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Introduction

Have prepared ATLAS inputs for combination exercise, based on
following principles
I Simple statistical model

I Few measurements
I Multivariate Gaussian approximation

I Realistic technical framework
I Harmonize theoretical assumptions and synchronize parametrizations
I Use RooFit, combine on workspace level

⇒ Solid technical basis (and re-usable tools), straight forward to use
more accurate model and to add more measurements later
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Input measurements

Higgs
I 2020 ATLAS 4`, γγ, VH(bb̄) STXS combination

Electroweak
I WW
I WZ
I EW Zjj

Top
I None so far, tt̄Z planned

Precision data
I LEP 1 (+SLC) Z pole measurements
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2020-053/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-24/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-03/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2017-27/
https://arxiv.org/abs/hep-ex/0509008


Model for measurements

I All shared material on gitlab

I Multivariate Gaussian
approximation,
ingredients:
I Measured values (of

observable, binned
differential
cross-section, or
signal strength)

I SM prediction
I Covariance

I Used to create RooFit
workspace

Configuration (e.g. Zpole.yaml):

Workspace: (e.g. meas LEP pole obs.root)

I Measurements so far treated as uncorrelated, plan to introduce
nuisance-parameters to correlate a few uncertainties, e.g.
luminosity
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https://gitlab.cern.ch/nberger/smeft-combination-exercise
https://gitlab.cern.ch/nberger/smeft-combination-exercise/-/blob/master/inputs/Zpole/Zpole.yaml
https://gitlab.cern.ch/nberger/smeft-combination-exercise/-/blob/master/workspaces/Zpole/meas_LEP_pole_obs.root


Theoretical framework

Theoretical framework follows proposals in Twiki
I Dim-6, Warsaw basis, (GF,mZ,mW) scheme
I U(2)3

q,u,dU(3)2
l,e (“topU3l”) flavour symmetry

I CP-even operators only(?)
I Single operator insertion
I Consider all relevant Warsaw-basis operators
I LO (but resolve ggF/Hyy loops with SMEFTatNLO?)
I Correct for width of intermediate particle (“propagator corrections”)
I Multiply parametrization with “best” prediction
I Four flavour scheme, PDF set to be harmonized
I Harmonize renorm/fact scale for same process (?)

⇒ Would like to synchronize assumption so far that we could in
principle derive exact same parametrization
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/LHCEFTExpCombinationConventions


Calculation of predictions

I MadGraph + Pythia
→ Cards available, e.g. here for Higgs – ideally synchronize as far
as possible

I Particle level analysis using public Rivet routines
→ also linked from gitlab page

I Simplify? start with linear only (ultimately lin+quad
parametrization)? limit number of operators? Skip loop
contributions for now?

I Different method for calculation exist, known to not always give
the same result – cross-checks might be useful
I “Direct” – calculate SM+dim6, derive parametrization
I “Decomposition” – directly generate lin/quad term
I Reweighting (+any of the above techniques)

I Parametrizations to be used to re-parametrize signal strengths in
workspace

I We have started re-calculating prediction using public tools but
would like to finalize common assumptions
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https://gitlab.cern.ch/nberger/smeft-combination-exercise/-/tree/master/inputs/Higgs
https://gitlab.cern.ch/nberger/smeft-combination-exercise


Parametrizations
For example param Zpole.yaml (useful format also for ATLAS-CMS
comparisons?):

SMEFTsim 3.0 topU3l naming convention
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https://gitlab.cern.ch/nberger/smeft-combination-exercise/-/blob/master/parameterization/Zpole/param_Zpole.yaml
https://github.com/SMEFTsim/SMEFTsim/blob/main/UFO_models/SMEFTsim_topU3l_MwScheme_UFO/restrict_massless.dat


ATLAS fitting framework

I Framework in place to create model and perform fits based on yaml
input files, to be released soon
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Example results
ATLAS Preliminary
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-053


Short-term goals

I Share simplified (e.g. MVG) statistical models for measurement
I In principle ready (except for tt̄Z measurement): 3 EW differential

cross sections, Higgs STXS, and LEP
I Workspaces available here

I Parametrizations
I Would like to agree in detail on theoretical models and conventions
I Can then generate parametrizations in common setup using public

tools
I Would like to validate parametrizations where possible (STXS should

be identical, for other measurements we can run ATLAS+CMS Rivet
routines for EW processes)

I Inject parametrizations into measurements, combine, and fit
I Technical framework exists from our side
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https://gitlab.cern.ch/nberger/smeft-combination-exercise/-/tree/master/workspaces

