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CMS SUSY SEARCHES

e SUSY addresses key SM problems : hierarchy problem, dark matter.

* Previous CMS searches target both strong (gluino, squark) and electroweak (chargino, neutralino, slepton) production.
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CMS SUSY SEARCHES

. Strong
pPp — g8
g — ttx"| 04: arXiv:1909.03460;1908.04722,2103.01290
1/: arXiv:1911.07558
2/ same-sign and > 3/: arXiv:2001.10086
g — bbx?|0¢: arXiv:1909.03460;1908.04722
g — qqXx"| 04 arXiv:1909.03460;1908.04722
(W /Z) )2(1) 0/: arXiv:1908.04722 BF(xi:x3) = 2:1, 2 =0.5
2/ same-sign and > 3/: arXiv:2001.10086 BF(Xi:x3) = 2:1, ¢ = 0.5

CMS

Gluinos excluded upto 2.3 TeV
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Weaker bounds on electroweakinos.




Simplified Models (SMS)

e [dealized SUSY scenario ~ 1-3 free parameters.

e Easier to interpret search sensitivity

stau /
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Targets 1 production mechanism
1 decay mode



Simplified Models (SMS)

e [dealized SUSY scenario ~ 1-3 free parameters. Multiple particle spectra not possible

e Easier to interpret search sensitivity ~
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Simplified MOdElS (SMS) CMS 138 fb' (13 TeV)

= 2000 A
> pp > GG, 8 >qGW X, NNLO,,,,+NNLL exclusion |
1800 E
O, == Observed + 16,4, 5
. . = 1600| === Expected+ 16, . . m.=0.5(m_+m,) N
e [dealized SUSY scenario ~ 1-3 free parameters. : il M
1400[— -1 —J10°
Py E . . h PN 1200[— sl A B -
asier to mterpret search sensitivity - f < e
1000~ —
n T _E 10—2
800 - e
600[— \‘ — -
~nF L 4 —J10°
CMS 129-137 b (13 TeV) ; l 1
> 9ol PP St t— bffz? (T2bif) ] g ' i . ﬁ
g NLO-NLL exclusion — c |I| eS| e | e | 10—4
ST 8ol = Expected + 1o, . = Observed £ 10, - 2 ) 2000 2200 2400 2600
12 experimen eor "6
- [0) .
l= ] ~
E 70 =10 2 m; [GeV]
< o
60 -9
£
50 1 5
40 E
@
CMS 30 =
;“ 250 107"
- . 20 o
()] pp =TT, T > T <
CD =Observed + =T =1 L 8
—_ — + 300 350 400 450 500 550 600 650
éx 200| === Expected = m; [GeV]

Targets 1 production mechanism 0

1 decay mode 100

SMS limits

UL I L I LI
1 Illlllll | LA | lllllll 1§y

50

95% CL upper limit on cross se

—_—
o
@

e Drawback: SMS limits may not hold 1n realistic SUSY
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Phenomenological MSSM (pMSSM) =

Multiple particle spectra
* 19- dimensional realization of the MSSM
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Motivation

* Assess how current CMS data constrain the MSSM using pMSSM as a proxy.

Global Bayesian inference over the pMSSM-19 parameter space

How to reinterpret?
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CMS Inputs to the pMSSM combination

CMS /|

Analysis Signature Sensitivity
SUS-18-004 , Soft Leptons Compressed EWKinos ,
SUS-24-003* Higgsinos*
SUS-19-006 Jets + MET Strong production

(gluino/squark)
SUS-20-001, SFOS dileptons Neutralino decays,
SUS-21-001* stau*
SUS-21-006 Disappearing tracks Compressed charginos
SUS-21-007 Single leptons + A® Compressed strong

Complementary coverage of strong, EWK, and compressed SUSY phase space
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What impact does CMS data make?

CMS/ |

Prior and posterior marginalized distributions -> shows how CMS data updates our knowledge of the MSSM

parameter space

- CMS Preliminary 138 fo ' (13 TeV)
= |
Q e
; STRONG
D 0.008
=
o 0.006 A
© AL
D il o
- S
‘5 0.004 ]
& £
Q K prior
@, 0.002 3 posterior 6 =06 )

CRCCEEEC wanaaa, posterior (6 = 1.5x__ )

: _:: -------- posterior (6 = 0.5x6_ )

O <! ‘ ‘
1 2 3 4 5 6 /

» CMS data heavily disfavors light gluinos

 Direct production of gluinos above 3 TeV is beyond reach

of LHC —> CMS has no sensitivity here

* Posterior rises above prior beyond 5 TeV ~ Bayesian
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CMS

What impact does CMS data make?

Prior and posterior marginalized distributions -> shows how CMS data updates our knowledge of the MSSM

parameter space
CMS Preliminary 138 fb™' (13 TeV)

CMS Preliminary 138 fo ' (13 TeV)
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* No range of LSP mass is strongly disfavored . « Stau masses below 1 TeV mildly disfavored , not

* Denisty at masses below 100 GeV is unchanged completely suprressed
by CMS data

stau sector remains largely unconstrained

11



What fraction of pMSSM survives?

» High survival
Survival Probability —> CMS Preliminary 13810 (13 TeV) 1 CMS search insensitive here
measure of parameter AN =
space that remains after O
. . qV]
inclusion of CMS results 080
O
al
06 (;S e 95% prior ClI ====  95% posterior ClI
S e 67% prior ClI ==== 67% posterior Cl
5 e 10% prior Cl «=== 10% posterior ClI
SUS-18-004 + SUS+24-003 0.4
0.2

Zero survival
/ Fully Excluded
0

Nominal CMS prior

12



What fraction of pMSSM survives?

§ High survival
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What fraction of pMSSM survives?

High survival
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What fraction of pMSSM survives?

By High survival
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What fraction of pMSSM survives?

By High survival
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What fraction of pMSSM survives?

: : CMS Preliminar
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What fraction of pMSSM survives?

CMS Preliminary 138 fbo ' (13 TeV)
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+DM DD Survival Probability
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out at 95% CL by Direct
Detection experiments
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What remains post Run 2?

CMS Preliminary 138 fb ' (13 TeV)
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What’s Next ?

* No single search covers the full pP MSSM phase space

 Combined limit excludes regions that would otherwise survive when
analyses are considered independently, exploiting complementary

sensitivities across the strong, EWK, and stau sectors

* Premature to conclude weak-scale SUSY is on the verge of exclusion
e Stau sector in pMSSM is wide open post - Run 2

* Active Run 3 search for direct stau production
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Where to focus?

o 1
stau sector remains largely unconstrained CMS Preiiminary 138 fb— (13 TeV)
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» Reveals the phase-space regions that align
most closely with the data —> indicates

regions of interest for future studies
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