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Motivation

P SMis incomplete — SUSY might yield some answers
P no SUSY particles found, so far

P experimental analyses pushed the lower bounds on SUSY masses into the TeV regime
(exact limits depend on the considered model)

our goal: push the mass limits even further by combining different CMS and ATLAS analyses

relevant processes: pp —aq (+jj) pp—axX (+j) pp—X0X (+))
decay: q—gXx®
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Scenario: LSP Bino

P decouple all SUSY particles but X9
and U,

» diagonal neutralino mixing X0 = B°

> m;<<l> < ma
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Scenario: LSP Bino qq, squark- squark (9 a5
P decouple all SUSY particles but X9

and GR ) ‘— ?&u
P diagonal neutralino mixing X9 = B° M

> Mz < Mg gx, gaugino-squark, (9 (asa):
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Scenario: LSP Bino

P decouple all SUSY particles but X9
and U,

» diagonal neutralino mixing X0 = B°

> m;(? < ma
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da, squark- squark (9 as

:f; L

gx, gaugino-squark, (9(050
W

XX, gaugino-gaugino, 0(a?):
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Toolchain

LHAPDF (N)NLL-fast Resummino
provide PDF set higher-order higher-order

cross section cross section

Pythia 8.3
MG5aMC parton showering, MadAnalysis 5 yes Taco
create N hard- multiparton matrix detector simula- bining SRs? ilate cor-
scattering events element merging, tion and recast relation matrix
hadronisation
1o
o ‘ Spey ‘ ‘ PathFinder
/ increase N to 300k/500k events enough stat.? (combined find best SR
‘ likelihood & CL ‘ ‘ combination

mass spectrum excluded
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Event Generation

LHAPDF
provide PDF sct

Pythia 8.3
MG5aMC parton showering,
create N hard- multiparton matrix
scattering events element merging,
hadronisation
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Recasting Analyses
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(N)NLL-fast
higher-order
cross section

Resummino
higher-order
cross section

MadAnalysis 5
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Combination

Taco
L yes
combining SRs? calculate cor-

relation matrix

combination

Spey PathFinder
(combined) find best SR
likelihood & CL
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Combination

MAS5 output — TACO [arXiv: 2209.00025] — correlation matrix
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Combination

MAS5 output — TACO [arXiv: 2209.00025] — correlation matrix

P symmetric SRx SR matrix
incorporating SRs from multiple
analyses
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Combination

MAS5 output — TACO [arXiv: 2209.00025] — correlation matrix

SR1  SR2 -+ SR(n—1) SRn
P symmetric SRx SR matrix SR1 1 0.7 - 0.9 0.4
incorporating SRs from multiple SR2 0.7 1 0.6 0.005
analyses
SR(n—1)]09 06 - 1 0.8
SRn 0.4 0.005 - 0.8 1
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Combination

MAS5 output — TACO [arXiv: 2209.00025] — correlation matrix

SR1  SR2 -+ SR(n—1) SRn
P symmetric SRx SR matrix SR1 1 0.7 - 0.9 0.4
incorporating SRs from multiple SR2 0.7 1 0.6 0.005
analyses
P set threshold T < 0.01 SRn—1)| 09 06 - 1 0.8
SRn 0.4 0.005 - 0.8 1
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Combination

MAS5 output — TACO [arXiv: 2209.00025] — correlation matrix

SR1  SR2 -+ SR(n—1) SRn
P symmetric SRx SR matrix SR1 1 0.7 - 0.9 0.4
incorporating SRs from multiple SR2 0.7 1 0.6 0.005
analyses
P set threshold T < 0.01 SRn—1)| 09 06 - 1 0.8
P ATLAS and CMS SRs uncorrelated SRn 0.4 0.005 - 0.8 1
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Correlation matrix

cms_ex0::2018bin15
cms_ex0::2018bin16
cms_ex0::2018bin17
cms_ex0::2018bin18
cms_ex0::2018bin19
cms_ex0::2018bin20
cms_ex0::2018bin21

atlas_conf::SR2j
atlas_conf::SR2j
atlas_conf::SR2)
atlas_conf::SR4j
atlas_conf::SR4j
atlas_conf::SRaj
atlas_conf::SRS)
atlas_conf::SRE}

cms_ex0::2018bin19

ems_ex0::2018bin20 |

cms_ex0::2018bin21

Combination and Reinterpretation of LHC SUSY Searches




== = Universitat
Miinster Combination and Reinterpretation of LHC SUSY Searches

Correlation matrix

P find most constraining
combination of uncorrelated SRs
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Correlation matrix
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P find most constraining
combination of uncorrelated SRs

P assign weight — log likelihood
ratio
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Correlation matrix

atlas_conf:SR

6i
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P find most constraining
combination of uncorrelated SRs

P assign weight — log likelihood
ratio

P sort matrix & run PathFinder
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Correlation matrix

 sus:iSR3
atlas_exot::EM6
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P find most constraining
combination of uncorrelated SRs

P assign weight — log likelihood
ratio

P sort matrix & run PathFinder
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Correlation matrix

- sus:iSR36
atlas_exot::EM6
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P find most constraining
combination of uncorrelated SRs

P assign weight — log likelihood
ratio

P sort matrix & run PathFinder

P pass best combination to
statistics tool Spey [arXiv:
2307.06996]




— = Universitat
Miinster

Single analysis exclusion

CMS-SUS-19-006

® pp—ad
o pp—aa X1
® pp—ad X3a X%

mgs [GeV]

I
200 .
200 400 600 800 1000 1200
m; [GeV]
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Single analysis exclusion

ATLAS-EXOT-
2018-06

CMS-SUS-19-

006

g [GeV]
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ATLAS-CONF-
2019-040

CMS-EXO-20-
004
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Combined analyses

800

pp— 34, 793, X303
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(a) expected
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pp— 34, 793, 1303
€ms-sus

400

600 800 1000
my [GeV]

(b) observed
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Combined analyses

B expected
M observed
0.44
< 0.34
2
=1
%3
o
Y 0.2+
0.14
0.0 -

4 5 8
Number of SRs

(a) Number of combined SRs

Fraction
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0.5
B expected

B observed

0.4 4

0.34

0.24

0.14

ATLAS-CONF  ATLAS-EXOT ~ CMS-SUS CMS-EXO
Analysis

(b) Share of the different analyses
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Conclusion
800
® pp—3g
700 ° pp—33q 1%g
P recast LHC analyses in a simplified SUSY o oo 6 A
model considering g, xX2g and X9X? 600 ® Cmesus
production S
8 500
P successfully combined uncorrelated SRs =" |/ (7
from ATLAS and CMS 400
— significant gain in exclusion power
300
P step towards maximizing information gain
from existing data 200 4 : : : .
400 600 800 1000 1200
mg [GeV]
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Backup
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Versions, PDFs, etc.

program version PDF (N)LO PDF higher order
MadGraph MG5_aMC_v3_4_1 MSHT20lo_as130

Resummino 3.1.1 MSHT20lo_as130 MSHT20nlo_as118
nllfast nllfast-3.1 MSTW2008LO MSTW2008NLO
nnllfast nnllfast-1.1 NLO PDF4LHC15  NNLO PDF4LHC15
MadAnalysis v1.10.9-beta

Pythia8 pythia8306
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Event Generation

1. use MadGraphb to create
events
P prevent double counting
P only allow off-shell squarks
within process

2. add parton shower with
Pythia8
P prevent double counting
P jet merging with CKKW-L

Combination and Reinterpretation of LHC SUSY Searches

pp—aq (+)) pp—aqx (+j)
pp—XX (+j)  decay:q— g3
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Cross sections

$0%0
Pp — XXy
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o= o(LOYMS o(aNNLO+NNLL)R?,
" o(LO)5
o o(LO)S o(NLO+NLL)R?,
© o ollo)fg
o — o(LO)lS o(NLO)ptEst  g(aNNLO+NNLL)RniE™
o(LO)g™t  o(NLO)jE™!
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Analyses
cuts ATLAS-EXOT  ATLAS-CONF  CMS-SUS  CMS-EXO
veto e, U, T,y e, u e, Uy e, U, T,Y, b-jet
N; >1 >2 >2 >1 __ [fmiss H
, - - - - Mess = ET™° + E pr()
3 >200GeV  >300GeV - > 250 GeV P50 GeV
[n| < 2.4 < 2.4 < 2.4 .
pr() >150GeV  >200GeV - > 100 GeV Hr = E : prj)
Priseiy)  >30GeV  >50GeV - . In|<2.4
] i Ljmiss __ A
A®(jet, pIiss) 0.4 >0.2 0.5 0.5 HF'ss = E Pr(j)
Megs - > 800 GeV - - |I’Z‘<5
Hr - - »300 GeV
|Hiss | - - »300 GeV
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