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Search for the Higgs boson candidate with the
CMS Experiment at the LHC

Detailed look at H → ZZ (∗) decay
and general status as of Moriond 2013

Piet Verwilligen

INFN Sezione di Bari

March 15th 2013, Puebla, Mexico
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Outline

I SM Higgs Boson

I Ingredients:
I Large Hadron Collider
I CMS Collaboration
I Compact Muon Solenoid

I H → ZZ (∗)

I Analysis
I Mass and Couplings
I Spin and Parity

I Moriond 2013 Status
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Large Hadron Collider
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CMS Collaboration

a Huge amount of work done by many, many people (∼ 3000)
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Readout Cables – Cooling – Gas – HV – LV
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Resistive Plate Chambers









11 / 31

H → ZZ (∗)
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Introduction - Event Selection

leptons
I pT(µ) > 5 GeV/c , ηµ < 2.4

pT(e) > 7 GeV/c , ηe < 2.5

I |σIP

IP | < 4.0 IPF
rel < 0.4

signal
I Narrow resonance
O(2− 4 GeV/c2)

background
I Z + X (reducible)

I Z + jets
I Z + bb
I estimated from data

I ZZ (ireducible)
I estimated from MC
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Building 4` candidates
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I Z candidates formed from
`+`− pair of same flavour

I FSR recovery:
|m``γ −mZ | < |m`` −mZ |

I ∃`a with pT(`a) > 20 GeV/c

I ∃`b with pT(`b) > 10 GeV/c

I 40 < mZ1 < 120 GeV/c2

I Z1 closest to PDG mass Z

I 12 < mZ2 < 120 GeV/c2

I Z2 with highest pT

m4` > 100 GeV/c2 & ∀` : m2` > 4 GeV/c2
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Lepton Selection

one on-shell Z ⇒ hard `
one off-shell Z ⇒ soft `:

I 50% below 10 GeV/c

this is a big Challenge

I background rate

I selection efficiency
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y
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Lepton Resolution and Scale

I e :: Momentum Regression in ECAL
I BDT trained on DY MC leads to 10% improvement

I e :: Momentum Scale: using Z , J/Ψ→ ee

I µ :: Resolution & Scale: improved by correction of
Tracker Misalignment (〈1/pT〉)

I µ :: Validation on J/Ψ, Y and Z decays
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Cross Check: Precise Measurement of Z → 4`

I First observation at CMS

I JHEP 12 (2012) 034

I Same Fit procedure as
for m4`

I Good Data/MC
agreement on width

I MZ = 91.1876±0.0021 GeV/c2 I ΓZ = 2.4952 ± 0.0023 GeV/c2 [PDG]
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m4` distribution
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https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4l_animated.gif
https://twiki.cern.ch/twiki/pub/CMSPublic/Hig13002TWiki/HZZ4l_animated_slower.gif
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Kinematic Analysis

Improve Signal to Background
discrimination by the use of

kinematic information

KD =
Psig

Psig + Pbkg

=

[
1 +
Pbkg(m1,m2, ~Ω|m4`)

Psig(m1,m2, ~Ω|m4`)

]−1

~Ω = (θ∗,Φ1, θ1, θ2,Φ)

arXiv:1208:4018[hep-ph]
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Kinematic Analysis

Improve Signal to Background
discrimination by the use of

kinematic information

KD =
Psig

Psig + Pbkg

=

[
1 +
Pbkg(m1,m2, ~Ω|m4`)

Psig(m1,m2, ~Ω|m4`)

]−1

~Ω = (θ∗,Φ1, θ1, θ2,Φ)

arXiv:1208:4018[hep-ph]
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Probing the Production Mechanisms

dijet tagged

I ≥ 2jets

I Sensitive to VH and qqH

I measure Boson Couplings

I 25% VBF (qqH)

I Discriminant: VD (∆ηij ,Mij )

untagged

I < 2jets

I Sensitive to ggH and ttH

I measure Fermion Couplings

I 5% VBF (qqH)

I Discriminant: pT(4`)
m4`
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Probing the Production Mechanisms
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Significance: 4` + 2`2τ
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H → ZZ → 2`2τ
I no overlap 4` and 2`2τ

I Z1 → `a`b Z2 → ττ

I hadronic & leptonic τ

I 8 final states

I 6.7σ (7.2σ expected)

I 130-839 GeV/c2 excl.
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Significance: 4` + 2`2τ
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Signal Strength - Mass - Production Mechanisms

I Signal Strength (w.r.t. the expectation for a SM Higgs boson):
µ = 0.91+0.30

−0.24 at 125.8 GeV/c2

I Mass Measurement (3D fit using m4`, σ(m4`), KD):
mH = 125.78± 0.48 (stat) ±0.15 (syst) GeV/c2

I Production Mechanisms Measurement
(2D fit using µV and µF at 125.8 GeV/c2):

I Bosonic signal strenght modifier (qqH and VH): µV = 1.0+2.4
−2.3

I Fermionic signal strength modifier (ggH and ttH): µF = 0.9+0.5
−0.4
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Spin-Parity Measurement
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Models

JP production comment

0− gg → X pseudoscalar

0+
h

gg → X higher dim operators

2+
m(gg)

gg → X minimal couplings

2+
m(qq)

qq̄ → X minimal couplings

1− qq̄ → X exotic vector

1+ qq̄ → X exotic pseudovector
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Spin-Parity Distributions DJP for Dbkg > 0.5

0− vs 0+ 1− vs 0+ 2+
m(gg) vs 0+
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Spin-Parity Separation q = −2 ln(LJP/LSM)

0− vs 0+ 1− vs 0+ 2+
m(gg) vs 0+
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Spin-Parity Separation q = −2 ln(LJP/LSM)

0−: 3.4σ(2.4σ) 1− vs 0+ 2+
m(gg) vs 0+
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Spin-Parity Separation q = −2 ln(LJP/LSM)

0−: 3.4σ(2.4σ) 1−: > 4.0σ(2.8σ) 2+
m(gg) vs 0+
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Spin-Parity Separation q = −2 ln(LJP/LSM)

0−: 3.4σ(2.4σ) 1−: > 4.0σ(2.8σ) 2+
m(gg): 2.8σ(1.7σ)
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Moriond 2013
I H → ττ

I G → gg
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Sources

I CMS Results ::
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

I H → 4` :: https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13002TWiki

I H → ττ :: https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13004TWiki

I Moriond EWK ::
https://indico.in2p3.fr/conferenceOtherViews.py?view=standard&confId=7411

I Moriond QCD ::
http://moriond.in2p3.fr/QCD/2013/MorQCD13Prog.html

Presentations
I M. Chamizo Llatas – Aspen 2013 – The CMS Detector

I V. Dutta – Moriond 2013 – H → ττ

I C. Ochando – Moriond 2013 – H → γγ

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13002TWiki
https://twiki.cern.ch/twiki/bin/view/CMSPublic/Hig13004TWiki
https://indico.in2p3.fr/conferenceOtherViews.py?view=standard&confId=7411
http://moriond.in2p3.fr/QCD/2013/MorQCD13Prog.html


31 / 31

Appendix





2 / 4

LHC Consolidation Works 2013-2014










