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Introduction

''his talk:

~ Introduce the common ATLAS fitting
procedures and highlight standard practices
related to fitting and EF T interpretation of
combined results

~ I’ll use mainly one example as a case study: the

latest global EFT combination (ATL-PHYS-

PUB-2022-037)

ATLAS fitting infrastructure in EFT fits

Outline

A. Introduction

e Global EFT overview
B. Statistical model

e likelihood tunctions

* ‘Ireatment of systematic

uncertainties

 Rotation in the EF'1 space
C. Fitting procedures

e Minimisation and results

e Sensitivity studies

* Systematics vs statistics splitting

e Simplified likelihood fits

D. Conclusion

Nik[hef


https://cds.cern.ch/record/2816369
https://cds.cern.ch/record/2816369
https://cds.cern.ch/record/2816369

Global EF 1 combinations

-

Many results are interpreted in the SMEF T framework in ATLAS;

different choices are made in terms of fitting and dealing with the

statistical model of the data

Focusing today on one of the largest (in terms of complexity of the
statistical model) combination in ATLAS, 1.e. global EFT fits (some

parts also from latest Higgs only combination)

HIGGS

EW

EFT interpretation of combined results of Higgs, Electroweak and LEP data: constraints on 28 EF T

operators (linear combinations of Warsaw basis)

Ditferent use of data in the statistical model in every sector, summarising the most common scenarios in

combined EF 1 fits

ATLAS fitting infrastructure in EFT fits
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https://arxiv.org/abs/2402.05742

Input: Higgs sector
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Input: EW & LEP

- EW data included in this combination:

> WW, WZ, Z + jets, ZZ differential

<
V]
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Statistical model description
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Statistical model: likelihood

~ lLikelihood ratio used as a test statistic to perform statistical inference on SMEF 1" parameters, built from
product of likelihood ratios ot the different analyses

o Statistical model uses likelihood built at the measurement level (cross-sections or event counts) and
only later rotated into the EF 1 space

Higgs
Ncat Nbins 7%)% LEP
L(x u,0) =1 ][] | Posson(Z,Ng + Z,N;), np 1| | I(:(6) RSN Ry SHI A
| L(p) = exp( 2(ﬂ 1) |C™ (1 — i)
EW
1 1 Rgyst S
L (x|c, ) = exp (——AxT (c,0) C'Ax (e, 0)) X (6;)). | constraint cerms
¢(2ﬂ-)nbins det (C) 2 ll[(“fl ! j

~ liakelihood contains parameters of interests (POIs) u and nuisance parameters (NPs) 0 to quantity the eftect of
systematic uncertainties in the measurement

© Systematic uncertainties are coming from theory predictions (over signal or backgrounds) and detector eftects (e.g.
luminosity uncertainty, objects reconstruction efficiencies etc): common NPs are correlated between sectors
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Statistical model: nuisance parameters and systematics

~  Impact of NPsin the Higgs sector is included per Near Nping Msysi
category ¢ and generally parametrised as: L(x u,0) = H [H Poisson(2 N¢ + 2, N, g), nobs,e] H (f(6)
C e l

N¢(0) = N, exp(log(1l + a)0) =~ N;(1 + ab)

where N, 1s the number of events in the category c, a 1s the relative impact ot the systematic and 6 1s the nuisance parameter

~  'The values of 0 are constrained by additional measurements called auxiliary measurements f,(6;) which are always assumed

to be expressible as independent Gaussians

~  The number of NPs 1s 1n the thousands, but a pruning procedure (more in back- up) has usually been applied 1n the most recent

combinations to skim their number

1 1 =
L (x|c, ) = ——Ax" (c,0)|C" ' Ax ,o) - (6,
(e, ) = e exp (07 (0.0 (.0 <[ 500

o In the EW sector:

Riheo Syst nexp syst

. . _ N =N +n
AX(Q) — 'xpred ~ Xmeas’ xpred(etheo Sys) = Xsm X H (1 + ajej)’ xmeas(gexp Sys) =X X H (1 + aiei) st theo syst exp Syt
J i

— _l T -1 N
L(p) = exp( 2(/4 1) C(u—p))

~  For LEP data, the ettect of systematic uncertainties 1s enclosed in the covariance matrix used to construct the Gaussian model
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Rotation 1in the EF I space

o SMEFT dependence parameterised as polynomials in Wilson coefhicients:

OSMEFT ~ Mgyppr = Mgy ~ + 2Re(MgyM*ppp) + Mppr * =

Linear : SM, d=6 interference Quadratic : (d=6)

Z A;c;|+ Z Ciicic;

o SMEFT eftects on the SM predictions can be tactored out in a llnear and quadratlc component

o SMEFT predictions A, B; and C; are obtained through simulation with MadGraph + SMEFITsim or SMEFTatNLO (loop-
induced processes) or through analytical predictions (H — yy|l] or H — Zy[2] decays) — more 1nfo in back-up

o 'This 1s included 1n the likelihood with a re-parameterisation step, where every measurement 1s expressed 1n terms of ¢; and
a subset of these 1s chosen as POls
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https://arxiv.org/abs/1405.0301
https://arxiv.org/abs/1709.06492
http://feynrules.irmp.ucl.ac.be/wiki/SMEFTatNLO
https://arxiv.org/abs/1807.11504
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.093003

Fitting procedures
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Minimisation and uncertanties

NV

Best fit values are obtained minimising —2 log Z(u, 8) where 4 and 6 are the POls and nuisance parameters

respectively, 1s carried out with the MIGRAD method of Minuit2

Uncertainties of the POls are estimated scanning the profiled - ATLAS ' Preliminary
likelihood, i.c. calculating —21log Z(u, 6), where 6 are the values that joL  /s=13TeV,36.1-130 fb" -
. ‘ ‘ ‘ . . S =1 TeV; one-at-a-time
maximise the likelthood for a given value of u (the remaining POls are | e i
1 ﬁl d - Higgs — EW+Higgs+EWPO |
also profiled) ‘ ’
o ] _
Scan range based on the sensitivity studies (see next slide) . ]
The intersection between the scan ot —2log £(u, 0) and the values 1 i -
and 4 gives the 1o and 26 uncertainties on the POls i ]
1 . O | 1 1 1 | 1 1 1 | 1 1 |
Results are normally quoted in terms ot best fit values, 68% and 95%  -0.5 0 0.5 1

confidence 1intervals

11 ATLAS fitting infrastructure in EF1" fits

Example of scan result in ATLAS global EFT fits
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Sensitivity studies

~ Not all Wilson coethicients (c¢,) can be simultaneously constrained by data

© Sensitivity studies: a PCA 1s performed over the information matrix to obtain the most sensitive
cirections 1n the space of EF1" coethicients (threshold applied to discriminate, generally 6, = 5 or 10)

© Other directions are fixed to SM (¢ = 0)

2D limit 2D limit
c, t
Information matrix -
-
— pT—1 O
Iept = P Creasl =
=
Principal component analysis on information matrix
i Limit on ¢, C
Figenvector basis After the rotation the sensitive
Here both parameters are loosely direction is identified and the other
l constrained one is fixed to SM
Fixing non-sensitive directions In this way the PCA allows us to identify flat directions and fix them to SM!
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Uncertainty estimation: statistical vs systematic

- Breakdown of systematic and statistical uncertainties can obtained fixing the corresponding

nuisance parameters (to the best fit values) and comparing the results

©  Requires running again the fit for each ot the splitting (note: nominal results are obtained standalone and

not with square sum ot the components)

ATLAS Preliminary

v/s=13TeV, 139 fb~', my = 125.09 GeV SMEFT A =1 TeV
1 ; ; ; ; ; ;
Dsystematic
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; 49 . . . . . .
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2 = | [ experimental
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From latest

Higgs only combination
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Simplified likelihood fits

T T T I T T T T I T T T T T T T T I T T T T
ATLAS Preliminary e Best Fit
— 68%CL

~  Gomplexity of the model makes the fitting long and GPU expensive: a quick A LN —- 4

SMEFT A =1 TeV —— Full likelihood
Linear parameterisation - Simplified likelihood

way of studying it is with simplified likelihood fits £

[1]
C/[L/}/v, Vit

2

Chvv, vif

N
HVV, Vif

(4] - - = - ==
CHVV,fo s —— -

© MultiVariate Gaussian model (MVG) constructed as: !

[1 ] T T
C2%2/
cll = -

4q

CW [ ' - ————" "

- A CE—?%/V,fo -&r
L(p) = eXp (——AﬂTculAu) , Ap=pu—{i. Ko o
J(Zﬂ')n’u d@t (Cﬂ) CHVVC,ZZ e 7 :._———

==
* . . : 0 _
where j are the POls best fit results obtained over the full statistical [

11
Chvv, vif

. . . . -
model and C, 1s the covariance matrix at the best fit values, encoding XL -
——

[12]
Chvv, vif

information on statistical and systematic uncertainty : -
Ct(1)p e

CuH,gHHo | = ===° e ----

> Number of floating parameters is thus reduced from thousands to ~30 P R

C.2({2/
2] I ' p
[13] i )
Cﬁl{]‘/’ Vit 1=@=-
Chvv, vir I
==

CeH

C4q

~ Info to construct these models 1s publicly available —.—e

15 10 5 0 5 10 15
Comparison full vs simplified likelihood from latest Higgs only combination
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Estimation of Hesse matrix and simplified likelihood fits

SNIRTTSNRTI ATLAS
~ Simplified likelihood models are a great /5 213 Te. 139 fo—". my = 125.09 GeV SMEFT A — 1 Tey
tool to study the links between L 103
o a B simplified likelihood : | | | |
. g Linear (Observed | 5
measurements and EF1" operators since g 100} e 11
] |
they allow for reliable results to be S o1 132
obtained quickly s
2 10-2| 110
S 5 5
2
107} {32

However the results are reliable only 1t we

.h
T 1
\

can trust the correlation structure used to

l\)

build the model, which 1s normally
obtained with the HESSE algorithm
from Minuit?

I
m

by symmelrized uncertainty (/o)
i il
.*
T —
_ﬁ—
*
e el
Jt‘
Dl :
cIz =‘=
plel— -l
lue—x
==
:=:3=
¢
il it
=‘=
—'cb
el <yl

|
A
I B I B
\

. . Q C Op Q O, @/@ Oy, O, QL O, O, O, O Oy, Q5,0 (N2 %5
% @ 78 “ / 4 A VNV NV NY e 5 7 7
T'his might not always be the case! (e.g. 0% % Wl RIRK XX wRw % %

torced pOSlth€ d@ﬁﬂlt@ﬂ@SS) Comparison between MVG and full likelihood fits in latest Higgs only combination
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Conclusions

© Quick summary ot fitting procedures used mside ATLAS to obtain results in EF 1" interpretation of

combined data presented today:

© Minimisation of log likelihood and profiling give best fit values and uncertainties

respectively, choice of parameters to fit decided with sensitivity studies

~ 'T'he minimisation procedure 1s realised with methods and classes of RooFit, the code for

sensitivity studies 1s on gitlab here

~ Statistical models and treatments of systematics can vary: splitting of uncertainties

can tell us how we can improve each operator’s sensitivity

~  Simplified likelihood fits are very usetul and generally reliable: discussion ongoing into the

collaboration to decide to what extent publishing likelihoods
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https://gitlab.cern.ch/rbalasub/senstiEFT

Thanks!
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Back-up
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NP pruning

© 'T'he pruning technique 1s performed to reduce the number of nuisance parameters and speed up
the fitting procedure

~ A group of nuisance parameters 1s 1identified to prune such that when the group ot nuisance

parameters 1s fixed, the uncertainties on any of the POIs do not change by a less than a threshold
(1%b0)

-~ Rank:

o.full _ O.;educed
Rank(fnp) = max ' :

u;i,i€{POIs) a-l_full

where alf “! denotes the uncertainty on the i POI and ¢/¢%“? the same without the contribution of Gy

~ A search 1s used to 1dentity the largest ranked NP such that the group ot all the tollowing lower
ranked don’t change the uncertainty of the POIs more than the threshold
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Overview of EF1 predictions

o EFT operator’s impact on measurements 1s estimated 1n difterent ways between the various measurements included:

o The {my,m,, G} electroweak input parameter scheme is used

© MadGraph plus SMEFTsim 3.0 1s used for most of the measurements

~ Loop induced processed use instead SMEFTatNLO (gg — H,gg - ZH,H — gg) for NLO QCD corrections

~ Analytical calculations are used for H — yy (from Dawson, Giardino, Phys. Rev. D 98, 095005 1n global EF1" fits)
and H — Zy (from Dawson, Giardino, Phys. Rev. D 97, 093003 in Higgs only comb)

o LEP EWPO from Corbett, Helset, Martin, Irott, JHEP06(2021)076
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