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Idea: Create a common data format to publish SMEFT parametrisations (Warsaw basis)
& provide tool for generating them + benchmarks useful for own parameterisation

e Theoretical parameterisations are key inputs to statistical models for
interpretations of HEP data
e Inthe SMEFT, parameterisations are rather simple, e.g. at dim-6:
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1 + n(n+3)/2 monomials for n operators

e However, they can be quite challenging to obtain
e Improve efficiency & accuracy/validity of SMEFT interpretation workflow



Efficiency, accuracy & validity

e CMS, ATLAS, LHCb, ... & theorists often derive their own parameterisations

o Duplication of efforts, reinventing the wheel
o Challenging & time-consuming: potential for human error

o Important to validate calculations

e Alot of exp./th. cross-talk already: technical expertise required

o  Support for existing tools, e.g., SMEFTsim & SMEFT@NLO

o Developers spend time explaining how to do the same thing to different people

e More experiment/theory interactions — better SMEFT interpretations
o From theory: state-of-the art models/analytical results, technical advice on input
parameters/linear vs quadratic...
o From experiments: acceptance corrections, tools like EFT20bs



Common format

e Stores 1+n(n+3)/2 monomial coefficients

e Includes information about uncertainties
o MC, PDF, scale, ...
e Sufficient metadata to ensure that the results are reproducible

o Settings, code versions, assumptions, ... + cards/scripts and instructions to reproduce the

parameterisation
e Important results can be reused by whole community

o Subsequent experimental analyses or independent global interpretations

o  Flexible enough to cater for all HEP uses (LHC, flavour,...)
e Our exercise: use STXS 1.2 as example implementation (+ decay)

o Example of a “fixed” binning, agreed between LHC experiments



Example data format (. json)

e “metadata” field (required):

o Information on observables, coefficients, EFT basis & inputs

"metadata" field

Value
Name P
Type Description
"observable names" str, Name(s) of observables.
(Required) list of str
"coefficients" list of str List of coefficients on which the observable
(Required) depends. Must be a superset of the coef-
ficients specified in the "data" field.
"eft_basis" JSON Information specifying the EFT basis def-
(Required) inition (e.g., via "wexf" or UFO specifica-
tion fields), and renormalisation scale (via
"scale" field).
"inputs" JSON Name-value pairs mapping input parame-
(Required) ter names to:

- Single float values.
- JSON structures with "mean" and "std"
fields for the value and total uncertainty.
For correlated input parameters, the name
should specify a tuple of input names.
"mean" and "std" fields will be list-valued
and a "corr" field specifies the correlation
matrix.

Not currently fixed.
Feedback welcomel!

"metadata":{
"observable_names":["obs1","obs2",...],

"coefficients":["c1", "c2", ...],

"eft_basis":{

"model": "SMEFTsim":{ "flavor_scheme":"topU3l", "version":"3.0" },
"scale":125.
},
"eft_basis":{
"wexf":{ "eft": "WET-3", "basis": "flavio" },
"scale": 1.0
},
}



Example data format (. json)

e “metadata” field (required):

o Information on observables, coefficients, EFT basis & inputs

"metadata" field

Value
Name P
Type Description
"observable names" str, Name(s) of observables.
(Required) list of str
"coefficients" list of str List of coefficients on which the observable
(Required) depends. Must be a superset of the coef-
ficients specified in the "data" field.
"eft_basis" JSON Information specifying the EFT basis def-
(Required) inition (e.g., via "wexf" or UFO specifica-
tion fields), and renormalisation scale (via
"scale" field).
"inputs" JSON Name-value pairs mapping input parame-
(Required) ter names to:

- Single float values.
- JSON structures with "mean" and "std"
fields for the value and total uncertainty.
For correlated input parameters, the name
should specify a tuple of input names.
"mean" and "std" fields will be list-valued
and a "corr" field specifies the correlation
matrix.

"metadata" :{

"inputs":{
"GF":1.1663788e-05,
"m_t": { "mean":172.52, "std":0.33 1},
"(’m_s’,’m_d’,’m_u’)":{
"mean": [0.09247, 0.004675, 0.00213],
"std": [0.00069, 5.6e-05, 4.1e-05],
"corr": [
[1.0, 0.703, 0.292],
[0.703, 1.0, -0.16],
[0.292, -0.16, 1.0]
]
Py
"Lambda": 1000.,

},



Example data format (. json)

e Polynomial format

o  Storing the monomial coefficients of a generic polynomial in Wilson coefficients

{ { real /imaginary parts
SM »(,)": valueo, float or list "(’c1’,’R’)": valuel,
inear (1330 "3n ! varnez, Cats et SRRV values,
quadratic ¢ 2102 <300 vaies } ORI et
}

Polynomial datum JSON format

Use "(°?,)" for constant term.

Values
Names T
Type Description
String specifying an alphabetically- | float, Numerical value(s) of monomial co-
ordered tuple of Wilson coefficients, e.g., | (nested) list | efficient. ~ Coefficients for list-valued
Wl2el? ;2627 ) ™ of float observables must be convertible to

numpy.ndarray and all have the same
shape. 7




Example data format (. json)

e “data” field (required):

o  Polynomial parametrisation of observable(s) & uncertainties

"data" field for single polynomial dependence "data": {
Value
Name — "observable_central":{
Type Description
n P n.
"observable _central" JSON Valid polynomial data format as in Table llL ( »)": valueO,
(Required) specifying the polynomial coefficients for the ob- "(’c1’,)": valuel,
servable. .
"ob ble_ tainty" JSON
(g st:;::l ) SLunceramtY - Polynomial data format specifying ¥
2 the total uncertainty on the data in " observable_uncertainty" :{

"observable central"

n 1 1 1 n .
- Nested JSON structure with name-value BGARSI LG {

pairs mapping uncertainty sources (e.g., "(’?,)": stato,
"statistical") to polynomial data formats. w(2rel?,)": statl,
"data" field for multiple polynomial dependence .
"polynomials" JSON Unique names mapping to polynomial data for- }
. . 3
(Reguired) mats as in Table (1} wgeEle " if
"observable _expressions" JSON, Each JSON structure must contain: 75 5 a
(Required) (nested) list | - "expression" key mapping to a string rep- ( ,)": scale0,
of JSON resentation of a mathematical expression of lrel?, )" gealel

dummy variable names.
- "arguments" key with a JSON structure value

mapping dummy variable names to names in },
"polynomials". g
"polynomial uncertainties"| JSON Map from polynomial names in "polynomials" }
(Optional) to polynomial uncertainty specifications like ¥ 8
that of "observable uncertainty".




Example data format (. json)

e “data” field (required):

o  Functions of multiple polynomials, e.g. BRs
"data" field for single polynomial dependence
Value
Name =W
Type Description
"observable central" JSON Valid polynomial data format as in Table llL
(Regquired) specifying the polynomial coefficients for the ob-
servable.
"observable uncertainty" JSON
° .rv SumceTRRYY - Polynomial data format specifyin
(Optional) ¥ . 8
the total uncertainty on the data in
"observable_central"
- Nested JSON structure with name-value
pairs mapping uncertainty sources (e.g.,
"statistical") to polynomial data formats.
"data" field for multiple polynomial dependence
"polynomials" JSON Unique names mapping to polynomial data for-
(Required) mats as in Table (1}
"observable _expressions" JSON, Each JSON structure must contain:
‘Required, nested) list | - "expression" key mapping to a string rep-
P y g g
of JSON resentation of a mathematical expression of
dummy variable names.
- "arguments" key with a JSON structure value
mapping dummy variable names to names in
"polynomials".
"polynomial uncertainties"| JSON Map from polynomial names in "polynomials"
(Optional) to polynomial uncertainty specifications like
that of "observable uncertainty".

"data":{

"polynomials":{
"polyO":{
"(22,)": valueOO,
"(’c1’,)": valueO1,

i
"poly1l":{
"(’7,)": valuelO,
"(’c1’,)": valuell,
¥
}s
"observable_expressions": [
{
"expression":"(pO+pl)/2.",
n arguments'l :{Ilpo n . Ilpolyo n , Ilplll . llpolyl II}
},
{
"expression":"sqrt (pOxpl)",
n argumentsll :{"PO n . Ilpolyo n 5 Ilpill . llpolyi II}
}s



Optional metadata fields — reproducibility

N ool ¥ sd
"MadGraph5_aMC@NLO":{ "version":"3.6.0" 1},
"UFO":{

"SMEFTatNLO":{ "version":"1.0", "muEFT":125.0 }
s

"scales":{ "muR": 125.0, "muF": 125.0 },
“perturbative_order":{"QCD":"LO",“EW":“LO"},

"PDF": "NNPDF31_nnlo_hessian_pdfas [306000]",
"collisions": "pp",
"sqrts": "13 TeV"

¥

"misc":{

Jane Bloggs"
3

"contact":"jane.bloggs@cern.ch",
"date": YYYY/MM/DD,

"description": "Example EFT parametrisation data format",
"documentation": [ "https://github.com/example-data-format/cards" ],
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ATLAS/CMS STXS validation

e SMEFT parameterisation derived using EFT20bs being validated by ATLAS

e Flavour assumptions used by the experiments:
o ATLAS top, CMS topU3I
e Careful comparison of inputs (settings, EW parameters)

e Many pitfalls and subtle details of simulation choices etc.
o  Will document them and share our tips & tricks in the note

e Status: Higgs decays have been validated, production under way

e Numbers not yet public
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Settings & assumptions for STXS parameterisation

e Currently the parameterisation will be provided including common choices
like MW scheme, topU3I flavour assumption, scale, STXS 1.2
e Analytical expressions for some channels

e How can this be further extended?

o Useful variants: flavor schemes/propagator corrections/acceptance corrections/fixed vs
dynamical scale
m  More relaxed flavor assumptions - benchmarks might be included to simplify checks

e Plan to publish: parameterisations + instructions and tools (EFT20bs ->
already public) to reproduce parameterisation

e Any requests/recommendations?
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e Decided to split the activity into two notes due to different timescales

e Public EFT parametrisation note
o  Simple thing to do, and having it out ASAP would be ideal

o Next step: discuss draft proposal with interested parties
fitting collaborations, experiments
- el ! > Early 2025
m Flavour, high energy, low-energy experts

m Let us know if you are interested in participating in the discussion

e STXS parametrisation

o Timeline for validation & publication is longer (its complicated!) .

: . Mid 2025
o Some unplanned delays but we are making progress on production modes
o Decay already done
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“metadata”: {
“observable names”:[...], I H A N K YO l l I I
“eft basis”:{...}, )

“coefficients”:[...],
“inputs”:{...}
b
“data”: {
“observable central”:({
YTl
“(Ycl’,) ...,
“(Ye2' )il .,
S (vel”, @2 ) 8600y
}y
“observable uncertainty”:{
“statistical”:{...},
“systematic”:{...}
}
bo
“tool”: {
“MadGraph5 aMC@NLO”:{“version”: “3.5.0"},
}y
“misc: {
“author”:...,
“documentation”:..., ...




EFT20bs toolchain

“A tool to automatically parametrize the effect of EFT coefficients on
arbitrary observables.” EFT20bs Generate SM
Events

1. Generate events with MadGraph
2. Reweight those events during generation
O c_i=0.5and 1.0 for each c_i — A_i and B_ii terms
O c_i=1, c_j=1 for each combination of c_i and c_j — B_ij i#j terms

3. Events passed through Pythia
4. Classification into STXS performed by Rivet
5. Equations extracted from cross sections in each bin at each of

the reweighting points
More details in the EFT20bs README

Reweight

Primarily reweighting based... but extensions have been developed for a
Parameterisation

generation based approach where necessary.


https://github.com/ajgilbert/EFT2Obs
https://github.com/ajgilbert/EFT2Obs

