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Goals

• Foster theory-experiment discussions/
collaborations (bring experts closer) 

• Development of explicit tools and strategies for 
Higgs analyses (e.g. STXS, EFT validity, POs…) 

• Work towards a Global Fit for Higgs and 
Electroweak physics 

• Design of benchmark scenarios interesting for 
interpretation
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Objectives 
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STXS/fdXS

Explicit models

m & ELHC

(Broad UV Features/ 
Simplified models)

EFT

POs

1 EFTs/POs and STXS/fdXS

2 Well-defined interpretation schemes (benchmarks)

3 Extension to Electroweak data
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Recommendations on data presentation 

Driven by 

Simple situations: fiducial/differential Xsections (fXS)

SM considerations (statistics, TH systematics)

BSM ones (how to maximize generic signals?)

Complex situations: Simplified Template Xsections (STXS)

Chapter III.2. Simplified Template Cross Sections 441
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Figure 217: Schematic overview of the simplified template cross section framework.

simplified template cross sections to reduce their model dependence.

III.2.2 Guiding principles in the definition of simplified template cross section bins
As outlined above, several considerations have been taken into account in the definition of the simplified
template cross section bins.

One important design goal is to reduce the dependence of the measurements on theoretical uncer-
tainties in SM predictions. This has several aspects. First, this requires avoiding that the measurements
have to extrapolate from a certain region in phase space to the full (or a larger region of) phase space
whenever this extrapolation carries nontrivial or sizeable theoretical uncertainties. A example is the case
where an event category selects an exclusive region of phase space, such as an exclusive jet bin. In this
case, the associated theoretical uncertainties can be largely avoided in the measurement by defining a
corresponding truth jet bin. The definition of the bins is preferably in terms of quantities that are directly
measured by the experiments to reduce the needed extrapolation.

There will of course always be residual theoretical uncertainties due to the experimental accep-
tances for each truth bin. Reducing the theory dependence thus also requires to avoid cases with large
variation in the experimental acceptance within one truth bin, as this would introduce a direct depen-
dence on the underlying theoretical distribution in the simulation. If this becomes an issue, the bin can
be further split into two or more smaller bins, which reduces this dependence in the measurement and
moves it to the interpretation step.

To maximize the experimental sensitivity, the analyses should continue to use event categories
primarily optimized for sensitivity, while the definition of the truth bins should take into consideration
the experimental requirements. However, in cases where multivariate analyses are used in the analyses,

(see Frank)

Mutually exclusive bins/separate production modes



1 BSM (EFT/PO) Input to STXS for stage 2

DATA

STXS/fdXS

POs

EFT

Comparison of Data->STXS->EFT/PO vs Data->EFT/PO 

  

  Optimize binning for BSM 

Identify cases that require dedicated studies (see   

benchmarks later) 

Ongoing Les Houches project:

https://phystev.cnrs.fr/wiki/2017:groups:np:stxsveeft

https://phystev.cnrs.fr/wiki/2017:groups:np:stxsveeft


1 BSM (EFT/PO) Input to STXS for stage 2

Equations NSTXS = SM +#1cBSM +#2c
2
BSM

Ongoing: Hays,Zemaityte,…

Tools for EFT in NLO MC 

  Prepare tools for STXS -> EFT/PO fit

Ongoing: Degrande,Maltoni,Mimasu,Zhang,Vryonidou

See Mimasu talk at WG2 kickoff meeting:
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Tools for PO at NLO
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Latest PO development: NLO in QCD
HiggsPO code can be found at http://www.physik.uzh.ch/data/HiggsPO/ 
Allows to simulate EW Higgs production (VH, VBF) in the PO formalism @ NLO in QCD.

20

 p p → Z h at NLO + PS 

Example diagram

3

In fact, the HPO effective couplings in Eq. 1 do not require
UV renormalization at NLO QCD. Still, the inclusion of the
quark contact-term PO at NLO QCD requires dedicated so-
called R2 rational terms. 2 The contact-term R2 can easily be
derived from the R2 contributions of the related V fi f̄ j inter-
actions in the SM [11]:

R f̄i fiZh
2 =� ig2

s

3p2v
eZ, f i ,

R
ūid jW+h
2 =� ig2

s

3p2v
eW,ui

Ld j
L
e�ifWu ,

(6)

Technically, we employ the NLOCT package (version
1.02) [10] together with FEYNARTS (version 3.9) [17] to
generate all UV and R2 QCD counterterms for the SM inter-
actions. The resulting model is exported in the UFO format.
Since the present public version of the NLOCT package is
restricted to renormalizable interactions, we supplement the
R2 rational terms related to the contact-term PO shown in
Eq. (6) by hand. As already mentioned, UV counterterms
for any of the PO interactions are not needed.

The resulting NLO UFO model can directly be imported
into MADGRAPH5 AMC@NLO, where all required one-
loop amplitudes are automatically generated with MADLOOP
[18] and NINJA [19,22]. Infrared subtraction of the real con-
tributions is automatically performed á la FKS [13] in MAD-
FKS [12], where the corresponding real amplitudes are gen-
erated from the underlying UFO model. For the VBF Higgs
production process the colour suppressed and thus numeri-
cally very small pentabox contribution in the virtual ampli-
tude can either explicitly be included or excluded (default
in MADGRAPH5 AMC@NLO). The letter case results in a
formal mismatch of the IR poles of the virtual and real con-
tributions. At the same order of perturbation theory as VBF
Higgs production also Higgsstrahlung with hadronic decays,
i.e. pp ! (V ! qq̄)H, contributes to the same H +2 jet sig-
nature. Once VBF selection cuts (large invariant masses of
the leading jets and/or large rapidity separation of the lead-
ing jets) are applied, these contributions (and their interfer-
ence with VBF topologies) are very small []. For simplicity
in the simulations presented in section 3.3 we disabled those
contributions. In case the Higgsstrahlung subprocess is not
considered as a dedicated background in a VBF analysis, it
should be included in the VBF process, see Appendix A,
2 These R2 contributions can be understood as the missing (4�D)-
dimensional contributions, by construction not necessarily automati-
cally generated within numerical one-loop generators. These contribu-
tions are universal and can be restored from process-independent effec-
tive counterterms [5, 7, 21].

BP kZZ eZuL eZuR eZdL eZdR eWuL phiWuL

I 1 0 0 0 0 0
II 1 0.0195 0 0 0 0 0
III 1 0 0.0195 0 0 0 0
IV 1 0 0 0.0244 0 0 0
V 1 0 0 0 0.0244 0 0
VI 1 0 0 0 0 0.018 0
VII 1 0 0 0 0 0.018 p

2

Table 1 Benchmark points in the PO parameter space used to generate
events in pp ! ZH (I, II, III, IV and V), pp !WH (I, VI and VII), and
VBF (I, ...) processes.

resulting in additional PO contributions that are automati-
cally generated. We employ the described implementation in
MADGRAPH5 AMC@NLO for the numerical predictions
of electroweak Higgs production processes (VBF and VH)
at NLO QCD matched to Pythia 6 [23] as presented in the
following section.

As a cross check and for future applications within other
Monte Carlo frameworks, we implemented the HPO Lagrangian,
as given in Eq. 1, together with the R2 contributions for the
contact-terms in OPENLOOPS [2, 8]. We compared the am-
plitudes for the Higgsstrahlung and VBF Higgs processes
at the amplitude level and found perfect agreement. Here,
for the letter we included the pentabox contribution and the
pp ! (V ! qq̄)H subprocess. Furthermore, we compared
NLO fixed-order differential cross sections obtained with MAD-
GRAPH5 AMC@NLO against SHERPA+OPENLOOPS and
found agreement within the statistical uncertainty of the Monte
Carlo integrations.

3 Results

We consider EW Higgs production at the LHC with
p

S =
13 TeV. As parton distribution functions (PDFs) we employ
XXX and use the value of aS they provide. SM input pa-
rameters are chosen in accordance with the defaults of the
HIGGSPO UFO model. Renormalization and factorization
scale for both processes are chosen as µ = µR = µF = HT/2,
where HT is the scalar sum of the pT of all final state parti-
cles.
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[AG, Isidori, Lindert, Marzocca] 
to appear soon

Benchmarks
For info and examples see A. Greljo talk at WG2 kickoff meeting. 

Paper coming soon.
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Fig. 1 Invariant mass distribution of the ZH system in pp ! ZH pro-
duction at 13 TeV. Solid (dotted) lines show NLO (LO) + PS predictions
for five benchmark points in the PO parameter space listed in Table 1.

minimum p jet
T of 10 GeV with the implementation in FastJet

[]. The events are then analysed with MadAnalysis5 [].

3.1 Associated VH production

Events for on-shell Zh and Wh production with the HIG-
GSPO UFO model can be generated at NLO in QCD with
MADGRAPH5 AMC@NLO with the following commands:

./bin/mg5_aMC

> import model HPO_ewk_prod_NLO

> generate p p > z h HPO=1 QED=1 [QCD]

> output

Benchmarks: I, VI, VII
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Fig. 2 Invariant mass distribution of the WH system in pp !WH pro-
duction at 13 TeV. Solid (dotted) lines show NLO (LO) + PS predictions
for three benchmark points in the PO parameter space listed in Table 1.

> launch

while for generating LO events it is sufficient to remove the
[QCD] flag.

In Figs. 1 and 2 we show the VH invariant mass dis-
tribution obtained with NLO (solid lines) and LO (dashed
lines) for the benchmark points in Table 1. The lower panel
of each figures shows the ratio between the NLO and LO
results. We observe that, with the choice of HT as dynami-
cal renormalisation and factorisation scales, the K-factor of
the NLO correction is fairly flat in most of the kinematical
regime of interest for all the benchmark points considered.

3.2 Vector boson fusion Higgs production

Events for VBF Higgs production, without V (! qq̄)H con-
tribution, are instead generated with 3

> generate p p > h j j $$ a z w+ w- \

HPO=1 QED=2 [QCD]

3In order to include also the V (! qq̄)H contribution one should use
instead > generate p p > h j j HPO=1 QED=2 [QCD].

Example: Zh at NLO
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 p p → Z h at NLO + PS 
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In fact, the HPO effective couplings in Eq. 1 do not require
UV renormalization at NLO QCD. Still, the inclusion of the
quark contact-term PO at NLO QCD requires dedicated so-
called R2 rational terms. 2 The contact-term R2 can easily be
derived from the R2 contributions of the related V fi f̄ j inter-
actions in the SM [11]:
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Technically, we employ the NLOCT package (version
1.02) [10] together with FEYNARTS (version 3.9) [17] to
generate all UV and R2 QCD counterterms for the SM inter-
actions. The resulting model is exported in the UFO format.
Since the present public version of the NLOCT package is
restricted to renormalizable interactions, we supplement the
R2 rational terms related to the contact-term PO shown in
Eq. (6) by hand. As already mentioned, UV counterterms
for any of the PO interactions are not needed.

The resulting NLO UFO model can directly be imported
into MADGRAPH5 AMC@NLO, where all required one-
loop amplitudes are automatically generated with MADLOOP
[18] and NINJA [19,22]. Infrared subtraction of the real con-
tributions is automatically performed á la FKS [13] in MAD-
FKS [12], where the corresponding real amplitudes are gen-
erated from the underlying UFO model. For the VBF Higgs
production process the colour suppressed and thus numeri-
cally very small pentabox contribution in the virtual ampli-
tude can either explicitly be included or excluded (default
in MADGRAPH5 AMC@NLO). The letter case results in a
formal mismatch of the IR poles of the virtual and real con-
tributions. At the same order of perturbation theory as VBF
Higgs production also Higgsstrahlung with hadronic decays,
i.e. pp ! (V ! qq̄)H, contributes to the same H +2 jet sig-
nature. Once VBF selection cuts (large invariant masses of
the leading jets and/or large rapidity separation of the lead-
ing jets) are applied, these contributions (and their interfer-
ence with VBF topologies) are very small []. For simplicity
in the simulations presented in section 3.3 we disabled those
contributions. In case the Higgsstrahlung subprocess is not
considered as a dedicated background in a VBF analysis, it
should be included in the VBF process, see Appendix A,
2 These R2 contributions can be understood as the missing (4�D)-
dimensional contributions, by construction not necessarily automati-
cally generated within numerical one-loop generators. These contribu-
tions are universal and can be restored from process-independent effec-
tive counterterms [5, 7, 21].
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ūid jW+h
2 =� ig2

s

3p2v
eW,ui

Ld j
L
e�ifWu ,

(6)

Technically, we employ the NLOCT package (version
1.02) [10] together with FEYNARTS (version 3.9) [17] to
generate all UV and R2 QCD counterterms for the SM inter-
actions. The resulting model is exported in the UFO format.
Since the present public version of the NLOCT package is
restricted to renormalizable interactions, we supplement the
R2 rational terms related to the contact-term PO shown in
Eq. (6) by hand. As already mentioned, UV counterterms
for any of the PO interactions are not needed.

The resulting NLO UFO model can directly be imported
into MADGRAPH5 AMC@NLO, where all required one-
loop amplitudes are automatically generated with MADLOOP
[18] and NINJA [19,22]. Infrared subtraction of the real con-
tributions is automatically performed á la FKS [13] in MAD-
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BP kZZ eZuL eZuR eZdL eZdR eWuL phiWuL

I 1 0 0 0 0 0
II 1 0.0195 0 0 0 0 0
III 1 0 0.0195 0 0 0 0
IV 1 0 0 0.0244 0 0 0
V 1 0 0 0 0.0244 0 0
VI 1 0 0 0 0 0.018 0
VII 1 0 0 0 0 0.018 p
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Table 1 Benchmark points in the PO parameter space used to generate
events in pp ! ZH (I, II, III, IV and V), pp !WH (I, VI and VII), and
VBF (I, ...) processes.

resulting in additional PO contributions that are automati-
cally generated. We employ the described implementation in
MADGRAPH5 AMC@NLO for the numerical predictions
of electroweak Higgs production processes (VBF and VH)
at NLO QCD matched to Pythia 6 [23] as presented in the
following section.

As a cross check and for future applications within other
Monte Carlo frameworks, we implemented the HPO Lagrangian,
as given in Eq. 1, together with the R2 contributions for the
contact-terms in OPENLOOPS [2, 8]. We compared the am-
plitudes for the Higgsstrahlung and VBF Higgs processes
at the amplitude level and found perfect agreement. Here,
for the letter we included the pentabox contribution and the
pp ! (V ! qq̄)H subprocess. Furthermore, we compared
NLO fixed-order differential cross sections obtained with MAD-
GRAPH5 AMC@NLO against SHERPA+OPENLOOPS and
found agreement within the statistical uncertainty of the Monte
Carlo integrations.

3 Results

We consider EW Higgs production at the LHC with
p

S =
13 TeV. As parton distribution functions (PDFs) we employ
XXX and use the value of aS they provide. SM input pa-
rameters are chosen in accordance with the defaults of the
HIGGSPO UFO model. Renormalization and factorization
scale for both processes are chosen as µ = µR = µF = HT/2,
where HT is the scalar sum of the pT of all final state parti-
cles.
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Fig. 1 Invariant mass distribution of the ZH system in pp ! ZH pro-
duction at 13 TeV. Solid (dotted) lines show NLO (LO) + PS predictions
for five benchmark points in the PO parameter space listed in Table 1.

3.1 Benchmark points

3.2 Associated HV production

3.3 Vector boson fusion Higgs production

4 Computing Simplified Template cross sections at NLO

As an example of a possible application of the HIGGSPO
tool, we compute the simplified template cross sections (STXS)
for Zh production as a function of the Higgs pseudo-observables
at NLO in QCD. The STXS, defined in Chapter III.2 of Ref. [9],
are cross sections defined in some simple and idealized bins.
The choice of such bins is aimed at optimizing the sensitiv-
ity on the BSM while minimizing the necessary acceptance
corrections (thus theory dependence) by choosing simple se-
lection cuts to a phase space close to the realistic fiducial
region. Several stages with more and more granular bins are
envisaged with increasing luminosity.

In the case of ZH production, with Z ! `+`�,2n decays,
the kinematical variable chosen for the binning is the pT of
the Z boson, with bins 0�150�250�400�• GeV. Further-
more, a possible split of the [150-250] GeV bin is envisaged
in a 0-jet and �1-jet categories, for simplicity of this prelim-
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Fig. 2 Invariant mass distribution of the WH system in pp !WH pro-
duction at 13 TeV. Solid (dotted) lines show NLO (LO) + PS predictions
for three benchmark points in the PO parameter space listed in Table 1.

inary analysis we neglect this jet categorization. An overall
selection on the Higgs rapidity |YH |< 2.5 is applied.

The pp ! Zh events are generated in the same way de-
scribed in Section 3 and subsequently analyzed in order to
apply the selection cut on YH described above and separate
them in the different pZ

T bins. In this way we obtain the cross
section in each STXS bin as a quadratic function of the Higgs
PO, normalized to the SM value the result is:

R0�150 =k2
ZZ + kZZ(27.2eZuL �28.1eZdL �13.8eZuR +4.68eZdR)

+102[6.01(e2
ZuL

+ e2
ZuR

)+4.68(e2
ZdL

+ e2
ZdR

)] ,

R150�250 =k2
ZZ + kZZ(80.2eZuL �70.8eZdL �37.1eZuR +13.6eZdR)

+103[4.46(e2
ZuL

+ e2
ZuR

)+3.19(e2
ZdL

+ e2
ZdR

)] ,

R250�400 =k2
ZZ + kZZ(182eZuL �145eZdL �83eZuR +31eZdR)

+104[2.24(e2
ZuL

+ e2
ZuR

)+1.47(e2
ZdL

+ e2
ZdR

)] ,

R400�• =k2
ZZ + kZZ(607eZuL �344eZdL �236eZuR +145eZdR)

+105[2.45(e2
ZuL

+ e2
ZuR

)+1.38(e2
ZdL

+ e2
ZdR

)] ,

(7)

where Rx ⌘ si/sSM
i in each STXS bin.

Benchmarks

[AG, Isidori, Lindert, Marzocca] 
to appear soon

*Confirmed with
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In fact, the HPO effective couplings in Eq. 1 do not require
UV renormalization at NLO QCD. Still, the inclusion of the
quark contact-term PO at NLO QCD requires dedicated so-
called R2 rational terms. 2 The contact-term R2 can easily be
derived from the R2 contributions of the related V fi f̄ j inter-
actions in the SM [11]:

R f̄i fiZh
2 =� ig2
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3p2v
eZ, f i ,

R
ūid jW+h
2 =� ig2
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3p2v
eW,ui

Ld j
L
e�ifWu ,

(6)

Technically, we employ the NLOCT package (version
1.02) [10] together with FEYNARTS (version 3.9) [17] to
generate all UV and R2 QCD counterterms for the SM inter-
actions. The resulting model is exported in the UFO format.
Since the present public version of the NLOCT package is
restricted to renormalizable interactions, we supplement the
R2 rational terms related to the contact-term PO shown in
Eq. (6) by hand. As already mentioned, UV counterterms
for any of the PO interactions are not needed.

The resulting NLO UFO model can directly be imported
into MADGRAPH5 AMC@NLO, where all required one-
loop amplitudes are automatically generated with MADLOOP
[18] and NINJA [19,22]. Infrared subtraction of the real con-
tributions is automatically performed á la FKS [13] in MAD-
FKS [12], where the corresponding real amplitudes are gen-
erated from the underlying UFO model. For the VBF Higgs
production process the colour suppressed and thus numeri-
cally very small pentabox contribution in the virtual ampli-
tude can either explicitly be included or excluded (default
in MADGRAPH5 AMC@NLO). The letter case results in a
formal mismatch of the IR poles of the virtual and real con-
tributions. At the same order of perturbation theory as VBF
Higgs production also Higgsstrahlung with hadronic decays,
i.e. pp ! (V ! qq̄)H, contributes to the same H +2 jet sig-
nature. Once VBF selection cuts (large invariant masses of
the leading jets and/or large rapidity separation of the lead-
ing jets) are applied, these contributions (and their interfer-
ence with VBF topologies) are very small []. For simplicity
in the simulations presented in section 3.3 we disabled those
contributions. In case the Higgsstrahlung subprocess is not
considered as a dedicated background in a VBF analysis, it
should be included in the VBF process, see Appendix A,
2 These R2 contributions can be understood as the missing (4�D)-
dimensional contributions, by construction not necessarily automati-
cally generated within numerical one-loop generators. These contribu-
tions are universal and can be restored from process-independent effec-
tive counterterms [5, 7, 21].
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VBF (I, ...) processes.
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cally generated. We employ the described implementation in
MADGRAPH5 AMC@NLO for the numerical predictions
of electroweak Higgs production processes (VBF and VH)
at NLO QCD matched to Pythia 6 [23] as presented in the
following section.

As a cross check and for future applications within other
Monte Carlo frameworks, we implemented the HPO Lagrangian,
as given in Eq. 1, together with the R2 contributions for the
contact-terms in OPENLOOPS [2, 8]. We compared the am-
plitudes for the Higgsstrahlung and VBF Higgs processes
at the amplitude level and found perfect agreement. Here,
for the letter we included the pentabox contribution and the
pp ! (V ! qq̄)H subprocess. Furthermore, we compared
NLO fixed-order differential cross sections obtained with MAD-
GRAPH5 AMC@NLO against SHERPA+OPENLOOPS and
found agreement within the statistical uncertainty of the Monte
Carlo integrations.

3 Results

We consider EW Higgs production at the LHC with
p

S =
13 TeV. As parton distribution functions (PDFs) we employ
XXX and use the value of aS they provide. SM input pa-
rameters are chosen in accordance with the defaults of the
HIGGSPO UFO model. Renormalization and factorization
scale for both processes are chosen as µ = µR = µF = HT/2,
where HT is the scalar sum of the pT of all final state parti-
cles.
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2 Well-defined interpretation schemes 
(benchmarks)

Provide a limited number of interpretation frameworks 
to complement STXS/fXS in LHC analyses

Motivated by 
BSM

Extracting more info from data than STXS

POs: all available info (up to O(p2)) in h-> 4f

Motivated subsets of EFT (e.g. SUSY/Composite Higgs,…)
Good against EFTfobia (2499 -> few)  
Interpretation framework of broad BSM

(not model-independent)



2 Well-defined interpretation schemes 
(benchmarks)

Identify processes where EFT particularly simple or 
where dedicated analysis particularly advantageous 

See Panico talk at  Joint EWK+HXSWG2 meeting

https://indico.cern.ch/event/651519/

Ex: VH at high-E modified by a single dim-6 effect

Ex: WZ(see motivation later) — angular information 
improves analysis 

Z
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3 Higgs+Electroweak Combination

✓
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In the SM, all scalars belong to the Higgs doublet:

The same physics can be tested in Higgs or EW sectors

See Joint EWK+HXSWG2 meeting https://indico.cern.ch/event/651519/

In particular: dibosons WZ, WW



3 Higgs+Electroweak Combination

Definition of common analysis framework (ATLAS/CMS)

See Joint EWK+HXSWG2 meeting https://indico.cern.ch/event/651519/

STXS? dXS? EFT? PO?

STXS:Motivated by 
     sizable NLO

EFT/PO: Motivated by unique high-E effect 
and improved sensitivity from dedicated study

 Design analyses to allow EFT validity discussion



Conclusions

Higgs properties: very important!

WG2 has 3 ongoing lines of activity (-> documents)

BSM (EFT/PO)  <-> STXS stage 2

Priority interpretation scenarios 
BSM motivated: e.g. SUSY/Compositeness 
Experiment motivated: POs, Processes with simple EFT (e.g. Hgh-E)

Combination Higgs+EW

Variety of activities (tools, BSM perspective, 
recommendations, physical analyses, fits, diplomacy,…)

Join in!


