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Motivation

Aim to understand and quantify 
differences between EFT tools  

Strategies can be informed by WG1 
experience 

General strategy: 
- Define tool use cases & applicability 
- Fix common parameters 
- Document benchmark processes and 

translations
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Figure 22: Comparison of cross section in different regions of pT, H .

assumption is 17.7 pb for pT,min = 30 GeV. By removing the NNLO contribution from the quark-quark
initiated channels and including the finite top quark mass effect at LO (which is the exact setup used for
the fixed order results), the NNLOJET result fully agrees with the corresponding NNLO inclusive cross
sections quoted in Table 18.

I.4.3 Benchmarks for cross sections and differential distributions I.23

An accurate modelling of the differential distributions in gluon fusion production is important since
the experimental analyses typically combine measurements in different phase space regions, either to
improve the sensitivity to a signal or to target other Higgs boson production modes to which gluon fusion
is a background. In this section, comparisons are performed between the predictions of different parton-
level computations and hadron-level event generators, to assess their compatibilities and the accuracy of
the modelling.

Unless otherwise specified, all the predictions correspond to a Higgs boson mass of 125 GeV,
p

s = 13 TeV, and the choice of SM input parameters and PDFs in Sects. I.1– I.2. We will first list
the various codes and calculations used in the benchmarking, and then discuss predictions for several
observables in turn.

I.4.3.a Calculations and codes
We list here the calculations and codes used in the following benchmarking, and provide information
about settings whenever they differ from our default.

I.4.3.a.i Parton level codes
HRes: A parton-level code [223, 224] to compute differential distributions in gluon fusion production
at NNLO QCD accuracy, with NNLL QCD resummation for small pT(H) and matching to NLO QCD
H+1jet at large pT(H). Finite top, bottom, and charm quark masses are included at NLO QCD accuracy.

I.23Author(s): S. Forte, D. Gillberg, C. Hays, A. Lazopoulos, G. Petrucciani, A. Massironi, G. Zanderighi.
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Use cases and tools

Global EFT parameter fit to Higgs + Electroweak + top data 
- SMEFTsim (+ expected implementation at NLO in QCD) 

Multi-parameter fit to Higgs + Electroweak data 
- SMEFTsim, HEL, BSMC 

Characterization of Higgs data 
- SMEFTsim, HEL, BSMC, HC 

Characterization of classes of Higgs processes 
- SMEFTsim, HEL, BSMC, HC, HiggsPO, HAWK, VBFNLO, WHizard, 
HiGlu, HPair, HiggsPair, Hto4l, Prophecy4f, EHDecay, MELA 

Translation between bases and tools 
- Rosetta (+ expected implementation of all operators) 

Other tools?
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Standards
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I.23Author(s): S. Forte, D. Gillberg, C. Hays, A. Lazopoulos, G. Petrucciani, A. Massironi, G. Zanderighi.

SM parameters & scheme
YR4, 1610.07922

EFT parameters

Chapter II.2

EFT Formalism

N. Belyaev, A. Biekötter, J. Brehmer, I. Brivio, G. Buchalla, O. Cata, A. Celis, R. Contino, T. Corbett,
R.L. Delgado, A. Dobado, C. Englert, D. Espriu, A. Falkowski, A. Freitas, F. Goertz, D. Gonçalves,

J. Gonzalez-Fraile, M. Gorbahn, C. Grojean, M. Herrero, R. Kogler, R. Konoplich, C. Krause,
F.J. Llanes-Estrada, D. Lopez-Val, L. Merlo, K. Mimasu, J.M. No, T. Ohl, G. Passarino, T. Plehn,

M. Rauch, J. Reuter, M. Riembau, F. Riva V. Sanz, J.J. Sanz-Cillero, M. Spannowsky, M. Trott

II.2.1 Bases for the Standard Model Effective Field Theory II.1

II.2.1.a Introduction
For a large class of models beyond the SM, physics at energies below the mass scale ⇤ of the new particles
can be parameterized by an effective field theory (EFT) where the SM Lagrangian is supplemented by
new operators with canonical dimensions D larger than 4. The theory has the same field content and the
same linearly realized SU(3) ⇥ SU(2) ⇥ U(1) local symmetry as the SM.II.2 The higher-dimensional
operators are organized in a systematic expansion in D, where each consecutive term is suppressed by a
larger power of ⇤. For a general introduction to the EFT formalism see e.g. [601–605]; for recent review
articles about EFT in connection with Higgs physics see e.g. [463, 606–610].

Quite generally, the EFT Lagrangian takes the form:
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where each O
(D)
i is an SU(3)⇥SU(2)⇥U(1) invariant operator of dimension D and the parameters c(D)

i
multiplying the operators in the Lagrangian are called the Wilson coefficients. This EFT is intended to
parameterize observable effects of a large class of BSM theories where new particles, with mass of order
⇤, are much heavier than the SM ones and much heavier than the energy scale at which the experiment is
performed. The main motivation to use this framework is that the constraints on the EFT parameters can
be later re-interpreted as constraints on masses and couplings of new particles in many BSM theories. In
other words, translation of experimental data into a theoretical framework has to be done only once in
the EFT context, rather than for each BSM model separately.

The contribution of each O(D)
i to amplitudes of physical processes at the energy scale of order v

scalesII.3 as (v/⇤)D�4. Since v/⇤ < 1 by construction, the EFT in its validity regime typically describes
small deviations from the SM predictions, although, under certain conditions, it may be consistent to use
this framework to describe large deviations [611, 612].

A complete and non-redundant set of operators that can be constructed from the SM fields is known
for D=5 [613], D=6 [614], D=7 [615, 616], and D=8 [616, 617]. All D=5 operators violate the lepton
number [613], while all D=7 operators violate B � L (the latter is true for all odd-D operators [618]).
Then, experimental constraints dictate that their Wilson coefficients must be suppressed at a level which
makes them unobservable at the LHC [619], and for this reason D=5 and 7 operators will not be discussed

II.1Author(s): N. Belyaev, A. Falkowski, F. Goertz, R. Konoplich, K. Mimasu, T. Ohl, J. Reuter, M. Riembau, F. Riva.
II.2The latter assumption can be relaxed, leading to an EFT with a non-linearly realized electroweak symmetry. This frame-

work is discussed in Section II.2.4.
II.3Apart from the scaling with ⇤, the effects of higher-dimensional operators also scale with appropriate powers of couplings

in the UV theory. The latter is important to assess the validity range of the EFT description, as discussed in Section II.2.2 and
Ref. [611].
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Choose standard field and parameter definitions in each basis
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Proposed procedures

1. Choose benchmark processes (B) 
- Initially inclusive production & decay processes, extend to STXS & diffXS 

2. Evaluate parameter dependence of each process for each tool   
   - Separate into Bint/BSM and BBSM/BSM (linear & quadratic in EFT parameters) 
   - Translate tool parameters into standard format if necessary 
   - Preferably performed by authors with settings & translations provided to users 

3. Translate each tool’s results into other bases 
   - Preferably performed by authors of translation tools 

4. Investigate differences, iterate, document
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Example

Gluon-fusion production:

HEL:  𝝈int/𝝈SM = 8840 cG = 42 cg /𝛬2  [LHCHXSWG-INT-2017-001 (Hays, Sanz, Zemaityte)] 
SMEFTsim: 𝝈int/𝝈SM = 21 cg /𝛬2  [Zemaityte] 

Looking at the model files I think HEL has a spurious factor of 2 in its ggH vertex 

GC_1501 = 4 cG gs2 v / mW2, with cG = mW2/gs2 cg/𝛬2 [JHEP 04 (2014) 110] 

The operator is |H|2 GG = (v+h)2 GG = 2vhGG + … 
and the vertex is defined as hGG
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Discussion

Feedback? 

Volunteers?


