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Overview
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 Recent Higgs results in Run1:

• WW*(evμv) differential cross section measurement

• CP invariance with H→ ττ

• Signal strengths measurement

 Early Higgs results in Run2:

• H → γγ

• H → ZZ*(4l)

• H(→ γγ) + ET
miss

• H(→ 4l) + ET
miss



Higgs boson production/decay in the SM
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LHC Higgs XS WG

 Isolated photons and isolated leptons and Missing Et are widely used to 

reconstruct the Higgs boson

 γγ and ZZ* channels are Higgs discovery channels.

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG
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Fiducial/differential cross sections via WW*(evμv) 

 𝜎𝑔𝑔𝐹
𝑓𝑖𝑑

= 36.0 ± 9.7 𝑓𝑏

 LHC-XS: 𝜎𝑔𝑔𝐹
𝑓𝑖𝑑

=

25.1 ± 5.6𝑓𝑏
 All results are in agree-

ment with SM  

Submitted to JHEP, arXiv:1604.02997

Fiducial region

Njets PT
H

 Fiducial and differential cross sections 

of gluon-fusion Higgs boson production 

in the H→ WW∗→ eνµν channel: 

• Higher-order perturbative QCD 

contributions to the ggF

production(𝑁𝑗𝑒𝑡𝑠, 𝑃𝑇
𝐻, 𝑃𝑇

𝑗1
)

• Multiple soft-gluon emission(𝑃𝑇
𝐻)

• Parton distribution functions ( 𝑦𝑙𝑙 ) 

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-04/
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CP invariance with H->ττ

Submitted to EPJC, arXiv:1602.04516

 A first direct test of CP invariance in Higgs boson production via vector-boson 

fusion by measuring the CP-odd Optimal Observable mean value.

• The Optimal Observable( 𝑑 = −𝑚𝑤
2

⋀2
𝑓 𝑤𝑤 ) combines the information from 

the multi-dimensional phase space in a single quantity calculated from 

leading-order matrix elements for VBF production

 The CP-mixing parameter is constrained to the interval [−0.11, 0.05] at 68% 

confidence level, consistent with the Standard Model expectation ~ 0, showing 

no hint of CP-violation.

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2015-06/


Signal strengths measurement
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 Global signal strength from ATLAS and CMS:

• 𝜇 = 1.09 ± 0.07 𝑆𝑡𝑎𝑡. ± 0.04 𝑒𝑥𝑝𝑡 ± 0.03 𝑡ℎ𝑏𝑘𝑔 + 0.07 − 0.06(𝑡ℎ𝑠𝑖𝑔)

ATLAS-CONF-2015-044

• Cross section compared to theory 

prediction(assuming SM BR)
• Branching ratio compared to theory 

prediction(assuming SM Cross section)

 The first ATLAS and CMS combined measurements of the Higgs boson production and decay 

rates:  ( signal strengths:  𝜇 =
𝜎𝑖∗𝐵𝑅𝑓 𝑚𝑒𝑎𝑠

𝜎𝑖∗𝐵𝑅𝑓 𝑡ℎ𝑒𝑜𝑟𝑦

= 𝜇𝑖 ∗ 𝜇
𝑓 )

http://cds.cern.ch/record/2052552/files/ATLAS-CONF-2015-044.pdf


Higgs production cross section vs 𝑆
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 13 TeV total cross section is ~ 2 larger than Run1.

 Expect to obtain more precise results in Run2.

Production
modes

Fraction(%) 
8TeV

Fraction(%) 
13TeV

σ13TeV
σ8TeV

ggF 86.4 86.2 2.3

VBF 7.1 7.4 2.3

WH 3.1 2.7 1.9

ZH 1.9 1.7 2.1

ttH 0.57 1.0 3.9

bbH 0.88 1.0 2.5
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 Event selection: 
• 2 leading 𝑃𝑇 photons : |η| < 2.37, exclude crack region 1.37 < |η| < 1.52

• Relative 𝑃𝑇 cuts:  
PT

Mγγ
> 0.35 (0.25) for leading and subleading photon

• Photon isolation : Caloiso < 0.065*𝑃𝑇 && Trackiso <0.05*𝑃𝑇
• Tight Photon ID to reject hadronic background or jet background.

Higgs Search from γγ channel in Run2

ATLAS-CONF-2015-060

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-060/


Higgs to γγ result
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 Dominant systematic uncertainties:

• Photon Isolation eff (ID eff) ~ 4 (2.6)%

• Background modelling uncertainty ~ 8%

 𝑁𝑒𝑥𝑝 = 143 ± 71 𝑆𝑡𝑎𝑡. + 43 − 6(𝑆𝑦𝑠𝑡. )

 𝑁𝑓𝑖𝑡𝑡𝑒𝑑 = 113 ± 74 𝑆𝑡𝑎𝑡. + 43 − 25(𝑆𝑦𝑠𝑡)

 Observed(expected) significance above the 

no-signal hypothesis is 1.5𝜎(1.9𝜎)

σeff ~ 1.68 GeV



Higgs Search from ZZ*(4l) channel
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 Event selection: two pair of same flavor opposite-sign leptons (e/μ)
• e(µ)pT >7( 6 )GeV, with |η|<2.47 (2.7)

• 50< 𝑀𝑍1 <106GeV,12 < 𝑀𝑍2 <115GeV

• Final State Radiation correction, Zmass constraint: ~15% improvement on m4l resolution

 Dominant Irreducible(Reducible) background: non-resonant ZZ*(Z+jets,tt)

: ATLAS-CONF-2015-059

Mass window [118-
129] GeV

Observed Predicted
total(signal)

H→ZZ∗(4l) 4 6.65±0.68(4.57 ±
0.54)

 The expected significance of the 

signal corresponds to 2.8σ

 The observed compatibility with the 

SM Higgs boson expectation is 1.4σ

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/
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 New/update 7/8 TeV results.

 The compatibility of the combined measurement at 13 TeV and the SM 

prediction is 1.3σ

Cross section measurement via 𝛾𝛾 and ZZ* channels

: ATLAS-CONF-2015-069

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-069/
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 Theory models: 

• Decays of a heavy scalar into a Higgs boson and a pair of dark matter 

candidates. 

• Dark matter production with a massive Z’ as the mediator emitting a Higgs 

boson and decaying into two dark matter candidates
• Massive mediator model is the benchmark model of the LHC Dark Matter forum

 Event selection: 

• Follow the same selection as γγ 

analysis

• Further divide the events into 

categories by missing Et(100GeV) 

and Ptγγ (100GeV) to increase the 

sensitivity to the two theory models.

H(->γγ) + ET
miss search

: ATLAS-CONF-2016-011

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2016-011/
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H(->γγ) + ET
miss search

Theory Model Heavy scalar model DM production model

95% CL upper limit on  
𝝈 × 𝑩𝒓

15-30 fb 2-6 fb

 No excess over the background expectation is observed and upper limits are set 

on the rates of these processes.
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H(->4l) + ET
miss search

 Simplified DM production models:

• Vector mediator model : A vector mediator Z’ produced via the s-channel 

radiates a Higgs boson and subsequently decays into two DM particles.

• Scalar mediator model : A heavy scalar S produced via the s-channel radiates 

a Higgs boson and decays into two DM particles.

: ATLAS-CONF-2015-059

Theory 
Model

Scalar
model

Vector
mode

95% CL 
upper 

limit on  
𝝈 × 𝑩𝒓

0.3-1.0 
fb

0.3-1.1
fb

 No excess with respect to the SM expectation is observed

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-059/


Summary
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Thank you

 Recent Run1 results shows the observed data is consistent with SM predictions.

 First results from yy and ZZ* channels with 3.2fb-1 data.

• The results are consistent with SM results but limited by statistical uncertainties

 Set limits for 13TeV searches: Higgs(->γγ) + MET, Higgs(->4l) +MET analysis.

 Higher center-of-mass energy helps to achieve more precise results.


