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Why Global fits of SMEFT
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One observable can be influenced

by many operators

One operator can contribute to
many different observables
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https://indico.bnl.gov/event/14918/attachments/41472/69484/EFT_Biekoetter_BNL.pdf

An overview of SMEFIT




A Python software for global interpretation of particle physics data in SMBFT

THEORY DATA
SM:(N)NLO QCD + NLO EW LEP+SLIEWPOSs, WVBrWX
SMEFTNLO QCD, guadratic in WCs LHCHiggs, top, VV... Mostly Rizn
50 (+1)WCs! 445 (+1) data points!
METHOD TOOLS

BayesiarNestedSampling  mmm) §MEFIT < PCA., Fisher, closure tests,

AnalyticLinear fit documentation.

MC replicas 1

p(ci|D)

Posterior on WCs
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https://github.com/LHCfitNikhef/smefit_release

Operator basis

A Warsaw basis with rotations.
A Flavoursym..Y¢ Yo  7Yg¢ Yp  Yp Wip ®© FR
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The likelihood

Slide concept from IMantani

Gaussian approximation

AT GAT O AT O
ific = (G @ .5 )ATO (5 @ .5 )

O(1/A%) or O(1/A%

(Two recommended fit routines)

Analytic linear fit < »Bayesian Nested Sampling
) [ Quick o1, .
So = (Tope - S - TH)™ | Precise b
Flexible ) )
Cyvre =3¢ Tept - Soyy - (Ydat — Ysur) Versat”% ' -

Feroz Hobson, CamerorRettitt [1306.2144]
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https://inspirehep.net/literature/2647303

Opensource code

Fitting code and database & Githubrepositories

github.comLHCfitNikhefsmefit_release github.comLHCfitNikhefsmefit_database

& smefit release | Public 57 EditPins v+ @®Watch 3 ~| % Fok 1~ % Star 6 | -
i smefit_database public % EditPins v | @ Watch 3
¥ main ~ #¥ 20 Branches ©> 4 Tags Q Gotofile t Add file = <> Code ~ About &
SMEFIT a Standard Model Effective Field ¥ main - ¥ 8 Branches © 0 Tags Q Gotofile t Add file ~ <> Code ~
#N jacoterh Merge pull request #115 from LHCfitNikhef/ordering_coeff_plots @8+ 4de7005 -2 days ago  {D) 893 Commits Theory fitter
L eforma a [0 Readme ) )
B github reformatting all existing code 2 months ago @ LucaMantani Merge pull request #35 from LHCfitNikhef/move-opt-L0 @8 89a4bb4 - last month ) 185 Commits
c .
M E F I I B ithoh Maraa hranch 'main’ intn MIO-FW_7H last manth
¥ # SMEFIT ) . _
# / Project description View page sourc

tests |passing codecov | 42% | codefactor A

. e Documentation and results repo

. r . 3 .
Installation Standard Model Effective Field Theory
Fitting assumptions I
To install smefit you can do:

Nested Sampling

pip install smefit ]

Project description Ihcfitnikhef.github.iobmefit_releasé

is a Python package for global analyses of particle physics data in the framework of the Standard Model Effective Field Theory (SM
powerful model-independent framework to constrain, identify, and parametrize potential deviations with respect to the predictions of the Standard Model (SM). A
You can install smefit from source using a conda environnement. To install it you need a conda installation and run: Experimental data format particularly attractive feature of the SMEFT is its capability to systematically correlate deviations from the SM between different processes. The full exploitation of the

Installation from source using conda

Theory tables SMEFT potential for indirect New Physics searches from precision measurements requires combining the information provided by the broadest possible dataset, namely

./install.sh -n <env_name="smefit_installation"> @ carrying out extensive global analysis which is the main purpose of SMEFIT.

Construction of the fit covariance
matrix

The installed package will be available in an environnement called smefit_installation , to activate it you can do: The SMEFIT framework has been used in the following scientific publications:

Basis rotation

conda activate <env_name='smefit_installation'» =} RS = A Monte Carlo global analysis of the Standard Mode! Effective Field Theory: the top quark sector, N. P. Hartland, F. Maltoni, E. R. Nocera, J. Rojo, E. Slade, E. Vryonidou, C.
smefit -h Zhang [HMN+19].
« Constraining the SMEFT with Bayesian reweighting, S. van Beek, E. R. Nocera, J. Rojo, and E. Slade [vBNRS19].
Running Cocs et « SMEFT analysis of vector boson scattering and dibason data from the LHC Run ii, J. Ethier, R. Gomez-Ambrosio, G. Magni, J. Rojo [EGAMR21].
How to run the code « Combined SMEFT interpretation of Higgs, diboson, and top quark data from the LHC, J. Ethier, G.Magni, F. Maltoni, L. Mantani, E. R. Nocera, J. Rojo, E. Slade, E. Vryonidou,
The fitting code provide two equivalent fitting strategies. To run the code with Nested Sampling you can do: SMEFIT Tutorial C. Zhang [EMM+21].
« The automation of SMEFT-assisted constraints on UV-complete models, J. ter Hoeve, G. Magni, J. Rojo, A. N. Rossia, E. Vryonidou [tHMR+23].
smefit NS <path_to_runcard> fi=} « Mapping the SMEFT at High-Energy Colliders: from LEP and the (HL-)LHC to the FCC-ee, E.Celada, T. Giani, J. ter Hoeve, L. Mantani, J. Rojo, A. N. Rossia, M. O. A. Thomas,

Report functions E. Vryonidou [CGtH+24].

Produce a report
UNIVERSITA Link to reports
DEGLI STUDI
DI PADOVA

Results from these publications, including driver and analysis scripts, are available in the Previous studies section.
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Userfriendly input format

Slide concept from IMantani

C; C,; C;
O = OSJ\/I + F OfNT + Tij Of;@

TH EO RY | ION ] dataset_X.json
SM:(N)NLO QCD + NLO EW C et s 3.0
SMEFTquadraticin WCs, NLO QCD I "scales": [91.0],
"theory_cov": [[1.@]],
(+ NLO EW) "LO": {"SM": 1.0, "Opl": -0.2, "Opl*Opl": 0.4},
"NLO_QCD": {"SM": 2.@, "Opl": -0.3, "Opl*Opl": 0.6},
}
@ iy dataset_X.yaml
: dataset_X
DATA : 1
: 1
LEP+SL[EWPOS’ WVBrVV)( — : 3.0
LHCHiggs, top, VV... Mostly Rin : 1.0
- 1.5
: CORR
: ADD
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Userfriendly interface

H: > My Drive > smefit > Talks > SMEFTools_2025 > I my_runcard.yaml

alejorossia@vittiTCM75t:~%
alejorossia@vittiTCM75t:~$%
alejorossia@vittiTCM75t:~$ smefit NS ./my_runcard.yaml el
Commands:
A Get the analytic solution of the linear problem.
MC Run a fit with |MC].
NS Run a fit with |NS| (Ultra Nest).
POSTFIT Run postfit selection over |MC| replicas.
PREFIT Run prefit: computes the SM chi2 as a check before fitting.
PROJ Compute projection for specified dataset

R Run a fit report.

SCAN Plot individual :math:‘\chi*2‘ profiles for all the free...
We also provide autorial!
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# Input YAML configurations for SMEFiT code

result_ID: 241209 FCC_NLO_QUAD_GLOB_L®

# paths for results, data and predictions

result_path: /home/user/smefit_results

data_path: /home/user/smefit_database/commondata_projections_L@

theory_path: /home/user/smefit_database/theory

# Options

use_theory_covmat: True # Theory errors

use_t@: True # T© prescription for systematic errors

floaté4: True # Higher-precision

use_quad: True # Whether to include the quadratic dependence on WCs

uv_couplings: False # True if we're fitting a UV model.

single_parameter_fits: False # True for fitting one coefficient at the time.

# NS settings

nlive: 260

#nsamples: 2000 # Replacement of nlive for single_parameter_fits

lepsilon: ©.0001

target_evidence_unc: @.1

target_post_unc: ©.e01

frac_remain: ©.01

# Datasets to include

datasets:
- {name: dataset_1,
- {name: dataset_2,
- {name: dataset_3,

# Coefficients to fit

order: NLO_QCD }
order: NLO_EW }
order: LO }

and prior setting

coefficients:
opil: { 'min': -2, 'max': 2 }
op2: { 'min': -@8.1, 'max': ©.1 }
# External likelihood
external_chi2:
OptimalwWwlel:
path: /home/user/smefit_database/external_chi2/optimal_observables/interface_oos.py
scale: 161.0

# Basis rotation
rot_to fit basis: null

10


https://colab.research.google.com/github/LHCfitNikhef/smefit_release/blob/tutorial/tutorial/tutorial.ipynb

Automated analysis tools
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Recent updates (2028o0w)

A UV models: 1 or more heavy particles, tree dodp matched“ SMEEIT + UV: Match?2fit

[2309.04523]

//3\ Full LEP dataset + Most recent LHC Run 2 data.

SMEFiT 3. kA Projections module to get HLHC projections + F@&CEPC predictions

[2404.12809 o _
A External likelihoods interface:

A Beyond Gaussian approximation.
A Easy interface with other tools.

[A RGE running: interface @ wilson with Matrix Evolution Approxi[ﬁ\ation

[1804.05033]

_ A Double Higgs (HILHC measurements/projectiond+Q © & "@NLCEW.
SMEFIT + R A One more operatorto fitO 9 s.

[2502xxyyy]

A JAXenhanced fast matrix calculations and GPU acceleration.
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SMEFIT 3.0: more data,

present and future

CeladaGiani ter Hoeve Mantani, Rojo, ANR Thomas,Vryonidou
[2404.12809]JHERD9 (2024) 091]




Extended dataset

Category Processes ndﬁ ~
SMEFI1T2.0 SMEF1T3.0
tt+ X 94 115 +21
ttZ, ttW 14 21 +7
tty — 2 +2
Top quark production single top (inclusive) 27 28 +1
tZ, tW 9 13 +4
tttt, ttbb 6 12 +6
Total 150 191 +41
Run I signal strengths 22 22
Higgs production Run II signal strengths 40 36 (%)
and decay Run 11, differential distributions & STXS 35 71 +36
Total 97 129 +32
LEP-2 40 40
Diboson production LHC 30 41 +11
Total 70 81 +11
EWPOs LEP-2 — 44 +44
Baseline dataset Total 317 445
\§ J
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Impact of new LHC Run 2 data

SMEFIT2.0 Dataset, NLOO (A™#) | SMEFiT3.0 Dataset, NLO O (A%
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An eye on the future

Already implemented EeEEGECRENrIZRLL)

A
11"

infernafional linear collider /(‘:M?smiﬁi?d”::

ollaboration

eI QI N (eIo[(ISSI Armadillo et al P503xxyyy]
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How to forecast
: j (FEo)) (=2
HL—!E PREJTEng Q \-/é/

(3 ab?) @ i ©

infernalional linear collider /V\ ”””””””””””””
/ Collaboration

UON Collider

Take SMEFIT 3LHC datasets with Snowmass + FCC midteffeas Rep

highest int. luminosity

[ Pseudodatdluctuated around SM

Rescale uncertainties:

= Automated since SMEFZ.0

Statistical —— £

1
Systematics— —
\ y 2 V.
No HELHC optimization
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Improvements at HLLHC and FCé2

Ratio of Uncertainties to SMEFiT3.0 Baseline, O (A‘4) , Marginalised

4-quark: HL -LHC
improvement

l_% c«pu
1% % (baseline + HL-LHC) i @ o O

Rj.. = [, e %G ey iy ) e
oy — K Pq °
[cmin, cmax] 95% OL (baseline) ~C5 MEFIT
% "';‘470’)‘-‘, UNIVERSITA == HL-LHC =@ HL-LHC+ FCC-ee
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SMEFIT + UV: connecting Matchmakereftvia

Match2fit

TerHoeve Magni, Rojo ANR Vryonidou
[2309.04523] [JHEP 01 (2024) 179




UV perspective

UV model

con gt 1 g 1 3 A
Q Matchi A2 7680m2m2  2560m2m? 322 m?’
atcnin > _ 3 U i ose .
g Co _ _ Ao (yc‘)):as 92?!1\[ 1 5 /\2 (4 (JS\I) —{19 (yts“) ) Ao ('l (;‘))33
<A~ mjn{mUV} A2 m? 384072 m 167~ mz 6472 m?
_ (12)\81\1 + (1 S\[) —11(y b\[) ) v (yx)zsz n 3 As (y(l;)iz
® Yo Yt 6472 m3 12872 m2
. J
|
C
A f(guv, muv)
Less parameters

Stronger correlations

Model dependent o(c) ~o(guv)

Sharper interpretation
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Automation across scales

UV model

N FIATCHETE |\

[2212. 04510]

‘ \ [2112.10787]
m[1808. 04403]

[2111.0587%
[2108.0109%

[2012.02779]

I [2303.16965]
[2412.14253]

[2302.06660]5 MEFIT

(2208. 08454] e pitter

Match2fit

SMEFT

Y
SIMY [2012. 11343

SMEFT@NL®os. 11743 .
- 12012 02779 Fitmaker

(R
¢ _-/f" 1405.030 !
[ . [1910.14012] HEPJj;

- Observables and Data

621l . Apologies for not including all tools/codes due to space restrictions.
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Reusing EFT global fits for the UV

THEORY| uv |\/|atc:hingPvq
olc) o= flgw) v
DATA

‘x” _J
$
o UV)
v

METHOD== & MEFIT ¢== TOOLS

p (97 |D) p (¢i] D)X

Posterior on UV Posterior on WCs
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I 22f FNIY al GKSYFGAOlFn. LI O1F3ST FdzZEf f & R
Reads results froilatchmakereft and produces run cards that can be
fed intosmefit to perform a fit.
Uses the same WC basis tHaEFIT
U(2)g X U(3)a x U(2)y x (U(1)g x U(1)e)” + €y, Crops Ceg
It can impose UV flavor assumptions and evaluates the masses

It can runMatchmakereftto do all at once.

[ It supports Hoop matching results. J

Improved v2.0 to be released soon: better handling of npdtiticle models, better
interface toSMEFiTmassd O y & X

Many ideas for v3.0: interface ®OLDMatchete, WCxfadditional WC bases, ability
to run SMEFIX
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https://github.com/arossia94/match2fit

Match2fit v2.0 preview

Model name: VWarphi
U Collection: 1llLoopMatching
UV medel: Warphi

<< match2fit”

match2fit: an interface between matching and fitting codes.

coefficients:
Opd:
Version: meee® 2.0 constrain:
Date: womsmwsnm YY/222025 - lamvarphi:
Author: Alejo N. Rossia - -1.15765726@831957e-7
Affiliations: The University of Manchester | -8
rd bookDi "/ sampl Its/Matchi 1 hi_oneloop.dat™ - lamvarphi:
esTalecanCa [Motel irectory[] <> "/sample_results/MatchingResult Varphi_oneloop.dat™, - _p.BEB143241978260182873
C e . . . . -2
O¥FlavourAssumption™ => # W dictionary with WCs in terms of UV variables nax: 169
Join[realDiagSMYukas, {yVarphiD[i_, j_ ] :> @, yVarphiE[i_, j_ ] :> @, F orurrersrssnsnsransna s neRs RS raRaR rnin: 100
yWarphilU[i_, j_1 :> KroneckerDelta[i, 3] = Kroneck A lamvarphi -> lamvarphi}], U Collection @ 1loopMatching 0D '
" A " . wom " " v f " " . m pL:
Collection™ -» "1LoopMatchin Model™ -» "Varphi OutputFormat™ -» "SMEFiT . i
P B s P P U model : Warphi . canstrain:
patchResTolVWscanCard [MotebookDirectory[] <> ".r’sample_results.#I-‘.atchingResult_Varphi_nnelonp.dat",ﬁmodej- name : Varphi - lamvarphi:
e o e R PP e P TS - -1.3CS24PA60432278%6-8
OVFlavourAssumption™ -» W couplings : [lamvarphi, yVarphiuf33] -8
Join[realDiagSMYukas, {yVarphiD[i_, j_] :> @, yVarphiE[i_, j_ ] :> @, UV masses : [Mvarphi] max: 168
yVarphil[i_, j_] :> KroneckerDelta[i, 3] = KroneckerDelta[ j, 3] # yWarphiuf33, lamvarphi -»> lamvarphi}], H rorararsreransrenaransrararsnararsnerararar min: -1688
"Collection™ -> "1lLoopMatching”, "Model™ -> "Varphi®}] # Loop level of the results : Tree Ol :
<= modelToUVscanCard [NotebookDirectory[] <> "sample model/", "T1“ # ”'“’””':"“”"”“’““’“"“'”“‘””"”“”“"“ . constrain: )
{"UVFlavourAssumption” -+ {lambdaT1[a_] :+ lambdaT1[3] }; "Collection == 'd1Loop™}] # Setting of the UV mass in TeV: - lamvarphi:
m: 2 # TeV - 7.64975361511585%-8
The matching results are available in: ) -8
/home /alejo/Documents /match2fit-1loop update/sample model /T1 MM/MatchingResult.dat B enansns e s max: 108

# Expressions for all the WCs in SMEFiT basis

cpG : [{lamvarphi: [8.,8],yVarphiuf33: [1,8]}] "11?: -lee
G\/Iass Value [Tey] cpB : [{lamvarphi: [@.,8],yVarphiuf33: [1,8]}] OpqM1: .
cpW : [{lamvarphi: [@.,@],yVarphiuf33: [1,8]}] CG;“HMI"\_
. . . - lamvarphi:
cpWB : [{lamvarphi: [@.,0],yVarphiuf33: [1,8]}] )
q\/latChlng Loop |eVB| cpd @ [{lamvarphi: [@.,8],yVarphiuf33: [1,8]}] ) ;'2659682499089?29 ¢
cpD : [{lamvarphi: [@.,8],yVarphiuf33: [1,8]}] nax: 108

cd @ [{lamvarphi: [@.,8],yVarphiuf33: [1,8]}] min: -160
(OUtpUt formaD cpgMi : [{lamvarphi: [@.,8],yVarphiuf33: [1,8]}]
cpQM : [{lamvarphi: [&.,8],yVarphiuf33: [1,8]}]
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One-part. models at tree level

I NLOO(A™2) [0 NLO O (AY)

|g] B B [ sen(az) (95),, B

0.0 2.5 50 —0.02 0. ). 000 0.02 —0.25 0.00 0.2

B sen(ggs) (95)3 .
_ - s - . Spin 1

B~ (1,1),

(SU3)e, SUR)L)u (1),

I'1"-..
‘ \|\i|iiiﬁ'u..i..._ | mp =1 TeV

, Sensitivity to the sign of UV coupling}s Top couplings sensitive tquadratic—in-WCspieces]

Dataset: SMEFIT 2.0 + EWPOs
2
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Oneloop matching makes a difference

mq_ﬁ, =1 TeV

¢ ~ (1, 2)1/2

Luv D = (y) 4 9Ti02d,, " uh — Aed H|H[* + hc.

Il

Tree level

One-loop

00 NLO O (A2)

1 NLOO(AY)

sgn(As) ('yl:)

33

Tree level

—2

l T s T T
0.00 0.02
sgn(Ay) ( y‘j;) , One-loop

Dataset: SMEFiZ.0+ EWPQOs
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Projections for the future:.UV couplings

T (tree)
I(’\Tn ):{l

Q1 ~ ( >1/6

|(/\Tx ):;l |()‘QT )33|

'ﬁr(onv—lmp)‘ x,i ¥l Spln 1/2

|()\T<:):t‘

Q7 ~ (3’ 2)7/6

@i,

(SU@B)e, SUR)L)u)yy

T, (tree)

l(A'l’z):{I

sgn ((!’%)33) 9
, =3 TeV

T, (one — loop)

meg, = 4.5 TeV

myy = 2.5TeV

s2n(As) (V4) () ss|

@ (tree)

¢ (one — loop)

sgn(Ag) (v4) 45 [(9)4]

S MEFiIT
wfe= LEP + LHCRun11 -8 + HL - LHC wap= + FCC — ee
| SMEFIT 3.0and beyond | Alejo N. Rossia27 January 2025

30



Connecting Scales: RGE effects in the SMEF

Global Fit from LHC to Fc@

TerHoeve Mantani, Rojo, ANR Vryonidou
[2502xxyyy]




How we solve the RG Equations

[ Matrix Evolution Approximation: decouples and linearizes the equations. j
Nop
ci(p) = Tijlupoi9ei(po),  i=1,...,n0p
j=1
_ H N (6),—
Lij (1, pro; g) = exp dlog(p')v;; " (g(p'))
1o
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RGHEHmMplementation in the code

S MEFIT 6 B wilson

[1804.05033

SMEFITs interfaced to and includesvilson

rge:

init_scale:
obs_scale:

scale_variation:

smeft_accuracy:

5000.0 # The reference scale $\mu_0$ for the Wilson coefficients
dynamic # "float" or "dynamic"

0.5 # Apply a scale factor to the dynamic observable scale
integrate # Uptions: integrate, leadinglog

yukawa: top # Uptions: top, full, or none

adm_QCD: False # If true, the EW couplings are set to zero

g — {987 g, g’7 Yt, #}217 A}

Plenty of options on how to run
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RGE implies scale choices

Eachdatapoint is assigned a scale for the dynamic mode

Data Scales for HLLHC + FCC-ee

100
Process Scale Choice p Process Scale Choice p et + 2bb 1 9 13 %
Higgs - 24 <o 16 12 14 ﬂ 2 6
Higgs (sgF) | v/m¥ + (0F)? ttbb 2m, ™
LEP - 23 61 -
Higgs (VBF) | \/m% + (p7)? ttV v (2me +mv)? + (py)? it - 0 1 3 n 17 17 14 23 22 14 9 5 10 4 2 6
VH Vimy +mp)? + (p¥)? ||tV me + my or \/(mi +mv)? + (ph)? v - 28 6 50 {2
©
ttH V' (@my +mu)2 4+ (pF)? || W - helicities me £ E 40 g
V- 16 2 2 30 S
tH e -+ m g Wz myp % or \/(mz +mw)? + (p%)?2 5
VV- 4 4 4 2 22 20 10 8 2 2 2 2 "20 3¢
tt Mt Www Mep - 10
FCC-ee 91 GeV - 14
Single-t my V pole (incl. EWPOs) | my FCCte 161 GeV - 3 13 -5
_ -2
tty 2m; Bhabha scattering NE FCC-ce 240 GeV - 3 E
-1
tt_tf 4m£ €+67 S WW / tf/ fj_- \/g FCC-ee 365 GeV - & H
| | | | | 1 i 1 | | -0

60 80 100 120 150 180 220 270 300 400 500 600 700 900 1100 1400 1700 2000 2500 3100 3800
Scales [GeV]
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Effects in the global fit
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