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New developmentsin = S

for the SModelS collaboration: M. Altakach, SK, A. Lessa, S. Narasimha, T. Pascal, H. Reyes Gonzalez, W. Waltenberger

essentially SModelS v2.3, presented in arXiv:2306.17676

(Re)interpretation of the LHC results for new physics g’Durh,am

Aug 29 - Sep 1, 2023 University


https://arxiv.org/abs/2306.17676

Reinter pr etati()n: methOdS and tOOlS Revieisincction Il of 200207568

Reproduce Reuse
experimental analysis simplified model results
in 2 Monte Carlo simulation (095, signal Axe)
‘recasting” Assumes that Axe doesn’t change

too much w.r.t. original model

Test of
BSM hypothesis

‘“BLS

S Iso talk by T. P 1 thi '
(+ATLAS SimpleAnalysis) ee also talk by ascal this morning
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https://arxiv.org/abs/2003.07868

SMOdQlS W()I'king prinCiple hittpses/ cnodel s . githel. 1o

* Decompose the signatures of full BSM ®<L‘
scenarios into simplified model NI AL
components, which are then confronted aatmput § ®<4— ________ >
against the experimental constraints from N\ .. '

a large database of results.

e

* Input: SLHA files with mass spectrum,

decay tables and cross sections; @i_
alternative: parton-level events (LHE).
» Options set in parameters.ini file; or %

can use SModelS as python library
Compare

with Experimental Limits

* Any BSM model with a Z,-like symmetry! Decompose

full Model

Match

with Experimental Results
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https://smodels.github.io

Pros and cons

e Assumes that signal acceptances are to good approx- simplified model approach (SModelS)

imation the same as in original experimental result.
Create SLHA file

Valid for simple rescaling of production and decay rates (oxBR); :
2 o , L with mass spectrum and decay tables

other cases need to be verified, e.g. spin or production mode

dependence. ¥
| add production cross sections
* Applicable also for ML-based analyses (SModelS xseccomputer or micrOMEGAS)
(difficult to impossible to recast) oy
* Advantages are simplicity and speed! Computeal|s|gnalwe|ghts -: -------------------
— very fast b/c no MC simulation needed i oxBRxBR...
— well suited for large scans and model surveys 2
e Large database of experimental results sum matchiEg elements
e ATLAS and CMS, Run1 and Run2, prompt and long- find and apply Axe (or ggs) values
lived results all treated simultaneously e e)zfe{‘i T ental rz5sults
e Easy classification of unconstrained cross section,
missing topologies statistical evaluation?

e Often conservative: coverage depends on variety of __(background numbers usually from exp. pub.)

available simplified-model results
tin case exp. result is 0gs: only allowed/excluded
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SModelS v2.3 arXiv:2306.17676

* Refactored statistics modules — “SPEY ready”

> SR combination with simplified likelihood (SL) and HistFactory models (pyhf)
> added support for SLv2: Gaussian with a skew, arXiv:1809.05548

* User-defined combination of analyses
> combineAnas = [list of analyses] option in parameters.ini file

> combinations matrix: can define & track inter-analyses combinability at the level of
whole analyses as well as individual signal regions (— isCombinableWith method)

* Database extension: added 9 ATLAS + 12 CMS analyses J—

> total of 111 analyses, 17 ATLAS and 13 CMS for full Run 2 luminosity
> database “add-ons”: non-aggregated SRs, full_llhds, ...

* Physics show-case: impact for EW-ino sector of the MSSM
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https://smodels.readthedocs.io/en/latest/ConfrontPredictions.html#slv2
https://arxiv.org/abs/1809.05548
https://smodels.readthedocs.io/en/latest/RunningSModelS.html#parameterfileoptions
https://smodels.readthedocs.io/en/latest/combinationsmatrix.html
https://smodels.readthedocs.io/en/latest/experiment.html#experiment.expResultObj.ExpResult.isCombinableWith
https://smodels.readthedocs.io/en/latest/experiment.html#experiment.datasetObj.DataSet.isCombinableWith
https://smodels.readthedocs.io/en/latest/experiment.html#experiment.datasetObj.DataSet.isCombinableWith
https://smodels.readthedocs.io/en/latest/RunningSModelS.html#parameterfiledatabase
https://arxiv.org/abs/2306.17676

Experimental results used in SModelS
upper limit (UL) maps and Axe ‘efficiency’ maps (EM)

%%, > Wh¥ X, W v, h—bb

;‘ 500 :I 1 I UL I LI I L I UL I UL L I LI I LI I/ 1 l:
S 4s0r ATLAS E
= = {s=13TeV, 139 fb™, All limits at 95% CL =
Aw— - Q o o o o o T
Cl)é 400 - - - Expected Limit (+15,,) -
- o®° oS o N ot Q@‘J _
S 300" = observed Limit (+165) =
300 = 0 oF o o _ o @7 I\ P o o T
- P 7~ I p—
— ’ ! _
250 2\ i
— R g« S° RO _
22()():_ Q'0\\ .
— | .
QL i & & o ]
150 o —
— / _
- kN Q-QQM oF° o —
100 T E
= A 0% 02 0% of oPSla®eP® Q-QE?Q/\ 696‘ Q-QQC) Q-QQ% _:
50 ol o3 ok o2 o o P . \\ —_
0 | 1 @Q} \| AT AT 4@? 1 |:

200 300 400 500 600 700 800 900 1000

~+,~0

m(x./x,) [GeV]

S. Kraml: New developments in SModelS

[qd] uonoses ssoin

- | ATLAS Simulation
$ T ys=13TeV, 139 b
& L SR-LM

400 —

300(—

200(—

100 :—

200 300 400

1.6

1

700

200

100

59 3.61 40 §
’ - ) 15
v 1 JLdt=139 b ¥s =13 TeV
' i - —100
- . 0.5 = —190
1 —80
— —70
b 1 dogt 11 1 At 010 deer 10 0 .
800 90an1 / rﬁ;ﬁ%ew”oo - 160
4 150
_: 40
1830
= 20
B 10
A ol L ol L L 0
200 400 600 800 1000 1200

m_./m_, [GeV
7,

EMs can conveniently be extracted from pyhf patchsets !
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Experimental results used in SModelS
upper limit (UL) maps

C BO0 g ? * Maps of 95% CL upper limits on the signal
@ - ATLAS 35 - : : . £
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Experimental results used in SModelS

Maps of Ag as function of the simplified Axe ‘efficiency’ maps (EM)

C iently be extracted f hf patchsets !
model parameters for each SR; allow us arconyemenviy e extracicd LroEpyilispatensels

— w —25
- ATLAS Simulation

[ Vs=13TeV, 139 fb™

» to sum different contributions to the
same signal region
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> given expected and observed numbers o] |
of events, compute a likelihood for : M, 3 o0
: ; 200 300 400 500 600 700 800 QOPn " / n11 200 eV] 1100 E 50
the hypothesised signal *) 200 El
— _ 30
100 20
L(p, 0|D) = P(D|us +b+0)p(0) of E
i s : 200 400 600 800 1000 1200 °
> do sophisticated statistical evaluations m,./m_ . [GeV]

(likelihood ratio tests, confidence levels,

p-values, etc.) *) if information on correlations is available, SRs can be combined
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C()mbinati()ﬂ Of Signal I'egiOIlS combineSRs = True/False

%

» Combination of SRs uses more of the data of an analysis; more reliable constraints

« Statistical modelling: covariance matrix (CMS) or HistFactory model (ATLAS)

simplified likelihood, SL full likelihood, pyhf
SModelS v2.3 XiX-WZ +EP™ SModelS v2.3 X X9-Wh + Emiss
350 l | | | | | | 350 | | | | | | | |
— ="' SModelS: best SR — = SModelS: best SR
300 SModelS: combining 35 SRs (SLv1) _ 300" SModelS: combining 9 SRs (pyhf) i
— official CMS exclusion —— official ATLAS exclusion
250 - CMS-SUS-21-002 - 550l ATLAS-SUSY-2019-08 _
% 200~ - % 200 —
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my= [GeV] my= [GeV]
As of v2.3, SModelS also makes use of the For HistFactory models, we can now
“SLv2” (Gaussian approx. with a skew) also include control regions!
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SLVZZ Gaussian Wlth d SkeW arXiv:1809.05548

SLv1l: Gaussian uncertainties covariance matrix
#signal  #bkg  nuisances /
N ' v v 1
o Ty —17
L(p,0|D) < | | Pois (ngpslps: + b + 6;) exp —59 V1
.
SLv2: small non-Gaussianities ‘”" : ;
correlation matrix
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cf. talk by Bill Ford @ Dec 2022 workshop
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https://arxiv.org/abs/1809.05548

SLv2: Gaussian with a skew

“ Currently used for 1 analysis: CMS-5US-20-004

[2 Higgs(—bb) + MET]

CMS Pred Fit ¢ Data 137 ' (13 TeV)
= Resolved, 1.1 < ARpay <22 Resolved, ARpax < 1.1 Boosted
u N,=3 : N,=4 , N,=3 j N,=4 N, =1 N, =2
13— Pr[Gevl i1  pre[GeV] i pre[Gevl i pre [GeV] pr e [GeV] i pr [GeV]
§ ISQ 900 : : :
[ g
0=
8 E
== —
ﬂ [
qc; 10 =
| =
o S
i =m
107" - : : :
— ] ] ] | I | ] | 1 ] ] | I | | ]

| —1 - C
10751525 13714 e 16« A2 182952202 1-5:22

Bin number

e e SRR e S e ST S
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Ay?, TChiHH_750 1 750 1.slha

10

TChiHH: pp = Y343, X332 = HHY %3

— BIll, SLv1
— BIll, SLv2
—-== SModelS SLv1
—== SModelS SLv2
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combination (SLv2) of 22 signal reg, ...


http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-20-004/

The Database

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

* Run 1: 15 ATLAS + 18 CMS analyses

SModelS database v2.3.0, all EM results

* Run 2: 38 ATLAS + 40 CMS analyses = e c<ran
(17 ATLAS+13 CMS for full luminosity) L s
“ 10 LLP searches: HSCP, disappearing
tracks, displaced vertices " o0-
* New in v2.3.0: 9 ATLAS + 12 CMS5; 0
full set of available+useable EW-ino results sgnifcances

Significances with respect to the SM hypothesis, for all SRs (EM results) in the database.
A standard normal distribution is expected if no new physics is in the data. New physics
would manifest itself as an overabundance of large significances.
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The Database

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

+ Run 1: 15 ATLAS + 18 CMS analyses
SModelS database v2.3.0, TChi*, all analyses
8 TeV [-0.14]

BN 13 TeV, £ < 100/fb [.30]
13 TeV, £ > 100/fb [.14]

- averages of p-values, p

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

* 10 LLP searches: HSCP, disappearing

tracks, displaced vertices

* New 1n v2.3.0: 9 ATLAS + 12 CMS; "

full set of available+useable EW-ino results
Significances with respect to the SM hypothesis, for all SRs (EM results) in the database.

A standard normal distribution is expected if no new physics is in the data. New physics
would manifest itself as an overabundance of large significances.

# SRs

this plot contains 354 SRs from 19 analyses

2 2

RiF @ Durham, Aug 29 - Sep 1, 2023
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Run 2 analyses in the v2.3.0 database

ID Short Description | £ [fb™'] | ULy | ULey, | EM | comb.
ATLAS-SUSY-2015-01 | 2 b-jets 3.2 v
ATLAS-SUSY-2015-02 | 1/ stop 3.2 v v
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 v
ATLAS-SUSY-2016-07 | 0f + jets 36.1 v v
ATLAS-SUSY-2016-08 | displaced vertices 32.8 v
ATLAS-SUSY-2016-14 | 2 SS or 3 {’s + jets 36.1 v
ATLAS-SUSY-2016-15 | 0f stop 36.1 v
ATLAS-SUSY-2016-16 | 1{ stop 36.1 v v
ATLAS-SUSY-2016-17 | 2 0S¢ 36.1 v
ATLAS-SUSY-2016-19 | 2 b-jets + 1’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 + v 36.1 v v
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-£ EWK 36.1 v v

| ATLAS-SUSY-2018-04 | 2 hadronic taus | 139.0 | « | | ¥ | PYHF
ATLAS-SUSY-2018-05 | 2/ + jets, EWK 139.0 Vv Vv PYHF
ATLAS-SUSY-2018-05 | 2¢ + jets, strong 139.0 v
ATLAS-SUSY-2018-06 | 3¢, EWK 139.0 v v v
ATLAS-SUSY-2018-08 | 20S ¢ 139.0 v v
ATLAS-SUSY-2018-10 | 14 + jets 139.0 v v
ATLAS-SUSY-2018-12 | 0f + jets 139.0 v v v
ATLAS-SUSY-2018-14 | displaced vertices 139.0 v | PYHF
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 | PYHF
ATLAS-SUSY-2018-32 | 20S /¢ 139.0 v v | PYHF
ATLAS-SUSY-2018-40 | 2b + 2h(77) 139.0 v v v
ATLAS-SUSY-2018-41 | hadr. EWK search 139.0 v v v’ | SLvl
ATLAS-SUSY-2018-42 | charged LLPs, dE/dx | 139.0 v v v
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 | Pyur
ATLAS-SUSY-2019-09 | 3/, EWK 139.0 v v v | PYHF
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(ID in bold: new in v2.3.0)

ID Short Description | £ [fb™'] | ULy | ULey, | EM | comb.
CMS-PAS-EXO-16-036 | HSCP 12.9 v

CMS-PAS-SUS-16-052 | ISR jet + soft £ 35.9 v v SLv1l
CMS-SUS-16-009 0f + jets, top tag 2.3 v v
CMS-SUS-16-032 2 b- or 2 c-jets 35.9 v

CMS-SUS-16-033 0l + jets 35.9 v v v
CMS-SUS-16-034 2 SFOS { 35.9 v

CMS-SUS-16-035 2SS/ 35.9 v

CMS-SUS-16-036 0l + jets 35.9 v v
CMS-SUS-16-037 1¢ + jets with MJ 35.9 v

CMS-SUS-16-039 multi-¢, EWK 35.9 v v | SLvl
CMS-SUS-16-041 multi-¢ + jets 35.9 v

CMS-SUS-16-042 1¢ + jets 35.9 v

CMS-SUS-16-043 Wh(bb), EWK 35.9 v

CMS-SUS-16-045 2 b + 2 h(yy) 35.9 v

CMS-SUS-16-046 high-pr v 35.9 v

CMS-SUS-16-047 y + jets, high Hy 35.9 v

CMS-SUS-16-048 2 OS £, soft 35.9 v | SLvl
CMS-SUS-16-050 0f + top tag 35.9 v v v | SLvl
CMS-SUS-16-051 1£ stop 35.9 v v
CMS-SUS-17-003 2 taus 35.9 v

CMS-SUS-17-004 EWK combination 35.9 v

CMS-SUS-17-005 1¢ + jets, top tag 35.9 v v
CMS-SUS-17-006 jets + boosted h(bb) 35.9 v v
CMS-SUS-17-009 SFOS ¢ 35.9 v v
CMS-SUS-17-010 2/ stop 35.9 v v
LMSSUS-18:002 |y F bljets optag. L o2 Ll LY daabaaa
CMS-SUS-18-004 2-3 soft {’s 137.0 v v
CMS-SUS-18-007 2h(yy), EWK 77.5 v v
CMS-EX0-19-001 non-prompt jets 137.0 v
CMS-EX0-19-010 disappearing tracks 101.0 v
CMS-SUS-19-006 0¢ + jets, MHT 137.0 v v v SLvl
CMS-SUS-19-008 2-3¢ + jets 137.0 v v
CMS-SUS-19-009 1¢ + jets, MHT 137.0 v v
CMS-SUS-19-010 jets + top and W-tag 137.0 v v
CMS-SUS-19-011 2( stop 137.0 v v
CMS-SUS-19-013 jets + boosted Z’s 137.0 v v
CMS-SUS-20-001 SFOS ¢ 137.0 v v
CMS-SUS-20-002 stop combination 137.0 v v
CMS-SUS-20-004 2 h(bb), EWK 137.0 v v v SLv2
CMS-SUS-21-002 hadr. EWK search 137.0 v v v | SLvl
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full Run-2
luminosity:
AR S,
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Run 2 analyses in the v2.3.0 database

ID Short Description | £ [fb™'] | ULy | ULe, | EM | comb.
ATLAS-SUSY-2015-01 | 2 b-jets 3.2 v
ATLAS-SUSY-2015-02 | 14 stop 3.2 v v
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 v
ATLAS-SUSY-2016-07 | 0f + jets 36.1 v v
ATLAS-SUSY-2016-08 | displaced vertices 32.8 v
ATLAS-SUSY-2016-14 | 2 SS or 3 {’s + jets 36.1 v
ATLAS-SUSY-2016-15 | 0f stop 36.1 v
ATLAS-SUSY-2016-16 | 1{ stop 36.1 v v
ATLAS-SUSY-2016-17 | 2 0S¢ 36.1 Vv
ATLAS-SUSY-2016-19 | 2 b-jets + 7’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 + v 36.1 v v
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-£ EWK 36.1 v v

| ATLAS-SUSY-2018-04 | 2 hadronic taus | 139.0 | « | | v | PYHF |
ATLAS-SUSY-2018-05 | 2¢ + jets, EWK 139.0 v Vv PYHF
ATLAS-SUSY-2018-05 | 2¢ + jets, strong 139.0 v
ATLAS-SUSY-2018-06 | 3¢, EWK 139.0 v v v
ATLAS-SUSY-2018-08 | 20S ¢ 139.0 v v
ATLAS-SUSY-2018-10 | 14 + jets 139.0 v v
ATLAS-SUSY-2018-12 | 0f + jets 139.0 v v v
ATLAS-SUSY-2018-14 | displaced vertices 139.0 v | PYHF
ATLAS-SUSY-2018-22 | multi-jets 139.0 v v
ATLAS-SUSY-2018-23 | Wh(yy), EWK 139.0 7 7
ATLAS-SUSY-2018-31 | 2b + 2h(bb) 139.0 v v' | PYHF
ATLAS-SUSY-2018-32 | 2 0S ¢ 139.0 v v PYHF
ATLAS-SUSY-2018-40 | 2b + 2h(77T) 139.0 v v v
ATLAS-SUSY-2018-41 | hadr. EWK search 139.0 v v v SLvl
ATLAS-SUSY-2018-42 | charged LLPs, dE/dx 139.0 v v v
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 v v v PYHF
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(ID in bold: new in v2.3.0)

ID Short Description | £ [fb™'] | ULy | ULey, | EM | comb.
CMS-PAS-EXO-16-036 | HSCP 12.9 v

CMS-PAS-SUS-16-052 | ISR jet + soft £ 35.9 v v SLv1l
CMS-SUS-16-009 0f + jets, top tag 2.3 v v
CMS-SUS-16-032 2 b- or 2 c-jets 35.9 v

CMS-SUS-16-033 0f + jets 35.9 v v v
CMS-SUS-16-034 2 SFOS { 35.9 v

CMS-SUS-16-035 2SS/ 35.9 v

CMS-SUS-16-036 0l + jets 35.9 v v
CMS-SUS-16-037 1¢ + jets with MJ 35.9 v

CMS-SUS-16-039 multi-{, EWK 35.9 v v SLv1l
CMS-SUS-16-041 multi-£ + jets 35.9 v

CMS-SUS-16-042 1{ + jets 35.9 v

CMS-SUS-16-043 Wh(bb), EWK 35.9 v

CMS-SUS-16-045 2 b+ 2h(yy) 35.9 v

CMS-SUS-16-046 high-pr v 35.9 v

CMS-SUS-16-047 y + jets, high Hy 35.9 v

CMS-SUS-16-048 2 OS £, soft 35.9 v’ | SLvl
CMS-SUS-16-050 0f + top tag 35.9 v v v | SLvl
CMS-SUS-16-051 1£ stop 35.9 v v
CMS-SUS-17-003 2 taus 35.9 v

CMS-SUS-17-004 EWK combination 35.9 v

CMS-SUS-17-005 1£ + jets, top tag 35.9 v v
CMS-SUS-17-006 jets + boosted h(bb) 35.9 v v
CMS-SUS-17-009 SFOS ¢ 35.9 v v
CMS-SUS-17-010 2/ stop 35.9 v v
LMSSUS-18:002 |l rF bliets optag. L o2l LY e daakaaa
CMS-SUS-18-004 2-3 soft {’s 137.0 v v
CMS-SUS-18-007 2h(yy), EWK 77.5 v v
CMS-EX0-19-001 non-prompt jets 137.0 v
CMS-EX0O-19-010 disappearing tracks 101.0 v
CMS-SUS-19-006 0¢ + jets, MHT 137.0 v v v SLv1l
CMS-SUS-19-008 2-3( + jets 137.0 v v
CMS-SUS-19-009 1¢ + jets, MHT 137.0 v v
CMS-SUS-19-010 jets + top and W-tag 137.0 v v
CMS-SUS-19-011 2( stop 137.0 v v
CMS-SUS-19-013 jets + boosted Z’s 137.0 v v
CMS-SUS-20-001 SFOS ¢ 137.0 v v
CMS-SUS-20-002 stop combination 137.0 v v
CMS-SUS-20-004 2 h(bb), EWK 137.0 v v v SLv2
CMS-SUS-21-002 hadr. EWK search 137.0 v v v SLv1
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LLP

EW-1ino

full Run-2
luminosity:
17 ATLAS,
13 CMS
(note 16/17 of ATLAS

but only 5/13 of CMS
analyses provide EMs)

14



Case study for EW-inos (MSSM) arXiv:2306.17676

* Random scan over EW-ino parameters from arXiv:2112.00769

10 GeV < My <3 TGV, 1 SModelS v23.0vs v2.1.0 obs. excl. by most contraining analysis
HiDCeV < M, =3 TeV .| T 30 et s (70T e
WiteVc 5 3TV, g I T
5< tanf < 50 ]
S 2001 -
All other soft masses set to 10 TeV. E
@
» Total ~100K points — select subset with g
mgo < 500 GeV, Mg+ < 1200 GeV,

. 200 400 600 8(I)O 1000
and only prompt decays (no wino-LSP) : my- [GeV]

18.5K points for evaluation with v2.3
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arXiv:2306.17676

C()mbinati()ﬂ Of aﬂalyseS combineAnas = [user-defined list]

» SModelS now also provides the possibility to combine likelihoods from different analyses,
under the assumption that they are approximately uncorrelated.

* Combined likelihood is computed as L¢(p) = H LAy
i=1

* Interesting for two reasons:

> The signal of a particular BSM scenario may be manifest in different final states, which
are constrained by different analyses — want to know the combined effect

> Experimental analyses are statistical in nature, so always subject to over- or under-
fluctuations (observed limits being weaker or stronger than expected ones).

— again want to know the combined effect
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options] parameters.ini

checkiEnput == Truec=rScet-Truec-to-checle the “ITnput-fFirrle for possible errorSs

doInvisible = True ;Set True 1f 1nvisible compression should be performed, False
elsewlse

deCemprcss, — Truc-—ssct Truc-1f mass-compression-sheuldbe performed:, - Falise el coyisa

EodiFEiEs it b s e s e S o et TPlle. Fes complite the biReldheoesis- FaRBoNMa E Ol ames e =
for EM-type results.

testCoverage = True ;Set True 1f topologles not covered by experiments (missing
topologiles) should be i1identified, False otherwise

comprneSRe == True gScet True:to-combine signal - regiloiis: when ecovarildrnce. makbrix or: pyhE
JSON-“lxkelihood 15 avallables Calltion, 1necrcases runtimel PFalse uuses onlky best SR
Cftaster).

combineAnas = ATLAS-SUSY-2018-41,CMS-SUS-2021-002 ; 1list of statistically independent
ahnaglyses o -comolhne, Worelks ot BN oevVpe e cu s anda o liseryii s Care -2 Adlice,: “fo . the
CIme Z0e v ng, 1Tt s cadrEsaple o lise ok it comoPnesSRs=E gl Sc)

FepoOTrLAFIE SRS = False S 5el Prier B0 rtepotl—a @b Saaliasl S r e CROrrsy, il Feae Ol Des o LTl
regron - ollsy;

=]
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Combination of analyses

NS

combinelAnas

under the assumption that they are approximately uncorrelated.

* Combined likelihood is computed as Lc(u) = H Liltis)
=

SModelS v2.3.0

ew_ymi2l51r.slha SModelS v2.3.0

ew_ymi2l51r.slha

14 | | | | | 14 | | | | |
-~
Expected , N | Los = 0.66 Observed | Hos = 0.71
1.2 | I : - 1.2 7™ i -
= | ' i S A s = 0.76
S 1.0 / \ i - S 1.0 r o\ 1 H95 T -
< J \ | = N | X |
E / : | g = T) / | :
¥ 08} : L B Hos=1.15 ¥ 08} F\ N\ -
5 / \ i - I i \ i
0 / \ : 0 / i \ :
2 0.6 / N - 0 0.6 I | v i
[E II \\ : [ II | N
I : \ I
S 04l / N\ - S 04l / : v -
= / N\ 2 / | \ |
/ \ ! / | \!
0.2 / AN - 0.2 - / — % -
/ AN S/ =008 i
> 4 I \\ 7 . 1 \T
0.0 k=== ] l | 1 e 1 0.0 — | L | 1 — .
~1.0 -0.5 0.0 0.5 1.0 1.5 2.0 ~1.0 -0.5 0.0 0.5 1.0 1.5 2.0

signhal strength u
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signal strength u

arXiv:2306.17676

[user-defined list]

* SModelS now also provides the possibility to combine likelihoods from different analyses,

- == combined
ATLAS-SUSY-2018-41
CMS-SUS-21-002

m(x)) = 256.9 GeV
m(x9) = 617.4 GeV
m(xi )= 617.6 GeV

BR(x9-x%h) =0.96
BR(¥i —»xiw) =1

lobs(comb. )= 1.41
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arXiv:2306.17676

C()mbinati()ﬂ Of analyseS combineAnas = [user-defined list]

R/

* SModelS now also provides the possibility to combine likelihoods from different analyses,
under the assumption that they are approximately uncorrelated.

* Combined likelihood is computed as Lc(p H Li(ps")

SModelS v2.3.0 ew_da_fOk5m.slha SModelS v2.3.0 ew_da_fOk5m.slha
12 | | | | | 12 | | | | |

- == combined
Expected - i Observed Mos = 0.75 —— ATLAS-SUSY-2019-08
1 —— ATLAS-SUSY-2018-05
Los = 1.08 —— ATLAS-SUSY-2018-41
Hos = 1.47 | CMS-SUS-21-002

m(x9) = 141.2 GeV
m(xi )= 554.5 GeV
m(x9) = 555.7 GeV
m(x9) = 557.2 GeV

normalised likelihood
normalised likelihood

19 =3.67|  BRO{{ -XIW) =
BR(x9-x%h) =0.75

f1=0.00

00k” | | R L T P vy 0.0 | | L RIS BR(X-x%32) =0.77
-1.0 -0.5 0.0 0.5 1.0 1.5 2.0 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
signhal strength u signal strength u
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EW-ino case study: exclusion by most constraining analysis ...

500

400

100

S. Kraml: New developments in SModelS

SModelS v2.3.0: observed exclusion by most constraining analysis

|

400

O

O

3 O

O

O

J O

O

O

N O

.‘ I Q

y | - ?, '
o 800 ] 1000 1200
My [GeY]

CMS and ATLAS hadronic

not excluded
ATLAS-SUSY-2018-41
ATLAS-SUSY-2019-08
ATLAS-SUSY-2019-09
ATLAS-SUSY-2018-05
ATLAS-SUSY-2018-32
ATLAS-SUSY-2013-12
CMS-SUS-17-004
CMS-SUS-16-039
CMS-SUS-18-004
CMS-SUS-20-001
CMS-SUS-21-002
CMS-SUS-13-006

EW-ino searches (boosted bosons)
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hadr.
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WZ
WZ
WW
Wh, WZ
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WZ
WZoff
WZ,77
hadr.
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... versus exclusion by most sensitive analysis

500

400

100
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SModelS v2.3.0: observed exclusion by most sensitive analysis

|

' | |
400 600 800

|
1000 1200
my= [GeV]

CMS and ATLAS hadronic

not excluded
ATLAS-SUSY-2018-41
ATLAS-SUSY-2019-08
ATLAS-SUSY-2019-09
ATLAS-SUSY-2018-05
ATLAS-SUSY-2018-32
ATLAS-SUSY-2013-12
CMS-SUS-17-004
CMS-SUS-16-039
CMS-SUS-18-004
CMS-SUS-20-001
CMS-SUS-21-002
CMS-SUS-13-006

EW-ino searches (boosted bosons)

RiF @ Durham, Aug 29 - Sep 1, 2023

hadr.
Wh

WZ
WZ
WW
Wh, WZ
Wh, WZ
WZ
WZoff
WZ.,77
hadr.

2t



Reason: CMS and ATLAS hadronic EW-ino searches have similar sensitivity, but while CMS has a
small excess, the ATLAS analysis observes a deficit of events and thus sets a stronger individual limit

Strong motivation for combining ....

CMS-SUS-21-002 ATLAS-SUSY-2018-41
.., CMS 187" (13TeV) 500 (W, B)-SIM (C1N2-Wh) 7, »Why %,

L + 0 —+ 0 ~ _ = —_— . UL LI I | T 11 T 11 LI I I I I I [
% pp —>Z; xg X, = W x? xge HX? = 8_ % = TL|AS ! | I ! _1| o | c)I l:_
(5 700l NLO+NLL Exclusion ) 2 . 700k Vs = 13 TeV, 139 fb", All limits at 95% CL E
= =——Observed + 1o 10 S — - u
S - — —  “theory = = Sy ~ - - -~ Expected limit (+1 o, N
2 600| ===Expected £ 16, men - O = 600F P ( o =
= - = & S - = Observed limit (+1 c5eo") .
— ] /- . e
>0 - - E 1 g 500 - Observed95%CL Z
- _ -7 . n . s - - arXiv:1909.09226 (1Lbb, 139fb ) ]
400 — - -, \\ — | (@) 400 — 5 Tt —
- N 1 10" E e -
300 - EE = 300 —
- 1 — - (D) - —
— ! i = Q. Z Z
200— ‘| — 102 g- 200 @ o =
- || i § -1 — N
t00f | 100F E
o 1 l o~ L -
F  d =100 W0 E / .
= | | | | | | | | ] ] | ] ] f 1 B Hﬂ o) coav o v vy v b b Py ey I | Lo I

200 400 600 800 1000 1200 QOO 400 500 600 700 800 900 1 OOO 1 300 1200

m(%,/%,) [GeV] m(¥./%,) [GeV]
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Combining ATLAS and CMS hadronic EW-ino searches

combineAnas
SModelS v2.3.0: comb. of ATLAS-SUSY-2018-41 & CMS-SUS-21-002
500 | | | | | 500
excluded 1
® unexcluded by combination observed excl.
400 L ® excluded by combination only - 400
Y |
O o®
> 300 ® » . > 300
Q ® ‘ Q
o, Lo o’
< 200 , y . & - £ 200
g
100 , = 100
A
o®
O QY )

O ] ] ] | ] O

200 400 600 800 1000 1200

myz= [GeV]
e : Wino-bino
Higgsino LSP Higgsino-bino  gcenarios

scenarios
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scenarios

RiF @ Durham, Aug 29 - Sep 1, 2023

[ATLAS-SUSY-2018-41,CMS-SUS-21-002]

SModelS v2.3.0: comb. of ATLAS-SUSY-2018-41 & CMS-SUS-21-002

® expected excl. by combination
expected excl. by individual analyses

expected reach

1200

See talk by Timothée Pascal for dynamic, optimised
combination of all orthogonal EW-ino results
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How To: Use a combinations matrix to keep track of combinabilities

# a combinations matrix is just a dictionary with combinable analyses as both keys and values. In [8]:
# we assume symmetricity! (if A is combinable with B, then B is combinable with A)

# Also, CMS results are automatically assumed to be combinable with ATLAS results,

# and 8 TeV with 13 TeV results.

# get the predictions
predictions = list ( theoryPredictionsFor(results, toplist, combinedResults=True ) )

combinationsmatrix = { "ATLAS-SUSY-2018-41": [ "ATLAS-SUSY-2019-08"]1} In [9]: . . o

# also define a list of analyses we are interested in # let's have a quick look at the predictions, and the (expected) r-values

analyses = [ "CMS-SUS-21-002", "ATLAS-SUSY-2018-41", "ATLAS-SUSY-2019-08", "CMS-SUS-20-004"] [ (x.dataset.globalInfo.id, "r_exp=", round(x.getRValue(expected=True),3)) for x in predictions ]
here is a visualisation of the combinations matrix for the analyses under consideration: outl91: [("ATLAS-SUSY-2018-41', 'r_exp=', 0.869),

("ATLAS-SUSY-2019-08', 'r_exp=', 0.961),

('CMS-SUS-21-002', 'r_exp=', 1.158)]
CMS-SUS-21-002

=
S
[S—

In [1 for i,prl in enumerate(predictions[:-1]):

idl = prl.dataset.globalInfo.id
for pr2 in predictions[i+1:]:
id2 = pr2.dataset.globalInfo.id
combinable = prl.dataset.isCombinableWith(pr2.dataset)
print ( f"can I combine {id1} with {id2}? {'yes' if combinable else 'no'}" )

CMS-5US-20-004

ATLAS-SUSY-2019-08

ATLAS-SUSY-2018-41

can I combine ATLAS-SUSY-2018-41 with ATLAS-SUSY-2019-087 yes
can I combine ATLAS-SUSY-2018-41 with CMS-SUS-21-0027 yes
can I combine ATLAS-SUSY-2019-08 with CMS-SUS-21-002?7 yes

combine!

o~ <
o o
o o
— o
™~ ™~
v v
- -
0 0
v )
O O

# given [10] from above, we are allowed to combine the three analyses listed below
analyses = [ "CMS-SUS-21-002", "ATLAS-SUSY-2018-41", "ATLAS-SUSY-2019-08"]
combiner = TheoryPredictionsCombiner.selectResultsFrom ( predictions, analyses )

ATLAS-SUSY-2019-08
ATLAS-SUSY-2018-41

## Load the official database: . n . o
db = Database("official™, combinationsmatrix=combinationsmatrix) B " # the combined expected r value must be above the individual expected r-values

results = db.getExpResults(analysisIDs=analyses, dataTypes = [ "efficiencyMap"l) round(combiner.getRValue(expected=True),3)
print ( f"we have selected {len(results)} analyses" )

Outl12]: 1.674
we have selected 4 analyses

https:/ /smodels.readthedocs.io/en/latest/ combinationsmatrix.html
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Conclusions

* SModelS is an easy-to-use public tool for the fast reinterpretation of LHC searches on the
basis of simplified-model results. Available from GitHub and PyPL.

* Large database covering a total of 111 ATLAS and CMS publications
> Run 2: 38 ATLAS + 40 CMS analyses (17 ATLAS+13 CMS for full luminosity).
> Coverage mostly limited by variety and kind of simplified-model EMs available

* Simultaneous treatment of prompt and long-lived signatures.

* v2.3 comes with the ability to combine likelihoods from different analyses:

> statistically more rigorous constraints,

> opens the way for DIY global LHC likelihood analyses.

v All results from arXiv:2306.17676 are available on Zenodo.
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Conclusions

* SModelS is an easy-to-use public tool for the fast reinterpretation of LHC searches on the
basis of simplified-model results. Available from GitHub and PyPL.

» Large database covering a total of 111 ATLAS and CMS publications
> Run 2: 38 ATLAS + 40 CMS analyses (17 ATLAS+13 CMS for full luminosity).
> Coverage mostly limited by variety and kind of simplified-model EMs available

» Simultaneous treatment of prompt and long-lived signatures.

» v2.3 comes with the ability to combine likelihoods from different analyses:

> statistically more rigorous constraints, Thonle o 0l AT AS and
> opens the way for DIY global LHC likelihood analyses. CMS analysis teams who

take care that their results

are reusable !!

v All results from arXiv:2306.17676 are available on Zenodo.
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Case study for EW-inos (MSSM)

R/

* Random scan over EW-ino parameters from arXiv:2112.00769
SModelS v2.1

10 GeV < Ml = 3 TeV7 . All

® ATLAS-SUSY-2016-06 ({7 — m*x{, DT)
CMS-EXO0-19-010 (y{ — 7=}, DT)

100 GeV < M 9 < 3 T@V, 600 7 e ATLAS-SUSY-2019-08 (£ %0 — Wh%?)

® CMS-SUS-17-004 (% 3 — Wz 5079)

100 Gev < Iu < 3 r:[we\/v7 o007 ATLAS-SUSY-2018-06 ({7 X5 — WZ ¥{x))

ATLAS-SUSY-2018-32 (%7 X7 — WW ¥ix)

= 400 Others
5 a5 5 =
< 300
All other soft masses set to 10 TeV. .

300 1000

* Mass spectrum and decays computed with
Softsusy 4.1.11, Xsections at LO with Pythia8.

(+NLO with Prospino? for pts with r > 0.7)
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Signal acceptances to good approximation the same ?

* SModelS ignores details of the production modes (s- or t-channel, intermediate states, ...)

R/

* Example: experimental results for gluinos usually assume decoupled squarks and vice-versa

q i e X
: » SRaaaa G > - o
kl P : l‘:l i P1 l‘:l i@&\%{%\ﬁ %}%Pﬁ)%g)% :
GGGG6GH00T : Y v o) :
: ! R N SModelS assumes that presence
K, \ : ) | . . Y %y : : >
3 T e lonsaeetinen, ; e D S of squark contribution won’t
M \d ° ° ° °
(a) significantly change gluino
Y k & Y eesrrrsesn GoFEEEETTEEE ¥ eesrrrsess o : kinematic distributions
o Ky P k, L k, @,\H\ e
2z, & o
o) OO0, Y — signal acceptances and limits
Pk ", 2 e G S on cross sections remain valid
55’ S g g 00000TUG000T ¥ertaoteeiass ¢ SA000000900D R g
(b) see arXiv:1312.4175
e — T EIIIIEI==—==—=——====—=—m=—=——===—=mSmm

Feynman diagrams for gluino pair production: (a) quark-antiquark initial states, (b) gluon-gluon initial states.
Figure credit: Gehrmann, Maitre, Wyler, NPB 2004
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Signal acceptances to good approximation the same ?

“ For “prompt” signatures, SModelS ignores quantum numbers of BSM particles

; f 4 topelogy it 11tk 21t~

P, ber et masses: (m1,m3), (m2,m4)
final states: (MET, MET)

P, i SOt
tT Typically stop — top +LSP, but same
signature from fermonic top partner

validity studied in arXiv:1607.02050

%4
l topology: [[[W1], [[Z]]] ... “TChiwz”
P e masses: (m1,m3), (m2,m4)
. final states: (MET, MET)
/ m2 T m4
ZT A priori chargino/neutralino,

but also H*H? in inert doublet model
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other than their masses

X1 X2

10! S H*H"
=z
-
)
=
]
)
D
XN
= 10-2
510

—

o
e

T t
|
10—3 ! | +L"I

0 200 400 600 800 1000 1200 1400
Episs (GeV)

plot curtesy A. Lessa

pp — )2;;)28 =W ey He e = e AU
m(mothers) = 800 GeV, m(daughters) = 100 GeV
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Extended topology description in v2 series  axivauzooss

* So far, the simplified model description involved only the structure of the topology
(number of vertices in each branch, and number and type of SM final states in each
vertex) and the masses of the BSM particles

SMODELS vl SMODELS v2

* Now extended by flexible number of
attributes for the BSM particles, such as spin,
charge, decay width, etc.

* Allows in particular for a better treatment of long-lived particle (LLP) signatures.

& Width—dependent results - heavy stable charged particles

- disappearing tracks
- displaced leptons
- displaced jets

> spin often matters (e.g. disappearing tracks: trigger on ISR jet)
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LLP example: charged scalars in scotogenic model

*  Supplements the SM by an additional SU(2) scalar doublet, @, (“inert doublet”) and three sterile neutrinos, N.
The new fields are taken to be odd under a new Z-parity, while the SM fields are even.

X/

+ Lightest new state is stable and a dark matter (DM) candidate; can be neutral scalar or sterile neutrino (fermion).

~ Fermionic DM, Am = 50 GeV, H* — [*N]

1.2 10" T
HSCP theory prediction
= : e
1.0 10! Displaced lepton experimental limit
= Displaced lepton (w /o comb.)
9J 0.8 > 10 0.8
I i L .
= E: = 103 é
T -0.6 ~ L -0.6 ~
= = 10
105
‘ ‘ v | - r . o ,.: \ ].O_[) ! T T T T T
200 300 400 500 600 700 100 200 300 400 500 “600 700 800
mp= (GeV) mp= (GeV)

Limit without signal region combination;
>100 GeV weaker
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LLP example: charged scalars in scotogenic model

*  Supplements the SM by an additional SU(2) scalar doublet, @, (“inert doublet”) and three sterile neutrinos, N.
The new fields are taken to be odd under a new Z-parity, while the SM fields are even.

X/

+ Lightest new state is stable and a dark matter (DM) candidate; can be neutral scalar or sterile neutrino (fermion).

. Scalar DM | ~ Fermionic DM, Am = 50 GeV, H* — [*N]
10°5 e i 10 theory prediction
HSCP s y P
10! Displaced lepton experimental limit
Displaced lepton (w/o comb.) '
0.8 o107 0.8
- " -’\: 5
+ g = 103 ,é
S -0.6 ~ ; -0.6 ~
NS =
= 10~
HSC 102
10-2 disappearing tracks :
e L L T T T T ]_O_b T T T T T T
200 300 400 500 600 700 100 200 300 400 500 ~600 700 800
mpg+ (GeV) mp= (GeV)

Limit without signal region combination;
>100 GeV weaker
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LLP results: maps in terms of mass and lifetime
upper limit (UL) maps and Axe ‘efficiency’ maps (EM)

e 6 n—eGeG, SR-ee h
— 103 LI I I’ L ’I I | L I L L I | L I L I | L I I | L) : 3 — I S I i I_I I Pl I.I L I L I L I cen I rrn I L - 8
® o o 2 = ATLAS Simulation 408 <
-6- ATLAS = ~~—=°=- Expected Limit ¢t16,,,) g @e 5 — e SR-ee = g
€ 102 Vs-13TeV,139fp" i Observed Limit gy | 3 S LE Is =13 TeV 0.7 8
5 All limits at 95% CL o £ - z=| B s <
3 . 3 T S5 s g & —] 0.6
10" of o® 3% @ =5 - ° 4 e =
0 : = = A B Y
3_ E S B E _:
NN — 8 9§ — 3
10 s PoE S8 = E
T O = N N . e = 0.5
oy = 2w j 03 £ & g &g =
10_1< _& % —0.5:— g = g = B e e ° . 04
Q — 37 —0.2 —
- 8 E. E s & 8§ 8§ |'§ °
-2f 0 - 53 = & 8 8 8 8 8 § 3 01 5 8 |5 |5 5 ™03
10 B =y B B BB EEBERBRE E
1 0—3 | 1 I 1 1 1 | I 1 1 1 | I 1 | 1 1 I 1 | 1 1 I 1 1 | 1 I 1 1 | 1 I | 1 | 1 O 900 1oao_ _E ] 0-2
100 200 300 400 500 600 700 800 Mass [GeV] -
m(e) [GeV] —
-1 —0.1
-1.5 I I —
4 -
_2 11 1 1 1 1 1 1 1 1 || 1 1 1 1 II_ _O
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i L __~ LLPresults are ‘'maps’ in terms of mass and lifetime ass [GeV]
t - 4 ass [Ge
>1\\ ~ —in principle higher dimensionality than prompt results
p
,
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Spin dependence

R/

# LLP decay length depends on the LLP boost and consequently on its spin

. : arXiv:2112.00769
» Disappearing track analyses: pursued as searches n I
for long-lived charginos
= : -
*  ATLAS-SUSY-2016-06, 36 / tb: we use efficiencies 10* ~\ e
recasted by Belyaev et al. for both the fermion =
? : 40
(chargino) and the scalar (charged Higgs) LLP £
S
Cases. arXiv:2008.08581, Zenodo dataset |
10-1 E1 CMIS fermion eff.
ATLAS scalar eff.
B ATLAS fermion eff.
* CMS-EXO-19-010, 101/ fb: use official results o] =2 HsCP
from CMS; only the fermion (chargino) case is 10 B0 =200 QSSHHf‘gOGe\,?)SO 00500

available.

Note: ATLAS-SUSY-2018-42, 139/ fb: official chargino results not reusable; not pure
topologies but sum of 1 and 2 charged tracks (CIN2 and C1C1 prod.); recast in progress.

A. Lessa, talk at LLP workshop, June 2023
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Spin dependence

R/

# LLP decay length depends on the LLP boost and consequently on its spin

* Disappearing track analyses: pursued as searches ‘ e ArXiv:2112.00769
for long-lived charginos 102
+  ATLAS-SUSY-2016-06, 36/ fb: we use efficiencies -\ ”_,,/

recasted by Belyaev et al. for both the fermion
(chargino) and the scalar (charged Higgs) LLP

Cases. arXiv:2008.08581, Zenodo dataset R
1 CMS fermion eff.
ATLAS scalar eff.
o B ATLAS fermion eff.
* CMS-EXO-19-010, 101/ fb: use official results o] 2 HSCP
100 150 200 250 300\ 350 400 450 500

from CMS; only the fermion (chargino) case is
available.

m g+ (G \’)

Users who want to use the CMS result for scalar LLPs,
have to “trick” SModelS into it; e.g. change qnumbers
in model input, or download text database and change
spin assignment for the CMS-EXO-19-010 maps.
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Note: ATLAS-SUSY-2018-42, 139/ fb: official chargino results not reusable; not pure
topologies but sum of 1 and 2 charged tracks (CIN2 and C1C1 prod.); recast in progress.

A. Lessa, talk at LLP workshop, June 2023
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