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What'’s the purpose of this talk?

» Problem: Large number of observations

cannot be explained by the SM alone

» What we do: Global SMEFT
analyses using SFitter

» Goal: Put constraints on physics
beyond the Standard Model

arXiv:2208.08454 [hep-ph]
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» Intro: Standard Model Effective Field Theory

» Part I: Statistical analysis using SFitter
» Part II: Likelihoods published by ATLAS

» Conclusion



Standard Model Effective Field Theory
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» Well established model agnostic approach in searches for BSM physics

Lsverr = Loy + E A;—‘l O,
d=5

» Up to quadratic order SMEFT contributions included i.e.

2
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Standard Model Effective Field Theory
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» Well established model agnostic approach in searches for BSM physics

(d)

Lsyerr = Ly + Z A;— 1 Oz(d)
d=5

» Up to quadratic order SMEFT contributions included i.e.

| Ce
O — 0OSM 1 AQJG

» Restrict ourselves to operators of dimension 6



Standard Model Effective Field Theory
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Model and dataset

» Restrict ourselves to the Top sector

» Include tt, ttZ, ttW and SingleTop data

> Total ~116 datapoints

» Impose U(2)q X U(2), X U(2), symmetry

» Consider a total of 21 Operators

arX1v:1910.03606 [hep-ph
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Statistical analysis with SFitter



What is our tool of choice?
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SFitter

» Used for various global SMEFT analyses
» Comprehensive treatment of uncertainties
> Fully correlated systematic uncertainties within experiments

» Allows for both profiling and marginalization methods

» Goal of this talk: Explain what all of this means



What is SFitter?
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The exclusive likelihood

» Likelihood for a single measurements modelled as
Lz = Pois(d|p(a,, 0;,0))Pois(bcr|b k) H C(6;,0;)

» SMEFT contributions are incorporated into model parameters O,
» Uncertainties included via nuisance parameters (NP) 0,

> Constraint term C(6;, 0;) depends on uncertainty considered



What is SFitter?
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Uncertainty constraints

> . 1 (x — p)?
/ Systematic unc. N(zlu,o) = VT 52

C(0;,0:) > Statistical unc. Pois(n|v) =

» Choice of constraint is motivated by physical intuition

» Theory unc. F(z|p, o) = %@ z—(u—0)]0[(u+0)—

» However: They are a choice and could technically be chosen differently



What is SFitter?
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Generalization to multiple measurements

» Global analyses study numerous difterent processes

bc kc) H C(Qi,ca Uz’,c)

Eexcl,fuu — H P OiS(dc\Pc)POiS(bCRC

» Take into consideration correlations between these measurements

N(esyst,i‘oa O-i) > N(e—;yst,i‘(—ja Zz)

» Assumption: Systematics are fully correlated between measurements
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What is SFitter?
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Systematic uncertainties

> EaCh Categor y Of SYStematiC iS fully Systematic uncertainties
correlated within CMS and ATLAS Beam

Background (Separate for each channel)
E'T'mis

» Luminosity correlated between Jets
Leptons

both experiments Light Tagging
Luminosity
Pileup
Trigger
Tune
bTagging
partonShower
t Tagging
tauTagging

11



What is SFitter?
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Systematic uncertainties

> IC 1 1.00-
Each categor‘y o.f systematic is fully  Full corelation [
correlated within CMS and ATLAS - for syst unc ;[
. . | No correlation I+I -
» Luminosity correlated between C. for syst unc ;4§ |
both experiments < |
. - 0.25- "-
> Clear shift in the likelihoods due to |
correlations between the systematics 0.00- ™
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What is SFitter?

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

To profile or to marginalize

» Common exclusive likelihood constructed

Leza = Pois(d|p(an, 0, b)) Pois(bor|b k) H C(0;,0:)

» The NPs 0, are not physically interesting

12



What is SFitter?
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To profile or to marginalize

» Common exclusive likelihood constructed

Leza = Pois(d|p(an, 0, b)) Pois(bor|b k) H C(0;,0:)

» The NPs 0, are not physically interesting

» Decision: How do we handle the NPs?

Profiling: Marginalization:

['prof(a) — mOaX ['excl(Oéa (9) Ema,,.g(a) — fd@ﬁexcl(a, 9)
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What is SFitter?
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To profile or to marginalize
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» Comparison for the product of Gaussian and uniform distributions

» Marginalization over multiple flat unc. gives Gaussian results

i
S

Oflat,tot — 0.4
OGauss — 0.10

|
.'
.'
.'
.'
I :
I
!:
.'
.'
.'
.'
.'
.’

Gauss

If \i
] |
i \™
—1 0 1
0

Normalized

1.0~

0.8 1

&
>

—
S
1

0.2 1

0.0

arXi1v:2208.08454 [hep-ph]

Oflat,tot = 0.4 (x3) i“'—-/\-—--._

OGauss — 0.10 ,

!
!
.'
.'
!
.'
.'
!
.'
.'
!
.’
!
I
40/
—1

0
0

13


https://arxiv.org/abs/2208.08454

Results
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Profiling vs Marginalization
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» Stronger constraints for marginalized likelihood as a result of
large theory uncertainties
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Results

Profiling vs Marginalization

1.0 . 1.0 1.0
= Marginalized A
Profiled [\
£ /! 0.5 0.5
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» Expected behaviour due to marginalization of flat theory uncertainties
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Results
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Profiling vs Marginalization

L0 Gauss Theory 7 L0 1.0-
— (Prof.)
Gauss Theory
;‘é - (Marg.)
0. 0.5 5
% 0.0 0.0
00 =% B T R R L - S —
OtG/A2 [Te\/_z] C@/AQ [TGV_Z] th//\2 [TGV_Q]

» Gaussian theory unc. give same result for both profiling and marginalization
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Results
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Profiling vs Marginalization

LOT e Theory +/\ L0 LU
o+ Gauss Theory *+ \
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;05 0.5
M T Ty o 20 U505 00 05
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» Gaussian theory unc. give same result for both profiling and marginalization

» However: Choice of Gaussian or uniform still has an effect

17



PART Il

Published Likelithoods



Published Likelihoods
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Observation of the tgamma production TOPQ Accepted by PRL 2023-02-02 13 140 b1 Inspire | HepData

Search for gluinos in multi-b final states SUSY = ot 2022-11-15 13 139 fb-1 Inspire | HepData
.................. (2023) 561
............................... ]
Documents | 2209.08990
Measurement of the s-channel single top cross-section at 13 TeV TOPQ  JHEP 06 (2023) 191 2022-09-19 13 139fb1  Inspire | HepData
L
Search for favor-chaning meutral-current counfinas between fhe toncuark and fhe ohof e Lot B B4 Documents | 2205,02537
earch 1or flavor-changing neutral-current couplings between tne lop-quark and tne pnoton Tele YS: Lel. b Od< 2022-05-05 13 139 fb-1 Inspire | HepData
at 13 Tev ................... (2023) 137379 .............................................
........................................... Inéeenal
Documents | 2204.13072
_ | | Eur. Phys.J.C83 e e | SN S
Search for SUSY in events with 2 leptons, jets and MET SUSY 2093V 516 2022-04-27 13 139 fb1 Inspire | HepData
(2023) 515 ctornal
Documents | 2112.11876
Phys. Rev- D 106 ............. . .......................................................
Search BSM H—hh—bb gamma gamma and hh—bb gamma gamma HDBS oot 2021-12-22 13 139 b1 Inspire | HepData
................... (2022) 052001
........................................... internal
Documents | 2108.07586
- . . . Phys. Rev- D 104 ............. - ........................................................
Search for charginos and neutralinos in all-hadronic final states SUSY (2021)112010 """"" 2021-08-17 13 139 fb1 Inspire | HepData
Documents | 2106.11683
4-top xsec measurement TOPQ  JHEP 11(2021) 118 2021-06-22 13 139fb1  Inspire | HepData
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Published Likelihoods

000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

Observation of the tgamma production TOPQ Accepted by PRL 2023-02-02 13 140 b1 Inspire | HepData

Search for gluinos in multi-b final states SUSY = ot 2022-11-15 13 139 fb-1 Inspire | HepData
.................. (2023) 561
............................... ]
Documents | 2209.08990
Measurement of the s-channel single top cross-section at 13 TeV TOPQ  JHEP 06 (2023) 191 2022-09-19 13 139fb1  Inspire | HepData
Lol
S h for fl hangi tral t i between the t k and the phot Phys. Lett. B 842 2B ) IR
earch for flavor-chanaing neutral-current counlinas between the top-quark and the photon . NG e | SEEDR O,
v ging neu u upling P-qu P TOPQ YS: LOU. D O4< 2022-05-05 13 139 fb-1 Inspire | HepData
at 13 Tev ................... (2023) 137379 .............................................
........................................... ]
Documents | 2204.13072
| | | Eur. Phys.J.C83 e e | SN S
Search for SUSY in events with 2 leptons, jets and MET SUSY 2093V 516 2022-04-27 13 139 fb1 Inspire | HepData
(2023) 515 ctornal
Documents | 2112.11876
Phys. Rev. D 106 ............. . .......................................................
Search BSM H—hh—bb gamma gamma and hh—bb gamma gamma HDBS oot 2021-12-22 13 139 b1 Inspire | HepData
................... (2022) 052001
........................................... internal
Documents | 2108.07586
- . . . Phys. Rev- D 104 ............. - ........................................................
Search for charginos and neutralinos in all-hadronic final states SUSY (2021)112010 """"" 2021-08-17 13 139 fb1 Inspire | HepData
Documents | 2106.11683
4-top xsec measurement TOPQ  JHEP 11(2021) 118 2021-06-22 13 139fb1  Inspire | HepData

20


https://twiki.cern.ch/twiki/bin/view/AtlasPublic

Likelihoods published by ATLAS
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» Full likelihoods publicly available on HEPData

21


https://arxiv.org/abs/2006.13076
https://arxiv.org/abs/2103.12603

Published Likelihoods
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Quick overview

» Likelihoods published in the HistFactory format

L(nev, ax|n, x) = H H Pois(nep|Ven(1, X)) H Cy (ax|x)

cE€channels bEbins XEX

» Full statistical model with NPs X and parameters of interest 7]
» Allows analysis of individual NPs of the likelihood

» Analysis using dedicated python libraries such as pyhf and cabinetry

yi-f

» Question: How to make use of in SFitter analyses? p
differentiable

Yikelihoods

22
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Published Likelihoods
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Uncertainties

» Previously: Uncertainties taken as Uncertainty Reproduced 4742 [%] Paper 57 (%]

. . ttZ parton shower 3.1 3.1

given in the paper tW Z modeling 2.9 2.9

b-tagging 2.9 2.9

» Now: Uncertainties extracted from WZ/ZZ + jets modeling 2.7 2.8

. . tZq modeling 2.6 2.6

profiling fit via pyhf Lepton 2.3 2.3

Luminosity 2.2 2.2

. . . Jets + Ermss 2.1 2.1

» Implemented into SFitter using the Fake leptons - -

o ttZ ISR 1.7 1.6

constraints terms C(H’M 0-’&) ttZur and u, scales 0.9 0.9

Other backgrounds 0.8 0.7

» Problem: Difficult to automate due Pile-up 0.7 0.7

. . ‘ . ttZ PDF 0.2 0.2

to Inconsistent naming conventions Stat 5.2 5.2

23



Published Likelihoods
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L T (Gaussian approximation

parameter scan

parameter scan

10  —05 00
PDF_1 WjetsNorm_1b

» NPs are all very Gaussian, only small number of exceptions

» Modeling systematics as Gaussian is a reasonable assumption

24



Published Likelihoods
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Implementation

> Low dimensional fit to only Ci¢ and
total cross section measurements

» Neglect theory uncertainties

» Excellent agreement between both
methods of implementation

»Cscaled
Q
Ot
-

0.00

p—— Likelihood
| T Original

25



Published Likelihoods
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Concerning Correlations

1.00
ttbar_Reweighting JEHYY -0.37 -0.16 -0.18 -0.25 0.03 . 0.21 0.01 -0.04 0.01
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» Currently: No correlations between uncertainties in SFitter

26



Published Likelihoods
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Concerning Correlations

1.00 1.00
ttbar Reweighting -0.37 -0.16 -0.18 -0.25 0.03 . 0.21 0.01 -0.04 0.01
Luminosity -0.01 -0.01 -0.02
STop_DR_DS_Model {-0.07 -0.01 -0.05 -0.08 -0.13 0.01 -0.13 -0.04 0.05 0.75 0.75
MultijetNorm_SR2_ejets 1-0.37 -0.01 -0.07 -0.05 -0.01 -0.25 0.02 -0.01 -0.02 -0.23
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» Currently: No correlations between uncertainties in SFitter

» Correlations of systematics included in SFitter are negligibly small
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Published Likelihoods
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Constraints
LOU Only old
> Visible shift from new measurements —— iy
: . . 0.75- With new
> .Constr.amts shift slightly after . Ry o
including both new measurements 2050
0.
» Measurements of total cross sections
barely aftfect constraints .25
0.00 ——
—0.50 —0.25 0.00 0.25

CtG / A\? [TGV_Z]
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Concluding
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» Summary: SFitter constraints using either profiling or marginalization methods
> Large effect of theory uncertainties in the top sector
» Published likelihoods provide an alternative way to use experimental data

» Validates assumptions made in previous analyses

» However: Current published likelihoods not particularly SMEFT sensitive

» Publication for more differential measurements would be beneficial

» Check effect of SMEFT in profiling fit of published likelihoods
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Thank you for your attention.

- Nikita Schmal



