chrn)) g

NS

Recent highlights of supersymmetry
searches from CMS

PABLO MATORRAS-CUEVAS
Instituto de Fisica de Cantabria (CSIC-Universidad de Cantabria)
On behalf of the CMS collaboration

XXXI International Workshop on Deep Inelastic Seattering (DIS24) . =
Grenoble, France; 10 April, 2024

UNIVERSIDAD
DE CANTABRIA




Supersymmetry:

Y - = Supersymmetry (SUSY) can solve
Lo ; % e % \ multiple open questions both

i | | theoretical (great unification
theory) or experimental (dark

maftter (DM) candidate)

Compositeness,
Extra dimensions

Extended
Higgs Sector

Wiz

Minimal
Dark Matter

Hidden
Sector

Multiverse

= A new space time symmetry = one
superpartner companion per standard
model (SM) particle.

= |f R parity conserved — produced in pairs,
LJirggrles’r supersymmetric particle (LSP)
stable

= Naturalness = gluinos, top squark (stop), ° O 9 °
charginos and neutralinos at TeV scale
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https://arxiv.org/abs/1311.0299

Supersymmetry:

Electroweak SUSY in a nutshell

= In general SUSY is constructed as an extension of the standard
mode]
= Electroweakinos are mixtures of Winos, Zinos, photinos and
higgsinos, whose mass eigenstates are charginos and
neutralinos

» Relevant due to:
o Contribute to large corrections of the Higgs mass

o Its LSP, typically the neutralino, is a good dark matter candidate
o Masses accessible by the LHC (~order of the TeV)

MSSM Electroweakinos

Charginos

(@

Neutralinos

Quarks ‘ Leptons ° Force particles Squarks ' Sleptons .| SUSY force particles
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Supersymmetry:

----- neutral displaced EBSM
— charged HSCP dilepton M lepton
. ~— any charge M quark
» R-Parity not conserved? Ahoton
W anything
- disappearing displaced
track lepton

Kl | XY
Y el X N
A Sl
// " | ‘I X ". .
displaced b ‘. A displaced
dijet y | <%, photon
e / =: S |

v not pictured:

¥ displaced out-of-time decays
conversion

= New particles with longer lifetfimes?
—

displaced
vertex

LPCC SUSY Cross Section WG
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= Are SUSY particles just heavier/its 105§
cross-section is smaller than what's 10" . =

. . s= € i A

been probede Combination of 10° 5

m

"Conventional” SUSY searches (with
high p.™* from LSPs)

-

[
S
]

1 IIHHII | 1IIIIII| 1 IIIIIIII | IIII]III 1
—
S
5]

o(pp— SUSY) [pb], NLO-NLL
S =

= Full list in 10

000 2000
SUSY sparticle mass [GeV]
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http://cds.cern.ch/record/2894017?ln=en
https://cds.cern.ch/record/2873810?ln=en
https://cds.cern.ch/record/2872679
https://cds.cern.ch/record/2853345?ln=en
https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/SUS/index.html

RPV SUSY with weak production and strong decay

= Target the production of

electroweakinos in final states z
involving W and Z bosons and an — ro,ou !
R-Parity violating neutralino (LSP) P X?, s T d
decaying to: X1 L8
o RPVQ: LSP decaying to uds REETT | %, i%_l_)_:
~  Final states including W,Z+6 g i ‘\.\\\‘: 4

light quark jets
W:E

o RPVb: LSP decaying to udb:
—  Final states with W,Z +4 light jets and 2b quark jets

= Use number of jets (njeTS) as a discriminating variable

= Main backgrounds expected to be WZ (low njeTs) and 1tZ (high njets).

- Electroweakinos expected to be at the electroweak scale
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- Signal events require 3 isolated leptons with p.>10 GeV and up fo 6 jets
with p.>30 GeV. Two of the lepfons need to have an invariant mass
consistent with a Z boson (76<m, <106 GeV)

~ Signal Regions (SRs) defined in ferms of n,_,.,

(nbje’rs)

- Distributions studied using the sum of all objects p. (S;) as variable.

the number of b quark jets

= Control Regions (CRs) defined by varying requirements on number of

leptons
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http://cds.cern.ch/record/2894017?ln=en

RPV SUSY with weak production and strong decay

Results

No statistically significant deviations were found
95% exclusion limits were placed:

= RPVQ: Chargino mass at ~350 GeV for compressed scenario, up to 450
GeV for low LSP mass

= RPVb: Chargino mass at ~275 GeV for compressed scenario, up to 600
GeV for low LSP mass
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Stealth SUSY: Hidden SUSY sector (§)only
broken via a weak portal:

= Superpartners nearly mass degenerate and
low LSP p- .

= S decays to its hidden partner S, with @
gravitino as LSP

= Production studied via gluino and squark
production

Models with conserved R-parity and no
special fine-tuning

Events selected with two or more jets and
S>1200 GeV:

= CRs with 2 non isolated photons and with
only 1 photon

P. Matorras-Cuevas | DIS2024



https://cds.cern.ch/record/2873810?ln=en

- SR with 2 isolated photons with p.Y'>35 GeV,
p,Y'>25 GeV, m >90 GeV, $>1200 GeV and
N Jets™ 24

= Background estimated via a data driven
method (+ info in backup)

Distributions presented in terms of S. for

y

N _.=4, N

jets

Je’rs=5 and NJe’rs26

No significant deviations were found in data
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Stealth SUSY with diphotons, jets and low MET

Results

95% exclusion limits were placed:

= Gluino production: gluino mass up to 2.1 TeV for neutralino masses from
300 to 1800 GeV

= Squark production: squark mass up to 1.85 TeV for neutralino masses from
500 to 1600 GeV
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SUSY with disappearing tracks

Several simplified models in events with missing y===--=-=--=-=--==--==3----1

fracks: | . / L
p ty  _eT.... .«.’.

= Production of top/bottom squarks or i

gluinos : TTe-al S X
~ Electroweakino production with a nearly 1

pure higgsino/wino LSP and a weak boson i

(TChIWZ, TChiIWW, TChiW) e o,

Z*

o Good dark matter model i 7 i

1 ~{j s |

Two ct considered: Lo 5. SERAL ALY o

o ct=10cm (pure higgsino/wino states) :

o ct=200cm P e X

N I

Both short and long missing tracks are i " i

considered

+ Other models in backup
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SUSY with disappearing tracks

= Signal regions divided into a hadronic, a

. L o108 CMS ] ‘ X ] 137 fb! (13 TeV)
= 11 DTk Baseli nuin werin
muon, an electron and a mulfiple missing B DT e S o
Sa03 T5btbtLL(1500,1100), ct =10 cm [l Genuine muon
tracks channel. 210 - b

= Each SR is further divided in terms of the

oM, Neetsr Nyops the number of short and 2
long tracks and the ionisation energy loss 5
of the candidate tracks. 5
~ Main backgrounds coming from detector ToT s s e
o Evaluated in dedicated CRs 2102 CMS B Spurious

103 B — T6tb(1000,900), ct=10cm MM Genuine showering

- A boosted decision tree is used to improve E £ ToIs001100) ce-toom R Gerinemuon
the purity of the disappearing tracks using
several impact and isolation parameters
as input.

’* + X ¢ > 5530 SR X &
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3 Caa Lo e e TR R Y
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2 et g el s

1 v o o 5000 X b 00 KSR, o8
! 1 5 % PT % 1% oy oo

0
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SUSY with disappearing tracks

Results

Exclusion on particle’s masses of:

= Top squark: masses up to 1500 GeV, and chargino masses up to 850 GeV (ct =10
m) and 1150 (ct =200 cm)

- B%’room s)quork: masses up to 1600 GeV; LSP up to1050 (1450) GeV for ct =10 cm (cz
= cm

- Gzlgiono: (;;Iuinos excluded up to 2300 GeV; LSP up to 1.5 (2.0) TeV for ct =10 cm (ct
= cm

= LSP masses excluded up to 650 GeV for the wino DM model and 210 GeV for the
Higgsino model (shown in terms of the mass splitting of the two SUSY particles)
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+ Other models in backup
P. Matorras-Cuevas | DIS2024 13


https://cds.cern.ch/record/2872679

Electroweakino Combination:

Considered Models

= Animprovement respect the previous Eletroweakino
Combination ( ) using 2016 data that
targeted the production of: fr/f

>0

o Wino-like chargino and neutralino, decaying via a
bino like LSP neutralino

o b % x\ i

Wj:
= Revisit the same interpretation with Run 2 data,
including some improvements % H
= New inferpretations also considered: b X ,f/ .

o Chargino/neutralino production in a Higgsino-bino

interpretation. b s \\ &
o Slepton pair production

7, H
E_ W:k H H
e 4
7 7
P ‘ ,/ 0 S r'jﬂ B el 0 I i 0
- X p XU oo ®iaenan,, X3 P STAE R X4 P s IR MR X4
\‘:*\\ ,,,,,,, >0 = ...... ~0 ...... ~0
p 7 \ X1 p ¥ \\ X1 P 2 . X1 p 5= ;‘-\-\—\ Xi
N
N
N
A WF H wi

P. Matorras-Cuevas | DIS2024 14


https://doi.org/10.1007/JHEP03(2018)160
https://cds.cern.ch/record/2888264

Electroweakino Combination:

Combination strategy

Leptonic analyses: Hadronic/Semihardronic analyses:
- 2/3l soft: - 1l 2b:
- 2lon-Z/nonres: - 4b:
= Hadr. WX:
-  23[:
Search Gaugino GMSB Higgsino-bino Sleptons
Y 'WZ WH |ZzZ ZH HH|WW HH WH | 06
2/3Csoft | v |l
—
2¢ on-Z v v  /
2¢ non-res. v
123 ___ |\ v v |/ v v | ___ __ Y | _____|
1| 162b v v I
|
| 4b / / —
: Hadr. WX | v V/ v v :

n.b. Overlaps between analyses’ Signal Regions (SR) accounted for in combination
P. Matorras-Cuevas | DIS2024 15
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Electroweakino Combination:

Results

*  More sensitivity and new models considered wrt previous combination
* No significant deviations from expectation found
* Chargino excluded up to 1 TeV, and Higgsino to 990 GeV
*  Slepton mass excluded up to 215 GeV for Am=5 GeV and 110-720 GeV for Am=50
GeV
700CMS Preliminary 137167 (13 TeV) 600CMS Preliminary 137f0" (13 TeV)
> | o TT o WY s = g pp =TT 1%, —i00 £
O, 00| == Observed + 1 Sineory NLO+NLL excl. = 5 (-20- s00] ==Observed + 1a,,, NLO+NLL excl. & S
E°1><'_ ::z::Expected £ 16, iment 7 5 Exx" 232 Expected £ 16 imen ] -§
s00| — JHEP03(2018)160 (observed) i & - 4 e ©
- 3 , 2 400 — 3 3
- = 10 o Y, At B o
ao- BE e - e 1 - 2
- - & 300~ & B =10 2
3001~ \ - C § - E
- B = 200 = g
200 3R 3 o B 141 9
C s ) B == -
== Pom 5] f = o
1100~ ! e 9 100 be &
- ! : 1 1 N — L,
Lk : (.9 3 ¢ :E L
1 T o e . co Ly | R R
- _ _202 __ 4_00_ _: 600 800 1000 1200 100 200 300 400 500 600 700 800
m%T =M. [GeV] m- [GeV]

+ Other models in backup
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Summary and outlook

Several analyses have been presented:

*
*

RPV SUSY with weak production and strong decay:
Stealth SUSY with diphotons, jets and low MET:
SUSY with disappearing tracks:

Electroweakino combinatfion:

No significant deviations from expectation found

But there always is hope!

Current exclusions come under assumptions

[or]
o

CMS BN LHC delivered: 73.40 fo~'
[ CMS recorded: 67.37 fb™!

that could be proven wrong.

~
O

o)

D
o
T

Currently on Run-3 data taking period

a
o
T

— (Expect ~3x more luminosity than Run-2!)

IS
o

w
o
T

New phase spaces will become available

Total integrated luminosity (
n
o

(compressed area, even more boosted

—_
o
T

scenarios...).

2 @ R D R P P P D ‘
w90 Pos P Bt P 0P o B P fz,\@'z 5\)0?, 5\)\2

Stay Tuned! pate
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Stealth SUSY with diphotons, jets and low MET

Background modelling

Background model calculated as:
b (Njets, Spbini) = Nevts (Njgs, 1200 < Sp < 1300 GeV)
% FACK (5. bind)
X T (N]ets, St bin i),
Where:

- B[N, S;bini)is the expected background for a given (N . S.)
- Nevisis the number of events in a low S. normalisation bin for each N
~ fASK(S, bini) is a shaep template from doTo for N, , =2

Jefts

- (N, S;bini)is a correction to the shape template estimated from
simulation
s N CMS 138 b (13 TeV)
ST ShOpe GdeSTed by: |:A _|_ m (SHO'II:ITI - 1)] E 8 Ep pnomlnal
81025 p= pnomnal
= : E p= pnomma =1.63
Where 3 | e Daa
g 10
o
Best-fit values A m L
nJets = 3 1.05 £ 0.02 0.26 + 0.07 :
nJets = 4 1.04 = 0.03 0.75 & 0.09 1
njets = 5 0.99 + 0.04 1.30 £ 0.15 we B
njets > 6 111 £0.06 242+023 10007 1500 2000 2500 3000, - 5%°
]
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SUSY with disappearing tracks

Other models

7.{.:I:
e
7
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g ~0
p Xf o\\ X1
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. Tt
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SUSY with disappearing tracks

Additional Results

Bottom squark

CMS 137 b (13 TeV) ) CMS 137 b (13 TeV)
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Electroweakino Combination:

Leptonic input analyses

Leptonic analyses:
- 2/3l soft: (Compressed)
o "2l bin": Two opposite sign (OS) same flavour (SF) lepton pair,
o "3l bin”: One additional SF lepton (e, y)
o 3.5(5) <p,(lep)<30 GeV for 2L (3l) bins and an ISR jet.
o Further binned in terms of p;™* and m
- New parametric signal extraction to improve sensitivity

= 2lon-Z/nonres: (Boosted)
o Two OS SF leptons (ee/up), with SR split in terms of p M.
o onZanalysis: 86<m <96 GeV, using standard jet (AK4) & wider
(AK8) jet reconstructions, further splitting in terms of b-jet content.
o off Zanalysis: 20<m, <65 GeV & m >120 GeV

- 23l (Intermediate)
O ee/IJIJ or 3/4[ W|Th Up TO 2 hOdI’OﬂIC Gaugino GMSB Higgsino-bino
taus (t.) Search 7 WH [Zz zH HH|Ww HH WH
i h’~ 0 2/3Csoft | v
o Py >25 GeV, P, >20 GeV 20 on-Z v VR
2{ non-res.
>3¢ oV |\ v v v
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Electroweakino Combination:

Optimisation of 2/31 soft analysis

Same flavour,

~ Each mass hypothesis has different kinematics pione
o Optimise binnings per each mass splitting wrt 7z e

o Use m as discriminating variable
— Individual binning for each Am and SR.
Weak

N I
o Expected exclusion of Next to LSP improved by production P},V\evv
~5-25 GeV Sdlepton|  [vET

v low p,™, 21 high p,™, 3l
CMS 129 fb! (13 TeV) CMS 137 fo! (13 TeV)
A ; c R RAEE LR AL RERLS LA EAE RS EALES EERRY R RAL c AR RS RERLS LAY EAEL) LA LAY RERRN R
1) CMS Simulation f 300F -¢- Data [ bY []Nonprompt f 10 -¢- Data [ Wz []Nonprompt |
< 0161 P F — %22 - Wzx% (200/180) [l WZ [l Other @ — 1) - Wzxx? (200/180) [l vv [l Other
.G_; F g rlt@) [ vv [ Total bk g Hioh o™ b {8 Total bkg. unc.
L ¥ n _
o 014 My = 100 GeV, Am = 40 GeV & 2 Lo in R B ]
& b 200}
> ks S R [R— myse = 100 GeV, Am = 10 GeV g
o1b 150F
H 50
0.06+
H 0
0.04§- - . ey - 3 T
: > e Total bkg. unc._: > == Total bkg. unc. E
L —_ . q P 2
0.02]- 5 S
L : © 3 ©
P H o ' E o
O 111 | 1111 E 1111 | 1111 ‘ 1111 | 1111 ‘ 1111 ‘ 1111 1111 ‘ 1111 0 0 A 0
5 10 15 20 25 30 35 40 45 50 : 5 10 15 20 25 30 35 40 45 50 5 10 15 20 25 30 35 40 45 50
min
m, [GeV] M(ll) [GeV] Masse(ll) [GeV]

P. Matorras-Cuevas | DIS2024 24


https://doi.org/10.1007/JHEP04(2022)091

Electroweakino Combination:

Hadronic & semihadronic input analyses

Hadronic & Semihadronic analyses:
- 1l 2b:
o p,'>30GeV, 2 b-tagged jets consistent with the Higgs
boson mass, and large me‘SS.

o No leptons. Two Higgs boson, each H—bb

o SRsbased on Nb_jefs.

o Also considering boosted topologies (with AK8 jets)

» Hadr. WX:
o Atleast 2 AK8 jets, compatible with W, Z and H bosons.
o 2-6 AK4 jets
= New for Run 2 combination
Search Gaugino GMSB Higgsino-bino
= Additional sensitivity in the U "Wz WH | zZ zH HH | WW_ HH WH
uncompressed spectra 1£2b v v
4b v v
Hadr. WX | V/ v v v

P. Matorras-Cuevas | DIS2024 25


https://doi.org/10.1007/JHEP10(2021)045
https://doi.org/10.1007/JHEP05(2022)014
https://doi.org/10.1016/j.physletb.2022.137460

Electroweakino Combination:

Chargino/neutralino production in WZ/WH final states

Z, H
Several analyses contribute to the combined limit (more /’
information in next slides): p B %
= Uncompressed region: dominated by Hadr WX ,
L T et %
analysis. y 5 ’\\ !
= Compressed region: 2/3l soft analysis (23l) in the WZ W
(WH) models.
. . . e . . Gaugi
= Expected limit significantly improved with respect to Search [t
the 2016 combination ZjopEn | o
2¢ on-Z v
2¢ non-res.
>3¢ v v
_ 7OCCMS 137 (129) b (13 TeV) M . 1£2b 4
> [ word o wat 0, 2| o mcMS 1977 (3TeV) | | 4b
©. 6oo| ==Observed + 10,,,,, NLO+NLL excl. E S 3 PP = %X, > WHLX, e 2 Hadr WX | v/
iy siziiExpected+ 16 . s 5 = == Observed £ 16, NLO xcl. 3 S
E 500 :5H?5P(§3?20118)$X§8r'(m§gserved) ] ] ol ° 2322 Expected £ 16,0 om WH a B
C p ] = I § 500] —— JHEP03(2018)160 (observed) 4 $
a05F- WZ & §10 E r 1 J10¢ 8
E ...... - \ E 3 g 400;_ s _; E g
;jOQ-E_ | E g :%, Ny = | E
1200 : -1 & : R
M | 3 o § | :
] 100 | I <0 C ;; ] d
I . 1 ‘g 100:— - 2
1 - &

(LR e
800 1000 1200

mﬁ = m%Z [GeV]
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Electroweakino Combination:

Chargino/neutralino production in WZ/WH final states (Compressed)

More challenging = Required full Run2 data as well as

novel techniques

- 2/3lsoft and 23l analyses complement each other.

o Orthogonal lepton p,

o Different discriminant variables

- Expected limits close gap at Am~40 GeV, where @

mild (20) excess is found

. 137 (129) fo (13 TeV)

— 70 — -
= pp—> T, > WZLE Expected
D 2/31 soft
;- 60 28SI/z3| — Observed
?i Combined
X s0f :
E
< r

40

30F

200 .

o=

| \ _.........--“'I"I ‘ ‘

300
My, = My, [GeV]
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b X%n..,‘tt;;...%?

Wi
o CMS 137 (129) fb' (13 TeV)
) 00 =
pp - 7%, & WZL X, | g
60| ¥ Observed £ 10y, NLO+NLL excl. IS
=== Expected+1,26 ©
--------- experiment — 103 8
50— ' —| = @
r =4 %)
C ] o
C 1 ] o
40— — c
C 1 o ot
C _ €
30[ =R =
C N oy
: ; &
20 J 100 S
C J 3 —
- . 10 7 O
10 __._ ' \ ,""i _:.: 8'\(;
= R =l A R— D
100 150 200 250 300 350 400

m_. = M, [GeV]
X, T
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Electroweakino Combination:

Chargino/neutralino production in GMSB models

In GMSB models, x,*, x,° and x,° have minimal mass /
splitting: b e G
~ Models can be reduced to x,° pair production, L
decaying to: b ?\\G
o Gravitino G withm =1 GeV (LSP)
o SM neutral boson (Z or H)

= Exclusion limits in terms of B(X — HG): o owss
carc
o 4b onoly5|s more sensitive CIT large B(X — HG) T Zz 1
soft
o Small B(x] — HG) dominated by 2l on Z analysis Datonz Tv™ 7 :
"2fnontres.”|T T T T T T i
1| =3¢ v /7 / I
=== .
CMS 137t (13 TeV) CMS 137 0" (18 TeV) |7 '4b- S I
o B o) E B e |
2% OQiT "N I% 09:_ Hadr WX
Tk . T E
o - 08F \ ~ o ~ 08
[t E ’ = o
0 o7k \\ N o o7
06f X N o 06F- 7070
?‘ \ /" R B3 1Z1~ 1-BE - HE E PP = XX,
VRN ¥ =28 =15, =~ 1 oo B(E, - 20) = 1-B(Z, - HO)
04F \ SN e Expected 04F .
- \ A —— Observed - = Observed + 1:,,,
03 Y 0.3 s=s Expected + 16,
0aF- \ M\ — - 2ssizai obs) oab- -+ Expected £ 2 G,y
B \\ ‘-,_ —  2lon-Z (obs) E — JHEP03(2018)160 (observed)
0.1— % - 0.1—
= ", ====4b (obs) E
O:WII\lllll‘\III|\II\I\II“‘II\I\\Il\ll\ll‘ll\ll\l\ll\\Illll\l E IIII|IIII‘IIIIlI\IIlIIIII\\II
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 0 800 900 1000 1100 1200 1300 1400

mzf [GeV] mi? [GeV]
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Electroweakino Combination:

Chargino/neutralino production in Higgsino-bino models

. ) 600 CMS _ 137fo" (13 TeV)
New interpretation wrt > | PP T, T, 1. 2
0 ('_Z'_ 500 B(X1 _>X1W) Bﬁz,sﬁz?H) =1 ; .S
- X] as L3P, and a mass degeneraie =3 — Observed + 1, NLO+NLL excl. ’ 8
Higgsino triplet: sop | EECE0” T Cacatnen 1. 3
: : - J BERR:
- Target either WW, HH or WH final ol ‘ 11 s
states with: : 1 £
+ 0y — 200— —_ 3 §
o B(x," — Wx,’) =100% : 1 S
o B(x,,"— Hx,°) =100% 1001~ vl
’ B o 1 0

= More sensitive fo the uncompressed 100200306400 500600700800 6001000

=M [G_eV]-'
X X

phase space

Higgsino-bino
S h
Y 'Ww HH WH
‘I/Wi o L 2/3¢ soft
p %f ........ 2 p )?(2’«' ....... 2 p )?3)?3«' ....... 2 2¢ on-Z
o L L 2¢ non-res.
P )N(T ........ b p >”<8'~\ ,,,,,,, b p )?li\\%[ll i /
\\\m T m we 1£2b s
4b v
Hadr. WX v v
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Electroweakino Combination:

Slepton production

Particularly difficult due to their small cross sections. ) /
o Slepton as Next to LSP with lightest neutralino as LSP P e X1
o 1" & 2"9 generation (3@ covered in ) ~~_ .
2/3l soft analysis targeting compressed signatures: .
o Similar SR as for Wino-bino interpretation !

o my(llx) as discriminant variable:

ma(€E, x) = min [max (M'T(m)(), M%(m,())]

|||||||||||

2l nhon resonant used for non compressed scenario:
o Equivalent SR as before

1

45 CMS 137 (129) fb™" (13 TeV) 600CMS 137 (129) fb™' (13 TeV)
> — — —
i s} — Sy ~0~ —
- pp 11> 177 e 2 = pp = 1T 7% ¢ E
O 40| =z 0pserved £ 16, NLO+NLL excl. 3 S & s00| = Observed 1o, NLO+NLL excl. E <
T o ] *g = izt Expected £ 164,00 imen i ‘g
= E " sl R
£ — . S e 3
1 g0 11 8
25 e S B —_10 ©°
20f=, = £ i E
& = | 0] S 9]
— o l Q.
15 — aQ 1 =K a
B ) 34 10 o} s -]
[ . 3 - - - =1
10— — - (@] || &)
- 5 1 P
5:‘.|‘..\..,|,.-';"'.|.,.~.’i]..,4-:'.'.\,.4—./,‘|.‘.,~1'..?. o L e B R @
100 120 140 160 180 200 220 240 260 280 300 100 200 300 400 500 600 700 800
m;[GeV] m-[GeV]
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Chargino/neutralino production in WZ/WH final states:

Best exclusion limit per mass point + additional interpretations

CMS Freiiminary 137 b (13 TeV) CMS  Preliminary 137 b (13 TeV) p_—
= 600 5 = 70 77 B o W % - .
O 2 (0] 52 1 4= ,_~L 100 = ~ (/
o, S5al § %_ soo|B(‘>z°_>zz‘1’)=s(zg—>Hz‘1’)=o.5o 3 S P X3 -------- 3
é?*’ 3 £ — Observed + 16, NLO+NLL excl. J 3
A 2 500( =:::: Expected £ 10,0 imen = g B %i e 0
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Chargino/neutralino production in WZ/WH final states:

Exclusion contours

CMS 137 (129) b (13 TeV) CMS 137 (129) b (13 TeV) Z,H
— 700[ —i0 —~0~0 - 70 —-0 —0-0
; [ PPZL,->WZex .. Expected i) PP XX, > WZI, e Expected
5 L 2/31 soft ) 2/3| soft 20
2, r — 2 — N S ~0
5 600: ——_— Observed = 60 28553 Observed p X.2. e ey
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5001~ Hadr. WX < s : .
L Combined e + p ~:|:. B 5<’(1J
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400 a0 \\_\
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N 20 .
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Search targeting final states with a photon, jets and

large MET

Analysis exploring gauge-mediated SUSY breaking (GMSB)
= Several EWK SUSY models considered, in final states with the
gravitino as the LSP .
= Events selected with no leptons and at least 1 photon,

two jets, large me‘SS and large ST: ST:ZPT"‘P;:
s jes :

=  Splitin Signal Region (SRs) depending on the ’roggfng of
W/Z/H bosons, and further split in terms of me‘SS and Nj

efs”

=  Main backgrounds: Wy+jets, tty+jets
. . . CcMs 137 b (13 TeV
o Estimated via data driven methods g WEr T T T T 2 \)
= Chargino/neutralino masses excluded up to 1.3 TeV for the 5 Cross sections for: i
. i . k3 | =X |
TChiWG model (more models in the next slide) g e "
é 95% CL upper limits ]
107 CMS 137 fb" (13 TeV) o 10- - == Observed _:
'_% 6 t Data [ Muttijet + v Cdzow +y 3 - Eigzgzg 16 E
; 10 - Lost lepton - ey @Total uncertainty E Expected ; 2 ;Xpen_mem i
€10° —— T5bbbbZg (2200, 200) == T5bbbbZg (2200, 2100) = TChIWG (1000) = 102 & ereerment
Lﬁ 10* Ng-a Ng-e Nuz7 Je N'ﬂ N52-1e N;‘I . Vtag Htag 1; ; ;
103 = _; - i
= 3 107° =
102 E_ 1§ ; - =
10E - C _
1E — 107 s =
c i A IF Ll an L I i Nl 25 P L mifl i = E pp — X;X1 E
SI51.55 3 [ B& W G)= B v G)=100% !
Sg 15/‘4 2 10 gx Lo o b b b lé
D_O.SE 400 600 800 1000 1200 1400
B Mysp (GEV)
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Search targeting final states with a photon, jets and

large MET: Other models

TChiNG model

CMS 137 b (13 TeV)
3 10 E T | T T T T T T | T T T | T T T | T T T | 3
g = I
c F Cross sections for: 7
.% - B e 000 0 o 7
g 1 = XSX(; Ay + %y X, =
2 F 7, ]
o
5 . - -
10~ 95% CL upper limits —
- == Observed 3
---------- Expected ]
102 L I Expected £ 1 Coxperiment |
Z Expected + 2 O eyperiment E
1073 E
1074 &
E ~tnF 0l | D
E pp ~ X1X1 / X1X2/ x1x1/2
[ B&— v G)=BE— HZ G) =50%
107° & —=
ST T S N NS RN N NI A S RNEN! | v 0 0 13

1
400 600 800 1000 1200 1400
My.sp (GEV)

TChiNGnn model
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Search targeting final states with a photon, jets and

large MET: Other models

CcMS TSbbbeG 137 fo’' (13 TeV) CMS TS qqquG 137 b (13 TeV)
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Event variables’ definition

= H.:scalar p; sum of all jets.
= [Jransverse mass:

mr = \/2p1pT(1 — cos Ag)
- my Stransverse mass

L] 2
My = min [max (m(T ), mr(r ))}
SX(1) | =X(2) _ —miss
Pt tPr =Pt

> m,(llx) (slepton produchon in 2/3l soft lepton):

mr2 (€L, x) = ) mln [max (MT(mX) MT(mX))]g
. ] +p :
~ d,: the distance of closes’r opprooch Ig ’rhe
’rronsverse plane of the helical trajectory of the

track with respect to the beam axis. +info here
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Combination strategy

Leptonic analyses: Hadronic/Semihardronic analyses:
- 2/3l soft: - 1l2b:
- 2l on-Z/nonres: - 4Db:
= Hadr. WX:
- 3l
Search Gaugino GMSB Higgsino-bino Sleptons
s WZ WH | ZZ ZH HH| WW _ HH  WH | (¢
2/3¢ soft all o o 2¢ soft
2( on-Z EW EW EW I
1 2¢ non-res. Slepton I
ss,  Ss, ss, |
=3¢ 11 11 11
|__3 Apmy Ap| ™ 0 ® A-F |
:'1?21?""""211' """"""""" al ||
| 3-b, 4-b, :
4b 1l be—o
: : 2-bb ,
| Hadr. WX all b-tag b-veto b-tag :
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EWK SUSY Combination

Input analyses




2/31 soft search:

Binning change in 2| soft SR

JHEPO4(2022)091

e T 17
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2/31 soft search:

Binning change in 3| soft SR and binning for slepton production

JHEPO4(2022)091 Binning for slepton production:

129 b (13 TeV) T CMS 137 fb (13 TeV
T T T T T T T H . 1 —
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2/31 soft search:

Expected & Observed limits (JHEP04(2022)091)

CMS 129-137 fb™ (13 TeV) CMS 129-137 fo (13 TeV)
=3 50 e > XX Tl Mye=(mes+myo)/2 (Higgsino simplified) 31400 Higgsino pMSSM
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21 on Z/non resonant search:

Signal region strategy (JHEP04(2021)123)

2l on-Z/non res: (Boosted) I oLy g
= Two OS SF leptons ol T e || TP Ml
(ee/uu), with SR split in - i io° m;, <85 or m;; > 120.Ga\]
terms of p, M. 10 10
- on?Z OﬂOWSiS (sIepTon : N TR
production): ’ o
86<m, <96 GeV, , e n
standard (AK4) & wider ;’;”j ;’E‘“’;‘ """ S e .
(AK8) jet Sk 05f N
reconstructions, further sty | | se7mgsTey
splitting in terms of jet B e Mo [ [ S Mo M 4
Conteni. :: ----- Signal (400, 200) 1< £ Sirgn,::| (:;g% g)r mu@rgt_ unc. 3
- off Zanalysis (GMSB ol -
models): 20<m, <65 + [ ...
GeV & m,>120 GeV. SR
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21 on Z/non resonant search:

Expected & Observed limits (JHEP04(2021)123)

Slepton production

- 5
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11 2b search:

Signal selection and observed/expected limits (JHEP10(2021)045)

Targeting WH final states by selecting: i
- pT“>30 GeV, 2 b-tagged jefs consistent with the Higgs i @ fr’f 9y
boson mass, and large p, ™. L o
Improvements wrt analysis using 2016 data ; Ni\ ;9
( ): X1
= Use of a booster tagger W+

~ Higher p,™ binning
= An additional 3 jet SR
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23| search:

Signal selection (JHEP04(2022)14])

CMS 137 fb 3 TeV)
— x x — WZx x (1 50/1 30) § Data E
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B zzH X+ y 3
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A search that targets neutralino production in diboson final

states:
- 21 SS leptons (compressed region
- 3l and 4l: up fo 2 hadronic taus T, .
o p,'>25GeV, p,?>20 GeV
- Uses porome’mc neurol networks (NN) with the mass splitting
(Am=m ) as variable, tfrained per each signal

NLSP LSP

hyptothesis. 1 E—— )
o Gaining ~50 GeV wrt SR analysis 8 e i
o Mild excesses found at in the NN case and in bins é‘ L OT;m:kebugc- _"1
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23| search:
Observed/expected limits (JHEP04(2022)141)

WZ mediated decays
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4h search:

Signal selection (JHEP05(2022)014)

Targeting HH final states that considers both resolved and i
boosted scenarios, with no leptons \ g o
= Resolved scenario: 2 separate AK4 b-tagged jefts. e o
o Signal exfracted in terms of the <m_ > of the two b p @ %
jefsand N_.
-jets . . . H
~ Boosted scenario: 2b jets into an AKS8 jet
o Signal exfracted in terms of the AK8 mass m; and ifs
Ny
= Main background, tt+X estimated with data driven
ABCD method.
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© | orm. data - il ? i 70F < E
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4h search:

Observed/expected yields and limits

(JHEPO5(2022)014)
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Hadr WX search:

Signal strategy and observed/expected yields (Phys.Lett.B 842 (2023)
131460)

Hadr. WX: Fully hadronic final state

- Atfleast 2 AK8 jets, compatible with W, Z and H -~ p———
bosons (Using machine learning algorithms). f1°TthR | 55_?:1'_,95 | %‘vﬁj’;my ]

- 2:6 AK4 jets T e
= Splitin terms of b content: . _ — .
o B-Veto SR: AK8 jefs with 65<m <105 GeV R ]

— 2] compatible with W and =1 with W/Z. e ]

o B-Tag SR: Subsplit in terms of the tagging R

—  AKS8 jets compatible with W,H or WH, where
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Hadr WX search:

Observed/expected yields and limits (Phys.Lett.B 842 (2023) 137460)

Limits obtained for :

~ X, %x,° decaying via WW bosons

>

~ X, %x,° decaying via WH bosons
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Electroweakino Combination: overlaps

Two big overlaps existing between 3l regions of 2/3l soft analysis, o
and those in the 3l categories in the 231 analysis: p % /fﬁ
= 3l WZ CR of 2/3l soft overlaps with the SR category of >3 | S
—  WIZ CRremoved from the fit, constrained through @ . L gt 2
nuisance parameter . \\
= 3lsoft SR (p,''<30 GeV) with 23l analysis (p,''>25 GeV) w

— Updated the p,!' selection of 23l analysis,
—  Only slight changes in the sensitivity (highest in the
compressed WZ, ~1-10% in 20<Am<70 GeV)
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