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Introduction (I)

J. High Energy Phys. 06 (2013) 081
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Introduction (Il)

Production mode Cross section (pb) | Decay channel Branching fraction (%)

goH 4831 +2.44 bb 5763 =+0.70
VBF 3.771 + 0.807 WW 2200 =+0.33
WH 1.359 4 0.028 gg 8.15 +£0.42
ZH 0.877 +0.036 T 621 +0.09
ttH 0.503 + 0.035 cc 2.86 +0.09
bbH 0.482 + 0.097 77 271 +0.04
tH 0.092 + 0.008 vy 0.227 +0.005
Zy 0.157 +0.009
s 0.025 =0.001
o 0.0216 -+ 0.0004

ZZ*-> 4y (inv) ~ 0.01 (SM predicts)
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Introduction (H->Inv)

Eur. Phys. J. C 83 (2023) 933 (HIG-21-007)
JHEP 11 (2021) 153 Eur. Phys. J. C 83 (2023) 933 (HIG-21-007)  phys. Rev. D 105 (2022) 092007 (HIG-20-003)

ttH

resolved and boosted V(qq)H
q

Eur. Phys. J. C 81 (EXO-19-003) JHEP 11 (2021) 153 (EXO-20-004)
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Background processes

Name Description Generator / Order Main
: Largest irreducible background (Z + VBE
1! Z(vv)+jets >2 jets, QCD vertices) aMC@NLO, NLO QCD | 200
>2 iets: '
Wiiets veto, but eduoible f outside. 2MC@NLO(QCD,NLO), 1 ggH
J : MadGraph (EWK, LO) ttH
acceptance
; Mimics signal if leptons not aMC@NLO, NLO QCD + EWK I VH
Z(€8)+jets _ :
reconstructed inclusive
Top (tt, single top) W—{v decay gives genuine MET aMC@NLO (tt, NLO, +2 partons),

Powheg (single top, NLO)

One boson leptonic, one hadronic
— MET + jets

Fake MET from jet
mismeasurements

I Dibosons (WW, WZ, Z7) Pythia8, LO

QCD Multijet MadGraph, LO

I vy+jets aMC@NLO, NLO QCD
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Selections

Variable VTR Selection MTR Selection Target background

pimiss >160 GeV > 250 GeV QCD, top quark, Z(£?¢) +jets
piss <250 GeV - QCD, top quark, Z(£¢) +jets
M;; >900 GeV > 200 GeV

Anjj >1.0 Same

Ajj <1.5 Same

Variable Selection Reject (target background)

p¥ > 60 GeV Zly* - T VWV

pimiss > 100 GeV Z/y* - £t~ \WW, top-quark

Variable Selection Target background

pimiss >250 GeV QCD, top quark, Z(£¢) +jets

Mono-jet Leading AK4 jet  p;> 100 GeV and < 2.4 All

Mono-V Leading AK8 jet pr > 250 GeV All

Variable Selection Purpose

recoil > 200 GeV Signal purity

Hypiss > 200 GeV
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Background estimation(VBF)

Phys. Rev. D 105 (2022) 092007 (HIG-20-003)
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Background estimation(Z(Il)H)
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Background estimation(ttH + VH)

CMS

ttH categories

SR

B(H-inv) = 0.10

Eur. Phys. J. C 83 (2023) 933
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Results(l)

Eur. Phys. J. C 83 (2023) 933
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S| WIMP-nucleon cross section [cm?]

Results(I1)

PDG2024

Eur. Phys. J. C 83 (2023) 933
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Summary

- Searches performed in different production modes: ttH, VH, VBF, ggH.

- Data: pp collisions at Vs = 13 TeV (2016—2018, up to 138 fb™") + previous results from Run
1 (7,8 TeV) and Run 2 (2015).

- 95% CL observed (expected) limits on B(H—iInv):
ftH: < 0.25 (0.30)
*VH: < 0.24 (0.18)
*VBF: <0.18 (0.10)
*ggH: < 0.49 (0.32)
Combined limit: B(H—inv) < 0.15 (0.08) — most stringent to date, ~20% gain vs. single
channel.

Interpretation: Higgs-portal WIMP models — results constrain spin-independent DM—
nucleon scattering cross section, complementing direct detection, especially for light WIMPs
(<10 GeV).
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BackUp (Selections VBF)

Variable

VTR Selection

MTR Selection

Target background

Muon (electron) veto pr > 10GeV, (|n] < 2.4 (2.5)) Same Z(¢P)+jets, W(£v)+jets
T(tau) veto pr > 20GeV, (In| < 2.3) Same Z(LP)+jets, W(£v)+ets
Photon veto pr > 15GeV, (|n] < 2.5) Same ytjets

: DeepCSV medium < 0.4941/0.4184 (2017 / 2018),
Bottom jet veto jets py > 20GeV, |n| < 2.4 Same Top quark
pRiss >160 GeV > 250 GeV QCD, top quark, Z(¢¢) +jets
piss <250 GeV - QCD, top quark, Z(£¢) +jets
Ag(jet, piiss) >1.8 rad > 0.5 rad QCD
Two leading jet IDs POG tight ID, CHF > 0.1, NHF < 0.8 Same Noise

Both leading jets |n| < 2.8 or |n| > 3.2 ,

Horn veto DApTss(PF track) / recoil < 0.6 Same Noise
ApTiss (PF—Calo) / recoil <05 Same Noise
HF-noise rejection Most-central jet [n| < 3.0 and leading —pT jet |n| < 2.9 Same HF noise
Leading AK4 jet pT and n > 140 GeV and |n| < 4.7 >80GeVand|n| <4.7 All
Subleading AK4 jet pT and n >70GeVand |n| <4.7 >40GeV and |n| <4.7 All
M;; >900 GeV > 200 GeV
Anjj >1.0 Same
Agjj <15 Same
C\ERN |. Korsakov | Letter of Intent 30 September 2025 14
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BackUp (Selections VBF)

Variable
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BackUp (Selections Z(lI)H)

Variable Selection Reject (target background)
ny ny == 2 Wz, VWV

pt > 20 GeV QCD

Z boson mass |m,, — m,| <15 GeV WW, top-quark

Jet count <1 jet with p; > 30 GeV Z/y* - €14~ jtop-quark, VVV
b-jet veto DeepCSV medium WP top-quark, VVV

pEe > 60 GeV ZJy* - €74~ VW

T veto 0 1 candidates with p. > 18GeV Wz

pimss > 100 GeV Z/y* - €1~ WW, top-quark
AQ(p?, p7*°) >2.6 Zly* - e

b7 — 7| pf <04 Zfy* - £t

A@(pTijet, piss) >0.5 Z/y* = €76~ \WZ

AR,, <18 WW, top-quark

C\ERN |. Korsakov | Letter of Intent 30 September 2025 16
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BackUp (Selections ggH)

Variable
Muon (electron) veto
T(tau) veto

Photon veto

Bottom jet veto

PSS (recoil)

Ag(jet, pFs*)

Apmiss (PF—Calo) / recoil
ApT¥ss (PF=Trk) / recoil
Leading AK4 jet pT and n

Selection

pr > 10 GeV, (|n| < 2.4 (2.5))
pr > 18 GeV, (|n| < 2.3)

pr > 15 GeV, (|n] < 2.5)

DeepCSV medium < 0.4941 / 0.4184 (2017 /
2018), jets pr > 20GeV, |n| < 2.4

>250 GeV

>0.5 rad

<05

<2

> 140 GeV and |n| < 4.7

Target background
Z(¢f)+jets, W(£v)+jets
Z(£P)+jets, W(£v)+jets

y+jets
Top quark

QCD, top quark, Z(£¢) +jets
QCD

Noise

Noise

All
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BackUp (Selections ttH)

Variable Selection Purpose

recoll > 200 GeV Signal purity

Hmiss > 200 GeV

B 1 > 80 GeV

HIYSS [recoil <1.2 Event quality

|A@(recoil, HIVSS)| <0.5

INjetals Njeta <24 Analysis orthogonalisation
mé. <110 GeV

Myp <120 GeV

C\ERN |. Korsakov | Letter of Intent 30 September 2025 18
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BackUp (Categorisation of the ttH and VH)

Category Subcategory n;  m, 1y nw  Pr, (GeV) Other
2Boostedlb >5 1 2
2Boosted2b >5 >2 2
Boosted ttH igg i g 21 5 i g > 80 -
1W1b >5 1 0 1
1W2b >5 >2 0 1
5j1b 5 1 0 O |Ap(piiss, p 1)| > 1.0,
Resolved ttH 6j1b =6 1 0 0 > 80 |A4’(ﬁ%mssrﬁ )| >7/2
5i2b 5 >2 0 0 | A (pmiss, Tb1)| > 1.0,
6i2b >6 >2 0 0 |Ap(pmiss, pr )| > 7t/2
2j0b 2 0O 0 O
VH 2j1b 2 1 0 O > 30 65 < my < 120GeV
2j2b 2 2 0 0
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