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Introduction
• The BEH scalar boson was the last undiscovered particle in 

the Standard Model of particle physics. 

• Couplings to the BEH scalar field determine the particle 
masses.

©
W

ik
ip

ed
ia

Φ =
1

2

𝜙+

𝜙0 , 0 Φ 0 =
1

2

0
𝑣

ℒBEH = 𝜕𝜇 −
𝑖

2
𝑔′𝐵𝜇 −

𝑖

2
𝑔𝜏𝑎𝑊𝜇

𝑎 Φ

2

+ 𝜇2Φ+Φ−
𝜆

2
Φ+Φ 2

𝑚𝑊 =
𝑔𝑣

2
,𝑚𝑍 =

𝑔2 + 𝑔′2𝑣

2
,𝑚𝐻 = 𝜆𝑣, 𝑣 =

2𝜇2

𝜆

ℒlepton
mass = ෍

𝑗=𝑒,𝜇,𝜏

−𝑓𝑗 ത𝐿𝑗Φ 𝑅𝑗 + ത𝑅𝑗 Φ+𝐿𝑗

𝑚𝑗 =
𝑓𝑗𝑣

2

ℒquark
mass = ෍

𝑓=𝑑,𝑠,𝑏

−𝑓𝑓 ത𝐿𝑓Φ 𝑅𝑓 + ത𝑅𝑓 Φ+𝐿𝑓 + ෍

𝐹=𝑢,𝑐,𝑡

−𝑓𝐹 ത𝐿𝐹෩Φ 𝑅𝐹 + ത𝑅𝐹 ෩Φ+𝐿𝐹

𝑚𝑓 =
𝑓𝑓𝑣

2
,𝑚𝐹 =

𝑓𝐹𝑣

2

3/29



LHC, ATLAS and CMS

• Large Hadron Collider (LHC) is the 
world’s largest collider at CERN. 
• Proton-proton collider 

• ATLAS and CMS detectors located at 
the LHC are for general purpose. 

29 m x 15 m, 14,000 tons44 m x 25 m, 7,000 tons
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Production and decay
• Gluon fusion (ggF) is the dominant production channel of the Standard 

Model scalar boson at the LHC. 
• Fermionic production (production via top quark loop)

• Vector boson fusion (VBF or qqH) and vector boson associated production
(WH and ZH or VH) 
• Bosonic production

• Many decay modes are accessible at MH~125 GeV. 
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LHC Run 2 at 13 TeV

Cross section [pb] 
@125.09 GeV

ggF VBF WH ZH ttH bbH

8 TeV 21.39 1.600 0.701 0.4199 0.1326 0.2015

13 TeV 48.52 3.779 1.369 0.8824 0.5065 0.4863

Ratio 2.27 2.36 1.95 2.10 3.82 2.41

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWG

• Cross sections are increased by 
~2.3 except for ttH 3.8 from 8 TeV
to 13 TeV.

• More than 100 fb-1 is expected in 
Run 2.
• ~25 fb-1 in Run 1

• We expect 10 times more the BEH 
scalar events than Run 1. 

• In this talk, results with 2—36 fb-1

data are presented.   
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Run 1 mass results
• 𝑚𝐻 = 𝜆𝑣

• Determination of the BEH potential. 
• Not predicted by the theory. 

• Combination of ATLAS and CMS results is 
125.09 ± 0.21 stat. ± 0.11(syst. ) GeV.

• Still dominated by statistical uncertainties

Phys. Rev. Lett. 114, 1918037/29



Run 1 coupling results
JHEP 08 (2016) 045

• Signal strength: 
m=sobs/sSM

• m=1 means that data 
observation is 
compatible with the SM 
expectation. 

• m=0 means that no signal 
is observed. 

Fermionic production
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Run 1 coupling results

• Scale factors kj are introduced 
to quantify deviations of 
couplings from the SM.  

• One benchmark model uses 
two scale factors of kV for 
vector bosons and kF for 
fermions. 

• The SM corresponds to kV=1 
and kF=1.

• Result is consistent with the 
SM expectations.

t

kF

kV

Assuming no BSM particles in the loops 
and there are no BSM decays.

JHEP 08 (2016) 0459/29



𝐻 → 𝛾𝛾 by ATLAS
ATLAS-CONF-2016-067

• Signals are extracted by fitting of the diphoton
invariant mass spectrum.
• Observed significance is 4.7s.

• Transverse momentum (pT) of diphoton
• Good agreement between data and theory
• Data slightly undershoot (overshoot) the theory 

prediction at low (high) pT.

• Njets: Data are in agreement with state-of-art theory 
predictions.  
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𝐻 → 𝛾𝛾 by ATLAS
ATLAS-CONF-2016-067

• Signal strength is obtained for each production mode. 

• No significant deviation from the SM expectations is 
observed. 

• Run 2 (Run 1) result uses N3LO (NNLO) calculation for ggF.

• If N3LO calculation is used for Run 1, the theory prediction 
for sggF is increased by approximately 10%. 

ggF@N3LO

ggF@NNLO
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𝐻 → 𝛾𝛾 by CMS
CMS-PAS-HIG-16-020

• CMS and ATLAS use very similar approaches.  

• Look for bump on diphoton invariant mass spectrum.

• Categorize events by sensitivity and production topology using 
additional objects in the events.

• The maximum observed significance is 6.1s at 126 GeV.

• 𝜇 = 0.95 ± 0.20
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𝐻 → 𝛾𝛾 by CMS
CMS-PAS-HIG-16-020

• Signal strengths of individual 
production modes are consistent 
with the SM expectations.

• Couplings, kV and kF, are also 
consistent with the SM 
expectation.
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𝐻 → 𝑍𝑍∗ → 4ℓ by ATLAS
ATLAS-CONF-2016-079

• Events are categorized. 
• To measure cross section per production mode

• To provide sensitivity to BSM interactions

• Signals are extracted through a likelihood 
fit to the shape of discriminants (Boosted 
Decision Tree) in each category.
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𝐻 → 𝑍𝑍∗ → 4ℓ by ATLAS
ATLAS-CONF-2016-079

• Measured cross sections and couplings are consistent 
with the SM expectations within 2s. 

• Mass is fixed to mH=125.09 GeV.

• No undetected or invisible decays are assumed to exist.
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Combination by ATLAS
ATLAS-CONF-2016-081

• Combined Run 2 𝛾𝛾 and 𝑍𝑍∗ results

• Simplified template cross sections are for |yH|<2.5. 

• Inclusive: 𝜇 = 1.13−0.17
+0.18
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Combination by ATLAS
ATLAS-CONF-2016-081

• Vector Boson Fusion production mode
• Local significance is about 4s.

• No significant deviations from the SM expectations are 
observed.
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𝐻 → 𝑍𝑍∗ → 4ℓ by CMS
CMS-PAS-HIG-16-041

• Probing 4 (ggH, VBF, VH, ttH) production 
modes with 7 event categories.

• Make kinematic discriminants using matrix 
elements with inputs of kinematic 
properties to reject background events 
and categorize signal events.

NEW
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𝐻 → 𝑍𝑍∗ → 4ℓ by CMS
CMS-PAS-HIG-16-041

• 𝜇 = 1.05−0.14
+0.15 stat. −0.09

+0.11 syst.
• Combined signal strength at mH=125.09 GeV.

• Simplified template cross sections for |yH|<2.5. 

NEW
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𝐻 → 𝑍𝑍∗ → 4ℓ by CMS
CMS-PAS-HIG-16-041

• Differential cross-section with respect to pT(H) and the 
number of jets. 

• Consistent with the SM expectations within uncertainty.

NEW
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Mass by CMS 
CMS-PAS-HIG-16-041

• Mass is determined by 3D measurement with m(Z1) constraint. 
• Invariant mass: 𝑚′4ℓ
• Mass error: 𝐷′mass

• Discriminant for 𝑞𝑞/𝑔𝑔 → 4ℓ: 𝐷bkg
kin

• 𝑚𝐻 = 125.26 ± 0.20 stat. ± 0.08 (syst. ) GeV
• Run 1 ATLAS and CMS combination

𝑚𝐻 = 125.09 ± 0.21 stat. ± 0.10 (syst. ) GeV

NEW

YSF1 (this afternoon) 
Hualin Mei
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Width by CMS
CMS-PAS-HIG-16-041
CMS-PAS-HIG-16-033

• Mass width is measured with two very 
different methods.

• Γ𝐻 = 0.00−0.00
+0.41 GeV with only on-shell

• Tighter limit than Run 1

• Γ𝐻 = 10−10
+14 MeV with both on-shell and off-

shell
• With strong theory assumptions 
• With only 12.9 fb-1

JHEP 09 (2016) 051

EPJC 75 (2015) 212 

NEW
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Anomalous 𝐻𝑉𝑉 interactions
• Scattering amplitude for a spin-0 boson and two spin-1 

gauge bosons 𝑉𝑉 (= 𝑍𝑍∗, 𝑍𝛾∗)

CMS-PAS-HIG-17-011

NEW
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Anomalous 𝐻𝑉𝑉 interactions
• The full kinematic information from each event using either the 

spin-0 boson decay or associated particles in its production is 
extracted using matrix element calculations.
• Up to 13 observables

• Three types of discriminants are defined for either production or 
decay. 
• Separate signal and background
• Separate SM and BSM contributions
• Isolate SM-BSM interference contributions

CMS-PAS-HIG-17-011

NEW
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Anomalous 𝐻𝑉𝑉 interactions

All observations are consistent with the SM expectations. 

CMS-PAS-HIG-17-011

NEW
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Total/fiducial cross section
• Total (ATLAS) and fiducial 

(CMS) cross sections are 
consistent with N3LO QCD 
calculation with NLO 
electroweak corrections. 

ATLAS-CONF-2016-081
CMS-PAS-HIG-16-020
CMS-PAS-HIG-16-041

NEW
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𝐻 → 𝑊𝑊∗ by ATLAS
ATLAS-CONF-2016-112

• VBF and WH production modes 
are studied. 

• Events are categorized based on 
jet and lepton multiplicity.

• 𝜇𝑉𝐵𝐹 = 1.7−0.9
+1.1, 𝜇𝑊𝐻 = 3.2−4.2

+4.4

• Consistent with the SM
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𝐻 → 𝑊𝑊∗ by CMS
CMS-PAS-HIG-15-003 

0 jet

0 jet me 1 jet em

• ggF production mode is the target.

• Event categorization is based on 
• 0 jet or 1 jet

• em or me (pT ordered)

• Binned fit using template histograms of 
unrolled distributions of 𝑚ℓℓ and 𝑚𝑇

𝐻

• 𝜇 = 0.3 ± 0.5
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Summary

• Measurement of couplings and mass plays a key role to test 
the BEH mechanism and to find deviations. 

• Results with Run 2 data at 13 TeV are shown. 

• All results are compatible with the SM expectations. 

• Uncertainties with Run 2 are getting smaller than ones with 
Run 1. 

• New CMS 𝑍𝑍∗ results with the full dataset taken by 2016 
are shown.

• Other analyses with the full dataset 
are ongoing. 
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