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Higgs production

> LHC iS d Higgs faCtory cross sections
» About 8 million Higgs bosons produced by LHC during atmy ~ 125 Gev
Run2 (\'s = 13 TeV) per experiment 86%

» H—yy is one of the golden channels in the Higgs boson
discovery and its property measurements, and also 6.5%
search for additional resonances (Benjamin’s talk)
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Roadmap of Run2 H—yy measurements:

HIG-16-040 (JHEP11(2018)185 ): » HIG-19-004 (PLB805(2020)135425): = HIG-19-0713 (PRL 125 (2020) 061801):
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Self coupling in non-resonant HH . .
HIG-19-018 (JHEP03(2021)257 ): HH->bbyy « HIG-19-0716 (JHEPO7(2023)091 ): « HIG-19-015 (JHEPO7(2021)027 ):

HIG-21-014: HH->WWqyy fiducial cross section (XS) and signal strengths & Simplified
HIG-22-012 (arXiv:2506.23012): HH—>yytt differential fiducial XS Template Cross Section (1. 2)



PRL 125 (2020) 061801
http://dx.doi.org/10.1007/JHEP07(2023)091
http://dx.doi.org/10.1007/JHEP07(2021)027
https://www.sciencedirect.com/science/article/pii/S037026932030229X?via%3Dihub
http://dx.doi.org/10.1007/JHEP03(2021)257
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
http://cds.cern.ch/record/2840773?ln=en
https://arxiv.org/abs/2506.23012
http://dx.doi.org/10.1007/JHEP11(2018)185

Analyses covered in this talk sz erase

Chinese Academy of

Including the latest H—yy results released in last ~1 year

» HIG-23-014 (arxiv:2504.17755): H—vyy fiducial and differential cross section with Run3 data
v' First Run3 H—yy analysis/paper, released for ICHEP2024

» HIG-23-010 (arXiv:2503.08797 ): H{(—Yyy)+c to probe Higgs-charm coupling with Run2 data
v' First search for cH, H—>yy at LHC, released for ICHEP2024

» HIG-24-006 : Anomalous couplings in VH, VBF, ggH with H—Yyy and Run2 data

Very new:

released for

Many ongoing analyses with H—>yy : EPS2025 (July)
uly

v Run2 mass and width (HIG-24-007, HIG-

25-004) “early” Run-3

v Run2 HHH->4b2y (HIG-24-015) to RUN-2 (2022-2023) Run-32024
constrain self-coupling A; and A4

v Run3 HH->bbyy to probe self-coupling A, ~140 fb ~60 fb- ~100 b

Vo (2016-2018, \s = 13 TeV) (2022-2026, Vs = 13.6 TeV)


https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://cms.cern.ch/iCMS/analysisadmin/cdspreprint?code=HIG-23-014&marc=yes&name=CERN-EP-2025-067
https://arxiv.org/abs/2504.17755
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
http://cds.cern.ch/record/2905239?ln=en
https://arxiv.org/abs/2503.08797
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
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Analysis Workflow and Strategy = v
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762
https://arxiv.org/abs/1211.6581
https://arxiv.org/abs/2403.18582

Analysis Workflow and Strategy = e

Events - Diphoton HLT Energy S+S correction

Single electron HTL for T&P /—* - NF MC corrections
. y-ID MVA

Double Muon HLT for Z->upuy

Z->ee selection - Event classifiers
\’ Tag & Probe
Apply L _ o
Correction & Weighting === - Trigger efficiency

g - Preselection and y-ID MVA cut SFs

Energy scaling and smearing (S+S) corrections
MC corrections (Run2 CQR, Run3 NF)
Photon MVA ID

Pre-selection &

v-ID MVA cut & §.>|’ ___________ 1

electron-veto Event classifiers

v

Event categorizations

Mass sideband selection Z->ppy selection

Electron-veto SFs

Seiceton alaton: Control samples for validations,
-ID MVA (dedicated one - Energy 5+S correction .
iyn Run2, EGM one in Run3) | | = MC corrections SeleCtlon datalMC Scale faCtOrS tO
Event classifiers - 7-ID MVA CorreCt Signal MC L



https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762
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Analysis Workflow and Strategy = weni
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762

Analysis Workflow and Strategy = v
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https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
https://iopscience.iop.org/article/10.1088/1748-0221/10/04/P04015
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Trigger (Data-only) Validations

Events - Diphoton HLT Energy S+S correction
Single electron HTL for T&P NF MC corrections

Double Muon HLT for Z->upuy v-ID MVA
Z->ee selection Event classifiers

Tag & Probe

— == ="« Trigger efficiency
Preselection and y-ID MVA cut SFs

Correction & Weighting

Energy scaling and smearing (S+S) corrections I » 2
MC corrections (Run2 CQR, Run3 NF) Pre-selection )
Photon MVA ID v-ID MVA cut & — |

electron-veto

Mass sideband selection Z->upy selection
Electron-veto SFs

Validations Validations

v-ID MVA (dedicated one
in Run2, EGM one in Run3)
Event classifiers

Energy S+S correction
MC corrections
v-1D MVA



https://link.springer.com/article/10.1007/s10994-016-5546-z
https://doi.org/10.48550/arXiv.1912.02762

» First Ho>yy analysis using CMS Run 3 data

» Inclusive and differential measurements of the
fiducial cross sections (XS) aim at providing a set
of model-independent results

» Use of novel and innovative analysis techniques
v NN to improve y energy resolution a;
v Data/MC corrections of y shower shape, isolation and
o via normalizing flows - reducing systematic
uncertainties

» Three o, /m categories are employed to
improve the sensitivity: [0, 0.0105), [0.0105,
0.0130), and [0.0130,x)

\Fiducial cross sections with 2022 data
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https://arxiv.org/abs/2504.17755

Results of Run3 fiducial XS tappmacors
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https://link.springer.com/content/pdf/10.1007/JHEP11(2021)220.pdf
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-23-014/index.html
https://arxiv.org/abs/2504.17755

Run3 differential fiducial XS s
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https://arxiv.org/abs/2504.17755

» Provide a unigue opportunity to probe the Higgs boson-

» Jet with the largest pT must be c tagged : CvsL score > 0.25

charm quark coupling in production of Higgs

Tagger CvsL
P(c
DeepJet PO+ P(11(dg)+P( g)

» Two BDT classifiers to distinguish cH and ggH, to
distinguish cH and the continuous bkg

Fraction of events
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Results of search for cH, Ho>yy  woiiee

g

CMS 138 fb' (13 TeV)
B T T | T T T | T T | T T T T | T T | T T
.. . n H—’W m_ =125.38 GeV All categories
» Upper limits on the cH signal 25000 |, __yag 1  ou
" — Sfit compoment

strength < 243 (355) x o), obs.
(exp.) at 95% CL

n
[=]
=]
o

S+B fit
= All background

------- Continuous background
1o

[ 1+20
arXiv:2503.08797

1000

» Constraints on H-c quark coupling
modifier |« | <38.1 (|k_|< 72.5)
obs. (exp.) at 95% CL
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Anomalous Higgs Interactions gt
» Higgs boson confirmed to be spin-0, and consistent with qdvi
CP++ since Runl H V
I
» Pure CP-odd state excluded # CP-even state V2
qdv>

» Look for BSM contributions in the HVV, Hgg amplitudes
Vi=W.Z,7,8

Vgt + x5V at, kY (qyi + qva)? " I ———
HV V2 .‘{ VAVV Y + (AEV)Z m%/IGVIEV2+ a2vf,u1/ f va;,/vf/,w f (2)ﬂb

a: SM Dim-6 BSM operators at a | as: CP odd
scale A > Apwk | BSM

15
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Anomalous couplings with H—>yy  wenee

ese

» VBF+VH to probe anomalous HVV interactions (f,2, 43, A ¢ f/a(), ggH to probe anomalous

Hgg interactions ( fa%QH fH

%) in the top quark dominated loop *ttH already in PRL 125 (2020) 061801

fractional contribution of each anomalous Higgs boson coupling to the total cross section of a process

fai = ‘af‘zgf X sgn (H") fggH ﬂ%’g : % n%g \fH”\ = (1 +2.38 [ 1 1])1
Jai ™ - . — T oo 5 T sen | —z cp | = = -
" Jar oy fa oy + g P 4 0n, /(A1) 401/ (AFT ) a ) o = e e o ) 75
CMS Preliminary 138 b (13 TeV)
[ ] [ ] [ ] [ [ [} [ ] LQ FTTTT | TTTT | TTTT | TTTT TTTT TTTT | TTTT | TTTT | TTTT | TTTTH
» Discriminants are defined using several machine learning (ML) S 3w — VBFHoy (=) ]
. . . . = T[] VBF H-yy —— VBFH—yy (f=1)
algorithms and the matrix element likelihood approach (*) 5[ e - Non-resonart kg
N = VBFH—=yy (, =1) E
v To enhance the separations between SM Higgs and anomalous g R
.. : c CP-even i
coupling signal hypotheses, SM Higgs and bkg S
v’ For event categorizations iz JP =0t ]
VHhad S E
DYBE and D DVBE . g pVHhad b ]
VBF+VH NNBSM BSM NNbkg and bke =1 :
VHMET ~WHIe ZHle VHMET ~WHle ZHle B s o g
D , D p, and D P D D P and D P e T T ;
BSM BSM BSM STXS 4 STXS 7 STXS 10_2 ////////é;éé;//?///////?/%/// _____ e ;__
R, i
g ate ‘ - e
8eH D and DE pgsfitat pestl pestiis ._______r
BSM STXS bkg 0 01 02 03 0.4 05 06 07 08 09 1

16 VBF
* Phys. Rev. Lett. 110 (2013) 081803 HIG-24-006 Danbsm



PRL 125 (2020) 061801
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://cds.cern.ch/record/2937958?ln=en
http://dx.doi.org/10.1103/PhysRevLett.110.081803
http://dx.doi.org/10.1103/PhysRevLett.110.081803
http://dx.doi.org/10.1103/PhysRevLett.110.081803

-2AInL

25

20

10

30

25

20

15

15

10

Lo 1
—OQOUUB -0.0004

H— vy, m, = 125.38 GeV

138 fb' (13 TeV)

H— 7y, m, =125.38 GeV

L CMS

[ Preliminary

- p—valuesM =096

i Expected (uf,uV floated)

—— Observed ([.lf,u.v floated)

\/

138 fb™' (13 TeV)

0008—0 0006—0 0004—0 0002 =

H— vy, m, = 125.38 GeV

L CMS

r Preliminary

— p—ValuESM: 097

P Expected (u u floated)

—— Observed ([.lf,u.v floated)

\ ‘
\ ,
' .
\ S
v N
.\\ / ’
.

R '
—0.0002 0

1 30f
£ - CMS
<] [ Preliminary
o~ 25F pale™=097
az ! roe Expected (1 p_floated)
ool — Observed (I"I'r'uv floated)
155
100
5-
o O_II‘I\\\‘I\\\‘\\I\‘I\I\;\'JL‘.I”\I\|IIII|II
00002 00004 00006 GDDOB -0004 -0003 -0002 -0001 0 0.001 0.002
fa3 fa2
138 fb™' (13 TeV) 4o = T m,= 12538 Gev 138 b (13 TeV)
— L
£ - CMS
- [ Preliminary
o~ 251 p-value™ = 0.97 Zy
f ! roo- Expected (u y1_ floated) f
( s 1 20; —— Observed (”‘f'“v floated) /\ 1
151
10F
5=
N T P R TR V N S TR
0.0002 0.0004 0.0006 —9.006 —0.004 —0.002 0 0.002 0.004 0.006
Y
fA'I f/z”

H—yy AC: HVV coupling parameters

R

PRARED kPR uL f
Institute of High Energy Physics
Chinese Academy of Sciences

Very new: released
for EPS2025 (July)

68% CL intervals on HVV AC parameters

Expected/(10_4)

Observed /(1074 Expected/(10_4)

Parameter
H — 77 (68% CL) JH — 7 (68% CL)§ H — 4/ + H — t%7~ (68% CL)
fu 0.07%1 0.00793 [—0.5,0.5]
fur 00731 —0.817598 [—4,5]
far 0.07033 —0.014 19932 [-0.4,1.1]
i 00737 0.8371° [—10,10]

HIG-24-006

» Compatible wrt SM prediction
(f 2i=0)

» These represent some of the
most stringent limits to date

17
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H—yy AC: Hgg coupling parameters e

g =TT m, = 12538 Gev 138 fb ' (13 TeV) . Btl—ﬂm m_ = 12538 GeV 138 fb' (13 TeV) Very new: released
- CMS c [ CMs for EPS2025 (July)
vd® Pref;m;fary a4 7F Preliminary
[ pvalue™ =036 N E
N Expected (i, 1 floated) ‘el Expected (u, u floated)
F — Observed (1, p, floated) - — Observed (u, p, floated)
5F 51
. Results consistent
A with SM expectations
2
8
D:
ggH +0.46 +0.10 Htt _ +0.57
fon = 0457575 (stat.) Tyog (Syst.) = 0.26" 5%
As systematic uncertainties largely cancel in ratios, all oo 38 |2 a8
e e e 4 o o a3 |agg‘2—|—|ngg‘2 X sgn HK
measurements are currently limited by the statistical precision 2 3 2

and are expected to improve with additional LHC data 18
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NIRRT

» Latest results of Higgs boson property measurements with

H—yy are presented

v Inclusive and differential fiducial cross section with Run3 (2022) data
v" First search for H+c (H—yy) at LHC with Run2 data to probe Higgs-charm coupling

v' Probing possible anomalous couplings of the Higgs boson to vector bosons and fermions
with Run2 data

» All measured results are consistent with Standard Model prediction

» More Run2 (H->yy Higgs mass and width, HHH->4b2y, ...) and Run3
results (STXS, HH—>bbyy, ...) are coming ... please stay tuned!
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H—yy Run3 cross sections togrgatree

Chinese Academy of Sciences

> Fiducial volume Systematic uncertainty Impact in %

Category migration from energy resolution +3.5/—4.2
Run2 Photon energy scale and resolution group +3.4/—-2.8
. “ . ” Integrated luminosit +1.4
Observable  Selection | Run3 “geometric cut & oY
Photon preselection efficiency +1.4
p¥1 /Tn"yv >1/3 », o7 1/3 Material budget +1.3/-1.2
s 171 Pr Pr / m’;r']r > 1/ I Photon identification efficiency +1.0
Pt / Moy > / Pileup reweighting +0.8
Y 10 GeV - o .
gen < 3 Efficiency of these criteria, as determined .
Y = . . . . CMS = 34711 (136TeV)
n"| <2.5 from simulation, is *51.8% with Run2 volume s . T el (VG5 AMG@NLO - NNLOPS) - 0.65 |
. . o = .
and = 50.6% with Run3 “geometric cut” 5 b e ooy e
= ystematic uncertainty
:g — ggH (MG5_aMC@NLO + NNLOPS + Pythia) + xH
3 -1 3 10 — ggH (MG5_aMC@NLO + Pythia) + xH -
CMS 34717 (136TeV) CMS 34.7fb” (13.6 TeV) g — ggH (POWHEG = Pythia) + xH
o™ o ooy IREO) p ‘ & < xH = ttH + VH + VBF <
;U,15)G v o ‘ﬂT’ 08 Offo1s) H o vy 08 ol +|_i__ (MG5_aMC@NLO + Pythia) g -
S sev - _ _ — S
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Search for cH, Hoyy twersdtss

_ . pp—H+c
Table 1: Number of expected signal cH (H — 7), resonant background and continuous back-
ground events, as well as the resulting signal-over-background ratio (S/B) in the diphoton
mass window [122.88,127.88] GeV for all categories. For each category, the event yields for the
three years are summed. The fraction of different production processes contributing to the res- /\
onant background (ggH, ttH, VBE, VH, and bH) is also reported. X
AN C
Category  Signal Resonant background Continuous S/B A%
cH ggH ttH VBF VH bH Total bkg. (x10°) (x107°)
Tag0 0.013 84% <0.1% 5.3% 34% 7.5% 24 0.50 2.6 Sensitive to x in
Tagl 0.016 79%  0.33% 7.3% 6.3% 7.3% 3.3 15 1.0 . ¢,
Tag2 0.0072  72%  40% 83% 9.1% 64% 1.8 7.4 0.10 production of Higgs
Tag3 0.0034 72% <01% 16% 59% 5.6% 1.3 0.17 2.0
Tag4 0.0087  68%  1.2% 16% 9.9% 4.9% 3.5 0.96 0.90 S .
Tag5 0.0094  54%  15% 15% 14% 3.6% 5.1 9.9 0.10 tl'Ollg constraints
Tag6 0.00029 42%  19% 43% 12% 1.5% 0.52 0.019 1.5
Ta§7 0.00095 43%  14% 25% 17% 13% 18 0.16 0.59 onk at95% CL!
Tag8 0.0017  36% 32% 15% 17% 1.1% 3.3 19 0.087 ¢
All 0.060 61%  94% 14% 11% 4.5% 23 23 0.27

HIG-24-018: ttH(cc) = ttH(cc) +
VH(cc)

arXiv:2503.08797 .H(VV)'FC K <31.8

K, < 3.5

Table 2: Impacts of several uncertainty groups divided by the total uncertainty in the signal
strength measurement.

Uncertainty group Fraction of total impact

Statistical 66% HIG-23-011:

Theoretical in the cH signal 38% H(ZZ/bb)+'Y H (41) +X -4.0< K, < 3.4
Theoretical in the resonant background 59% _ _

Experimental in the yields 27% prOd uction with the

Experimental in the mass shapes <1% g

Integrated luminosity <1%

Yy

®f7 K
y

boosted topology ‘?> s r
4

q


https://arxiv.org/abs/2503.08797

H—yy AC : VBF, VH

Table 2: List of discriminants for separating anomalous couplings from the SM contribution
in the HVV analysis. The third column indicates the targeted discrimination for that specifi
observable. Discriminants in this table are only used for event categorization.

CMS Simulation Preliminary

— VBFH 5 yy (fas=1)
— VBFH 5 yy (faa=1)

[ Non resonant bkg

VBFH = vy (far=1) ]

—— VBFH 5 yy (in, =1)

— VBFH o yy (ff=1)

Events (normalized)/0.05
Events (normalized)/0.05

diphoton system + additional
final-state particles

CMS Preliminary 138 fo-1 (13 TeV) CMS Preliminary

?m&#&z¢%mamﬂ

Institute of High Tnergy Physics
Chinese Academy of Sciences
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Events/0.01
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T ]

Production mode Discriminant Main goal
VBF DYEF separate between CP-even, CP-odd and mixed CP scenarios
VBF Difle  separate H signal from non-resonant backgrounds
VBF RN separate between SM H and several BSM H scenarios
V(had)H D]Yk};h"d separate H signal from non-resonant backgrounds
V(had)H Dpt™  separate between 5M H and several BSM H scenarios
W(lv)H ’D.‘:\-;;ISIEP separate H signal from non-resonant backgrounds
W (iv)H D™ separate H signal from several BSM H scenarios
,DZHle .
Z(t0OH STXS separate H signal from non-resonant backgrounds
Z({1)H Dﬁ;&“" separate H signal from several BSM H scenarios
Z(vw)H D:T':(’;‘H separate H signal from non-resonant backgrounds
Z(vv)H ’D;;:AMET separate H signal from several BSM H scenarios
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DVBF

Table 4: Definition of the VBF categories based on the values of the discriminants D\, DyBF Table 5: The expected number of signal events in the case of SM H with my = 125GeV in anal-

ysis categories targeting VBF associated production, shown for an integrated luminosity of

d DVBE
ane LNNBsM 138fb". The fraction of the total number of events arising from the VBF production mode in

Analysis categories D%BNﬁakg DYEF | DYRE v each analysis category is provided. Entries with values less than 0.1% are not shown. The o,
ggH-like Tag0 ~005 | >06]| <0097 defined as the smallest interval containing 68.3% of the 1., distribution, is listed for each anal-
ggH-like Tagl ~005 | <06| <0097 ysis category. The final column shows the expected ratio of signal to signal-plus-background,

qqH BSM-like Tag0 | < 0.05 | < 0.6 | > 0.97 S/(S+B), where S and B are the numbers of expected signal and background events in a &1,

qqH BSM-like Tagl | < 0.05 | < 0.6 | < 0.97 window centered on .

qqH SM-like Tag0 | < 0.05 | >0.6 | <097
Analysis categories H(125) expected signal
yield qqH 0.4 (GeV) S/(S5+B)

ggH-like Tag0 118.9  44% 1.86 0.07
ggH-like Tagl 642  23% 1.71 0.05
qqH BSM-like Tag0 | 11.3  12% 1.55 0.51
qqH BSM-like Tagl | 30.8 59% 1.67 0.45

HIG-24-006 qqH SM-like Tagd | 79.1 75%  1.86 0.37

Table 7: The expected number of signal events in the case of SM H with my = 125GeV in anal-
ysis categories targeting VH associated production in which the vector boson decays hadroni-
cally, shown for an integrated luminosity of 138 fb~!. The fraction of the total number of events
arising from the VH production mode in each analysis category is provided. Entries with val-
ues less than 0.1% are not shown. The o, defined as the smallest interval containing 68.3% of
the ", distribution, is listed for each analysis category. The final column shows the expected
ratio of signal to signal-plus-background, S/(S+B), where S and B are the numbers of expected

Table 6: Definition of the V(had)H categories (i.e. VH events where the vector boson decays signal and background events in a +10.4 window centered on niy;.

hadronically) based on the values of the discriminants pYHhad gng pyiihad,

bkg BSM
Analysis categories D;féhad Dy Analysis categories vield H(\}IZLIS ) e?:i f?gjvs)lgnsa} S4B)
V(had)H SM Tag0 <0.08 <056 V(had)H SM Tagd | 16.6 4% 1.69 0.13
V(had)H SM Tagl 0.08 < DQ’%}‘“ <025 | <045 V(had)HSM Tagl | 37.6 34% 170 0.07
V(had)H SM Tag2 025 < Dy <054 | <029 V(had)H SM Tag2 | 1005 16%  1.63 0.05
V(had)H BSM Tag0 < 0.066 > 0.89 .
V(had)H BSM Tag1 ((excluding cat. %/(had)H BSM Tag0) <10 > 0.75 y,ggg;g Egm Eg(l) %ﬁé ;g; %Z 8:;2 25
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e
H—>yy AC: VH lep. + MET tAgsts kR

Table 9: The expected number of signal events in the case of SM H with my = 125GeV in

Table 8: Definition of the V(lep)H categories based on the values of the discriminants Dsrys analysis categories targeting VH associated production in which the vector boson decays lep-
and Dysy- tonically, shown for an integrated luminosity of 138 fb~!. The fraction of the total number of
Analvsi _ D D events arising from the VH production mode in each analysis category is provided. Entries
nalysis categories STXSZ;?;ge BSMZIE;:SG with values less than 0.1% are not shown. The o4, defined as the smallest interval containing
Z(lep)H Tag0 0.229 < DSTXSP < 1.00 —0.68 < Do P < 1.00 68.3% of the M.y distribution, is listed for each analysis category. The final column shows the
Z(lep)H Tagl —0.135 < Dgggp <0229 | -0.16 < Dggvl[ep < 1.00 expected ratio of signal to signal-plus-background, S/(5+B), where S and B are the numbers of
W(lep)H Tag0 0.385 < D;/;f_l)-([éep < 1.00 0.79 < D]\g\éll\{dlep < 1.00 expected signal and background events in a 10, window centered on my.
W(lep)H Tagl 0.385 < DIMP < 1,00 | —0.68 < Dy P < 0.79 Aralvie catosnrios FI(125) expected signal
W(lep)H Tag2 | 0.125 < Dine™ < 0385 | 0.89 < Dyyy ™ < 1.00 Y 5 yield VH oy (GeV) S/(S+B)
W(ep)H Tag3 | 0.125 < DA £ 0385 | —0.68 < Dpei < 0.89 Z(lep)H Tag0 12 99% 191 0.45
V(MET)H Tag0 0.798 < Dgryg < 1.00 | 0.86 < Dpgy < 1.00
V(MET)H Tagl | 0798 < DIV < 1.00 | —1.00 < Dyert™ < 0.86 W(lep)H Tag0 14 93%  1.82 0.60
\}HMET VHMET W(lep)H Tagl 5.8 98% 1.96 0.56
V(MET)H Tag2 | 0.619 < Dgpyg <0798 | 092 < Dpoy™ < 1.00 W(lep)H Tag2 04 64% 183 015
V(MET)H Tag3 0.619 < Dgg{g/m < 0.798 | —1.00 < D\B/&MET <092 W(lep)H Tag3 3.6 87% 1.90 0.18
V(MET)H Tag0 1.1 96% 2.06 045
V(MET)H Tagl 22 96% 2.06 0.40
V(MET)H Tag2 1.2 45% 1.46 0.31
HIG-24-006 V(MET)H Tag3 6.7  80% 2.05 0.18

26
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Events/0.04

Data/Pred.

Table 3: List of discriminants for separating anomalous couplings from the SM contribution
in the Hgg analysis. The third column indicates the targeted discrimination for that specific
observable. For the D§§H discriminant, the “ggH ” label indicates that this observable is con-
structed using matrix elements computed for the ggH production process to differentiate it
from the equivalent discriminant for the VBF process (DXPF). Discriminants in this table are
only used for event categorization.

Production mode Discriminant Main goal

ggH DgﬁH separate between CP-even, CP-odd and mixed CP scenarios
ggH 'Dg%H differentiate the interference between CP-even and CP-odd
ggH Dg%lé separate H signal from non-resonant backgrounds

ggH DEE§+ZJEB separate between (SM and CP-odd) ggH + 2 jets signal from

resonant and non resonant background
ggH Dggﬁ jets separate between BSM CP-odd ggH + 2 jets signal from SM and

resonant and non-resonant background
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Figure 8: Definition of the Hgg analysis categories defined in bins of 'D§§H and ‘Dg.lg;é, for

negative (left) and positive (right) values of D
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Table 10: The expected number of signal events in the case of SM H with my; = 125GeV in
analysis categories targeting ggH production associated with two jets, shown for an integrated
luminosity of 138 fb~1. The fraction of the total number of events arising from the ggH pro-
duction mode in each analysis category is provided. The c,g, defined as the smallest interval
containing 68.3% of the "o distribution, is listed for each analysis category. The final column
shows the expected ratio of signal to signal-plus-background, $/(5+B), where S and B are the

numbers of expected signal and background events in a +1c,; window centered on my;.

. . H(125) expected signal
Analysis categories yield ggH 05: (GeV)g S/(S+B)
ggHO 54 39% 2.03 0.07
ggH1 64 62% 2.04 0.04
ggH?2 375 81% 2.09 0.04
ggH3 50 75% 2.18 0.04
geH4 37 66% 2.16 0.07
ggH 5 132 34% 177 0.17
geH6 174 60% 1.78 0.09
ggH7 1140 77% 1.75 0.08
ggH 8 163 70% 1.80 0.09
gsH9 108  60% 1.82 0.16
ggH 10 9.9  29% 1.58 0.37
ggH 11 135 59% 1.55 0.27
ggH 12 994 72% 1.58 0.26
ggH 13 124 63% 1.59 0.28
ggH 14 94 46% 165 0.39
ggH 15 55 37% 2.03 0.07
ggH 16 65 61% 2.02 0.04
ggH 17 372 80% 2.10 0.03
ggH 18 50 74% 2.08 0.04
ggH 19 37 64% 2.04 0.07
ggH 20 135  36% 174 0.18
ggH21 175  60% 176 0.09
ggH 22 1131 77% 176 0.08
ggH 23 163 70% 1.73 0.09
ggH 24 112 59% 1.84 0.15
ggH 25 9.8  29% 1.56 0.38
ggH 26 135 58% 1.58 0.26
ggH 27 97.8  73% 1.58 0.25
ggH 28 124 63% 1.54 0.28
ggH 29 91  46% 1.60 040
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The observed curve reaches a higher sensitivity than expected

> First, the fitted value of 4, is higher than expected (1, ~1.37), mainly due to an over-
fluctuation in the VH channels, still compatible with the SM expectation

» Second, the categories with the highest sensitivity to BSM couplings exhibit an under-

fluctuation in the observed data CMS Preliminary 138 o™ (13 TeV)
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HIG-24-006
. . g H= 11, m, = 12536 Gev 138 fb' (13 TeV)
» The difference in shape between the observed and 2 T cms
expected distributions arises from the fact that, by R A

construction, the value of the negative log-likelihood 6 - Expected (u, i floated)

H . . [ —— Observed (u, u floated)
at f99% = +1 is constrained to be the same sF o
e
» These points correspond to scenarios where a, = 3_
0 and a; = £1, in which the BSM contribution is .t
maximal :

» The observed data appear to favour a value
around 0.5, rather than 0 as predicted by the SM,
which leads to the observed shape
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