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® Searching for new super symmetric

particles produced in p-p collisions
with CMS at the LHC

o The presented searches will use the

full Run 2 dataset corresponding to
138 fbtat 13 TeV

o Targeting final states in compressed

scenarios that include:

o Top squarks

o Electroweak-1nos
o Sleptons
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o Ewk-inos are a mixture of gauge
eigenstates — Wino/Bino/Higgsino
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Why Compressed SUSY? JU
KANSAS |
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SUSY is generally well motivated by % [ CMSrummy | @0 13700 | § [ OMS rotmmy | 13700 (13TeV)
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providing dark matter candidate T e i I BTt e
E sopl 210614246, 21SS + 231 E [ Zoiemen Opserved ]

—2205.09597, 0l (W 800/ —2008.05936, 2-lep (stop) —

. . =0
o  For these analyses it will be the [X1
which is massive, stable, and invisible -

e SUSY also solves the hierarchy
problem — superpartners create
cancellations to stabilize the Higgs ¥ :
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e Many non compressed SUSY SMS
limits up to a 1-2 TeV F

e SUSY is valid up to several TeV,
compressed limits << TeV
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Why Compressed SUSY?

e Here are pMSSM scans with the
chargino and N1

e r <1 chargino ruled out by
experiment

e High density of compressed models
along the diagonal

e Avoid fine-tuning and enforce
naturalness to get compressed
higgsinos

e Wino/Bino are optimistic
couplings/cross-sections and higgsinos
are pessimistic (factor of 4 less x-sec)
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https://arxiv.org/abs/2505.11251

What Is Compressed? ek
Compressed can mean different
things in different final states /t Z
o Top squark ’ t il B ::g,,, fx
Am(E ) <m |[AmER) <mw| |/ TN Y TS
e Electroweak-inos .
Am(X7,X1) < mw| Am(Xs, X7) <mz| \ v e
o Sleptons ; x*\\g y ?\g

Am(Z,%%) ~ soft

August 2025



The Compressed Search Strategy JU

Sleptons

e Soft SUSY searches are Top Squarks
hard due to the soft visible v l
components and b - \. R e

overwhelming backgrounds

e We use an ISR-assisted
strategy and look for large
missing energy recoiling
against ISR

e dJets + MET + Soft Objs.
will be the common theme @

of what 1s presented here
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. CMS
Searches Overview S
KANSAS
e Presenting results from the CMS experiment a for supersymmetry searches targeting

More compressed

«

compressed spectra — small mass splittings between the different supersymmetric
partners.

SUS-23-003

A general search for supersymmetric particles in scenarios with compressed mass spectra
using proton-proton collisions at Vs = 13 TeV

EXO0-23-017

Search for new physics with compressed mass spectra in final states with soft leptons and
missing transverse energy in proton-proton collisions at Vs = 13 TeV

SUS-24-003

Search for Higgsinos in final states with low-momentum lepton-track pairs at 13 TeV

SUS-24-012

Search for compressed electroweakinos with low-momentum isolated tracks
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RJR General Search for Compressed SUSY

To conduct a general search we employ Recursive
Jigsaw Reconstruction (RJR)

1. Impose a decay tree to interpret the event
o Expect R-parity conserving sparticle pair
production = Pa, Pb

2. Use RJR rules (e.g. minimize mass) to do
assign objects to the decay tree and partition
ptmiss

3. Approximate decay tree rest frames to
construct mass-sensitive observables

[1607.08307,1705.10733]
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RJR General Search for Compressed SUSY

THE UNIVERSITY OF

CMS Simulation Region 2L
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e For a general search we define the — TohIWZ 250 240
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RJR General Search for Compressed SUSY

THE UNIVERSITY OF

e Perform a 2D bump hunt over

; CMS Simulation 2L, 0J

RISR and Mperp (an RJR mass . = I
Symmetry observable) i -. .................................. %
e Spans 0L,1L,2L,3L final states :
e (Categories in Nlep+Njets with w * :
i . . . 085 a0 60 B0 700120 % 20 40 60 80 100 120
finer breakdown in object counting My [GeV] My [GeV]
and other complementary el s b pac e S
. . 100 ) Pfwt m BZA total uncertainty
kinematic observables " —
20 e e [ HF leptons
. . g (] LF/fa:ke .Ieptons
e Simultaneous SR+CR data-driven £ — ey
< B W + jets
fit to all ~390 categories and ~2000 _ EESSENSNET 8NN T o2
bln S %E P Txéo:Js? 91040
° 3 .[0.7:,0.8] [08, PR
FKISR

10 August 2025



THE UNIVERSITY OF

e Exclusion of top squarks up to 700-750 GeV and down to dM=6

e Slepton limits up to 260 GeV and down to dM=5

e Only CMS/ATLAS result to include interpretations for L,R,smu, and
selectron independent results

CMs 138 b (13 TeV)

T

t
/ CMS 138 fb™ (13 TeV)
FEIE S e s 1 /.
=0

o
™

95% CL upper limit [fb]

95% CL upper limit [fb]
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e Limits TChiWZ with the optimistic RN
Wino cross-section cmMs 138 fb” (13 TeV)

e SMS assumes N2,C1 are mass
degenerate

—_
o
w

e Observed limit excludes compressed
N2,C1 ~300 GeV down to ~275 at
dM=3 GeV

b=y
95% CL upper limit [fb]

o
o

e Many more models (including
higgsino interpretations) are

available in the paper 100 150 200 250 300 350 400 !
o kat)}
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https://arxiv.org/abs/2508.13900

Search for Compressed SUSY with soft leptons and MET

CMS

THE UNIVERSITY OF

e Zooming in into dM<10 we z >
have a search for soft leptons | » B (f/ R - _,r'f
e 3 p % il ~0
. S - X
and ptmiss | '
P St R % e g
< “\\ p %
e (Cut and count approach -
considering both 2L and 3L
\ Vasiable Prompt pp Prompt jj/ee Prompt 3¢
. . s Low-piiss Higher-piss  Low-pipiss Higher-piiss
e SRs consists of bins of ey z :
pr(012)[GeV] for e () (5,30) (1(3.5),30) (5,30) (1(3.5),30)
. . pr(£5)[GeV] fore (i) — — (5,30) (1(3.5),30)
di-lepton mass and ptmiss 1S pair ‘
1 OSSF pair v
AR((L) (j =1,2,3,1 # ) o > 0.05 - > 0.05
mgpog (L) (111;"255(1() in 3/) [GeV] (4,50) (0.1,50) (4,50) (0.1,50)
mggag (€€) (AS=any sign) [GeV] — — <60 —
¢ BOth the SR and CR are msi_-gs([‘l) (mg‘;(“-)s(l( )in 3¢) [GeV] veto (3,3.2) and (9,10.5)
. . pr(£0)[GeV] >3 —
SlmUItaneOUSIY flt Leading jet “tight lepton veto” v —
my (€, pP) [GeV] (i = 1,2) <70 —
Hy[GeV] > 100
PSS/ Hy (2/3,1.4) =
Ny(pr > 25GeV) -0
1 [GeV] veto (0,160) —
pr(€;)/m(ee) pr(ly) > 0.6 4 0.25mgpog(€€)  pr(ls) > 0.6+ 0.25m%n (£0)
max(Ap({,, pi)) (i = 1,2) <15 o
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Careful attention 1s made to the
model theoretical underpinnings

o The di-lepton mass lineshape depends
on the sign of the mass eigenstates

Utilizes a new collection of
electrons with pt from 1-3 GeV
o Uses a dedicated low-pt algorithm to

supplements the standard
reconstruction

New collection now makes dM=1
possible

Number of Events

Data/Pred.

THE UNIVERSITY OF
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o I B Rare 3
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Results now extend limits
for TChiWZ Wino/Bino mass

splittings of 1 GeV

Includes interpretations for
(+) or (-) eigenstates

Exclude Wino-like charginos

Am(E. %) [GeV]

-
(=]

107

CMS Preliminary
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129-138 fb' (13 TeV)

edt 1,20

pp — iji — WZi %, (winoibino) ¢t (i)=o.o mm

ﬁl‘x; x n')i‘ <0,

NLO-NLL exclusion

129-138 fb ' (13 TeV) CMS Preliminary
= [ —:iu
K 102 B M2 0, NLOWLL exchusion
= Opserved = 1a = = Expécled 1,20
™

Am(z,

3
95% CL upper limit on the cross section [pb]

—WZ %, (winofino) ct (,)=0.0mm

= Observed £1g,

95% CL upper limit on the cross section [pb]

up to 150 GeV @ dM=1 GeV s,
Also includes the natural — 3§
higgsino interpretation with ?
the “sandwich model” y
o Chargino mass halfway o l,rj .
between neutralinos ' g e T T T
15Wi

CMS Preliminary 129-138 fo ' (13 TeV)

@ PP = X Zyr ke My=(My+my)2 (higgsino) et (1)=0.0 mm
i, x iy < 0, NLO-NLL exclusion
= Expécted:tzou mee — Observed £1a,

10
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m;: [Ge

95% CL‘I.prl‘ limit on the cross section [pb]

August 2025



Search for Higgsinos with lepton-track pairs

e Here we have a smaller scope
analysis in the same dM<10
regime

e Analysis employs BDTs to
1dentify events with N2
leptonic decays

e SRs consist of dimuon or
muon + isolated track,
alongside high PTmiss

e Exclusive track BDTs pick
best track

THE UNIVERSITY OF
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Search for Higgsinos with lepton-track pairs

Results are the among the

CMS Pre//m/na

first to interpret the natural > 5F

sandwich model O 45p
W

Event selection is orthogonal 3'5’3_5

with soft lepton + MET thus 8

the results can be combined % 2.5
>

Starting to approach the
15

compression limit ~250 MeV
=
\

CMS
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Search for compressed electroweakinos soft isolated tracks KU M5

KANSAS |
e Our last analysis zooms into the -
ultra compressed regime dM<1 GeV ‘Jfr
e The focus here shifts from Zs to Ws . Pt &
e We expect the chargino decays to p if “Reruiggn s s X
charged pion—the soft isolated \k\
track W
e The pion is also expected to be W

mildly displaced ( < 2 cm)

e Targets events with a isolated
tracks, large PTmiss, large HT, B w
no leptons or photons
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Search for compressed electroweakinos soft isolated tracks
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138 fo'' (13 TeV)
ﬂ e T T T T T T
S10°eCMS Preiiminary

. . 108 4 Cleaned DY Data
e Analysis employs a dM parameterized VGE I oo VNG (Spuiove) ]
NN that uses a similar approach as the 10° i
BDT Higgsino analysis 138 fo" (13 TeV)
[%2] I I I I I I I I I I I
. (o . . = ¢ Dat
e C(Classifies events into 5 categories: G10°F  wm Spurious CMsS
. TP PV-associated Preliminary
signal, prompt bkg, non-prompt bkg, S Sl | "HO'E g Sec. from Wi
* =15 | =
spurious track, or tau = 1E SV Mfﬂ 10°
© 0.5 3
. [m) 102 .......
e NN inputs are: track + model dM, + S0 7 b sional | ame03 Gev)
event variables (MET, dR, pT, ...) o 138 b (13 TeV
. . E e CMS Preliminary -
e Each track is given each model dM & 10° oW | IR
. [ Cleane purious; 3
(03,06,10) and the max P(Slgnal | dM) 10° Cleaned DY MC (PV-associated) § ¢ E = : - 5
. . . . eane unrefine ] E ®3
is chosen — sorting tracks into different 10° cemtTMomER A 219, S R
signal regions fot 1| st ¢ 1 T 0
) ) ) 19 E 1234567 89101112
e Weend up with 12 SR bins — 3 dMs with 1 o Signal Region

4 bins of Pmax each

4 6 _8 10 12 14
Pmax(Signal | Am=1.0 GeV)
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Search for compressed electroweakinos soft isolated tracks KU M5
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NICAC
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0.6 ' SN =
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Summary .
KANSAS |

e Presented Run 2 search results for compressed SUSY
with CMS

e Comprehensive results for a variety of models and final states among 4
searches

o SUS-23-003, EX0-23-017, SUS-24-003, SUS-24-012
e No significant excesses found for compressed SUSY so exclusion limits

have been set

e Searches continue into Run 3
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CMS 138 fb™ (13 TeV)
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