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Whatis SModelS?

“  Public tool for the fast reinterpretation of LHC
searches on the basis of simplified-model results.

*  Working principle: decompose the signatures of

full BSM scenarios into simplified model

components, which are then confronted against

the experimental constraints from a large
database of results.

R/
%*

and cross sections.

“  Mostly results from SUSY searches, but works for

any BSM model with a Z,-like symmetry!

S. Kraml: Feedback from SModelS

Input: SLHA files with mass spectrum, decay tables
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S. Kraml: Feedback from SModelS

Whatis SModelS ? -cont-

Public tool for the fast reinterpretation of LHC
searches on the basis of simplified-model results.

Advantages are simplicity and speed!
— very fast b/c no MC simulation needed
— well suited for large scans and model surveys

Large database of experimental results

ATLAS and CMS, Run 1 and Run 2, prompt and
long-lived results all treated simultaneously

Easy classification of unconstrained cross
section, missing topologies

Limitation: kind and variety of avilable
simplified-model results.

pyhf Users and Developers workshop, 4-8 Dec 2023
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Whatis SModelS ? -cont-
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Experimental results in SModelS
upper limit (UL) maps and Axe ‘efficiency’ maps (EM)
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Experimental results in SModelS

Maps of Ae for the signal regions of an Axe ‘efficiency’ maps (EM)
analysis allow us

> to sum different contributions to the "~ ATLAS Smulafion
- {s=13TeV, 139 1b”
same signal region

Acceptance %
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> given expected and observed numbers
of events, compute a likelihood for
the hypothesised signal *)

|
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200%— 40

= 30

L(p,0|D) = P(D|us + b+ 0)p(6) 100 20

oF- 10

> do sophisticated statistical evaluations 200 400 600 800 1000 7200 °

(likelihood ratio tests, confidence levels, m,./ m,. [GeV

p—ValueS, etc.) *) if information on correlations is available, SRs can be combined
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Interface to pyhf

Computer Physics Commuy

Volu

Nication
Me 264, July 2021 107509 S

. : ° A SModelS intar _
Interface to pyhf established in 2020. s Interface for Pyhf likelihoods
* Whenever a statistical model is available, 6021 Alquerg

=i, Sabin
€ Kraml * 5, Wolfgang wql

tenb hc
————==lIDErg -
er 0 =

we use it. A real boon for us! Shovw more. +

* SModelS needs to be fast — we typically
USE s 1mpl 1 fy ,ed JSONS ) Abstract

https:/github.com/eschanet/simplify SModelS is an automagize

results from

» Usage of full Ilhds can be enforced through o e O YISO T . REH00cs s e
database add-on ~ " Bhysics scenarios

path = latest+full llhds

— replaces simplify’ed HistFactory models by full ones;

available from SModelS v2.3 (June 2023) onwards | o
*) subject to validation

S. Kraml: Feedback from SModelS pyhf Users and Developers workshop, 4-8 Dec 2023
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The Database v2.3

“ In total exp. results from 111 ATLAS
and CMS publications

# Run 1: 15 ATLAS + 18 CMS analyses

* Run 2: 38 ATLAS + 40 CMS analyses
(17 ATLAS+13 CMS for full luminosity)

# 10 LLP searches: HSCP, disappearing
tracks, displaced vertices

# 7 ATLAS analyses with pyhft l1hds

— bkg-only.json

S. Kraml: Feedback from SModelS

ATLAS Run 2 analyses in SModelS v2.3 database

ID Short Description | £ [fb~'] | UL, | UL, | EM | comb.
ATLAS-SUSY-2015-01 | 2 b-jets 3.2 v

ATLAS-SUSY-2015-02 | 1€ stop 3.2 v N
ATLAS-SUSY-2015-06 | Of + 2-6 jets 3.2 v
ATLAS-SUSY-2015-09 | jets + 2 SS or = 3¢ 3.2 v

ATLAS-SUSY-2016-06 | disappearing tracks 36.1 Vv
ATLAS-SUSY-2016-07 | Of + jets 36.1 v v
ATLAS-SUSY-2016-08 | displaced vertices 32.8 v

ATLAS-SUSY-2016-14 | 2 SSor 3 {’s + jets 36.1 Vv

ATLAS-SUSY-2016-15 | Of stop 36.1 v

ATLAS-SUSY-2016-16 | 1€ stop 36.1 v v
ATLAS-SUSY-2016-17 | 20S ¢ 36.1 v

ATLAS-SUSY-2016-19 | 2 bjets + T’s 36.1 v

ATLAS-SUSY-2016-24 | 2-3 £’s, EWK 36.1 v v
ATLAS-SUSY-2016-26 | = 2c¢-jets 36.1 v

ATLAS-SUSY-2016-27 | jets + ¥ 36.1 v N
ATLAS-SUSY-2016-28 | 2 b-jets 36.1 v

ATLAS-SUSY-2016-32 | HSCP 31.6 v v v
ATLAS-SUSY-2016-33 | 2 SFOS £’s 36.1 v

ATLAS-SUSY-2017-01 | Wh(bb), EWK 36.1 v

ATLAS-SUSY-2017-02 | Of + jets 36.1 v v
ATLAS-SUSY-2017-03 | multi-f EWK 36.1 Vv v
ATLAS-SUSY-2018-04 | 2 hadronic taus 139.0 v | PYHEF
ATLAS-SUSY-2018-05 | 2¢ + jets, EWK 139.0 v v PyHE
ATLAS-SUSY-2018-05 | 2f + jets, strong 139.0 N
ATLAS-SUSY-2018-06 | 3¢, EWK 139.0 Vv v v
ATLAS-SUSY-2018-08 | 20S ¢ 139.0 v N
ATLAS-SUSY-2018-10 | 1€ + jets 139.0 v v
ATLAS-SUSY-2018-12 | Of + jets 139.0 v v v
ATLAS-SUSY-2018-14 | displaced vertices 139.0 v | PYHEF
ATLAS-SUSY-2018-22 | multi-jets 139.0 v v
ATLAS-SUSY-2018-23 | Wh(yy), EWK 139.0 v v
ATLAS-SUSY-2018-31 | 2b + 2h(bb) 139.0 v v PYHE
ATLAS-SUSY-2018-32 | 20S £ 139.0 v v PYHE
ATLAS-SUSY-2018-40 | 2b + 2h(7T) 139.0 v v v
ATLAS-SUSY-2018-41 | hadr. EWK search 139.0 Vv v v | SLvl
ATLAS-SUSY-2018-42 | charged LLPs, dE/dx 139.0 Vv v N4
ATLAS-SUSY-2019-02 | 2 soft £'s, EWK 139.0 v v SLvl
ATLAS-SUSY-2019-08 | 1€ + h(bb), EWK 139.0 v v PYHF
ATLAS-SUSY-2019-09 | 3¢, EWK 139.0 Vv v v PYHF

pyhf Users and Developers workshop, 4-8 Dec 2023




Best-SR vs. full vs. simplify’ed likelihoods

(database validation)



Best-SR vs. full vs. simplify’ed likelihoods

plots: Sahana Narasimha
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ATLAS-SUSY-2018-04: Searches for new phenomena in events with two leptons, jets, and missing transverse momentum
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-05/

Best-SR vs. full vs. simplify’ed likelihoods

plots: Sahana Narasimha
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ATLAS-SUSY-2018-32: Charginos and sleptons decaying into final states with two leptons and missing transverse momentum

need to include CRs in fit

S. Kraml: Feedback from SModelS pyhf Users and Developers workshop, 4-8 Dec 2023 1
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Best-SR vs. full vs. simplify’ed likelihoods

plots: Sahana Narasimha
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ATLAS-SUSY-2019-08: Electroweakinos in final states with one lepton, missing transverse momentum and a Higgs boson

full JSON file — good obs. limit; but why is exp. off?
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-08/

l& H i StFa CtOl'y Wanted mock-up covariance matrix, assuming SF and DF SRs are independent

otherwise no sensitivity at all
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—— SModelS: comb. 24 SIs (SLv1) -
60 — — 60 — — ——
expected exclusion obhserved exclusion =
R
- s er -4 8
T z

_ “an = _
— 40 g
F. -
— = J0— ] —
]
99
—_ 20 — — 7,
-
=
= 10 — O

. I B B L . sy by
100 110 120 130 110 150 160 170 180 100 110 120 130 110 150 160 170 130
Mg+ |GeV] Mg+ [GeV]

ATLAS-SUSY-2019-02: sleptons and charginos decaying to two leptons and neutralinos
with mass splittings near the W-boson mass
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2019-02/

Efficiency maps from patchsets

for pure simplified models

pyhf signal patchsetslshipped with the background-only JSON files
allow us to extract efficiency maps for all SRs (and the CRs)

provided we have also the exact cross sections as used in the analysis



ATLAS-SUSY-2018-41

Search for charginos and neutralinos in final states with two boosted hadronically decaying bosons and missing transverse momentum

* Analysis has 7 “exclusive”
(WW, WZ, ZZ, Wh, Zh) and
3 “inclusive” (VV, VZ, Vh)

signal regions

wrt gauge bosons in the decays

* Originally published EMs
only for 4Q-VV, 2B20Q-VZ,

and 2B2Q-Vh SRs;

supposedly independent

S. Kraml: Feedback from SModelS

Region CROL4Q  CROL-2B2Q | SR4Q-WW  SR-4Q-WZ SR4QZZ ' SRA4QVV
Observed 129 83 2 3 1 . 3 :
Post-fit 129+ 11 83+ 9 1.9+0.4 3.4+0.7 1.9+05 ' 39x08
W+iets 242422 16.6 + 2.0 037+0.08  060+0.13  026+007  0.69+0.15
Z+jets T8 + 7 44 + 35 1.0+0.21 1.8 +0.4 1.26 + 0.32 2.1+04

VvV 21.5+1.9 7.1+ 0.9 035+0.11 0732024  026+0.09  0.79+0.25
VvV 0.9+ 0.4 0.10+0.05 | 0.17+0.09  0.19+0.10  0.11+0.07  0.23+0.12

i 1.38 +0.12 7.8+0.9 | 0.039+0.009 0.060+0.018 0.025+0.010 0.063 + 0.018
(+X 1.32+0.12 287034 | 0.015+£0.006 0.039+0.016 0.012+0.005 0.039+0.016
t+X 1.3+£0.9 3.7£2.6 - - - -

Other < 0.1 0.95 +0.11 < 0.001 < 0.001 < 0.001 < 0.001
Region  SR-2B2Q-WZ SR-2B2Q-Wh SR-2B2Q-ZZ  SR-2B2Q-Zh | SR-2B2Q-VZ  SR-2B2Q-Vh |
Observed 2 0 2 | : 2 1 :
Post-fit 1.6+0.4 1.9+0.7 1.7 +0.5 1.6+0.5 : 22+0.6 2.5+0.8 :
W+iets 0.11+£0.06  024+0.09  023+£0.08 026010 026009  0.26 +0.09
Z+ets 0.84 + (.27 1.3+ 0.3 0.78+0.23  0.66+0.24  1.15+0.33 1.4+ 0.5

4% 033+0.11  0.09+0.03  032+0.10 0.085+0.032 0.37+0.11  0.085 = 0.030
VvV 0.047 + 0.027 < 0.01 0.051+0.032 0.011+0.007 0.06+0.04  0.011 =+ 0.007

(f 0.016 +0.006  0.13+0.04 0.064+0.019 040+0.16 0.072+0.021  0.46 + 0.18
+X 0.11 +0.05 0.07 + 0.04 0.11+0.05 0.041 + 0.022 0.11 +0.05 0.10 + 0.05
ti+X 0.10 + 0.08 0.07'3 05 0.14+0.12  0.08'5-0 0.18 +0.14 0.10" 1
Other < 0.01 0.03 + 0.01 < 0.01 0.024 + 0.008 < 0.01 0.037 + 0.011

pyhf Users and Developers workshop, 4-8 Dec 2023
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ATLAS-SUSY-2018-41

Search for charginos and neutralinos in final states with two boosted hadronically decaying bosons and missing transverse momentum

* Analysis has 7 “exclusive”
(WW, WZ, Z7Z, Wh, Zh) and Examples:

(8 l . 2 h)
3 INCIUSIVEC (VV, VZ; \Y ATLAS-SUSY-2018-41 OV — 22+ Er ATLAS-SUSY-2016-41 RS W24 By
l I I T I N T ¢0OD ] I I T T r T I
< < . — ATLAS official w— ATLAS official
Slgnal l‘eglOnS i I — —— SMadelS: best SR i | ——- SModelS: best SR
—— SMoade'S: comb. 2 SRs (SLv1) 200 = —— SModel3: camb. 2 SRs (SLvl)
wrt gauge bosons in the decays 100 |- - ahserved exclusion
observed exclusion 400 b— |
3 =z
bt b ° ~= 300 f— S i
* Originally published EMs S S oo
?.; i;
only for 4Q-VV, 2B2Q-VZ, = 20| 4 Sl _
and 2B2Q'Vh SRS; 100 = — 100 f— —
dlv ind d I /A B N N B | |
SuppOse y ln epen ent (‘}UU 300 ;(,X; 500 600 700 xR0 Q‘UU 10CO 1100 [‘.)Z:)() 300 400 500 600 TC0 300 90C 1000 1100
myy [GeV] mex [GeV

 Some validations worked

well. others didn’t — ?? with 4Q-VV, 2B2Q-VZ and 2B2Q-Vh EMs
%
b o o
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ATLAS-SUSY-2018-41

Search for charginos and neutralinos in final states with two boosted hadronically decaying bosons and missing transverse momentum

* New HEPData record now contains 3

— fu” BG'Only JSON ﬁle (ﬂOt Only HistFactory File

HistFactory likelihoods JSON files

signal-specific llhds)

Download

- signal patchsets for “pure”
simplified models

Version 3 modifications: Added CRs to likelihoods 2023-11-13
* We can extract EMs for excl. SRs BGOnlyFit fullLH.json
from these patchset SM CICl WW.json

patchset_SM_ClNZ_Wh.json

tchset SM CIN2 WZ.
- would be good to have also patchsets patchset SM _CINZ Wz.json

for pure ZZ, Zh and hh decay modes
% patchset_hinoRxino brNzHU.json — 27 many thanks to Shion Chen (et al.) !

patchset hinoAxino brNZ2H100.json - hh
patchset hinoAxino brN2H50.json - Zh,ZZ,hh 7?7

S. Kraml: Feedback from SModelS pyhf Users and Developers workshop, 4-8 Dec 2023
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-41/

implementation and validation by Timothée Pascal

ATLAS'SUSY‘2018'41 & EMs from patchsets

Search for charginos and neutralinos in final states with two boosted hadronically decaying bosons and missing transverse momentum

— o A ~ht >+ 50 S0 0 . a i
200 PP XT X1 = Wwwyzix? ATLAS-SUSY-2018-41 500 PP 2 X #9 - WHZS ATLAS-SUSY-2018-41 g00 PP Xi X2 2 WZRiXy . ~ ATLAS-5U5Y-2018-41
I I I I | | | | I I I I . .
— official ATLAS exclusion — pfficial ATLAS exclusion — official ATLAS C.XUUS'.UH
175+ Observed 77 - SModelS: inclusive SR | | e sModelS: inclusive SR~ Sr-1odeI$: be§t inclusive S'R |
—  SModelS: exclusive SR — SModelS: exclusive SR J— 500F SModelS: naive comb. of 2 SRs -
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ATLAS'SUSY‘2018'41 & EMs from patchsets

Search for charginos and neutralinos in final states with two boosted hadronically decaying bosons and missing transverse momentum
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Search for charginos and neutralinos in final states with two boosted hadronically decaying bosons and missing transverse momentum
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Conclusions

M Full statistical models are extremely useful
M In SModelS, we are mostly using simp1ify'ed ones for speed reasons
[J Some differences wrt official ATLAS limits (exp vs obs limit) — ?

[J Tools for different simplification schemes would be welcome,
(e.g., simplified likelihood with linearised systematics, SLLS, by Nicolas Berger)

but please always provide the full BG-only model

M Patchsets for pure simplified models allow us to extract efficiency maps
for the SModelS database (NB not possible for patchsets with mixed production/decay modes)

differentiable
Yikelihoods

- thanks for p_;«'iu
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Openissues

 SUSY-2018-06 tull Ilhd doesn’t work
properly

I | | |

—— ATLAS official

— == SModelS: best SR

— = SModeclS: comb. 2 SRs (pyhf, simp. HF)
—— SModelS: comb. 2 SHs (pyhf, full HI")

observed exclusion

* SUSY-2018-16 provides full llhd, but so
far we could not validate the EMs from

this analysis in SModelS \

» SUSY-2018-41 ... questions, see above

» Backend dependence: PyTorch gives
reliable results, but issues with numpy

S. Kraml: Feedback from SModelS pyhf Users and Developers workshop, 4-8 Dec 2023

pyhf combining 50 SRs: CR_ewk_*, CR_ewk_*, ... 180/ 2&2 points with no results
ATLAS-SUSY—ZO18-16_TChiWZoff_[[x, X -yl, [x, x-vyll]
70 I
60 - IEEEY ¥ T K X I I K R R i S S S S
0 - c "aeeacseesaee ++ — official exclusion
; ® allowed
] ® excluded
>4U ‘o000 000ieooee o allowed (butclose)
-0 - excluded (but clcse)
N , * o result
- + 78 SModelS db grid points
E K 2 ERANC R B R R BRI
10 -
X AN AN XN N 20000
0 ..............................

350 400 150 500

24



