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NEW



CMS: a general-purpose detector at the LHC

Broad physics programme:
Å Studying theSM(including theHiggs boson)
Å Searching for extra dimensionand DM particles

Good operating conditions in 2016
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CMS & LHC

The Compact Muon Solenoid (CMS) is a general-purpose detector at the Large Hadron 



Higgs production and decay

Predrag Cirkovic @ QFTHEP 2017 4

ὸȟὦȟȩ CERN YR 4: arXiv:1610.07922
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http://arxiv.org/abs/arXiv:1610.07922


Individual signal strengths (production and decay)
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Production Decay

CMS + ATLAS Run 1 legacy JHEP 08 (2016) 045



Individual signal strengths (fermionic vs bosonic)
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CMS + ATLAS Run 1 legacy JHEP 08 (2016) 045



Individual couplings
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JHEP 08 (2016) 045

(for fermions) used 

Å‖ and ‖ used to quantify 
deviation from SM

ÅCouplings constrained by Run-I 
measurements

ÅAll channels compatible 
with ‖ ρand ‖ ρ

ÅResult consistent with 
the SM expectations



CMS-only χὝὩὠ+ ψὝὩὠresults 
on signal strengths and couplings

ÅρωȢχὪὦ ψὝὩὠ υȢρὪὦ χὝὩὠ
complete Run I CMS dataset

ÅIndividual signal strengths in the main
Higgs decay channels compatible with 1.0
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ÅIndividual 
couplings 
compatible 
with the SM 
expectations

ÅAgreement 
within the ρ„
region

EPJC75 (2015) no.5, 212



Ὄᴼ‎‎
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Characteristics:
Å High resolution: 
„ͯ ρ ςϷά

Å Clean final state
Å Small BR

CMS-PAS-HIG-16-040

Signal:
Å Two isolated and high % photons

Background:
Å Continuum ‎‎(irreducible)
Å Fakes from ‎+jet/ jet+jet (reducible)

BDT usage
ÅPhoton ID
ÅSelection of ‎‎Vx
ÅSelection of ‎‎

events

Event tagging



Ὄᴼ‎‎signal strength
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CMS-PAS-HIG-16-040 

ÅIndividual signal strengths for 
each of the Higgs production 
modes

ÅSignal strengths measured in 
bosonic and fermionic parts

Standard Model 
consistentσȢσ„, ρȢφ„
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Measurements of coupling 
modifiers

Å To photons and gluons (‖, ‖)
Å To vector bosons and fermions 

(‖, ‖)

Both results

compatible with the SM

Ὄᴼ‎‎couplings

CMS-PAS-HIG-16-040 



CMS requires two high-ὴ isolated photons 
within the fiducial volume

No classification based on production mode, 
implicitly focus on ὫὫὌ

Event classification based on mass resolution 
estimator „Ⱦά improves sensitivity by 10%

Simultaneously extract signal and unfold 
distributions using a ML fit

Ὄᴼ‎‎differential fiducial „
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CMS-PAS-HIG-17-015

Diff. fid. „
measured for ὴ
and ὔ

No significant 
deviations of 
distributions from 
the SM predictions

Most precise fid. 
measurement to 
date

NEW

ψτ Ὢὦ(χυ Ὢὦtheoretically)



Signal:
Å4 isolated leptons (Ὡ, ‘) with excellent 

momentum resolution: two pairs of same 
flavour, opposite sign leptons (τὩ, τ‘, ςὩς‘, or 
ς‘ςὩ)

ÅFully reconstructed mass peak
ÅLarge ὛȾὄratio (>2:1)

Backgrounds:
ÅSM ὤὤ(main background, irreducible) estimated 

from MC
Åὤ ὢ: fakes from ὤ+jets, ... (reducible) 

estimated from data-driven methods

Å Events split into 7 categories according to Higgs 
productions modes to increase sensitivity, based 
on: # of leptons, # of (ὦ-)jets, Ὁ and 
selections on kinematic discriminants (꜠ )

Ὄᴼὤὤᶻᴼτὰ
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꜠ ρ
ע ɱ ᴼ ȿά

ע ɱ ᴼ ȿά

CMS PAS HIG-16-041



ÅVs event category
ÅVs production mode
Å2D likelihood scan

All compatible within the present 
uncertainties

Ὄᴼτὰsignal strength
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Ὄᴼτὰfiducial cross section
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NEW

Minimal dependence on the 
assumptions of the relative 
fraction or kinematic distributions 
of the separate production modes

No significant deviations from SM 
predictions

„ Ȣ ςȢωπȢ
Ȣ ίὸὥὸȢ Ȣ

Ȣ ίώίὸȢὪὦ

„ Ȣ ςȢχς πȢρτὪὦ(theoretically.)



Differential cross sections vs:
Åὴ(H)
ÅN(jets)
Åὴ(jet)

Ὄᴼτὰdifferential 
fiducial cross section
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NEW

Compared with predictions from POWHEG (NLO)



Ὄᴼτὰmass and width
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CMS PAS HIG-16-041

Width 
measurement: 
using on-shell 

production
If ά floated, 
ῲ < 1.1 GeV 

@ 95% C.L.

Already πȢςϷprecisionά ρςυȢπωπȢςρίὸὥὸȢ πȢρρίώίὸȢὋὩὠ

ά ρςυȢςφπȢςπίὸὥὸȢ πȢπψίώίὸȢὋὩὠ

NEW

Mass measurement based on 3D 
fit on the
Å invariant mass
Åexpected uncertainty on mass

Å the discriminant ꜠



Four decay mode 
combinations:
Å e†

Å ‘†

Å ††

Å Ὡ‘
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Ὄᴼ††

Main 
backgrounds:
Å Drell-Yan
Å ὡȾὤ+jets

Å ὸӶὸ
Å QCD

CMS PAS HIG-16-043

ML fit with 2D distributions



Excess in Ὄᴼ††

Clearly visible at 
ά ρςυὋὩὠ
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CMS PAS HIG-16-043

Observed significance:τȢω„

Expected significance:τȢχ„



Higgs to ††signal strengths and couplings
Categories:
Å 0-jet
Å VBF
Å Boosted
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Best-fit for the signal strength at ά ρςυὋὩὠ:
‘ ρȢπφπȢςυ

Coupling modifiers compatible with the expectations
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ὸӶὸὌ:

Å Ὄᴼὦὦ

Å Ὄᴼ‎‎

Å Ὄᴼ††

Å Ὄᴼτὰ
Å multilepton

In Ὄᴼ‎‎and multilepton, 
significance σ„
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ὸӶὸὌȟὌᴼὦὦ
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No clear evidence for ὸӶὸὌ((ᴼὦὦ) yet:

ÅWaiting for results from full 2016 dataset 

Selected events 
compatible with
1. Dilepton (minimal

non-ὸӶὸbackground,
and jet combinatorics)

2. Lepton+jets(high 
statistics)

CMS-PAS-HIG-16-038



ὸӶὸὌᴼmultilepton
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CMS-PAS-HIG-17-004

ὸӶὸ+ ὡὡ rͦ ὸӶὸ+ ὤὤ
final states 
categories:

Åςὰίί

Åσὰ

Åτὰ

An evidence for 
ὸӶὸὌproduction



ὸӶὸὌ, Ὄᴼ††
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CMS-PAS-HIG-17-003 

Complementary to 
ὸӶὸὌ mOultilepton

Event categories:
Åρὰ ς†
Åςὰίίρ†
Åσὰ ρ†

Results in 
agreement with 
the SM

Significance:
Observed: ρȢτ„
Expected: ρȢψ„

Upper limit on 
signal rate set at 
2.0 x SM 
production rate 
at 95% C.L.

NEW

Backgrounds:
Å Non-prompt lepton
Å Jet to †
Å Charge-flip

Signal extraction using 
MEM and BDT



ὸὌ, Ὄᴼὦὦ

Signal region:
ÅὩȾ‘+ 3 or 4 b-tagged jets
Å 1 non-tagged jet

Obs. (exp.) 95% CL upper limit:
ÅρρσȢχωψȢφ „ for the SM
ÅφȢπφȢτ „ for ITC scenario 

(‖ ρ)
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CMS-PAS-HIG-16-019

SM coupling to W,Z

‖

‖

Destructive interference in SM ᵼ„ ωπὪὦ

BDT used to find 
jet assignment for 

ὸӶὸand ὸὌή
hypotheses

Search for Ὄᴼ ὦὦin association with a 
single top (ὸᴼ ὦὩ‘’)


