted with the histogram template of reconstructed mass4l1.
1) Irreducible bkg qqZZ4l, ggZ 741 extracted this shape from MC simulation
2) Reducible bkg Z+Xis filled from the reweighted distribution from CR
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qqZZ was generated in NLO, but the diff. XS was computed as NNLO. (Consider for both EW & QCD)
The NNLO/NLO k-factors are applied for qqZZ as a part of the event weight.

Similarly, ggZZ7 can only be generated in LO, so the NNLO/LO or NNLO/LO k-factors should applied for

ggZ7 as a part of the event weight.
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Signal of resonance 41 can be fitted with Double CB
functions, where a set of parameters can be
determined. Meanwhile, the non-resonance (VH, ttH)
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Systematic Uncertainties

Systematic Uncertainties can be traced from

experimental source and theoretical source.

Summary of relative systematic uncertainties

Common experimental uncertainties

Luminosity 1.4 %
Lepton id /reco efficiencies 0.8-16.8 %

Background related uncertainties

Reducible background (Z+X) 25—-45%

Signal related uncertainties

Lepton energy scale 0.05 %(u) - 0.2 %(e)
Lepton energy resolution 5 %(u) - 12 %(e)

Summary of inclusive theory uncertainties

QCD scale (gg) + 39 %
PDF set (gg) +3.2%
gg — ZZ k-factor (gg) + 10 %
QCD scale (qq —+ ZZ) +3.2/-4.2 % %
PDF set (qq — Z2Z) +3.1/-34%
Electroweak corrections (qq — Z7) + 0.1 %
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Yields in SR(Pre-fit)
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geZ7 71.93 | 4647 | 11033 | 228.72 gg77 392 | 1.86 | 392 | 97
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Final Results

CM S Praiminary 347 b~ (1356 TeV)

BCMS 3477 (13 TeV)

- B - 0B3 023
- Exp. 0, =3.09 ;5 (stat)’ - [syst) — Expected

= -E et wa o Expected - stat-only
<] 3 . . —— Observed
o F Obs. 0, =294 | 5 (stat) ﬂ (SYSY)____. Dpserved - statonly

&

5

IIIIIIIIIIIIIII IIIIIIII J IIIIIIII IIIII_
POWHED « JHUGkn - Fyha) « o4 ]

— g (POWHEQ - NNLOPE » HUGes » Pythia) « & ]
BH - WH = VBF POWHEG » JHUGEnR « Pyikia ]
Dhada, (ital s o unt ) -

Sy b e uriRainty

[+

-

20217

Inclusive fiducial XS fitting result, and the x-axis of the
left plots is represented by signal strength. The
uncertainy of XS can be extracted by 1-d likehood

scanning.
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Final Results
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Summary

* Same analysis strategy as Run2 is performed.

5.11b" (7 TeV), 19.7 b (8 TeV), 138 fb' (13 TeV), 35 b’ (13.6 TeV)

* The performace of electron and muon are well = 61"'|""|""|'"'|""|""|""|""|""|"';
' £ °F CMS -

measured in Run3 2022 data. T [ 4 RuntData(stat@sysy .

* Fiducial XS are measured with unbinned © 5 n : 23: i E::: E::Z: g 2::3 .
. . . . E Systematic uncertainty E
max-likelihood method, and the result is: 4 S Standard model (minloHJ, m_= 125,00 GeV) E

[ 2% Standard model (NNLOPS, m_ = 125.38 GeV) i

. .29 - -

Opq = 2.94702 (stat.)*)2) (syst.) fb af oy
- : ST

* Comparing with Runl and Run2 results, of ’
they are corresponding with SM predictions. g 5 ﬁ#kﬁﬁ g

* Differential XS can also be measured with this e mi“T -
ety : : - —(H—=4)+X -

framework, whichwill bring more information when PP — ( ) -
1| I L1l | Ll il I Ll 11 I Ll | L il | Ll 1l I L1l I L1l | L LTl

we have more statistics in Run3.(2022-2025) 6 7 8 9 10 11 12 13 14
/s (TeV)

15






Backup

> Q"w''|""r'|""|""|""|""m|w'&;,, B e T

g L l'.‘* goH(125), 2e2mu, UL 2022EE 1 2 [ % ZH{125), 2e2mu, UL 2022EE 1

Sool ' —  pdf ma J Soml *III —— Double CB ]

g 0 | 4 Simulation 1 8 [ M Landau ]

20 T][ 18 ¢ | 4 — pdfmay ]

15 +| | a 0.03-— |’ | ¥ Sirrulation ]

r | ] r ol ]

C 1 ] - |4 it ]

1.0 tod -4 o.oef i .

L i 4 L II: l _

r Py ] i s .

a $ | 4 L | A ]

ﬂ.5_— 4 ' ] 0.01+ i* +| -]

L '1 ] L 'L‘ ]

F 1 F M . .

0.0 — 4  o.o0f = 7]
ST [N N N T A T T N T T O T T [N T T O PR SN S ST T NSNS A S M ST ST S (N S S SRR MR |

110 120 130 140 150 160 110 120 130 140 160 160

my, [GeV] my [GeV]

}um‘_!.—'“‘."“.‘"ﬁ"'.'“."".’.,....,....,....l...."'}”." _-_,0.035‘_’=.'9‘."‘.“',"7"‘.“'?.,....,....|....,....‘",”‘_“

& oasr A, WminusH{125), 2e2mu, UL 2022EE | & E A WplusH(125), 202my, UL 2022EE 3

E C ﬂ -— Double CB ] Eﬁ-'ﬂ'_‘ f| -— Double CB 3

8 00200 1 Landau 12 s Landau 3

g N } —  pf may 1 2 o.005F 1 —  pdf ma __

11} . . (1T - i ) ]

r { Simulation 1 E i b Simulation 3

0.015_— 41 7 olm__ ] .

i R ] - 1 ]

i I 1 ooisf 3

0.010 ! | - o ] ]

[ ] C ] ]

r f 1 1 ootof 4 # E

0.005 ’ N F # : ]

i 1 ooosf \ 3

: >y ._ ] F "\ .

n'm__...I....I....I....I....I....I: 0000 T

110 140 150 160 110 120 130 140 150 160
ma [GeV] ma [GeV]



Fake rates
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ZXCR plots

1200

0 GeV

1000

nts

o 800

Ev

600

400

200

na

LI | T T I T T | T T T I LI | L I J

100

e
I T

Control Region 2P2F

—e— Data
I Z+jets
B it + jets
. Wz

] Zy*.2Z

| I I I - | 11 1 I | I | 11 1 I —1

200 300 400 500 600 700 800
m,, (GeV)

500

400

300

200

100

Control Region 2P2F_4e

—e— Data
I Z +jets
P it + jets
. vz
[ zynzz

IIIIL

200 300 400 500 600 700 800

m,, (GeV)

Events / 20 GeV

60

50

40

30

20

10

Preliminary
TTT T

——

|||||I||||||||||||||I|||||||-
——
—_——
.

—=e— Data

vz

}

200 300 400 500

TTTT I TTTT
Control Region 2P2F_4mu

N Z + jets
B i+ jets

[ zyvzz

III|IIIIIIIII|IIII|IIIIIIIII|I‘I‘

600 700 800
m,, (GeV)

19



BKG estimation

qqZZ was generated in NLO, but the diff. XS was computed as NNLO. (Consider for both EW & QCD)
The NNLO/NLO k-factors are applied for qqZZ as a part of the event weight.
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Similarly, ggZZ can only be generated in LO, so the NNLO/LO or NNLO/LO k-factors should applied for

ggZ7 as a part of the event weight.
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Simutanous fits

Events / (1.83 GeV)

Events / (1.83 GeV)

18
16
14
12

0.8
0.6
0.4
0.2

CMS MT (5= 138 TeV)
BRI L L B BN I
g_ { Asimov Data Neg _§
g_ _er:rmn _r"lnurres _§
E — Ny — Ny E
L
TTTTTTTITTTI l]lﬁ
0 120 130 140 150 160
m,, [GeV]
CMS TR (fE= 128 TeV)
—|_| | T T T T | T T T T | T T 1 T | LI T I T T T I_—
E_ + Asimov Data Ny _E
E— _er:I'Tﬂ" _Nmrres _E
- Nz — Ny 3
1 ++——++H.‘HHHHHHT;
10 120 130 140 150 160
m,_ [GeV]

Events / (1.83 GeV)

Events / (1.83 GeV)

35

0.8
0.7
0.6
05
04
0.3
02
0.1

CMS M TR (E= 135 TeV)

e L e o e e e e I B o e e o e e e

| Asimov Data My .

g - Nnurra Mngnres g

E N — Ny
el I S YT Y Y O O Y

110 120 130 140 150 160
m,_ [GeV]

CcMS T = 136 TeV)
:l T | T T T T | T T T 1 | T T T 1 | T T T T | T T T I:
= { Asimaov Data M, =
g_ _Nrurrd NI'IZI'II'EE _g
= — N
g;_.l.._._u-r!-'l"["i%-}.:..du....l.huj...;
110 120 130 140 150 160
m,_[GeV]

21



CMS Lumi

CMS Integrated Luminosity, pp, 2023, /s = 13.6 TeV
Data included from 2023-04-21 16:58 to 2023-07-16 23:02 UTC
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DAS Path

Runs

Dataset and MC Samples

;:mm E!:[Ja;gét /5 Muon fRun2022C-225ep2 023-v 1/ HANOAOD S Flag HLT Paths
gleMu ingleMuon/Runz022C-225ep2 023—v 1 /NAR - = —
DeoubleMu2022C | /DoubleMucn/Run2022C-2252p2 0231 /HANGADD passSingleEle [ HLT Zle30_WPTight Csf
Muon2022C JMuon/Bun2022C-225ep2023—v 1 /NANDACD 3RRBE2-35T4R2 | 4.3 fb! )
MuonBG2022C /MUuDnEG/RUNZ022C-2 25ep2023-v 1/ HANCACOD passSingleMu [ HLT_TsoMuz4
ECamma2022C /EGarma/Run2{22C-225ep2023-v1/HANCAID
DiFke HLT_Ele23 Elel2_CaloIdlL TrackIdl IscVL
Muon20220 /MuDn/Runz0220-225ep2023—v1/NANDAOD pass HLT DoubleEle25_CaloIldL MW
MuonBEG20220 /MuonEC/Bun20220-228ap2023—v 1/MANOAOD 357538- 357900 | 3.3 fb~!
EGamma2D22D JEGamma/Run20220-225ep2023-v1/NANCAOD PEISSD'].N{LL HLT Mul7_ TrkIsoWVL Muf TrkIsoVVL D Z_MEISSE;]_DB
Muon2022E JMuon/Fun2022E-228ap2023-v1/HANDAOD - . .
MuonBG20z2E J/MUDNEG/RUNZ02ZE-225ep2Z0Z3-V1/NANDATD 359356 - 360327 | 6.1 fb ! HLT MuZ 3:Trk‘SGWL—Ele‘z—c?lDIdJ—TraCkIdL—ISD‘FL
EG 22022E /EGarma/Run?022E-2282p202 3 v1/NANOAOD HLT Mu8_ TrkIscVVL Ele23 CaloldL TrackIdL_IsoVL _DZ
assMuEle LT _Mul2 TrkIsoWWVL Ele23 CalolIdl TrackIdL TaooVWL_DZE
Muon2022F SMuon/Runz022F-225ep2023-v2 /NANDAGD P HLT MuZ3_TrkIsoWVL_Elel2_ Caleldl TrackIdL IsoVL_DZ
MuenBIC2022F /MuonEC/Runl 022F-228ep2023-v1/NANOAOD 360335 - 362167 | 184 fo1 HLT_DiMu% Ele% CalolIdL_TrackIdL_DZ
Flamma2022F /EGamma/Run2022F-225ep2023-v1/NANOAOD HLT _Mug_DiElel? CaloldL TrackIdlL DF
Muon202205 J/Muoon/Bun2022C-225ep2023-v1/NANDACD . HLT TripleMu 10 5 5 OF
MucnBiG2022G | /MuonEG/Runz0226-225ep2023-v1/HANOAOD 362353- 362760 | 3.2 ! passTriMu HLT_;EETEQE_? > Yols
EGamma2022G /EGamma/Run2{22G-225ep2023-vZ /HANCAID - == =
Process Dataset Name - BR
P - NIC Concrator(s) 7 BR () qq—+ZZ —+ 4L fZZ'I'DAlL_Tum(;PE_lSPGTeV_powheg_pyI;h.iaS,ﬁ’ . 1.39 pb
g5 + H—ZZ + 4f Standard 1131 b gg +ZZ —+ de /GluGlutoContinto2Z to4E_TuneCP5_13p6TeV_mcfm-pythia8 0.003 pb
qq — Hqq — ZZqq — 4fqq Standard 112 fb gg — ZZ —du /GluGlutoContinto2Z to4Mu_TuneCP5_13p6TeV_mefm-pythia8 0.003 pb
qg +ZH = ZZZ - 4/ + X POWHEG 2.0 (minlo HZ]) 0775 tb gg — L7 —dt /GluGlutoContinto2Z to4 Tau_TuneCP5_13p6TeV_mcfm-pythiad 0.003 pb
qq —+ W*H - WHZZ - 4f + X | POWHEG 20 (minlo HW]) 0.244 fb gg —+ ZZ — 2e2 | /GluGlutoContinto2Zto2 EZX_TuneCP5_13p6TeV_mcfm-pythia8 | 0.006 pb
9+ W H-WZZ -4/ +X | POWHEG 20 (minlo HW]) 0.156 fb gg — Z7Z — 2e2e | /GluGlutoContinto2Zto2E2X_TuneCP5_13p6TeV_mcfm-pythia8 | 0.006 pb
gg —» MH S #ZZ - 4 +X Standard 3k Z 5 bf +jets DYJetsToLL_M-50_TuneCP5_13p6TeV-madgraphMLM-pythia8 | 5558.0 pb
I — 202v TTto2L2ZNu_TuneCP5_13p6TeV_powheg-pythia8 762.1 pb
WZ — 3fv WZto3LNu_TuneCP5_1306TeV _powhee-pvthia8 4,924 vb
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