Recent searches for electroweak
production of SUSY particles and third
generation SUSY particles with CMS

Margaret Lazarovits

on behalf of the CMS Collaboration
ICHEP 2024, 18 July

1



KU

THE UNIVERSITY OF

KANSAS

CCCCCCCCCCC

® The Story So Far:
SUSY at CMS

CALORIMETER (ECAL)

Brass + Plastic scintillator ~7,000 channels

® \Where to look: the
Electroweak Sector
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® oMSSM Interpretation cms-sus-24-004

® Pushing the Limit: Results

® Summary and Future Directions for
Electroweak SUSY searches
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CMS (preliminary) Moriond 2021

The Story So Far: SUSY at CMS

Overview of SUSY results: electroweak production
137 fb~! (13 TeV)
PP = X9X:

PP — XXE — L0l — verOR0

PP — X9XF — 7wl — TvReR?

PP — XIKE = TvrF = TorTRIRY
> 3¢/m: SUS-19-012

D 1+jets: SUS-20-009

PP — X9%i & WHRIRY
PP = X9%7 = WZRIK?

18-004 AM =5-10 GeV

PP — XOXT /XX, Xi/X8 — (W*/Z)%8 SUS-18-004 higgsino simplified model, AM = 5-10 GeV

ok
PP — X1 X1
PP — X1 X X = WRE [3¢ opposite-sign: arXiv:1807.07799 Mg =1 Gev
PP = X4, X = (/o) » il BF () = 50%, = = 05
pp — ¥
pp — lrlr. £ = £X3

0 200 400 600 800 1000 1200 1400
mass scale [GeV]
Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.

The quantities AM and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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Overview of SUSY results: gluino pair production
137 fb~! (13 TeV)

PP — 88

g — ttx?

g— bb)’Z‘l’
g — qax?
g— qq(il /X3) = aa(W/Z)X3}

BF(x:%3) = 2:1, =05

1000 1500 2000

mass scale [GeV]
Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.

The quantities AM and x represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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CMS (preliminary) Moriond 2021

Overview of SUSY results: squark pair production
137 fb~! (13 TeV)

pp — tt
t—ty?

t = bxi —» bW*x?

t— (t%}/bxE — bWEY)

t— bff/)zll) AM < 80 GeV (max. exclusion)
'.: - b)zzlt - bff’)zll) AM < 80 GeV (max. exclusion), z = 0.5
t—c? AM < 80 GeV (max. exclusion)

T = by — bl - butx?

pp — bb
b—bi?
b — txF — tW*g? Mgy =50 GeV
PP — 4q
- ax?
0 250 560 750 10b0 12I50 15I00 17.50

mass scale [GeV]

Selection of observed limits at 95% C L (theory unoerta.mtlu are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and z rep) iff between the primary sparticle and the LSP, and the diffe between the i di
sparticle and the LSP relative to AM respechvely, unless indicated otherwise.
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Where to look:
The Electroweak sector

CMS (preliminary) Moriond 2021

Overview of SUSY results:|lelectroweak production
137 fb* (13 TeV)

PP — X9Xi
PP — XX+ — L0l — (vieR0R0 |20 samesign and 362 SUS 19:012
2¢ same-sign and > 3/: SUS-19-012
2¢ same-sign and > 3/: SUS-19-012
PP = X9xs — Tl — TR0 [ 20 same-sign and 30/m: SUS-19:012
30/m: SUS-19-012
30/m: SUS-19-012
PP — X3X: — FvrT = wrTIRS 2180 SUSI19012
PP — Xoxi — WHX (%) | 2¢ same-sign and > 3(/n,: SUS-19-012

flavour democratic, = 0.5
flavour democratic, z = 0.05
flavour democratic, z = 0.95
7 enriched, z = 0.5
7 enriched, z = 0.05
7 enriched, z = 0.95

7 dominated, z = 0.5

14+jets: SUS-20-003
PP — )’Zgif — WZ)’Z?)}? 2/ opposite-sign: arXiv:2012.08600

2¢ same-sign and 3/¢: SUS-19-012

2¢ and 3¢ soft: SUS-18-004 AM = 5-10 GeV

PP = X9X:/XOKE, XE /X9 — (W*/Z*)X3 | 2¢ and 3¢ soft: |SUS-18-004 higgsino simplified model, AM = 5-10 GeV

~t o~
PP — X1X1

PP — if)ﬁt, )—(-:lt — W)?l] 2/ opposite-sign: arXiv:1807.07799 Mz =1 GeV
PP = XiXi, X — (lv/tp) — (i3 |20 6ppositessign: arXiv:1807.07799 BF(fv) = 50%, © = 0.5
pp — ¥
pp — fr/rlyr, £ — €33 [[eFe) il arXiv:2012.08600

600 800 1000 1200 1400
mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and z represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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CMS

Compact Muon Solenoid

® Promising dark matter
candidate

® Energies and luminosities

currently achievable at the
LHC

® _isolated final
states (leptons, b-jets,
etc.)

® or
uncompressed scenarios
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w The Big Squeeze: SUSY C\MS

_ f v, q
\_\\\\ ........ ~0
b 351 \ X1
) b
t
® signals: Mparent — Mchild ™~ TMSM

® Low momentum final states (leptons)

® Difficult to reconstruct in detectors

ICHEP 2024 5 Lazarovits, Jul. 2024



KU " Achieving Generality,
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Probing Compression
Combination pPMSSM Recursive Jigsaw
search Interpretation Reconstruction search

® SRs and CRs of ® Bayesian analysis ® Recursive
competitive EW of CMS Run Il Jigsaw
SUSY Run analyses in Reconstruction
analyses PMSSM space

® Extensive SRs

® Combined in ® Chosen to cover constrained by
simultaneous wide range of carefully chosen
ML fit final states CRs

Ceneral searches, target electroweak sector, probe compression
ICHEP 2024 6 Lazarovits, Jul. 2024
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KU CMS

® | atest CMS Run Il EW analyses

® Combination of CRs and SRs capture different signal models and
mass points

® \\Vino-bino model

Wino-bino GMSB Higgsino-bino Sleptons
Search WZ WH | ZZ HZ HH | WW HH WH AN/
. . . 2/3/ soft [73] all 2/ soft
® Higgsino-bino model 2AonZ[71] | EW EW EW
2¢ nonres. [71] Slepton
SS SS SS
2SS0/ > 3¢ [74] ’ | all all all !
A(NN) A-F A-F
® GMSB model
G S O d € 142b [72] all all
4b [75] all 3']2:’_'b4];b'
® Slepton palr prOdUCUOH Hadr. WX [76] all all ex H ex H

® Cover wide area of phase space

® Extend limits from previous combination analysis
ICHEP 2024 7 Lazarovits, Jul. 2024



KU CMS

® | atest Run Il EW analyses

® Combination of CRs and SRs capture different signal models and
mass points

Wino-bino GMSB Higgsino-bino Sleptons
Search WZ WH | ZZ HZ HH | WW HH WH | (¢~
. . . 2/3¢soft[73] | all | | | 2¢ soft
® Higgsino-bino model UonZ[71] | EW EW EW
2¢ nonres. [71] Slepton
SS SS SS
25S¢ /> 3¢ [74] . ~ | all all al :
A(NN) A-F A-F
® GMSB model
G S 142b [72] all all
4b [75] all A
Hadr. WX [76] all all ex H ex H

® Cover wide area of phase space

® Extend limits from previous combination analysis
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CMS

® Sensitivity in compressed and models is

driven by

® SRs divided into
MET bins

® Tailored for

® Orthogonal CRs
used to constrain
background

ICHEP 2024

Variable 2¢-Ewk 2¢-Stop 3¢-Ewk
Low-MET Higher-MET Low-MET Higher-MET Low-MET Higher-MET

Niep 2 2 2 2 3 3

pr(£,) [GeV] for e(n) (5,30)  (5(35),30)  (530)  (5(35),30)  (5,30)  (5(3.5),30)

pr(£,) [GeV] for e(u) (5,30)  (5(35),30)  (5,30)  (5(35),30)  (5,30)  (5(3.5),30)

pr(£5) [GeV] for e(u) - - - — (5,30) (5(3.5),30)

1 OS pair v v v v v v

1 OSSF pair v v v — v v

AR(6,6)) (i,j = 1,2,3,i # J) — > 0.3 — > 0.3 — > 0.3

Maros (££) (MIR, (£0) in 3€) [GeV]  (4,50) (1,50) (4,50) (1,50) (4,50) (1,50)

MZE5(£2) (AS=any sign) [GeV] — — — — < 60 —

Mggos (£4) (ME8,(££) in 30) [GeV] veto (3,3.2) and (9,10.5)

pr(£24) [GeV] >3 >3 —

Leading jet “Tight lepton veto” v v —

my (€, p2iss) [GeV] (i = 1,2) <70 — —

Hy [GeV] > 100

piniss / F (2/3,1.4) (2/3,1.4) —

N, (pr > 25GeV) —0

M, [GeV] veto (0,160) veto (0,160) -
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® Sensitivity in compressed and models is
driven by
I/l I . 20-Ewk 20-5t 3(-Ewk
® S RS d VI d S d INto Variable Low-MET Higher-MET Low-MET P;)igher-MET Low-MET Higher-MET
] N 2 2 2 2 3 3
M ET b INS pr(2,) [GeV] for e(y) (5,30)  (5(35),3 (530)  (5(35),30)  (530)  (5(3.5),30)
pr(£,) [GeV] for e(n) (5,30)  (5(3.5),3 (5,30)  (5(35),30)  (5,30)  (5(3.5),30)
pr(¢3) [GeV] for e(y) — — — — (5,30)  (5(35),30)
1 OS pair v v v v v v
1 OSSF pair v v v — v v
. AR(£,6,) (i,j =1,2,3,i # j) — > 0.3 — > 0.3 — > 0.3
® [aj | O red fO I Magos (£0) (MBiag(£0) in 30) [GeV]  (4,50) (1,50) (4,50) (1,50) (4,50) (1,50)
MgXs(££) (AS=any sign) [GeV] — — — — < 60 —
Mgilz%(fé)\(ll]\/lgl‘%s(ﬂ) in 3¢) [GeV] X veto (3,3.2) a;ld (9,10.5)
Pt € > > —
Leading jet “Tight lepton veto” v v —_
mT([eél r\?;TTSS) [GeV] (i =1,2) <70 Too —
Hy |Ge >
miss / H. 2/3,1.4) (2/3,1.4) —
® Orthogonal CRs K>z | %
M, [GeV] veto (0,160) veto (0,160) -

used to constrain
background
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CMS

® Sensitivity in compressed and models is
driven by
I/l I . 20-Ewk 20-5t 3(-Ewk
® S RS d VI d S d INto Variable Low-MET Higher-MET Low-MET P;)igher-MET Low-MET Higher-MET
] N 2 2 2 2 3 3
M ET b INS pr(2,) [GeV] for e(y) (5,30)  (5(35),3 (530)  (5(35),30)  (530)  (5(3.5),30)
pr(£,) [GeV] for e(n) (5,30)  (5(3.5),3 (5,30)  (5(35),30)  (5,30)  (5(3.5),30)
pr(¢3) [GeV] for e(y) — — — — (5,30)  (5(35),30)
1 OS pair v v v v v v
1 OSSF pair v v v — v v
. AR(C,C,) (] =1,2,3,i # ) — > 0.3 — > 0.3 — > 0.3
® [aj | O red fO I Magos (£0) (MBiag(£0) in 30) [GeV]  (4,50) (1,50) (4,50) (1,50) (4,50) (1,50)
MgXs(££) (AS=any sign) [GeV] — — — — < 60 —
Mgilz%(fé)\(ll]\/lgl‘%s(ﬂ) in 3¢) [GeV] X veto (3,3.2) a;ld (9,10.5)
Pt € > > —
Leading jet “Tight lepton veto” v v —_
mT([eél r\?;TTSS) [GeV] (i =1,2) <70 Too —
Hy |Ge >
miss / H. 2/3,1.4) (2/3,1.4) —
® Orthogonal CRs K>z | %
M, [GeV] veto (0,160) veto (0,160) -

used to constrain
background

ICHEP 2024

11

e
o+

k=l
ot

b

Zf
~1 = f/
-~ _/
f

&f

b

= X

0
1
0
1

p

p

> -
ot RS

Lazarovits, Jul. 2024



https://arxiv.org/pdf/2111.06296

KU

CMS

® Sensitivity in compressed and models is
driven by
I/l I . 20-Ewk 20-5t 3(-Ewk
® S RS d VI d S d INto Variable Low-MET Higher-MET Low-MET P;)igher-MET Low-MET Higher-MET
] N 2 2 2 2 3 3
M ET b INS pr(2,) [GeV] for e(y) (5,30)  (5(35),3 (530)  (5(35),30)  (530)  (5(3.5),30)
pr(£,) [GeV] for e(n) (5,30)  (5(3.5),3 (5,30)  (5(35),30)  (5,30)  (5(3.5),30)
pr(¢3) [GeV] for e(y) — — — — (5,30)  (5(35),30)
1 OS pair v v v v v v
1 OSSF pair v v v — v v
. AR(£:£)) (i,j = 1,2,3,i # ) — > 0.3 — > 0.3 — > 0.3
® Ta I | O red fO I Msos (£€) (MEin. (0€) in 32) [GeV]  (4,50) (1,50) (4,50) (1,50) (4,50) (1,50)
MgXs(££) (AS=any sign) [GeV] — — — — < 60 —
Mgpos (£2) (Mgrds(£4) in 32) [GeV] veto (3,3.2) and (9,10.5)
pr(£0) [GeV] >3 >3 —
Leading jet “Tight lepton veto” v v —_
my(£;, pF=°) [GeV] (i = 1,2) < 70 — —
Hy [GeV] > 100
pmiss / Ff (2/3,1.4) (2/3,1.4) —
® Orthogonal CRs  Niw>2cw =0
M, [GeV] veto (0,160) veto (0,160) -

used to constrain
background
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e COMbiNnation Search

® Sensitivity in compressed T peapy=res i I
% Wi - I [ Total bkg. unc. §
and models is driven ¢ == é

by

® Additions included in combinationy P =]
. . . . ) R .mTz(I{SI X, ) 1055[Gev3;° )
® Parametric binning in My B vt e B
optimized for N

® Replacing My with mra(k, k, x7)
in 2L channel tor I — —

o

10 15 20 25 30
mTz(Is I, X100) - 100 [GeV]

Compact Muon Solenoid

|:| DY D Nonprompt

—||—>||“ (125/115) [EJwz [l Other
70 -tt(ZI) [Evv [ Total bkg. unc.

.m Total IbkgA unc.
2
% 5 ' 15 20
mT2(| I, X ) 100 [GeV]
CMS 137fb (13TeV)
.0 ] S B BN N ALY BLELELELE B
—4-Data oy DNonprompt
— Ty (1251115) [wz [l Other
16 Mt () vV [ Total bkg. unc.

e=m Total bkg. unc.

N WwWo N &~ O
LELILE DL P

10 15 20 25 30
mTZ(I’ lv x100) - 100 [GeV]
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.CMS 137 b (13 TeV)
10 —
pp — 7.:” 20' - ir‘) i? * Xson d ZZGG+X§<M
10°| BE'>28)=1,m,= m,. = m,, m, =1GeV
X, 1 1
weews Expected + 16 === NLO+NLL

experiment

sssssiExpected + 2 ¢

experiment

= Observed

Cross section (pb)

D] AR [ U [ [ I S S —
200 300 400 500 600 700 800 900 1000
m.o [GeV]
1
10" CMS 137 fb" (13 TeV)
= 007 0 ==
2 PP T T K Ky + Ko = HHEGHX
5 10| BE-HE)=1,m, =m. =m, m =1Gev
.— L ] .
g P Expected + 16,0 iment === NLO+NLL
7] sss=st Expected + 2 6,0 iment = Observed
7]
7]
8 10
e
&)
1

-
o
"

UL BLRLLL R B

10:.1..11.,.1 PRI RS T
200 400 600 800 1000 1200
m_, [GeV]
2
.CMS 137 b (13 TeV)
—~ 10 - =
= PP T T T T + X = HZGGHX
S 10°| BG-H3)=B({-28)=05m =m. =m,m =1GeV
=1 Y: X, X, G
E‘ 102 ------Expectedt1cxewe"mem === NLO+NLL
n sss==xi Expected £ 2 6,00 iment = Observed
(2]
2 10
|
O
1
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PR " "
1000 1200
M. [GeV]
1

Detecting the Invisible:

14

700CMS 137 (129) fb™* (13 TeV)
~+-0 00
% pp = XX, = WZxX, 10
(D 3
= 600 ==0Observed + 10y, NLO+NLL excl. 3
g’x— szz:Expected £ 16,00 imen ]
500 JHEP03(2018)160 (observed) i
F 1 410°
400 = 3
300 = 7
C q —10
200 ; = 3
100 Rl 9 7
: =N
., , , |, i add | “‘ :'. (LA L
200 400 600 800 1000 1200
m_. = m, [GeV]
X, %,
CMS 137 b (13 TeV)
= 700 ~+-0 0.0
® PP = XX, > WHY X, — 10°
o =
= 600 Observed + 1 Siheory NLO+NLL excl. E
e :z:z:Expected £ 16,,50iment ]
500 JHEP03(2018)160 (observed) E
- §
400F = 3
o B F KRt
E K ] =10
200 EO
100/ A (R
E i 1
RA . . . L R
200 400 600 800 1000 1200
m.. = m_ [GeV]
X, %,
6OCCMS 137 (129) fo™' (13 TeV)
™Y ~0~0
E pp—)ll—)ll)w(1 —5103
= goo| =Observed + 15y, NLO+NLL excl. E
E"“ Expected 16, imen i
r 2 1 =107
400— = - =
300/ E T
200 AR
L R = B
1
N HEEE IRy
P PPN P IR T o b ]
100 200 300 400 500 600 700 800
mT[GeV]

95% CL Upper limit on cross section [fb]

95% CL Upper limit on cross section [fb]

95% CL Upper limit on cross section [fb]

Am(¥y, %) [GeV]

[GeV]

m_o

Am{l 73) [GeV]

Pushing the Limit with

70CMS 137 (129) fo' (13 Tev)
~+.0 0.0
PP = X%, = WZXX, |
60| === Observed + 10y, NLO+NLL excl.
===Expectedt+1,20
i experiment | 10°
50— - 3
40 =
30 =
20— = =10
10 =
S e
100 400
m.. = GeV
X, miz [GeV]
700CMS 137 (129) fo'' (13 TeV)
PP — ¥%,%g BO, > Wy, = 1 L
600[ B, >Z %) =B@® —H¥) =05 E
== Observed £ 16y, NLO+NLL excl. ]
500| =::-:Expected + 1 O experiment 1
4 310
s . —= 10
:: E =1
1 w1 R R I
200 400 600 800 1000 1200
m.. = m, [GeV]
X, x,
CMS 137 (129) fo™ (13 TeV)
4:
rery ~0-0
pp—)ll—)ll)(1)(1
40 NLO+NLL excl. E
===Expected+* 1,20 S
35 experiment —
10 =
5—_ == “.‘_' S | —
PRI IR RN RN BT il AR (A \r S e R AU il N
100 120 140 160 180 200 220 240 260 280 300

my [GeV]

95% CL Upper limit on cross section [fb]

95% CL Upper limit on cross section [fb]

10°

95% CL Upper limit on cross section [fb]

Compact Muon Solenoid

analyses
shows overa
competitive

results in

Lazarovits, Jul. 2024



KU Achieving Generality:

THE UNIVERSITY OF

KANSAS

s PMISSM Interpretation

® Combination of likelihoods for largely orthogonal analyses, includes =\ anc Zrcl gen
Interpretations

® Bayesian approach includes LHC prior (MCMC pMSSM scan) and historic DM constraints

® Assess plVISSM landscape viability given current CVS data to help guide future searches

prior % Likelihood == posterior

- Iterative
- inference

prior  $3 Likelihood =5  posterior

J

ICHEP 2024 5 Lazarovits, Jul. 2024




KU Probing Compression:

THE UNIVERSITY OF

KANSAS

e PIMISSM Interpretation

® Sensitivity in compressed areas of pMSSM space is driven by
® EW: 2/3L soft OS analysis, disappearing tracks analysis
® Strong: MET +jets, single lepton dPhi analysis

® Global look at viability of compressed pMSSM space

prior % Likelihood == posterior

- Iterative
- inference

prior 3 Likelihood ==  posterior

pMSSM scan = b
prior to direct
SUSY searches

ICHEP 2024 | | i6 Lazarovits, Jul. 2024



IQ-J Detecting the Invisible: CMS |
Pushing the Limit with pMSSM Interpretation | 2

o
CMS Preliminary 138 fb™' (13 TeV) CMS preliminary 138 fb™' (13 TeV)
42\ 0-03 __I T T T | T T T T I T T .I T I T T T T I T l—- ‘Z‘ [ T T T T I T T T T I T T T T I T T T T I T T ]
c % I
% 0.025 '8 i
= _ <= 0.8
@ 0.02 sl
2 i © "
= e > |
o byl il S 0.6
o 0-015 T = :
2 | ZI
5 0.01f 3 04
S =S
O : -Q i - =0n0m iiii
O 0.005 £ 0.2F i
E s r  mosisogy
L O :
0- O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1

of carefully chosen Run Il analyses
combined with historical LHC data in a Bayesian framework

S demonstrates promising areas of pMSSM
ICHEP 2024 17 Lazarovits, Jul. 2024



IQ.J Detecting the Invisible: C\M\S\

THE UNIVERSITY OF ho h o o . h . \\ \
KANSAS Pushing the Limit with pVISSM Interpretation | /—
) | \\
CMS Preliminary 138 fb™' (13 TeV) CMS Preliminary 138 fb™' (13 TeV)
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of carefully chosen Run |l analyses
combined with historical LHC data in a Bayesian framework

demonstrates promising areas of pMSSM
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I,\U Detecting the Invisible: CMS,

° ° ° ° ° —
Pushing the Limit with pMSSM Interpretation | /—
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ICHEP 2024 19 Lazarovits, Jul. 2024



0* b Z
i / ) e _ ‘JJ’/’
N e N
- -7 X1 X1 '
p \1;\\\ ........ P T~e o X1 >~<(1J p ~i ........ i(l)
¢/ \ p z ~@- - -- .\\' Xi \\‘\\
W
Al E W:I:
® |ntrinsically kinematics
and search regions
N2, lep qual lep cat Nowe Nowg Nov kin pR [GeV]
gold or silver
® or bronze >1 svcorsvf [250, o)
0J ete orutu
gold ok ;; # Oor>1 . p-orp+  [250,350] or [350, )
SS
® _F _F | . silver or bronze eeor uu or ey 1250, )
O INnal states: cold Z*ornoZ (OS) Oorl Oor>1 p-orp+  [250,350] or [350, co)
SS
. . (350, 00)
_ silver or bronze eeor uu or ey
O 3 |e pto ns + J ets + SVS + 1d Z*ornoZ (0OS) Oor>1 Oor>1 p-orp+ [250,350] or [350, c0)
&9 ss
(350, 00)

MET A

® Soft SVs tagged with
dedicated DNN

ICHEP 2024

silver or bronze eeor uu or ey

20

Lazarovits, Jul. 2024



(O) Decay States ® Analyzing events:
reconstruction (RJR)

® iterate through
approximations of rest frames

® Apply interchangeable rules
at each step (like

pieces)
® Get
Phys. Rev. D 95, 035031 instead of just
arXiv:1607.08307 one

ICHEP 2024 21 Lazarovits, Jul. 2024


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.95.035031
https://arxiv.org/pdf/1607.08307.pdf
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i« Electroweak SUSY now

CMS (preliminary) Moriond 2021

Overview of SUSY results: electroweak production
137 fb! (13 TeV)
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& statistical
Combination: SUS-21-008

it analysis of
Combination 5<AM<10

SUS-18-004 higgsino simplified model, AM = 5-10 GeV p M S S M p o i nts
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oot
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PP = Xi X1, Xi = Wi§ 18¢ opposite-sign: arXiv:1807.07799 Mgy =1 GeV
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Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.

The quantities AM and z represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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v Third Generation SUSY now

CMS (preliminary) Moriond 2021

Overview of SUSY results: squark pair production
137 fb~! (13 TeV)
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sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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Future Directions

CMS is effectively probing electroweak _cms .
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Iqj Combined search for electroweak production X
of winos, binos, higgsinos, and sleptons in
proton-proton collisions at /s = 13 TeV
Slgnal Final states
* ® 1L+ 2b
Interpretations
® 2 - 3+ |leptons
® Electroweakino pair production ® 2L OSSF 2L SS, 2 - 3L OS
. ® b
® Compressed scenarios
® Hadronic WX
® Slepton pair production
® Missing transverse momentum
® GMSB mOdGIS p ?fl"’rﬁgg p %S«//ﬂ) p 55355%.’//559
arXiv:2402.01888 " T "
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https://arxiv.org/pdf/2402.01888

Iqj Combined search for electroweak production M

of winos, binos, higgsinos, and sleptons in

proton-proton collisions at /s = 13 TeV

Methods Results

® Combination of 6 ® Extends limits on various
separate analyses in interpretations by O(100) GeV

simultaneous ML fit
® Compressed slepton production is

explored for the first time in CMS
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Iqj General search for supersymmetric particles CM5

in scenarios with compressed mass spectra

using proton-proton collisions at v/s = 13 TeV

Signal Final states

Interpretations ® 0-3 leptons, 0-5 jets

® Top squark pair production ® B-jets, soft SVs

® Electroweakino pair production ® Missing transverse momentum

t b
~ ~ W+
° ° p t ’,,/5‘(’(1) |y t”,, ~+‘JJ —
® Slepton pair production IS
Z ot p \\\,:\\\ ........ %l D \\\;‘~\\ %1_ %(1)
,J"JJ / t \ t v
P Xy & 0 p ’Zt/, ....... 0 : v
.20 T~
p X ‘\,\_\\ X1 p - \\ X1
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IQ_J General search for supersymmetric particles g
in scenarios with compressed mass spectra | £

using proton-proton collisions at v/s = 13 TeV

| —oCM

Methods =-",&"-= Results

‘ R | J. . . .
Rizzz\tﬁ CtI?OSr? v ® Most stringent limits to date across
a variety of signal interpretations

® Binned in ~orthogonal basis
of kinematic observables ® Compressed reglons
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95% CL upper limit [fb]
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specific lepton quality - o \ I |
selection, object number I o
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oo Understanding the Universe with CMS

KANSAS

Standard Model

CMS DETECTOR STEEL RETURN YOKE
Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS
Overall diameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels
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5 bosONS (+1 opposite charged W)

34

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

Compact Muon Solenoid
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leptons force carriers

super-
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‘Y SUSY motivation

® Addresses SM discrepancies
in an intuitive way S

® Additional parameters
cancel SM quadratically
divergent terms (hierarchy

problem)

eeeeeeeeeee
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st nd rd
. . generation
' rO V I e S C a n I a t e everyday matter exoicmatter  ~~~ forcepartiles ~(mass giving)
, N
/ | ©)
IR 23 ETTR - 23 P, 213" & /
e charge 3
color charge (g or b)
mass (eV)
spin
. up charm top

® Force unification

® SUSY @ electroweak scale
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CMS-SUS-21-008
Combination of
missing pT, mT2, and
other kinematics

Detecting the Invisible:
Strategy & Kinematics
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Compact Muon Solenoid
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