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• Introduction

• Higgs combined property measurement results: 

• Global signal strength measurement

• Production cross-section measurement

• Measurement of coupling parameters in the “kappa”

framework

• Summary



SM Higgs Production at LHC 

XS in pb 13 TeV 8 TeV σ13/σ8

ggF 48.5 21.4 2.3

VBF 3.78 1.60 2.4

WH 1.37 0.70 2.0

ZH 0.88 0.42 2.1

bbH 0.49 0.20 2.4

ttH 0.51 0.13 3.8

tH 0.09 0.02 3.9

• There is an increase by a factor of 2-4 in 
production cross sections.
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• Following the Higgs Boson with mass ~ 125 GeV discovered in 2012, more 
data (full run 2 ~140 /fb ) pushes Higgs physics from searching to precisely 
measuring properties.



SM Higgs Decay BR

Decay channel Branching 
Ratio[%]

H→bb 58.1

H→WW* 21.5

H→gg 8.2

H→ττ 6.3

H→cc 2.9

H→ZZ* 2.6

H→γγ 0.23

H→Zγ 0.15

H→μμ 0.02
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• H→ZZ*→4l (l=e,μ) and H→γγ: low BR but clean signature. The excellent mass 
resolution is crucial for the Higgs boson mass measurement. 

• H→WW*: high BR but low mass resolution. (See Claudia’s talk)
• H→bb and H→ττ : high BR, low S/B and low mass resolution at LHC. (See 

Antonio, Zhijun and Yanhui’s talk )

𝑚𝐻 = 125.09 𝐺𝑒𝑉
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• Measurement is based on combining 
• 79.8/fb: H → ZZ, H → γγ, and H → µµ
• 36.1/fb: H → WW, H → ττ and H → bb (ttH, H→WW, ττ come from the 

same input analysis, see Zhi’s talk )

80/fb 80/fb 80/fb 80/fb

80/fb 80/fb 80/fb 80/fb

36.1/fb 36.1/fb 36.1/fb

36.1/fb 36.1/fb 36.1/fb

36.1 /fb 36.1/fb

80/fb 80/fb

ATLAS-CONF-2018-031

https://cds.cern.ch/record/2629412
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Inclusive signal strength 𝜇 :

𝜇 = 1.13−0.08
+0.09 = 1.13−0.05

+0.05 stat. −0.05
+0.05 exp. −0.04

+0.05 sig. th. −0.03
+0.03(bkg. th. )

compatibility with SM: 13%
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• The ggF and VBF are anticorrelated at 
14% level.

• The ggF-VBF  contour shows the 
measurement is consistent with SM 
within 68% CL.

• ATLAS has observed VBF production 
mode independently (6.5σ). (see 
Yaquan’s talk)

• 5-D compatibility with SM: 51%.

Significance 
obs. (exp.)

ATLAS+CMS 
Run-1

ATLAS(36.1 
– 79.8 /fb)

VBF 5.4(4.6) 6.5(5.3)

VH 3.5(4.2) 5.3(4.8)

ttH 4.4(2.0) 5.8(5.3)
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Ratios of cross sections and of branching 
fractions are measured using as reference 
the rate of the gg → H → ZZ →4l process:

• 9-D compatibility with SM: 83%.

Cross-sections times branching fraction for 
production in each relevant decay modes
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• With known Higgs boson mass, the SM Higgs sector is fixed.
• Use the LO coupling modifier to probe for deviations from the SM.
• Introduce one scale factor κ per SM particle with observable “Higgs 

coupling” at the LHC: κW, κZ, κt, κb, κτ, κµ, κγ, κg, κH
• Eg:

• Can handle other production and decay vertices in a similar way (much 
simpler in most cases)
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κF = 1.05−0.09
+0.09

2D compatibility 
with SM: 31%κV = 1.06−0.04

+0.04 κg = 1.05−0.06
+0.06

κγ = 1.00−0.06
+0.06

• Model 2. Assign coupling modifier to 
gg→H/ H→gg (κg ) and H→γγ (κγ ). All 

the other couplings are fixed to SM.
• 2D compatibility with SM: 70%

• Model 1. Assume uniform coupling 
modifiers for all weak vector bosons (κV) 

and all fermions (κF). 

• Model 3. Assuming BSM contribution 
in the total width, then:

κg = 1.05−0.06
+0.06

κγ = 1.00−0.06
+0.07

BBSM <0.13 @ 95% CL
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• Model 4. All couplings are assumed to positive. BBSM is assumed to 
be zero. H→μμ is included in this parameterization.

• Couplings are in an excellent agreement with the Standard Model 
prediction over a range covering 3 orders of magnitude in particle 
mass.

6D compatibility 
with SM: 79%
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• Model 5. The parameterization requires no assumption on the total width of the 
Higgs boson. All parameters are assumed to be positive.

• Unprecedented precision reached for all modifiers comparing to the previous 
results.

• The gluon-gluon fusion and Higgs boson production in association with top 
quarks is sensitive to test for new physics in the ggF loop.

7D compatibility 
with SM: 86%
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• Model 6. No BSM contributions to the total width are considered. 7D 
compatibility with SM: 87%.

• Model 7. BSM contributions to the total width are included, constrained by 
assuming BBSM ≥ 0 and κZ,W ≤ 1.

• BBSM <0.26 @ 95% CL



Summary CLHCP 2018 - Zirui Wang     14

• Measurement of Higgs boson production and decay performed based on 

• 79.8/fb H → ZZ, H → γγ, and H → µµ 

• 36.1/fb H → WW, H → ττ and H → bb

• Combined signal strength: 

• Production mode cross sections, ratios of production mode cross sections 

measurements are performed. The significance of VBF, VH and ttH 

production mode are measured to be 6.5σ, 5.3σ and 5.8σ, respectively.

• Data also interpreted using κ framework. Unprecedented precision 

reached for many of the parameterizations.

• In all cases, compatibility between data and SM is within 2 standard 

deviation. No deviation from SM captured.

• More channels and more integrated luminosity will be added in the 

following combination analysis.

𝝁 = 𝟏. 𝟏𝟑−𝟎.𝟎𝟖
+𝟎.𝟎𝟗 = 𝟏. 𝟏𝟑−𝟎.𝟎𝟓

+𝟎.𝟎𝟓 𝐬𝐭𝐚𝐭. −𝟎.𝟎𝟓
+𝟎.𝟎𝟓 𝐞𝐱𝐩. −𝟎.𝟎𝟒

+𝟎.𝟎𝟓 𝐬𝐢𝐠. 𝐭𝐡. −𝟎.𝟎𝟑
+𝟎.𝟎𝟑(𝐛𝐤𝐠. 𝐭𝐡. )



Thanks
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Backup
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CERN

LHC: 27 km, the world’s largest 

proton-proton collider (7-14 TeV)

ATLAS

ALICE

LHCb

CMS

Large Hadron Collider at CERN



The Higgs boson in the SM

ℒ = −𝑔𝐻𝑓𝑓𝑓 ҧ𝑓𝐻 + 𝛿𝑉𝑉𝜇𝑉
𝜇 𝑔𝐻𝑉𝑉𝐻 +

𝑔𝐻𝐻𝑉𝑉
2

𝐻2 +
𝑔𝐻𝐻𝐻
6

𝐻3 +
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6

𝐻4

𝑔𝐻𝑓𝑓 =
𝑚𝑓

𝑣 𝑔𝐻𝑉𝑉 =
2𝑚𝑣

2

𝑣
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Models POIs comment

1. Modifications to fermion and 
gauge bosons couplings

κF, κV No BSM contribution
κF, κV > 0

2/3. Modifications to effective 
photons and gluon couplings w/ 
or w/o BSM decays

κg, κγ, (BBSM) κg, κγ > 0

BBSM within (0,0.5)

4. Parameterization assuming 
SM structure of the loops and 
no BSM decays

κμ, κW, κZ,κt, 

κτ, κb

No BSM contribution
All POIs are positive
H → µµ included

5. Parameterization using ratios 
of coupling modifiers

κg𝑍, λ𝑍𝑔, λ𝑡𝑔, 

λ𝑊𝑍, λγ𝑍, λτ𝑍, 

λ𝑏𝑍

No BSM contribution
No assumption on the total width
All POIs are positive

6/7 Generic parameterization 
w/ or w/o BSM decays

κg, κγ, κW, 

κZ,κt, κτ, κb, 

(BBSM) 

Only allow κt to go both positive 
and negative
BBSM within (0,0.5)
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Significance 
obs. (exp.)

ATLAS+CMS 
Run-1

ATLAS(36.1 
– 79.8 /fb)

VBF 5.4(4.6) 6.5(5.3)

VH 3.5(4.2) 5.3(4.8)

ttH 4.4(2.0) 5.8(5.3)

• Run 2 H→ZZ* →4l mass resolution:
1.6-2.4 GeV

• Run 2 H→ γγ mass resolution:
1.4-2.1 GeV


