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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches

Why combine LHC searches?


 Increases the results’ robustness


 Enables the combination of search channels


 Accounts for both excesses and under-fluctuations in a consistent way

Keep in mind:


 ATLAS and CMS use simplified models (i.e. BR=100%, pure wino-
bino states most of the time)


 Searches are made channel by channel
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches

Introduction to SModelS

SModelS working principle

Public tool to confront BSM signals with a Z2-like symmetry against sim-
plified model results from the LHC.

Code and documentation available online: https://smodels.github.io/
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches

Introduction to SModelS

Building a global likelihood through SModelS

LCp�q �
„

i

Lip�q

arXiv:1007.172

�UL � �95 when p-value � 0.05

A model point is excluded if r �
�BSM

�BSM
UL

�
1

�UL

¥ 1

For each individual likelihood (analysis), signal regions combination is pos-

sible using a full HistFactory models (ATLAS), encoded in a json file:

Lip�q �
N

„

j�1

Poispnobsj |�sj � bj � �jq
„

�Pt�u

c�pa�|�q

where sj � �jAj

°

�
–

BR�L | bj = bkg | �j = nuisance parameters

Simplified likelihood encoded in a covariance matrix (CMS):

Lip�q �
N

„

j�1

Poispnobsj |�sj � bj � �jq
„

�Pt�u

e�
1
2

ÝÑ
�
T

V �1
ÝÑ
�
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sensitive one (” best SR ”), i.e. lowest �UL obtained with nobsj � bj
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches

Introduction to SModelS

Building a global likelihood through SModelS
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
The combination of electroweakino LHC searches

EWino searches in SModelS database v2.3

best SR simpli�ed likelihood HistFactory model

V = W,Z,H (s) = simpli�ed JSON
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
The combination of electroweakino LHC searches

EWino searches in SModelS database v2.3

The two most sensitive and constraining analyses are the ATLAS and CMS
hadronic searches

ATLAS sees an under-
uctuation, while CMS sees an excess;
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
The combination of electroweakino LHC searches

Disclaimer

What will follow is not a SModels feature and should not be mistaken
with the SModelScombineAnasoption.
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
The combination of electroweakino LHC searches

Trivial combination

CMS-SUS-XX-XXX

ATLAS-SUSY-XXXX-XX

Approximation:

We assume two analyses

can be combined if they

do not share any event in

their SRs
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
The combination of electroweakino LHC searches

Which combination to choose?

Many combinations are possible, which one to choose?
ˆ List of all the analyses that give a result for the tested model: "CMS-SUS-20-004","CMS-SUS-

21-002","ATLAS-SUSY-2018-05",...

ˆ Pick the �rst analysis and test if it is combinable with the second, if so, add the latter to the
combination and test with the third, and so on

ë Before adding a new analysis to the combination, it must be combinable with all the other
analyses already in the combination. Test the next analysis individually with each analysis
in the combination

ë If two analysis belong to a di�erent experiment or a di�erent run, they are combinable,
otherwise need to check with the combination matrix

ˆ Repeat the process with the second analysis and so on

ˆ Once all the combinations have been found, remove the subsets
ë i.e. if you have "CMS-SUS-20-004" and "CMS-SUS-20-004,ATLAS-SUSY-2018-05", re-

move "CMS-SUS-20-004"

ˆ For each remaining combination, compute
L exp

BSM
L exp

SM

ˆ The combination with the lowest ratio is taken as the best combination (the most sensitive)
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
Results to the electroweakino sector of the MSSM

Selected points

Random scan over:
10 GeV  M 1   3 TeV

100 GeV  M 2   3 TeV

100 GeV  �   3 TeV

5   tan �   50

(all other scales decoupled)

SUSY spectrum: SoftSUSY 4.1.11

NLO x-sec: Resummino 3.1.2

m ~� 0
1

  500 GeV
m ~� �

1
  1200 GeV

� ~� �
1

¡ 10� 11 GeV

In the end: 18305 points
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
Results to the electroweakino sector of the MSSM

Most constraining analysis
excludedô r �

� BSM

� BSM
UL

�
1

� UL

¥ 1

The exclusion power is enhenced by the combination for mid rangem ~� �
1

and decreased for highm ~� �
1
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
Results to the electroweakino sector of the MSSM

Most constraining analysis
excludedô r �

� BSM

� BSM
UL

�
1

� UL

¥ 1

The most constraining analysis is the ATLAS hadronic search
Red bars below 300 GeV: mainly higgsino LSP (some wino LSP too)
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Constraining the electroweakino sector of the MSSM through the combination of orthogonal LHC searches
Results to the electroweakino sector of the MSSM

Variation of the exclusion powerexcludedô r �
� BSM

� BSM
UL

�
1

� UL

¥ 1

Select the points excluded by the most constraining analysis and/or by the combination: 3974 points

For m
~� �

1
  200 GeV (compressed region): see later

For m
~� �

1
  200 GeV (o�shell): mainly TChiWZo�, dominated by the ATLAS 3 ` + MET search

For 200 GeV   m
~� �

1
  600 GeV: CMS hadronic search is combined with analyses which have

recorded under-
uctuations (except for ATLAS 1 ` + 1 b-jet + MET search)
For 600 GeV   m

~� �
1

: the CMS hadronic search decreases the exclusion power
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