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Introduction

• Simplified template cross sections (STXS) are the Higgs boson 
production cross sections in exclusive kinematic bins  

• Reduce model dependence, maximise sensitivity to new physics, 
constrain coupling modifiers (κ), EFT coefficients, BSM tests
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438 III.2.1. Overview
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Figure 217: Schematic overview of the simplified template cross section framework.

precise form of the categorization. Typically, a subset of the experimental event categories is designed to
enrich events of a given Higgs boson production mode, usually making use of specific event topologies.
This is what eventually allows the splitting of the production modes in the global fit. Another subset of
event categories is defined to increase the sensitivity of the analysis by splitting events according to their
expected signal-to-background ratio and/or invariant-mass resolution. In other cases, the categories are
motivated by the analysis itself, e.g. as a consequence of the backgrounds being estimated specifically
for certain classes of events. While these are some of the primary motivations, in the future the details of
the event categorization can also be optimized in order to give good sensitivity to the simplified template
cross sections to be measured.

The centre of Figure 217 shows a sketch of the simplified template cross sections, which are
determined from the experimental categories by a global fit that combines all decay channels and which
represent the main results of the experimental measurements. They are cross sections per production
mode, split into mutually exclusive kinematic bins for each of the main production modes. In addition,
the different Higgs boson decays are treated by fitting the partial decay widths. Note that as usual,
without additional assumptions on the total width, only ratios of partial widths and ratios of simplified
template cross sections are experimentally accessible.

The measured simplified template cross sections together with the partial decay widths then serve
as input for subsequent interpretations, as illustrated on the right of Figure 217. Such interpretations
could for example be the determination of signal strength modifiers or coupling scale factors  (pro-
viding compatibility with earlier results), EFT coefficients, tests of specific BSM models, and so forth.
For this purpose, the experimental results should quote the full covariance among the different bins. By
aiming to minimize the theory dependence that is folded into the first step of determining the simpli-
fied template cross sections from the event categories, this theory dependence is shifted into the second

[1610.07922]
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Figure 218: Stage 0 bins.

it has to be carefully checked and balanced against the requirement to not introduce theory dependence,
e.g., by selecting specific regions of phase space.

Another design goal is to isolate regions of phase space, typically at large kinematic scales, where
BSM effects could be potentially large and visible above the SM background. Explicitly separating these
also reduces the dependence of the measurements on the assumed SM kinematic distribution.

In addition, the experimental sensitivity is maximized by allowing the combination of all decay
channels, which requires the framework to be used by all analyses. To facilitate the experimental im-
plementation, the bins should be mutually exclusive to avoid introducing statistical correlations between
different bins. In addition, the number of bins should be kept minimal to avoid technical complications
in the individual analyses as well as the global fit, e.g. in the evaluation of the full covariance matrix.
For example, each bin should typically have some sensitivity from at least one event category in order
to avoid the need to statistically combine many poorly constrained or unconstrained measurements. On
the other hand, in BSM sensitive bins experimental limits are already very useful for the theoretical
interpretation.

III.2.2.a Splitting of production modes

The definition of the production modes has some notable differences compared to Run1 to deal with
the fact that the naive distinction between the qq̄ ! V H and VBF processes, and similarly between
gg ! V H and gluon-fusion production, becomes ambiguous at higher order when the V decays hadron-
ically. For this reason, the V H production mode is explicitly defined as Higgs boson production in as-
sociation with a leptonically decaying V boson. The qq̄ ! V H process with a hadronically decaying V
boson is considered to be part of what is called “VBF production”, which is defined as electroweak qqH
production. Similarly, the gg ! ZH process with hadronically decaying Z boson is included in what is
called “gluon-fusion production”.

In principle, also the separation of ZH production with a leptonic Z into qq̄ or gg initial states
becomes ambiguous at higher order. For present practical purposes, on the experimental side the split
can be defined according to the separate MC samples for qq̄ ! ZH and gg ! ZH used in the analyses.

III.2.2.b Staging

In practice, it will be impossible to define a set of bins that satisfies all of the above requirements for
every analysis. Some analyses will only be able to constrain a subset of all bins or only constrain the sum
of a set of bins. In addition, the number of bins that will be possible to measure increases with increasing
amount of available data. For this reason, several stages with an increasing number of bins are defined.
The evolution from one stage to the next can take place independently for each production mode.
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Figure 218: Stage 0 bins.

it has to be carefully checked and balanced against the requirement to not introduce theory dependence,
e.g., by selecting specific regions of phase space.

Another design goal is to isolate regions of phase space, typically at large kinematic scales, where
BSM effects could be potentially large and visible above the SM background. Explicitly separating these
also reduces the dependence of the measurements on the assumed SM kinematic distribution.

In addition, the experimental sensitivity is maximized by allowing the combination of all decay
channels, which requires the framework to be used by all analyses. To facilitate the experimental im-
plementation, the bins should be mutually exclusive to avoid introducing statistical correlations between
different bins. In addition, the number of bins should be kept minimal to avoid technical complications
in the individual analyses as well as the global fit, e.g. in the evaluation of the full covariance matrix.
For example, each bin should typically have some sensitivity from at least one event category in order
to avoid the need to statistically combine many poorly constrained or unconstrained measurements. On
the other hand, in BSM sensitive bins experimental limits are already very useful for the theoretical
interpretation.

III.2.2.a Splitting of production modes

The definition of the production modes has some notable differences compared to Run1 to deal with
the fact that the naive distinction between the qq̄ ! V H and VBF processes, and similarly between
gg ! V H and gluon-fusion production, becomes ambiguous at higher order when the V decays hadron-
ically. For this reason, the V H production mode is explicitly defined as Higgs boson production in as-
sociation with a leptonically decaying V boson. The qq̄ ! V H process with a hadronically decaying V
boson is considered to be part of what is called “VBF production”, which is defined as electroweak qqH
production. Similarly, the gg ! ZH process with hadronically decaying Z boson is included in what is
called “gluon-fusion production”.

In principle, also the separation of ZH production with a leptonic Z into qq̄ or gg initial states
becomes ambiguous at higher order. For present practical purposes, on the experimental side the split
can be defined according to the separate MC samples for qq̄ ! ZH and gg ! ZH used in the analyses.

III.2.2.b Staging

In practice, it will be impossible to define a set of bins that satisfies all of the above requirements for
every analysis. Some analyses will only be able to constrain a subset of all bins or only constrain the sum
of a set of bins. In addition, the number of bins that will be possible to measure increases with increasing
amount of available data. For this reason, several stages with an increasing number of bins are defined.
The evolution from one stage to the next can take place independently for each production mode.

• Bins are split from 
main production cross 
sections in |YH| < 2.5 
(Stage 0, Stage 1…)

https://arxiv.org/abs/1610.07922
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Stage 1 binning

• ggF, VBF, VH bins are split 
using number of jets and pT 

• Possibilities for merging bins 
are indicated by (+) 

• There is revised Stage 1.1 
binning to capture more of the 
VBF kinematic and the low 
pT gluon fusion [twiki]
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444 III.2.4. Bin definitions for the different production modes
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Figure 220: Stage 1 binning for vector boson fusion production.

III.2.4.a.iii Stage 2
In stage 2, the high pH

T bin should be split further, in particular if evidence for new heavy particles arises.
In addition, the low pH

T region can be split further to reduce any theory dependence there. If desired by
the analyses, another possible option is to further split the Nj � 2 bin into Nj = 2 and Nj � 3.

III.2.4.b Bins for VBF production
At higher order, VBF production and V H production with hadronically decaying V become ambiguous.
Hence, what we refer to as VBF in this section, is defined as as electroweak qq0H production, which
includes both VBF and V H with hadronic V decays.

III.2.4.b.i Stage 0
Inclusive vector boson fusion cross section within |YH | < 2.5. Should the measurements start to have
acceptance beyond 2.5, an additional bin for |YH | > 2.5 can be included.

III.2.4.b.ii Stage 1
Stage 1 refines the binning for |YH | < 2.5. The stage 1 binning is depicted in Figure 220 and summarized
as follows:

– VBF events are split by pj1
T , the transverse momentum of the highest-pT jet. The lower pj1

T region
is expected to be dominated by SM-like events, while the high-pj1

T region is sensitive to potential
BSM contributions, including events with typical VBF topology as well as boosted V (! jj)H
events where the V is reconstructed as one jet. The suggested cut is at 200 GeV, to keep the
fraction of SM events in the BSM bin small. Note that events with Nj = 0, corresponding to
pj1
T < 30 GeV, is included in the pj1

T < 200 GeV bin.
– The pj1

T < 200 GeV bin is split further:
– Typical VBF topology: The adopted VBF topology cuts are mjj > 400 GeV, �⌘jj > 2.8

(and without any additional rapidity cuts on the signal jets). This should provide a good inter-
mediate compromise among the various VBF selection cuts employed by different channels.
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Figure 219: Stage 1 binning for gluon fusion production.

– The Nj � 2 with VBF topology bin is split further into an exclusive 2-jet-like and inclusive 3-
jet-like bin. The split is implemented by a cut on pHjj

T = |~pH
T + ~pj1

T + ~pj2
T | at 25 GeV. See the

corresponding discussion for VBF for more details. This split is explicitly included here since it
induces nontrivial theory uncertainties in the gluon-fusion contribution.

– The Nj = 1 and Nj � 2 bins are further split into pH
T bins.

– 0 GeV < pH
T < 60 GeV: The boson channels have most sensitivity in the low pH

T region. The
upper cut is chosen as low as possible to give a more even split of events but at the same time
high enough that no resummation effects are expected. The cut should also be sufficiently
high that the jet pT cut introduces a negligible bias.

– 60 GeV < pH
T < 120 GeV: This is the resulting intermediate bin between the low and high

pH
T regions. The lower cut here is high enough that this bin can be safely treated as a hard

H + j system in the theoretical description.
– 120 GeV < pH

T < 200 GeV: The boosted selection in H ! ⌧⌧ contributes to the high pH
T

region. Defining a separate bin avoids large extrapolations for the H ! ⌧⌧ contribution.
For Nj = 2, this bin likely provides a substantial part of the gluon-fusion contribution in the
hadronic V H selection.

– pH
T > 200 GeV: Beyond the top-quark mass, the top-quark loop gets resolved and top-quark

mass effects become relevant. Splitting off the high-pH
T region ensures the usability of the

heavy-top expansion for the lower-pH
T bins. At the same time, the high pH

T bin in principle
offers the possibility to distinguish a pointlike ggH vertex induced by heavier BSM particles
in the loop from the resolved top-quark loop.

At intermediate stages, all lower three pH
T bins, or any two adjacent bins, can be merged. Alterna-

tively or in addition the Nj = 1 and Nj � 2 bins can be merged by individual analyses as needed, and
potentially also when the combination is performed at an intermediate stage.
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Figure 222: Stage 1 binning for associated production with vector bosons.

production. Similarly, gg ! V H production with hadronically decaying V boson is considered part of
gluon fusion production.

III.2.4.c.i Stage 0
Inclusive associated production with vector bosons cross section within |YH | < 2.5. Should the mea-
surements start to have acceptance beyond 2.5, an additional bin for |YH | > 2.5 can be included.

III.2.4.c.ii Stage 1
Stage 1 refines the binning for |YH | < 2.5. The stage 1 binning is depicted in Figure 222 and summarized
as follows:

– V H production is first split into the production via a qq̄ or gg initial state. This split becomes
ambiguous at higher order. For practical purposes, on the experimental side the split can be defined
according to the MC samples used in the analyses, which are split by qq̄ and gg.

– The production via qq̄ ! V H is split according to the vector boson: W ! `⌫ and Z !

`` + ⌫⌫̄.
– W ! `⌫ and Z ! `` + ⌫⌫̄ are split further into bins of pV

T , aligned with the quantity used
in the H ! bb̄ analysis, which is one of the main contributors to the V H bins.

* pV
T < 150 GeV receives contributions from the bosonic decay channels and from H !

bb̄ with W ! `⌫ and Z ! ``, which do not rely on Emiss
T triggers.

* 150 GeV < pV
T < 250 GeV receives contributions from H ! bb̄ with Z ! ⌫⌫̄ due

to the high threshold of the Emiss
T trigger, as well as from H ! bb̄ with W ! `⌫ and

Z ! ``.

[1610.07922]

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCHXSWGFiducialAndSTXS
https://arxiv.org/abs/1610.07922
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In this talk
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• Following results are covered in this talk:  
• ATLAS combined at 80 fb-1 [ATLAS-CONF-2019-005] 
• CMS combined at 36 fb-1 [1809.10733] 
• ATLAS self-coupling at 80 fb-1 [ATL-PHYS-PUB-2019-009] 
• ATLAS+CMS projections at 3000 fb-1 [1902.00134] 

• New results in individual channels are covered in Hangtao’s talk [link],  
Markus’s talk [link], Luca’s talk [link], and John’s talk [link] 

• List of channels with STXS results: 

CMS 
ZZ at 140 fb-1 [CMS-PAS-HIG-19-001] 
γγ at 80 fb-1 [CMS-PAS-HIG-18-029] 
ττ at 80 fb-1 [CMS-PAS-HIG-18-032] 
WW at 36 fb-1 [CMS-PAS-HIG-16-042 ]

ATLAS 
ZZ at 80 fb-1 [ATLAS-CONF-2018-018] 
γγ at 80 fb-1 [ATLAS-CONF-2018-028] 
bb at 80 fb-1 [1903.04618] 
ττ at 36 fb-1 [1811.08856]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
https://arxiv.org/abs/1902.00134
https://indico.cern.ch/event/687651/contributions/3427311/
https://indico.cern.ch/event/687651/contributions/3427310/
https://indico.cern.ch/event/687651/contributions/3427301/
https://indico.cern.ch/event/687651/contributions/3427228/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-19-001/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-029/index.html
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/HIG-18-032/index.html
https://cds.cern.ch/record/2308255/files/HIG-16-042-pas.pdf
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-018/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2018-028/
https://arxiv.org/abs/1903.04618
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2017-07/
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ATLAS combined at 80 fb-1

• [ATLAS-CONF-2019-005] 
• Reduced Stage 1 inputs 

except for VBF, H → bb, µµ, 
invisible and off-shell, which 
are only used in the κ 
framework 

• ggF signal: Powheg Box 
NNLOPS, normalised to 
N3LO QCD with NLO EW 
corrections  

• VBF, VH, (ttH) signal: 
Powheg Box NLO, 
normalised to NNLO (NLO) 
QCD with NLO EW 
corrections

!5

Analysis Integrated luminosity (fb
�1

)

H ! �� (including tt̄H, H ! ��) 79.8

H!ZZ
⇤! 4` (including tt̄H, H!ZZ

⇤! 4`) 79.8

H!WW
⇤! e⌫µ⌫ 36.1

H ! ⌧⌧ 36.1

V H, H ! bb̄ 79.8

VBF, H ! bb̄ 24.5 – 30.6

H ! µµ 79.8

tt̄H, H ! bb̄ and tt̄H multilepton 36.1

H ! invisible 36.1

O↵-shell H ! ZZ
⇤ ! 4` and H ! ZZ

⇤ ! 2`2⌫ 36.1

gg→H 

gg→H, ≥ 1 jet, p
T

H ≥ 200 GeV 

gg→H, 0-jet

gg→H, 1-jet, p
T

H < 60 GeV

gg→H, 1-jet, 120 ≤ p
T

H < 200 GeV

gg→H, 1-jet, 60 ≤ p
T

H < 120 GeV

gg→H, ≥ 2 jet, p
T

H < 200 GeV

qq → Hqq

qq → Hqq, p
T

j ≥ 200 GeV 

qq → Hqq, VBF topo + Rest

V(lep)H

qq→ H�ν, p
T

V < 250 GeV 

qq→ H�ν, p
T

V ≥ 250 GeV 

gg/qq→ H��, p
T

V < 150 GeV 

gg/qq→ H��, 150 ≤ p
T

V < 250 GeV 

gg/qq→ H��, p
T

V ≥ 250 GeV ttH + tH

qq → Hqq, VH topo

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
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Global signal strength

• 　 
• Dominant uncertainties: Signal theory (4.2%), background theory 

(2.6%), photon (2.2%), luminosity (2%)

!6
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−

 PreliminaryATLAS
1− = 13 TeV, 24.5 - 79.8 fbs

| < 2.5
H

y = 125.09 GeV, |Hm

 = 18%
SM

p

Total

Remove Bkg. th.

Remove Sig. th.

Stat.

Uncertainty source �µ/µ [%]

Statistical uncertainty 4.4

Systematic uncertainties 6.2

Theory uncertainties 4.8

Signal 4.2

Background 2.6

Experimental uncertainties (excl. MC stat.) 4.1

Luminosity 2.0

Background modeling 1.6

Jets, Emiss
T 1.4

Flavour tagging 1.1

Electrons, photons 2.2

Muons 0.2

⌧ -lepton 0.4

Other 1.6

MC statistical uncertainty 1.7

Total uncertainty 7.6

Λ(α) = L(α, ̂ ̂θ(α))/L(α̂, ̂θ)

μ = 1.11+0.09
−0.08 = 1.11 ± 0.05 (stat.) +0.05

−0.04 (exp.) +0.05
−0.04 (sig . th.) ± 0.03 (bkg . th.)

σ/σSM × B/BSM

→

→

→→

[ATLAS-CONF-2019-005]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
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STXS results

• Production cross sections 
assuming SM branching ratio 
(left) reduced Stage 1 (right) 

• All major production modes 
are now observed with > 5σ, 
still limited stat in BSM bins
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Parameter normalized to SM value
10− 5− 0 5 10 15

Total Stat.

Syst. SM

 PreliminaryATLAS
-1 = 13 TeV, 36.1 - 79.8 fbs

| < 2.5
H

y = 125.09 GeV, |Hm

 = 89%
SM

p

           Total    Stat.    Syst.

ZZB ×, 0-jet H→gg )0.08−

0.09+ ,  0.15−

0.16+   (0.17−

0.18+  1.29  

ZZB × < 60 GeV H

T
p, 1-jet, H→gg )0.22−

0.23+ ,  0.35−

0.37+   (0.41−

0.43+  0.57  

ZZB × < 120 GeV H

T
p ≤, 1-jet, 60 H→gg )0.15−

0.18+ ,  0.31−

0.33+   (0.34−

0.38+  0.87  

ZZB × < 200 GeV H

T
p ≤, 1-jet, 120 H→gg )0.30−

0.39+ ,  0.65−

0.71+   (0.72−

0.81+  1.30  

ZZB × 200 GeV ≥ H

T
p 1-jet, ≥, H→gg )0.32−

0.43+ ,  0.64−

0.73+   (0.72−

0.84+  2.05  

ZZB × < 200 GeV H

T
p 2-jet, ≥, H→gg )0.26−

0.32+ ,  0.44−

0.46+   (0.51−

0.56+  1.11  

ZZB ×, VBF topo + Rest Hqq→qq )0.21−

0.27+ ,  0.32−

0.36+   (0.38−

0.45+  1.57  

ZZB ×, VH topo Hqq→qq )0.24−

0.32+ ,  1.11−

1.31+   (1.13−

1.35+ -0.12  

ZZB × 200 GeV ≥ 
j

T
p, Hqq→qq )0.72−

0.69+ ,  1.29−

1.34+   (1.48−

1.51+ -0.95  

ZZB × < 250 GeV 
T

Vp, νHl→qq )0.55−

0.71+ ,  0.85−

1.02+   (1.01−

1.24+  2.28  

ZZB × 250 GeV ≥ 
T

Vp, νHl→qq )0.66−

1.81+ ,  1.00−

1.44+   (1.19−

2.32+  1.91  

ZZB × < 150 GeV 
T

Vp, Hll→gg/qq )1.22−

0.76+ ,  0.98−

1.01+   (1.57−

1.26+  0.85  

ZZB × < 250 GeV 
T

Vp ≤, 150 Hll→gg/qq )0.70−

0.79+ ,  0.90−

1.02+   (1.13−

1.29+  0.86  

ZZB × 250 GeV ≥ 
T

Vp, Hll→gg/qq )0.71−

2.38+ ,  1.33−

1.87+   (1.50−

3.03+  2.92  

ZZB × ttH + tH )0.19−

0.24+ ,  0.27−

0.30+   (0.33−

0.39+  1.44  

2− 0 2 4 6 8
0.5

5

                      Total    Stat.     Syst.

ZZ
/BγγB )0.06−

0.07+ ,  0.11−

0.12+   (0.12−

0.14+  0.86  

ZZ
/B

bb
B )0.22−

0.27+ ,  0.18−

0.22+   (0.28−

0.35+  0.63  

ZZ/BWWB )0.11−

0.12+ ,  0.11−

0.13+   (0.16−

0.18+  0.86  

ZZ/B-τ+τB )0.14−

0.19+ ,  0.19−

0.22+   (0.24−

0.29+  0.87  

Cross-section normalized to SM value
0.6 0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6

Total Stat. Syst. SM PreliminaryATLAS
-1 = 13 TeV, 24.5 - 79.8 fbs

| < 2.5
H
y = 125.09 GeV, |Hm

 = 76%
SM

p             Total     Stat.    Syst.

ggF   1.04  (  0.09±  ,  0.07±  ) 0.06−
 0.07+ 

VBF   1.21  (  0.22−
 0.24+  ,  0.17−

 0.18+  ) 0.13−
 0.16+ 

WH   1.30  (  0.38−
 0.40+  ,  0.27−

 0.28+  ) 0.27−
 0.29+ 

ZH   1.05  (  0.29−
 0.31+  ,  0.24±  ) 0.17−

 0.19+ 

tH+ttH   1.21  (  0.24−
 0.26+  ,  0.17±  ) 0.18−

 0.20+ 

[ATLAS-CONF-2019-005]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
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CMS combined at 36 fb-1

•   
• Dominant uncertainties: Signal theory (5%), luminosity (2.5%) 
• 50% level improvement compared to Run 1 due to increased cross 

section, improved theory uncertainty, additional event categories
!8

Parameter value
0 0.5 1 1.5 2 2.5 3 3.5 4

µ

ttH
µ

ZH
µ

WH
µ

VBF
µ

ggH
µ

CMS
 (13 TeV)-135.9 fb

Observed
 syst)⊕ (stat σ1±
 syst)⊕ (stat σ2±

 (syst)σ1±

μ = 1.17 ± 0.10 = 1.11 ± 0.06 (stat) +0.06
−0.05 (sig theo) ± 0.06 (other syst)

Production process Best fit value Uncertainty

stat. syst.

ggH 1.22
+0.14

�0.12

+0.08

�0.08

+0.12

�0.10

(+0.11

�0.11
) (+0.07

�0.07
) (+0.09

�0.08
)

VBF 0.73
+0.30

�0.27

+0.24

�0.23

+0.17

�0.15

(+0.29

�0.27
) (+0.24

�0.23
) (+0.16

�0.15
)

WH 2.18
+0.58

�0.55

+0.46

�0.45

+0.34

�0.32

(+0.53

�0.51
) (+0.43

�0.42
) (+0.30

�0.29
)

ZH 0.87
+0.44

�0.42

+0.39

�0.38

+0.20

�0.18

(+0.43

�0.41
) (+0.38

�0.37
) (+0.19

�0.17
)

ttH 1.18
+0.30

�0.27

+0.16

�0.16

+0.26

�0.21

(+0.28

�0.25
) (+0.16

�0.15
) (+0.23

�0.20
)

Decay mode Best fit value Uncertainty

stat. syst.

H ! bb 1.12
+0.29

�0.29

+0.19

�0.18

+0.22

�0.22

(+0.28

�0.27
) (+0.18

�0.18
) (+0.21

�0.20
)

H ! tt 1.02
+0.26

�0.24

+0.15

�0.15

+0.21

�0.19

(+0.24

�0.22
) (+0.15

�0.14
) (+0.19

�0.17
)

H ! WW 1.28
+0.17

�0.16

+0.09

�0.09

+0.14

�0.13

(+0.14

�0.13
) (+0.09

�0.09
) (+0.11

�0.10
)

H ! ZZ 1.06
+0.19

�0.17

+0.16

�0.15

+0.11

�0.08

(+0.18

�0.16
) (+0.15

�0.14
) (+0.10

�0.08
)

H ! gg 1.20
+0.18

�0.14

+0.13

�0.11

+0.12

�0.09

(+0.14

�0.12
) (+0.10

�0.10
) (+0.09

�0.07
)

H ! µµ 0.68
+1.25

�1.24

+1.24

�1.24

+0.13

�0.11

(+1.20

�1.17
) (+1.18

�1.17
) (+0.19

�0.03
)

[1809.10733]

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
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STXS results

• Stage 0 STXS and branching ratio with respect to ZZ 
• bbH is merged to ggH due to the lack of sensitivity 
• qqZH and ggZH are merged because they can not easily be separated 
• tH is merged to ttH due to the lack of dedicated analysis

!9

 (p
b)

SMZZ
 / 

B
ZZ

 x
 B

i
σ 1−10

1

10

210 H→gg

VBF
H+V(qq)

)νH+W(l

)ννH+Z(ll/
ttH+tH

Stage 0 Simplified Template Cross Sections
| < 2.5

H
|y

Observed
 syst)⊕ (stat σ1±
 syst)⊕ (stat σ2±

 (syst)σ1±
SM prediction

ZZ
 / 

B
i B

2−10

1−10

1

10

210 bb
WW

ττ

γγ
µµ

 (13 TeV)-135.9 fbCMS
Uncertainty Uncertainty

Parameter Best fit stat syst Parameter Best fit stat syst

sggHBZZ
1.00

+0.19

�0.16

+0.16

�0.15

+0.09

�0.07 Bbb
/BZZ

0.96
+0.44

�0.31

+0.32

�0.24

+0.30

�0.20

(+0.18

�0.16
) (+0.16

�0.15
) (+0.09

�0.07
) (+0.57

�0.38
) (+0.40

�0.29
) (+0.41

�0.25
)

sVBFBZZ
0.66

+0.32

�0.26

+0.27

�0.22

+0.17

�0.13 Btt
/BZZ

0.98
+0.35

�0.28

+0.24

�0.20

+0.25

�0.20

(+0.40

�0.32
) (+0.33

�0.27
) (+0.22

�0.16
) (+0.36

�0.29
) (+0.26

�0.21
) (+0.25

�0.19
)

sH+V(qq)BZZ
3.93

+2.00

�1.71

+1.77

�1.53

+0.93

�0.75 BWW
/BZZ

1.30
+0.29

�0.24

+0.24

�0.20

+0.17

�0.13

(+1.66

�1.05
) (+1.49

�1.05
) (+0.72

�0.00
) (+0.24

�0.20
) (+0.20

�0.16
) (+0.14

�0.11
)

sH+W(`n)BZZ
1.95

+0.88

�0.68

+0.72

�0.57

+0.51

�0.38 Bgg
/BZZ

1.14
+0.26

�0.20

+0.23

�0.18

+0.13

�0.09

(+0.69

�0.52
) (+0.56

�0.44
) (+0.40

�0.29
) (+0.23

�0.19
) (+0.21

�0.17
) (+0.11

�0.08
)

sH+Z(``/nn)BZZ
0.84

+0.57

�0.43

+0.49

�0.40

+0.29

�0.17 Bµµ
/BZZ

0.67
+1.40

�1.36

+1.39

�1.35

+0.18

�0.13

(+0.71

�0.46
) (+0.56

�0.41
) (+0.44

�0.22
) (+1.35

�1.28
) (+1.34

�1.28
) (+0.17

�0.05
)

sttHBZZ
1.08

+0.37

�0.30

+0.26

�0.22

+0.26

�0.19

(+0.38

�0.31
) (+0.28

�0.23
) (+0.26

�0.20
)

[1809.10733]

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
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• Generic parametrisation assuming no new particles in loops and decays 
• Consistent with SM Yukawa coupling

!10

vV
m V

κ
 o

r 
vF

m F
κ

4−10

3−10

2−10

1−10

1
W
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µ

τ

SM Higgs boson
) fitε(M, 

σ 1±

σ 2±

 (13 TeV)-135.9 fb

CMS

Particle mass [GeV]
1−10 1 10 210R

at
io

 to
 S

M
0

0.5
1

1.5

Coupling modifiers
vV

m
V

κ
 o

r 
vF

m
F

κ

4−10

3−10

2−10

1−10

1
 PreliminaryATLAS

1− = 13 TeV, 24.5 - 79.8 fbs

 = 72%
SM

p| < 2.5, 
H

y = 125.09 GeV, |Hm

µ

τ

b

W

Z t

SM Higgs boson

Particle mass [GeV]

1−10 1 10 210

V
κ

 o
r 

F
κ

0.7
0.8
0.9

1
1.1
1.2
1.3

[1809.10733]
[ATLAS-CONF-2019-005]

http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
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Coupling modifiers

• Generic parametrisation using effective κg and κγ. In CMS (right), κV is 
allowed to go negative and is close to -1 → |κV| is still close to 1

!11

1.5− 1− 0.5− 0 0.5 1 1.5 2

68% CL: 
95% CL: 

 = 0BSMB

 = 88%
SM

p

 < 1Vκ

 = 97%
SM

p
offκ = onκ

 = 95%
SM

p

 PreliminaryATLAS
-1 = 13 TeV, 24.5 - 79.8 fbs

| < 2.5
H

y = 125.09 GeV, |Hm

Parameter value

1.5− 1− 0.5− 0 0.5 1 1.5 2

Zκ

Wκ

tκ

bκ

τκ

gκ

γκ

invB

undetB

BSMB

Parameter value
1.5− 1− 0.5− 0 0.5 1 1.5 2 2.5 3

undetB
invB

|µκ|

|γκ|

|gκ|

|bκ|

|τκ|

tκ

Wκ

Zκ

CMS
 (13 TeV)-135.9 fb

Observed

 intervalσ1

 intervalσ2

| < 1Vκ|

[ATLAS-CONF-2019-005]
[1809.10733]

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-005
http://cms-results.web.cern.ch/cms-results/public-results/publications/HIG-17-031/index.html
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ATLAS self-coupling at 80 fb-1

• The self-coupling contributes at NLO EW corrections via the Higgs 
self energy loop and additional diagrams (left) 

• Constraint on the self-coupling using single Higgs production (right): 
-3.2 < κλ < 11.9, sensitivity comparable to HH searches

!12

λκ

20− 15− 10− 5− 0 5 10 15 20

SM
σ

) /
 

λ
κ(

σ

0

0.2

0.4
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0.8

1

1.2

1.4

ggF
SMσ / ggFσ

VBF
SMσ / VBFσ

WH
SMσ / WHσ

ZH
SMσ / ZHσ

ttH
SMσ / ttHσ

λκ

5− 0 5 10 15

)
Λ

-2
 ln

 (

0

1

2

3

4

5

6

7

8

9

10
 PreliminaryATLAS

-1 = 13 TeV, 36.1 - 79.8 fbs

 = 125.09 GeVHm

σ1

σ2

Stat. only
Stat. + Exp. Sys.
Stat. + Exp. Sys. + Theory Sig.
Total = Stat. + Exp. Sys. + Theory Sig. and Bkg. 

λHHH/λSM

[ATL-PHYS-PUB-2019-009]

STXS 
Stage 1

https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-009/
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ATLAS+CMS projections

• Reduced systematic uncertainties reflecting the situation which is 
expected at the end of HL-LHC, with negligible mc stat and 
background function uncertainty, and half theory uncertainty (S2) 

• More detail in Jose’s talk [link]
!13

[1902.00134]

Expected relative uncertainty
0 0.1 0.2 0.3 0.4 0.5

ttHσ

ZHσ

WHσ

VBFσ

ggHσ

CMS and ATLAS
HL-LHC Projection

-13000 fb

Stat. + Exp.

+ Theory

ATLAS CMS

0 0.02 0.04 0.06 0.08 0.1 0.12 0.14

Expected relative uncertainty

ttHσ

ZHσ

WHσ

VBFσ

ggHσ

4.3 

4.2 

5.7 

3.1 

1.6 

3.7 1.3 1.8 

3.1 2.6 1.3 

4.0 3.3 2.4 

2.1 1.8 1.3 

1.2 0.7 0.8 

Tot Stat Exp Th

Uncertainty [%]

CMS and ATLAS
HL-LHC Projection

 per experiment-1 = 14 TeV, 3000 fbs

Total
Statistical
Experimental
Theory

2% 4%

Fig. 28: (left) Summary plot showing the total expected ±1� uncertainties in S2 (with YR18 systematic
uncertainties) on the per-production-mode cross sections normalised to the SM predictions for ATLAS
(blue) and CMS (red). The filled coloured box corresponds to the statistical and experimental systematic
uncertainties, while the hatched grey area represent the additional contribution to the total uncertainty due
to theoretical systematic uncertainties. (right) Summary plot showing the total expected ±1� uncertain-
ties in S2 (with YR18 systematic uncertainties) on the per-production-mode cross sections normalised to
the SM predictions for the combination of ATLAS and CMS extrapolations. For each measurement, the
total uncertainty is indicated by a grey box while the statistical, experimental and theory uncertainties are
indicated by a blue, green and red line respectively. In addition, the numerical values are also reported.

bined ATLAS-CMS extrapolation range from 2 � 4%, with the exception of that on Bµµ at 8% and
on BZ� at 19%. The numerical values in both S1 and S2 for ATLAS and CMS are given in Table 37
where the the breakdown of the uncertainty into four components is provided. In projections of both
experiments, the S1 uncertainties are up to a factor of 1.5 larger than those in S2, reflecting the larger
systematic component. The systematic uncertainties generally dominate in both S1 and S2. In S2 the
signal theory uncertainty is the largest, or joint-largest, component for all parameters except BRµµ and
BZ� , which remain limited by statistics due to the small branching fractions.

The correlations range up to 40%, and are largest between modes where the sensitivity is domi-
nated by gluon-fusion production. This reflects the impact of the theory uncertainties affecting the SM
prediction of the gluon-fusion production rate.

2.7 Kappa interpretation of the combined Higgs boson measurement projections23

2.7.1 Interpretations and results for HL-LHC
In this section combination results are given for a parametrisation based on the coupling modifier, or
-framework [42]. A set of coupling modifiers, ~, is introduced to parametrise potential deviations from
the SM predictions of the Higgs boson couplings to SM bosons and fermions. For a given production
process or decay mode j, a coupling modifier j is defined such that,

2
j = �j/�SM

j or 2
j = �

j/�
j
SM. (6)

23 Contacts: R. Di Nardo, A. Gilbert, H. Yang, N. Berger, D. Du, M. Dührssen, A. Gilbert, R. Gugel, L. Ma B. Murray, P.
Milenovic
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Expected relative uncertainty
0 0.05 0.1 0.15 0.2 0.25

γZB

µµB

bbB

ττB

WWB

ZZB

γγB

CMS and ATLAS
HL-LHC Projection

-13000 fb

Stat. + Exp.

+ Theory

ATLAS CMS

0 0.05 0.1 0.15 0.2 0.25

Expected relative uncertainty

γZB

µµB

bbB

ττB

WWB

ZZB

γγB

19.1 

8.2 

4.4 

2.9 

2.8 

2.9 

2.6 

12.2 14.3 3.2 

3.0 7.4 1.5 

4.0 1.5 1.3 

2.2 1.4 1.3 

2.3 1.1 1.2 

2.2 1.2 1.5 

1.9 1.0 1.5 

Tot Stat Exp Th

Uncertainty [%]

CMS and ATLAS
HL-LHC Projection

 per experiment-1 = 14 TeV, 3000 fbs

Total
Statistical
Experimental
Theory

2% 4%

Fig. 29: (left) Summary plot showing the total expected ±1� uncertainties in S2 (with YR18 system-
atic uncertainties) on the per-decay-mode branching ratios normalised to the SM predictions for ATLAS
(blue) and CMS (red). The filled coloured box corresponds to the statistical and experimental systematic
uncertainties, while the hatched grey area represent the additional contribution to the total uncertainty
due to theoretical systematic uncertainties. (right) Summary plot showing the total expected ±1� uncer-
tainties in S2 (with YR18 systematic uncertainties) on the per-decay-mode branching ratios normalised
to the SM predictions for the combination of ATLAS and CMS extrapolations. For each measurement,
the total uncertainty is indicated by a grey box while the statistical, experimental and theory uncertain-
ties are indicated by a blue, green and red line respectively. In addition, the numerical values are also
reported.

In the SM, all j values are positive and equal to unity. Six coupling modifiers corresponding to
the tree-level Higgs boson couplings are defined: W, Z, t , b, t and µ . In addition, the effective
coupling modifiers g, g and Zg are introduced to describe ggH production, H ! g g decay and
H ! Zg decay loop processes. The total width of the Higgs boson, relative to the SM prediction, varies
with the coupling modifiers as �H/�

SM
H =

P
j B

j
SM2

j/(1 � BBSM), where B
j
SM is the SM branching

fraction for the H ! jj channel and BBSM is the Higgs boson branching fraction to BSM final states. In
the results for the j parameters presented here BBSM is fixed to zero and only decays to SM particles
are allowed. Projections are also given for the upper limit on BBSM when this restriction is relaxed, in
which an additional constraint that |V| < 1 is imposed. A constraint on �H/�

SM
H is also obtained in

this model by treating it as a free parameter in place of one of the other  parameters.
The expected uncertainties for the coupling modifier parametrisation for ATLAS, CMS [126, 139]

and their combination for scenario S2 are summarised in Figure 30. The numerical values in both S1 and
S2 for ATLAS and CMS are provided in Table 38. For the combined measurement in S2, the uncertainty
components contribute at a similar level for g , W, Z and t . The signal theory remains the main
component for t and g, while µ and Zg are limited by statistics.

The expected 1� uncertainty on BBSM, for the parametrisation with BBSM � 0 and |V|  1, is
0.033 (0.049) in S1 and 0.027 (0.032) in S2 for CMS (ATLAS), where in the latter case the statistical
uncertainty is the largest component. The expected uncertainty for the ATLAS-CMS combination on
BBSM is 0.025 in S2. The uncertainty on �H/�

SM
H , determined for CMS only, is 0.05 (0.04) in S1 (S2).

The correlation coefficients between the coupling modifiers are in general larger compared to the

65

https://indico.cern.ch/event/687651/contributions/3427426/
https://arxiv.org/abs/1902.00134
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Summary

!14

• Combined measurements: 
• Using up to 80 fb-1, reduced Stage 1 STXS are being prepared 
• Dominant uncertainties: Signal theory, background theory, 

luminosity, photon (Still limited statistics in BSM bins) 
• ATLAS self-coupling at 80 fb-1: 

• Sensitivity comparable to HH searches, dedicated kinematic 
binning including ggH and ttH can improve the sensitivity 

• ATLAS+CMS projections: 
• A few% level expected uncertainty on main production cross 

sections and branching ratios at 3000 fb-1 

• Let’s get ready for the full Run 2 140 fb-1 results
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Backup

!15
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Correlation matrices

!16
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CMS combined at 36 fb-1

• ggF signal: Powheg NNLOPS, normalised to N3LO QCD with NLO 
EW corrections  

• VBF, VH, (ttH) signal: Powheg NLO, normalised to NNLO (NLO) 
QCD with NLO EW corrections

!17

Production and decay tags Expected signal composition
Number of

Mass resolution
categories

H ! gg, Section 3.1

Untagged 74–91% ggH 4

VBF 51–80% VBF 3

VH hadronic 25% WH, 15% ZH 1

WH leptonic 64–83% WH 2

ZH leptonic 98% ZH 1

VH pmiss

T
59% VH 1

gg

ttH 80–89% ttH, ⇡8% tH 2

⇡1–2%

H ! ZZ
(⇤) ! 4`, Section 3.2

Untagged ⇡95% ggH 3

VBF 1, 2-jet ⇡11–47% VBF 6

VH hadronic ⇡13% WH, ⇡10% ZH 3

VH leptonic ⇡46% WH 3

VH pmiss

T
⇡56% ZH 3

4µ, 2e2µ/2µ2e, 4e

ttH ⇡71% ttH 3

⇡1–2%

H ! WW
(⇤) ! `n`n, Section 3.3

ggH 0, 1, 2-jet ⇡55–92% ggH, up to ⇡15% H ! tt 17
eµ/µe

VBF 2-jet ⇡47% VBF, up to ⇡25% H ! tt 2

ee+µµ ggH 0, 1-jet ⇡84–94% ggH 6

eµ+jj VH 2-jet 22% VH, 21% H ! tt 1

3` WH leptonic ⇡80% WH, up to 19% H ! tt 2

4` ZH leptonic 85–90% ZH, up to 14% H ! tt 2

⇡20%

H ! tt, Section 3.4

0-jet ⇡70–98% ggH, 29% H ! WW in eµ 4

VBF ⇡35–60% VBF, 42% H ! WW in eµ 4eµ, eth, µth, thth

Boosted ⇡48–83% ggH, 43% H ! WW in eµ 4

⇡10–20%

VH production with H ! bb, Section 3.5

Z(nn)bb ZH leptonic ⇡100% VH, 85% ZH 1

W(`n)bb WH leptonic ⇡100% VH, ⇡97% WH 2

Low-pT(V) ZH leptonic ⇡100% ZH, of which ⇡20% ggZH 2
Z(``)bb

High-pT(V) ZH leptonic ⇡100% ZH, of which ⇡36% ggZH 2

⇡10%

Boosted H Production with H ! bb, Section 3.6

H ! bb pT(H) bins ⇡72–79% ggH 6 ⇡10%

ttH production with H ! leptons, Section 3.7.1

2`ss WW/tt ⇡ 4.5, ⇡5% tH 10

3` WW : tt : ZZ ⇡ 15 : 4 : 1, ⇡5% tH 4

4` WW : tt : ZZ ⇡ 6 : 1 : 1, ⇡3% tH 1

1`+2th 96% ttH with H ! tt, ⇡6% tH 1

2`ss+1th tt : WW ⇡ 5 : 4, ⇡5% tH 2

H ! WW, tt, ZZ

3`+1th tt : WW : ZZ ⇡ 11 : 7 : 1, ⇡3% tH 1

ttH production with H ! bb, Section 3.7.2

tt ! jets ⇡83–97% ttH with H ! bb 6

tt ! 1`+jets ⇡65–95% ttH with H ! bb, up to 20% H ! WW 18H ! bb

tt ! 2`+jets ⇡84–96% ttH with H ! bb 3

Search for H ! µµ, Section 3.8

µµ S/B bins 56–96% ggH, 1–42% VBF 15 ⇡1–2%

Search for invisible H decays, Section 3.9

VBF 52% VBF, 48% ggH 1

ggH + � 1 jet 80% ggH, 9% VBF 1

VH hadronic 54% VH, 39% ggH 1
H ! invisible

ZH leptonic ⇡100% ZH, of which 21% ggZH 1
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