
2020/11/7 1

Combination of measurements of Higgs boson 
production and decay using up to 139/fb of p-p 

collision data at √𝒔=13TeV collected with the ATLAS 
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Ø Introduction

Ø Global mu measurements

Ø Cross-section measurements in production modes

Ø Simplified template cross-section(STXS) measurements

Ø 𝜅 framework measurements

Ø Two Higgs doublet models(2HDM) interpretation
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Outline
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Introduction
Ø Following the discovery of the Higgs boson,

its coupling properties to other SM particles,

such as its production cross sections and

decay branching fractions, can be precisely

computed.

Ø The measurements can provide stringent tests

of the SM validity. The deviation from SM

would an indicator of beyond standard

model physics(BSM)

Ø The properties were consistent with the SM in the Run I. For this combination, the

measurements have been extended using the Run 2 dataset, to probe Higgs properties

more precisely.

https://link.springer.com/article/10.1007/JHEP08(2016)045


Ø 𝐻 → 𝛾𝛾, 𝐻 → 𝑍𝑍 → 4𝑙 and 𝑉𝐻,𝐻 → 𝑏𝑏 analyses are included in the STXS

measurements

Ø 𝐻 → 𝜇𝜇 and VBF 𝐻𝑖𝑛𝑣 are only used for 𝜅 framework with 𝜿𝝁 and 𝑩𝒊., 𝑩𝒖. respectively

Ø For more detailed not covered in the presentation, please refer to the CONF-NOTE.
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Input channels
ZZ �� bb µµ ⌧⌧ WW multi-lep inv

ggF • • • � �
VBF • • � • � � •
WH • • • •
ZH • • • •
ttH • • � • �
tH •

<latexit sha1_base64="zgeybW4QC1GVg1wl35qoI7N26+M="></latexit>

●Included with full Run 2 dataset(1394b%&)
○Included with 2015-2016 data only

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-027/
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Global mu results

Ø The global 𝜇 is defined as the ratio of observed
yields to its SM expectation, a measurement of
potential deviation from SM.

Ø Observed result is 1.06, a little larger then SM
expected, with a precision of 7%

Ø The measurement is consistent with SM
prediction with a p-value of 𝑝!" = 40%

µ = 1.06+0.07
�0.07 = 1.06+0.04

�0.04(stat.)
+0.03
�0.03(exp.)

+0.05
�0.04(sig.th.)

+0.02
�0.02(bkg.th.)

<latexit sha1_base64="QMDfamHY1BH/hmuv9232/1LJ5aE=">AAACTnicZZDLTsJAFIZn8IZ4Q1zigggLjLFpS5WVCdGNS0zkkgiS6XgoE6aXTKcKabr1fXwTt76Da3dGK5SYwtnMyff9s/iP6XHmS1X9wJm19Y3Nrex2bmd3b/8gf1ho+24gKLSoy13RNYkPnDnQkkxy6HoCiG1y6Jjjmz/feQbhM9e5l1MP+jaxHDZklMgYDfKvlUrPDkpXJU1RLwfhuaqo9egxPJu9KWwk2IiqviRSOZ3jWoJrURUm3oIuwhdxmFlKSY4WRk+MHlXNcWIqlUG+HLPZlFYXLVnKKJnmIP/We3JpYIMjKSe+/0AMj3gg+iERklEOUa4X+OAROiYW/FsLXBukmKY1OFZ861E/NIkJPOVCSxBvxOgkTWeXl+ZSdshdItPIDrhkwn2JcnFHbbnR6tLWFc1QjDu93LhO2mZREZ2gKtJQHTXQLWqiFqLoExdwER/jd/yFv/HPPJrByZ8jlJpM9hc2xKfE</latexit>
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Cross-section measurements in 
production modes



Ø Cross-sections are measured in the main Higgs
production modes:
Ø ggF (including ~1% contribution from bbH)
Ø VBF
Ø WH
Ø ZH (including 𝑔𝑔 → 𝑍𝐻)
Ø ttH + tH

Ø The cross sections are float in the simultaneous fit to
data, while the branching fractions are fixed to their SM
expectations.

Ø Compatible with the SM expectation with 𝒑𝑺𝑴 = 𝟖𝟔%
Ø Decreased anti-correlation between ggF and VBF(~8%),

mainly from new 𝛾𝛾 and ZZ results.
Ø Over 5σ significance in all 5 production modes, a first >

5σ observation in WH channel!
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Production cross sections
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Cross-section normalized to SM value

Total Stat. Syst. SM PreliminaryATLAS
-1 = 13 TeV, 24.5 - 139 fbs

| < 2.5
H

y = 125.09 GeV, |Hm

 = 86%
SM

p
            Total     Stat.    Syst.

ggF   1.00  (  0.07±  ,  0.05±  ) 0.05± 

VBF   1.15  (  0.17−

 0.18+
  ,  0.13±  ) 0.10−

 0.12+
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  ) 0.14−

 0.15+
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  ,  0.16±  ) 0.13−

 0.15+
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  ) 0.13−

 0.14+
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2− 0 2 4 6 8

 B normalized to SM× σ

Total Stat. Syst. SM PreliminaryATLAS
-1 = 13 TeV, 24.5 - 139 fbs

| < 2.5
H

y = 125.09 GeV, |Hm
 = 87%

SM
p           Total    Stat.   Syst.

γγggF   1.03  (  0.11±  ,  0.08±  ) 0.07−
 0.08+ 

ZZggF   0.94  (  0.10−
 0.11+  ,  0.10±  ) 0.04± 

WWggF   1.08  (  0.18−
 0.19+  ,  0.11±  ) 0.15± 

ττggF   1.02  (  0.55−
 0.60+  ,  0.38−

 0.39+  ) 0.39−
 0.47+ 

ggF comb.   1.00  (  0.07±  ,  0.05±  ) 0.05± 

γγVBF   1.31  (  0.23−
 0.26+  ,  0.18−

 0.19+  ) 0.15−
 0.18+ 

ZZVBF   1.25  (  0.41−
 0.50+  ,  0.40−

 0.48+  ) 0.08−
 0.12+ 

WWVBF   0.60  (  0.34−
 0.36+  ,  0.27−

 0.29+  ) 0.21± 

ττVBF   1.15  (  0.53−
 0.57+  ,  0.40−

 0.42+  ) 0.35−
 0.40+ 

bbVBF   3.03  (  1.62−
 1.67+  ,  1.60−

 1.63+  ) 0.24−
 0.38+ 

VBF comb.   1.15  (  0.17−
 0.18+  ,  0.13±  ) 0.10−

 0.12+ 

γγ VH   1.32  (  0.30−
 0.33+  ,  0.29−

 0.31+  ) 0.09−
 0.11+ 

ZZ VH   1.53  (  0.92−
 1.13+  ,  0.90−

 1.10+  ) 0.21−
 0.28+ 

bb VH   1.02  (  0.17−
 0.18+  ,  0.11±  ) 0.12−

 0.14+ 

 comb.VH   1.10  (  0.15−
 0.16+  ,  0.11±  ) 0.10−

 0.12+ 

γγ tH+ttH   0.90  (  0.24−
 0.27+  ,  0.23−

 0.25+  ) 0.06−
 0.09+ 

VV tH+ttH   1.72  (  0.53−
 0.56+  ,  0.40−

 0.42+  ) 0.34−
 0.38+ 

ττ tH+ttH   1.20  (  0.93−
 1.07+  ,  0.74−

 0.81+  ) 0.57−
 0.70+ 

bb tH+ttH   0.79  (  0.59−
 0.60+  ,  0.29±  ) 0.51−

 0.52+ 

 comb.tH+ttH   1.10  (  0.20−
 0.21+  ,  0.15−

 0.16+  ) 0.13−
 0.14+ 
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Production cross sections × BR
Ø Probe Higgs properties in each production×decay: 𝝈×𝑩 𝒊𝒇

Ø Some productions or decays get merged with others, due to limited statistics

Ø Compatible with the SM expectation
with 𝒑𝑺𝑴 = 𝟖𝟕%

Ø Good agreement observed for each final
state within a production mode
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STXS measurements



Ø Simplified template cross sections(STXS) are defined through a partition of the phase
space of SM Higgs productions into non-overlapping regions, independent of Higgs
decay process, aim to
Ø Have good sensitivity
Ø Avoid large theory uncertainties
Ø Approximately match experimental selections, to minimize model-dependent extrapolations.

Ø The final scheme is the version with some bins in Stage1.2 merged, based on the
principles of avoiding strong anti-correlation and >100% uncertainties except in some
bins sensitive to BSM
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Granularity of STXS binning
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Parameter normalized to SM value
6< 4< 2< 0 2 4 6 8

Total Stat.
Syst. SM

 PreliminaryATLAS
-1 = 13 TeV, 139 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

 = 95%
SM
p

ZZ*B × HAgg

ZZ*B × HqqAqq

ZZ*B × iHlAqq

ZZ*B × HllAgg/qq

ZZ*B × Htt

ZZ*B × tH

           Total    Stat.    Syst.

 < 10 GeVH
T
p0-jet, )0.09<

0.10+ ,  0.18<
0.19+   (0.20<

0.22+  0.82  
 < 200 GeVH

T
p )0-jet, 10 )0.07<

0.08+ ,  0.12<
0.13+   (0.14<

0.15+  1.12  
 < 60 GeVH

T
p1-jet, )0.13± ,  0.27<

0.28+   (0.30<
0.31+  0.61  

 < 120 GeVH
T
p )1-jet, 60 )0.10<

0.13+ ,  0.27<
0.28+   (0.29<

0.31+  1.31  
 < 200 GeVH

T
p )1-jet, 120 )0.09<

0.15+ ,  0.40<
0.42+   (0.41<

0.45+  0.72  
 < 120 GeVH

T
p < 350 GeV, jjm 2-jet, * )0.16± ,  0.42±   (0.45±  0.30  

 < 200 GeVH
T
p ) < 350 GeV, 120 jjm 2-jet, * )0.19<

0.21+ ,  0.39<
0.41+   (0.44<

0.46+  0.67  
 < 200 GeVH

T
p 350 GeV, * jjm 2-jet, * )0.32<

0.39+ ,  0.69<
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0.83+  1.61  
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0.95+   (0.89<

0.99+  1.00  
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0.62+ ,  1.45<
1.54+   (1.52<

1.66+  2.29  
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0.79+   (0.73<
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 < 200 GeVH

T
p < 700 GeV, jjm ) 2-jet, 350 * )0.21<
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T
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 200 GeV* H

T
p 350 GeV, * jjm 2-jet, * )0.14<

0.18+ ,  0.34<
0.41+   (0.37<

0.44+  1.20  

 < 75 GeVV
T
p )0.13<

0.22+ ,  1.02<
1.16+   (1.02<

1.18+  2.46  
 < 150 GeVV

T
p )75 )0.12<

0.20+ ,  0.81<
0.99+   (0.82<

1.01+  1.70  
 < 250 GeVV

T
p )150 )0.32<

0.42+ ,  0.65<
0.83+   (0.72<

0.93+  1.46  
 250 GeV* V

T
p )0.21<

0.34+ ,  0.52<
0.71+   (0.56<

0.79+  1.28  

 < 150 GeVV
T
p )0.59<

0.50+ ,  0.57<
0.54+   (0.82<

0.74+  0.19  
 < 250 GeVV

T
p )150 )0.21<

0.32+ ,  0.52<
0.70+   (0.56<

0.77+  1.30  
 250 GeV* V

T
p )0.23<

0.41+ ,  0.59<
0.81+   (0.63<

0.91+  1.41  

 < 60 GeVH
T
p )0.08<

0.13+ ,  0.64<
0.76+   (0.64<

0.77+  0.72  
 < 120 GeVH

T
p )60 )0.05<

0.08+ ,  0.43<
0.51+   (0.43<

0.51+  0.66  
 < 200 GeVH

T
p )120 )0.10<

0.14+ ,  0.50<
0.59+   (0.51<

0.60+  1.00  
 200 GeV* H

T
p )0.06<

0.10+ ,  0.45<
0.52+   (0.45<

0.53+  0.86  

)0.63<
0.71+ ,  2.44<

3.23+   (2.52<
3.31+  1.71  

0 0.5 1 1.5 2

           Total    Stat.     Syst.

ZZ*/BaaB )0.06<
0.07+ ,  0.11<

0.12+   (0.12<
0.14+  1.07  

ZZ*/BbbB )0.12<
0.30+ ,  0.25<

0.48+   (0.28<
0.57+  0.77  

Ø Only 𝜸𝜸, ZZ, VH→ 𝒃𝒃 channels included

in STXS measurements.

Ø Increase in number of regions probed,

compared with paper in the last iteration

Ø Finer granularity for low pT and high pT bins

Ø Differential measurements for ttH

Ø The tH production is separated from ttH,

with very large statistical uncertainty.

Ø Compatible with the SM prediction with

a p-value of 95%
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STXS measurements

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2018-57/
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𝜿 framework interpretation
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Kappa framework
Ø Coupling-strength modifier 𝜿 are introduced to study modifications of the Higgs

boson coupling related to BSM physics.
Ø For a given production process or decay model j, the 𝜅' is defined as:

Ø Except the coupling to SM particles, the
contributions from BSM 𝑩𝒊 and 𝑩𝒖 are
probed
Ø 𝐵! is related to invisible decays: decays identified

only through MET
Ø 𝐵" is related to undetected BSM decays: BSM

decays to that none of the included analyses are
sensitive.
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Ø Study the Higgs coupling with each SM particles. No additional BSM
contributions

Ø Loops of gluons and photon couplings are expressed in terms of SM contents
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Coupling to each SM particle

Ø Compatibility to SM is 84%

Ø 68% confidence interval shown for the particles

Parameter Result

Z 1.02± 0.06

W 1.05± 0.06

b 0.98 + 0.14
� 0.13

t 0.96 ± 0.08

⌧ 1.06 + 0.15
� 0.14

µ 1.12 + 0.26
� 0.32

<latexit sha1_base64="i6u2+Hq2os0CaugA/qcKUR8fMNI="></latexit>
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Loops and decays

Ø 𝐵!. correlated to
Hinv analysis

Ø Compatibility to
SM is 70%

No BSM contribution

Measured value

g
observed 0.98+0.05

�0.05

expected 1.00+0.05
�0.05

�
observed 1.06+0.05

�0.05

expected 1.00+0.05
�0.05

<latexit sha1_base64="GNkh1ZfIDbEagYTX+2n8/dhmbis="></latexit>

Ø Effective coupling 𝜿𝒈 and 𝜿𝜸 are
sensitive to new particles and BSM
effects appearing in loops.

Ø Compatibility to SM is 51%
Ø Linear correlation is 0.34

𝑩𝒊.and 𝑩𝒖.introduced

VBF Hinv channel added

Measured value

g
observed 0.94+0.07

�0.06

expected 1.00+0.07
�0.07

�
observed 1.04+0.06

�0.05

expected 1.00+0.06
�0.05

Bi.
observed < 0.13
expected < 0.13

Bu.
observed < 0.16
expected < 0.23

<latexit sha1_base64="o+NfJRJof+sb2mAao3zAeNf5ON8="></latexit>
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Ø To probe for BSM contributions, the combination includes the results of direct search to
Hinv. Assuming 𝜅+ < 1 to regularize total width

2020/11/7 16

Generic kappa model
No BSM contribution

𝑩𝒊.and 𝑩𝒖.introduced

Ø No BSM contributions to the total width(𝐵,. = 𝐵-. = 0)
Ø The signs of 𝜅. can be positive or negative, while the other

parameters kept positive
Ø the region with 𝜅. < 0 is excluded at 2.9(obs.)/2.7(exp.) 𝝈
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2HDM Interpretation



Ø In 2HDM, the SM Higgs sector is extended by

an additional Higgs doublet

Ø 4 types of 2HDM are defined:

Ø Type I: One Higgs doublet couples to 

vector bosons; the other couples to 

fermions

Ø Type II: One Higgs doublet couples to 

up-type quarks; the other to down-type 

quarks and charged leptons.

Ø Lepton-specific: The Higgs bosons have 

the same couplings to quarks as in 

Type I model and to charged leptons as 

in Type II.

Ø Flipped: The Higgs boson have the 

same couplings to quarks as in Type II 

and to charged leptons as in Type I.2020/11/7 18

Two-Higgs Doublet Model



Ø The results presented in the CONF note are based on the combination of 𝐻 → 𝛾𝛾,
𝐻 → 𝑍𝑍∗, 𝐻 → 𝑊𝑊∗, 𝐻 → 𝜏𝜏, 𝐻 → 𝑏6𝑏, 𝐻 → 𝜇𝜇 and 𝑉𝐵𝐹 𝐻 → 𝑖𝑛𝑣

Ø Global signal strength is measured to be 𝟏. 𝟎𝟔 ± 𝟎. 𝟎𝟕

Ø XS measurements in production modes are performed. The observed and expected
significances of WH and ZH both exceed 5𝜎, indicating a first observation for WH

Ø XS measurements in STXS regions are found to be consistent with SM predictions.

Ø Measurements of coupling modifiers in several 𝜅 frameworks are performed. No
significant deviations from SM is observed.

Ø 4 types of Two-Higgs-Doublet-Model(2HDM) get interpreted as constraints in the
(cos 𝛽 − 𝛼 , 𝑡𝑎𝑛𝛽) plane.

Ø The Minimal supersymmetric standard model(MSSM) and Effective field
theory(EFT) interpretations based on the dataset in this combination have been
updated in the conference note[link].2020/11/7 19

Summary

https://cds.cern.ch/record/2741341
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Backup



Ø 2 types of workspaces from each analysis
Ø Mu workspace: with full theory uncertainties on signal, used in inclusive

mu and kappa results
Ø XS workspace: with only theory uncertainties on acceptance of signal,

used in prod. mode XS and STXS measurements

Ø Parameters of interest need to get merged in order to measure in a coarser
granularity
Ø For mu WS, the parameters can merged straightforward since full theory

uncertainties considered

Ø For XS WS, additional uncertainties need to be injected to cover assumption of
SM predicted fractions. (twiki)

Ø Δ𝛿. = 𝛿. −
∑! 0!

"#1!
∑! 0!

"#
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Harmonization among workspaces

https://twiki.cern.ch/twiki/bin/viewauth/AtlasProtected/STXSImplementation


Ø There are some fundamental modifications to all workspaces
Ø The luminosity uncertainty was split into correlated(1 NP) and 

uncorrelated(2 NPs) between 15+16 years and 17+18 years
Ø The total uncertainty on 15+16 dataset(36/fb) is 2.1%, on FullRun2 

dataset(140/fb) is 1.7%.

Ø BR uncertainties
Ø BR uncertainty was split into different sources in the combination, in order to 

correlated properly between different channels

Ø Scaling 𝑚D to 125.09GeV
Ø Input channels are mostly based on 𝑚*=125GeV except Hyy
Ø the impacts are negligible in most of cases, only variation of 𝐻 → 𝑉𝑉

branching ratio need to be corrected. 

2020/11/7 22

Harmonization among workspaces

36 fb�1 139 fb�1

Uncorr36 1.558 0.406
Uncorr44-58 0 0.794
Correlated 1.459 1.459
Total 2.135 1.710

<latexit sha1_base64="hHvKWpX5WiwabVaNJGvbqLGlQh8="></latexit>

Channel BR ↵s mb mc TH bb TH ⌧⌧ TH µµ TH cc TH gg TH V V TH �� TH Z�

H ! bb 5.81E-01 -0.78 0.71 -0.15 0.21 -0.03 ¡0.01 -0.01 -0.26 -0.12 ¡0.01 -0.01

H ! ⌧⌧ 6.26E-02 0.63 -0.99 -0.15 -0.29 0.47 ¡0.01 -0.01 -0.26 -0.12 ¡0.01 -0.01

H ! µµ 2.17E-04 0.63 -0.99 -0.15 -0.29 -0.03 0.50 -0.01 -0.26 -0.12 ¡0.01 -0.01

H ! cc 2.88E-02 -0.38 -0.99 5.18 -0.29 -0.03 ¡0.01 0.49 -0.26 -0.12 ¡0.01 -0.01

H ! gg 8.18E-02 3.65 -0.99 -0.15 -0.29 -0.03 ¡0.01 -0.01 2.94 -0.12 ¡0.01 -0.01

H ! �� 2.27E-03 0.63 -0.99 -0.15 -0.29 -0.03 ¡0.01 -0.01 -0.26 -0.12 1.00 -0.01

H ! Z� 1.54E-03 0.63 -0.99 -0.15 -0.29 -0.03 ¡0.01 -0.01 -0.26 -0.12 ¡0.01 4.99

H ! V V 2.42E-01 0.63 -0.99 -0.15 -0.29 -0.03 ¡0.01 -0.01 -0.26 0.38 ¡0.01 -0.01

<latexit sha1_base64="4cxQ8kyZ6XwVVe5CnvA4ZaPAawY="></latexit>



Ø The correlation scheme between different

release has been studied in the previous

combination paper, proved to be adequate

Ø The Rel 21. analyses use different jet

collections.VHbb uses EMTopo jets, while

HZZ, HGam, Hmumu, VBF Hinv use

PFlow jets

Ø What we do follows from discussions with 

Jet/MET experts and specific checks
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Correlation scheme
Overview of uncertainty correlation for 139/fb analyses

“+” means fully correlated
“-” means partially correlated



Ø The correlation between ggF and VBF decreases
compared with previous publication(~15% to 8%)

Ø The 2D scans 𝝈𝒈𝒈𝑭 VS 𝝈𝑽𝑩𝑯 are performed
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2Dscans
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Coupling to fermions VS vector bosons
Ø Assuming uniform coupling modifiers for all fermions and weak vector bosons
Ø Only SM particles contribute to the total width of Higgs boson

Measured value

V
observed 1.03+0.03

�0.03

expected 1.00+0.03
�0.03

F
observed 0.97+0.07

�0.07

expected 1.00+0.08
�0.07

<latexit sha1_base64="4M5YzXObovQVQV+olMXROUHLDe8="></latexit>

2D scan 𝜅+ VS 𝜅2
Ø Constrain all other coupling modifiers to

their SM values

Ø Assuming no contribution from invisible or

undetected Higgs boson decays

Ø Compatibility with SM is 45%

Ø Linear correlation is 0.50
More scan points were added during circulation



Ø Measuring coupling modifiers ratios, with respect to a reference process
gg → 𝐻 → 𝑍𝑍 , to avoid introducing assumptions on Higgs total width

Ø The compatibility with SM hypothesis is 92%
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Generic model with ratios
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Ratios of XS and branching fractions
Ø Parametrisation

Ø (𝝈×𝑩)𝒊𝒇= 𝝈𝒈𝒈𝑭𝒁𝒁 P ( 𝝈𝒊
𝝈𝒈𝒈𝑭

) P ( 𝑩𝒇
𝑩𝒁𝒁

)

Ø Measure the ratios of production XS to that of ggF, and ratios of branching
fractions to that of 𝐻 → 𝑍𝑍∗

0 0.5 1 1.5 2 2.5 3
Parameter normalized to SM value

Total Stat. Syst. SM InternalATLAS
-1 = 13 TeV, 24.5 - 139 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

 = 97%
SM

p           Total   Stat.   Syst.
ZZ
ggFm   0.97  (  0.09±  ,  0.08±  ) 0.03<

 0.04+ 

ggFm/VBFm   1.13  (  0.19<
 0.22+  ,  0.15<

 0.17+  ) 0.11<
 0.13+ 

ggFm/WHm   1.34  (  0.33<
 0.39+  ,  0.28<

 0.33+  ) 0.17<
 0.20+ 

ggFm/ZHm   1.10  (  0.30<
 0.38+  ,  0.25<

 0.31+  ) 0.16<
 0.22+ 

ggFm/tH+ttHm   1.09  (  0.21<
 0.23+  ,  0.17<

 0.19+  ) 0.12<
 0.14+ 

ZZ/BaaB   1.06  (  0.12<
 0.14+  ,  0.10<

 0.12+  ) 0.06<
 0.07+ 

ZZ/BWWB   1.02  (  0.17<
 0.19+  ,  0.12<

 0.13+  ) 0.12<
 0.14+ 

ZZ/BooB   1.08  (  0.26<
 0.30+  ,  0.20<

 0.22+  ) 0.17<
 0.21+ 

ZZ/BbbB   0.87  (  0.21<
 0.28+  ,  0.17<

 0.22+  ) 0.12<
 0.18+ 



Ø The workspace provided used
full granularity of Stage1.2
scheme

Ø The cross-check results agree
well with
the VHbb published results
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Validation on input channels
VHbb validation

Published Cross-check

CONF µbb

V H
= 1.02+0.18

�0.17 =
+0.12
�0.11(Stat.)

+0.14
�0.13(Syst.)

Cross Check µbb

V H
= 1.02+0.18

�0.17 =
+0.12
�0.12(Stat.)

+0.14
�0.13(Syst.)

<latexit sha1_base64="6i+T5XBf9uhx7vrAnaxbLhINPu0="></latexit>

Inclusive mu:

H->ZZ->4l validation

Ø Validation on 4XS is a simple remerge without injecting 
additional uncertainties

µ = 1.01± 0.08(stat.)± 0.04(exp.)± 0.05(th.) = 1.01± 0.11

<latexit sha1_base64="l6fCBel1uGhwXnc/3xIo56NVAjg=">AAACKHicZZA7T8MwFIWd8irlVWBkiWiGskRJFQQLUgULY5HoQyJVccxtatVOLMeBVlH/EBt/gpkNdWVmhZn0oaK0Zzr6zrGlcz3BaKQsa6zl1tY3Nrfy2 4Wd3b39g+LhUSMKY0mgTkIWypaHI2A0gLqiikFLSMDcY9D0+jeTvPkMMqJhcK+GAtoc+wHtUoJVijrFR8Nweaxf6bZp2a7gumVal2WXY9WTPIkUVuboTE+DlDsLDgOR4hk9X1DVm3QXX1mmbRtGp1hKS1Ppq8aemxKaq9YpvrlPIYk5BIowHEUP2BFYgGwnWCpKGIwKbhyBwKSPffhPfQg5KDnMxhD46RV77cTDHrBMlvgSix4lgyyd3lR5S90uC7HKIh4zRWX4MiqkG+3lRaumUTFtx3TuKqXq9XxtHp2gU1RGNrpAVXSLaqiOCHpH3+gH/Wqv2of2qY1n1Zw2f3OMMtK+/gD4LaLk</latexit>

Inclusive mu:

µ = 1.01+0.09
�0.08(stat.)

+0.04
�0.03(exp.)

+0.06
�0.05(theo.) = 1.01+0.11

�0.10

<latexit sha1_base64="K3Mw8WwVOX/WdagPsl4wEFv4ARU=">AAACSXicZZDNSsNAFIVnWn9qtVoVdOFGbBeKGDJa/xaC6MZlBdsKtpbJeJsMTjJhMvGHkIWP5HP4BD6Ba3fiyhiDJe3dzOF8Z7ica/mCB9o033GhODE5NV2aKc/OVeYXqotL7UCGikGLSSHVtUUDENyDluZawLWvgLqWgI51f/7LOw+gAi69K/3sQ8+ltscHnFGdWP3qS73edcMTYpikH+2YhnkU30bbyXscb3Zdqh3lRoGm2oi3/vhexhtDDk/+P97P8MEQawdkwtMdKSQkTsPEjMv1er9aS/LprI8LkokayqbZr7527yQLXfA0EzQIbmjDpz6oXkSV5kxAXO6GAfiU3VMbhtQG6YJWz3kMnp2c2elFFrVA5FhkK+o7nD3l3fTo2hrJDoSkOm+5odBcyce4nHQko43GRXvXIA2jcblbOz3L2pbQGtpAm4igQ3SKLlATtRBDH7iCV/AqfsOf+At//0ULOPuzjHJTKP4ARgWqiw==</latexit>
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Ø Hmumu workspace has a production mode granularity at the particle level

Ø The fit results and ranking agree well with published results
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Validation on input channels
𝑯 → 𝝁𝝁 validation

POI Original Validation
VH-and-ttH-cate. 5.0± 3.5 4.97+3.58

�3.40

ggF-0-jet-cate. �0.4± 1.6 �0.39+1.54
�1.59

ggF-1-jet-cate. 2.4± 1.2 2.38+1.20
�1.18

ggF-2-jet-cate. �0.6± 1.2 �0.62+1.21
�1.23

VBF-cate. 1.8± 1.0 1.82+1.08
�1.02

combined 1.2± 0.6 1.17+0.60
�0.58

<latexit sha1_base64="SBaB0Bh4pfwgmC02/0Z9mHOP4+c="></latexit>
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Signal strength

0.5-

8

Total Stat. Syst. SM

µµ ® H                     -1 = 13 TeV,  139 fbs Internal     ATLAS

             Total     Stat.     Syst.

Combined   ) 0.1-
 0.2+  0.6 , ± 0.6  (  ±   1.2  

VBF categories  0.2 )± 1.0 ,  ± 1.0  (  ±   1.8  

ggF 2-jet categories  0.3 )± 1.2 ,  ± 1.2  (  ±  -0.6  

ggF 1-jet categories  0.3 )± 1.2 ,  ± 1.2  (  ±   2.4  

ggF 0-jet categories  0.3 )± 1.5 ,  ± 1.6  (  ±  -0.4  

VH and ttH categories  1.1 )± 3.3 ,  ± 3.5  (  ±   5.0  
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Published Cross-check

Ranking and pulls on observed data
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Ø Validate the upper limit 

on 𝑩𝑹(𝑯 → 𝒊𝒏𝒗) using 

WS from Hinv,VBF+MET

analysis

Ø The fit results and NP 

ranking are consistent 

with published results
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Validation on input channels
𝑯𝒊𝒏𝒗, 𝑽𝑩𝑭 +𝑴𝑬𝑻 validation

Observed Expected +1� �1 + � +2� �2�
published results 0.132 0.132 0.183 0.095 0.248 0.071

validation results 0.132 0.132 0.183 0.096 0.247 0.071

<latexit sha1_base64="e3BTaLubwSLvJgQztbK5KTIQxzg="></latexit>
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Ø The dominant theoretical NP is QCDscale_ggF_mu

Ø The dominant experimental NP is correlated luminosity uncertainty
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5XS NP ranking
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5XS NP ranking
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5XS NP ranking
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Ratios of XS and branching fractions
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