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Fxpanding the SUSY search program
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Targeting challenging and rare SUSY signatures ———
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First statements on SUSY using full Run-2 data focused on the strong sector
— Rely on "typical" SUSY searches: target final states with multiple SM
objects, and large missing energy from undetected SUSY states
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Ixpanding the SUSY search program

Targeting challenging and rare SUSY signatures

Full Run 2 data helps us to expand the SUSY search program further
e Target specific, challenging signatures (e.g. stealth SUSY sector)
e Exploit novel analysis techniques
e Explore previously uncovered corners
o  Compressed scenarios (small amount of visible energy)
o  Sleptons (extremely low cross sections)

Additionally: Combine SUSY searches to be more powerful together

o(pp— SUSY) [pb], NLO-NLL

LPCC SUSY Cross Section WG

1
107
102 3
107
10—4_| L s R /[”;'m LS
0 500 1000 1500 2000
SUSY sparticle mass [GeV]

T ;104

Events in 10 fb! 13TeV LHC data

— Consider signal hypotheses that populate more than one final state, explored by multiple searches

As of today, there are no significant excesses - where do we go from here?




My personal opinion: no reason to discard SUSY simply because we haven’t seen anything yet!

Today’s topic: the (humerous) caveats of SUSY exclusion limits
e \What are the underlying assumptions?
e How realistic is the model in the first place?
e \What would be needed for a reinterpretation?

Case study: the latest EWK SUSY Combination from the CMS Collaboration (2402.01888, HEPData)

For a complete set of latest SUSY results, see webpages of AILAS and CMS Collaborations!



https://arxiv.org/abs/2402.01888
https://www.hepdata.net/record/ins2755433
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

Cropping the KWK SUSY landscape to perform a search...

Supersymmetry: each boson (fermion) of the SM is accompanied by a fermionic (bosonic) superpartner [R-parity: R=(-1)3B1+29)

Minimal Supersymmetric extension of the Standard Model (MSSM):
O(100) parameters after supersymmetry breaking
— Phenomenology defined by the underlying (unknown) mechanism of SUSY breaking

Names Spin | Pr | Gauge Eigenstates | Mass Eigenstates
Higgs bosons | 0 |+1| H? HY Hf H; | h® HO A° H*
@y, Ug dg dr (same)
squarks 0 -1 5L, SR CL Cr (same)
i1 tr by b t1 82 by by

€L €r Ve (same)

sleptons 0 |-1 Br [ir Uy (same)

TL TR Vr L T2 Ur
neutralinos | 1/2 | —1 | BY W° H? I?g N1 Ny N3 Ny
charginos 1/2 |-1| W=* H} Hj -

gluino 1/2 | -1 g (same)
Gaing | @ | 1 G (same)




Cropping the KWK SUSY landscape to perform a search...

Supersymmetry: each boson (fermion) of the SM is accompanied by a fermionic (bosonic) superpartner [R-parity: R=(-1)3B1+29)

- . . Names Spin | Pp | Gauge Eigenstates | Mass Eigenstates|
Minimal Supersymmetric extension of the Standard Model (MSSM): £ e i’ ( = )
. €1, ER Ve same
O(100) parameters after supersymmetry breaking .
] ) . . sleptons 0 |-1 BL BiR Uy (same)
— Phenomenology defined by the underlying (unknown) mechanism of SUSY breaking o o o = o
TL TR Vr 1 T2 Vr
neutralinos | 1/2 | —1 | B° wo HY f[g Ny Ny N3 Ny
ATLAS charginos | 1/2 | -1 | W=* Hf Hj o 5
20001 EWKino scan, ATLAS exclusion, \/s =13TeV, 140fb~" 10
~ = = Yo o . .
2 - — — ] o Absence of new sources of CP violation beyond that present in the CKM matrix
% 1750 — E —— = 3 No flavour-changing neutral currents
@ - — ] 08 § First and second sfermion generation universality at low energy
s | 1 HE |
& = ‘é Phenomenological MSSM (pMSSM): O(20) free-parameters
1250 :_- - = Hoe 5 — Tens of thousands of models - cannot be targeted by a usual search
1000 R - 5 — Investigated in detail both by the ATLAS and CMS Collaborations
£ 2| ©
7500 4 o4
- 5 tan 3: the ratio of the vevs of the two—Higgs doublet fields.
500 - B m%,u, m%{d: the Higgs mass parameters squared.
- - 0.2 My, My, Ms: the bino, wino and gluino mass parameters.
250 = Mg, Mag, Mg, Mj; Meg: the first/second generation sfermion mass parameters.
= = MG, My My, M, Miy: the third generation sfermion mass parameters.
0 7((1) 7(8 XS 22 & T 7 E 0.0 ﬁu, jd, ;146: tlllle tﬁhlstd/ secondtgenera.;jon tl»iline?- couplings.
A, , Al the 1T eneration trilinear couplings.
2402.01392; 2403.02455 SHARIEE e . e

Very few models are excluded - a similar CMS analysis is in progress!


https://arxiv.org/abs/2402.01392
https://arxiv.org/abs/2403.02455
https://arxiv.org/abs/2402.01392
https://arxiv.org/abs/1606.03577

Cropping the KWK SUSY landscape to perform a search...

Supersymmetry: each boson (fermion) of the SM is accompanied by a fermionic (bosonic) superpartner [R-parity: R=(-1)3B1+29)

Minimal Supersymmetric extension of the Standard Model (MSSM):
O(100) parameters after supersymmetry breaking

Names Spin | Pr

Gauge Eigenstates

Mass Eigenstatesl

— Phenomenology defined by the underlying (unknown) mechanism of SUSY breaking charginos | 1/2 | —1

Target only the “relevant” particles; other sparticles decoupled
Pure-state sparticles (EWKinos with minimal mixing)
Given production mode and decay channel of a sparticle

Simplified model spectra (SMS): a handful of parameters
— R-parity (non-)conservation drives the phenomenology
— Lightest sparticle (LSP) potential dark matter candidate

— A suitable handle for searches at LHC that can be used
as an input for pMSSM interpretations!

neutralinos | 1/2 | —1 | B° wo H? f[g N; Ny N3 Ny
W* H} Hy e &
R-parity conservation: 7 ¥
pair-production + stable LSP ’
— Missing transverse energy
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X2 . ~0
R X1
R | =0
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Cropping the KWK SUSY landscape to perform a search...

Supersymmetry: each boson (fermion) of the SM is accompanied by a fermionic (bosonic) superpartner [R-parity: R=(-1)3B1+29)

Minimal Supersymmetric extension of the Standard Model (MSSM):

Names Spin | Pr | Gauge Eigenstates

Mass Eigenstatesl

O(100) parameters after supersymmetry breaking neutralinos | 1/2 | —1| B® W° HY H) | Ny N, N3 N,
— Phenomenology defined by the underlying (unknown) mechanism of SUSY breaking charginos | 1/2 | -1| W* H} Hj Cr C5
CMS 137 (129) fb' (13 TeV)
= 700 — — =
. . . 0 PP — XX, > WZY X, P8
Target only the “relevant” particles; other sparticles decoupled 0] o 5 10
Pure-state sparticles (EWKinos with minimal mixing) e 00| ==0beENEdE o, NLO+NLL excl. :
Given production mode and decay channel of a sparticle = s22: Expected £ 104,00 iment "
s00| — JHEP03(2018)160 (observed) J
Simplified model spectra (SMS): a handful of parameters 102

— R-parity (non-)conservation drives the phenomenology
— Lightest sparticle (LSP) potential dark matter candidate

— A suitable handle for searches at LHC that can be used
as an input for pMSSM interpretations!

Proceed with caution: SMS often provides

more strict exclusion limits than pMSSM...
[E.g. expected cross section depends on the assumed state of the EWKinos...]
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https://arxiv.org/abs/2402.01888

2402.01888

Targeting rare processes with XWKino Combination

Various SMS models and final state topologies covered with 6 orthogonal input searches by the CMS Collaboration
— Emphasis on the rare and experimentally challenging processes: compressed scenarios and slepton pair production
— Following slides display a snapshot of the results - more details in the back-up!
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Higgsino-bino model (chargino/neutralino)


https://arxiv.org/abs/2402.01888

Compressed EWK sector

Compressed spectra: small mass splitting between the NLSP and the LSP
— Can be explored in many models, such as Bino LSP and Wino/Slepton NLSP
— Little visible energy from the “soft” final state objects (low pT)
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Compressed spectra: small mass splitting between the NLSP and the LSP x|
— Can be explored in many models, such as Bino LSP and Wino/Slepton NLSP "

— Little visible energy from the “soft” final state objects (low pT)
2111.06296 Same flavour,
i Opposite sign
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p if‘\-\\i? )?0)?1‘: W(wino) P2 )2(2)
o+ ’ 7° B(bino) g #0
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p 7 / <0 = production Possible
e X1 H (higgsino) ;
T —11TeV 3rd lepton MET
P T ~q )Z(l)
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Slepton pair production " Am~few-tens of GeV|  _, A trye challenge to retain signal sensitivity (low XS)
ass — Extremely difficult searches - benefit from combinations! 14



https://arxiv.org/abs/2111.06296

Chargino-neutralino production

- — - Compressed _ _ _ _ _ , —._ . [lsemicompressed __  __ ;
: “2/31 soft” ' “25S1/> 3I”
Targeted by two complementary leptonic searches : 210614246 |

Two same-sign (SS) light leptons, or
Opposite-sign, same-flavour pair - three/four leptons (up to 2 hadr. decaying taus) .

5(3.5)<leptonp,<30GeV __ ! | Leading leptonp, >25GeV@3) |

Orthogonal lepton p. ranges but different selections (MET)
— Challenging to be fully optimal in the crossover regime!

Two or three e (mu),

1
211106296 L

|

1

1

Wino-like chargino and neutralino
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"A small update for the combination: Increase the p, selection to 30 GeV for the leading lepton to avoid overlaps with the 2/3] soft analysis


https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2106.14246

2402.01888
Chargino-neutralino production

compressed (semi)compressed
e 1 — e EIEE2OE 1
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Targeted by two complementary leptonic searches | i ~
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E 11 8|8 |
W= 40: ] : S 40:—
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] ® o
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this specific process requires e.q. lower - 1 1 o
. o _\ e o\o
lepton p., whereas targeting larger 8 e\ jﬁ o 10
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— A new CMS search is in progress! i =i fRc] My, = my. [GeV]

The combination closes the gap between the analyses around Am~40 GeV
We observe a mild excess (~20) at Am~30-40 GeV - due to both searches!
13

"A small update for the combination: Increase the p, selection to 30 GeV for the leading lepton to avoid overlaps with the 2/3] soft analysis


https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2106.14246
https://arxiv.org/abs/2402.01888

Slepton pair production

Uncompressed phase space probed by the 2| non-resonant

analysis, we now extend our search to the compressed
phase space with the 2/3| soft analysis!

Slepton pair production
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The sleptons could explain the results on the muon g-2 anomaly,
measured by the Fermilab and BNL experiments (pending last word on the prediction from the theory community!)
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https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/2104.03217
https://arxiv.org/abs/2104.03281
https://arxiv.org/abs/2012.08600

Slepton pair production

Uncompressed phase space probed by the 2| non-resonant
analysis, we now extend our search to the compressed
phase space with the 2/3| soft analysis!

Slepton pair production

Low production cross sections hinder
a more complete exploration of the
parameter space... intermediate
mass-splittings typically characterised
by a large background contribution
from the WW production!

compressed

- ____compressed _ _ _ _
! “2/31 soft”

: 211L06296

|
|
|

Two or three e (mu),

2402.01888

uncompressed

“2l on-Z/non-resonant”
2012.08600

Two e(mu)
Opposite-sign, same-flavour pair
FEither on-shell or off-shell Z.
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Reach slepton masses of ~215 GeV at Am=5 GeV!
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https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/2402.01888

Summary

The full Run 2 data set allowed us to extend the SUSY search program beyond the typical searches
— Combining multiple analyses provides an opportunity to increase our sensitivity towards SUSY

Legacy Run 2 combination utilises six searches targeting EWK SUSY processes
— Set constraints among the most stringent to date, exploring various simplified models
— Increased sensitivity towards the compressed spectra in the Wino-bino model and slepton pair production

Both ATLAS and CMS Collaboration have investigated the pMSSM parameter space
— The latest results from ATLAS indicate that very few models are excluded with the current results!

ATLAS

EWKino scan, ATLAS exclusion, /s =13TeV, 140fb~"
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Summary

The full Run 2 data set allowed us to extend the SUSY search program beyond the typical searches
— Combining multiple analyses provides an opportunity to increase our sensitivity towards SUSY

Legacy Run 2 combination utilises six searches targeting EWK SUSY processes

— Set constraints among the most stringent to date, exploring various simplified models
— Increased sensitivity towards the compressed spectra in the Wino-bino model and slepton pair production

Both ATLAS and CMS Collaboration have investigated the pMSSM parameter space
— The latest results from ATLAS indicate that very few models are excluded with the current results!

“The reports of my death are greatly exaggerated.”

- MarkTwair Supersymmetry

For the coffee break: Both collaborations work towards
providing results in a format suitable for reproducibility.
What would be needed for a reinterpretation

of our results by the theory community?

ATLAS

EWKino scan, ATLAS exclusion, /s =13TeV, 140fb~"
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Back-up




compressed (semi)compressed
—_— T — . —. - ~
o “92/31 soft” | “2SS1/> 317 : “21 on-Z/non-resonant
3 211106296 . 210614246 | 2012.08600
a Two or three e (mu), | Two same-sign (SS) light leptons, or Two e(mu)
Q .
— Opposite-sign, same-flavour pair - three/four leptons (up to 2 hadr. decaying taus) . Opposite-sign, same-flavour pair
5(3.5) <leptonp < 30 GeV Leading lepton p,. > 25 GeV (3I*) | FEither on-shell or off-shell Z.

Improved signal extraction
Extension to slepton pair production

EWK Combination in a nutshell

New input analysis wrt

3

‘S “ 11 2b ) (WH) “4b ” (HH) “I—Iadr. H/ x ”  |previous combination

§ 210712553 2201.04206 2205.09597

= } . Fully hadronic final state;

'g One e(mu), H-bb No leptons -two Higgs bosons (H—bb) at least %s (AKS), and 2-6 jets (AK4)

&

|Two new interpretations! |
Wino-bino GMSB Higgsino-bino Sleptons )

S WZ WH |7z HZ HH|WW HH WH - A more comprehensive coverage of the model parameter
2730 soft 7 7 space than in the original individual searches!
2¢ on-Z v v v
2/ non-resonant v
288¢/> 3¢ "3 g £ & F Full details available at 2402.01888
142b v v
4b v v
Hadr. WX v v v v

"A small update for the combination: Increase the p., selection to 30 GeV for the leading lepton to avoid overlaps with the 2/3I soft analysis

19



https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2106.14246
https://arxiv.org/abs/2012.08600
https://arxiv.org/abs/2107.12553
https://arxiv.org/abs/2201.04206
https://arxiv.org/abs/2205.09597
https://arxiv.org/abs/2402.01888

Leptonic input analyses

compressed (semi)compressed
—_— T — . —. - ~
o “92/31 soft” | “2SS1/> 317 : “21 on-Z/non-resonant
3 211106296 . 210614246 | 2012.08600
a Two or three e (mu), | Two same-sign (SS) light leptons, or Two e(mu)
Q .
— Opposite-sign, same-flavour pair - three/four leptons (up to 2 hadr. decaying taus) . Opposite-sign, same-flavour pair
5(3.5) <leptonp < 30 GeV | Leading lepton p,. > 25 GeV (3I*) | FEither on-shell or off-shell Z.

Improved signal extraction
Extension to slepton pair production

Leptonic searches cover both (semilcompressed and uncompressed spectra
— New parametric signal extraction for 2/3| soft improves the sensitivity for the low Am values!

Wino-bino GMSB Higgsino-bino Sleptons
Search WZ WH |ZZ HZ HH | WW HH WH s
2/3¢ soft | v | | -
2¢ on-7Z v v v
2¢ non-resonant v
268€/> 3¢ v v v v v v
142b v v
4b v v
Hadr. WX v v va v

"A small update for the combination: Increase the p., selection to 30 GeV for the leading lepton to avoid overlaps with the 2/3I soft analysis


https://arxiv.org/abs/2111.06296
https://arxiv.org/abs/2106.14246
https://arxiv.org/abs/2012.08600

Input analyses - 2/3l soft search

compressed

“2/31 soft”
2111.06296

Two or three e (mu),
Opposite-sign, same-flavour pair

5(3.5) <lepton p, < 30 GeV

Leptoni

Targets mass-splittings as low as 5 GeV

Two categories; 2 or 3 low pT leptons
e  3lcategory is new (wrt 2016)

° Require an ISR jet
(enhance the MET from LSP)

Aims to reconstruct mass of Z*:
mll serves as proxy for Am(N2,N1)
— Search regions binned in MET & mll

s 4 2L category 4. 3Lcategory
é
I;290 I " |
ee/up
S 240
200 g cimm e oo e 200
! |
125 125

410 20 30 50
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1410 20 30 50
my [GeV]

M, [GeV]

Static binning
. cMS 29 (18TeV) CMS 137 b (13 TeV)
T T T T T T T | T T T T T T T T T B
Same flavqur’ ‘g Low MET bin ] ‘g 1o High MET bin 4
—4— Data Wz ] [ —&— Data Wz 1
Opposite sign @ TChi175/5 mw E @ 1ol — Tenitrss = B
Ieptons —_ lT{ChiZOO/A;)O/ZO E gonprompl - b — LCmZDOMgO/ZO \=| :cnprumpt g
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Updated signal extraction for the EWKino combination:
Provide a parametric binning for each Am(x,%x,%) scenario
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Parametric signal extraction for the 2/3l soft search

Goal: Target a wide parameter space of NLSP and LSP masses

The single mll binning utilised by the search is rarely optimal for all considered signal hypotheses

Improve the sensitivity by using a parametric binning for each Aml(x,,x °) scenario (similar to that of >3/ analysis)

— Use m, as a discriminating variable (i.e. no multivariate discriminant)

CMS Simulation

Optimize m, binnings per mass-splitting using theoretical signal shape g
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Parametric signal extraction for the 2/3l soft search

Goal: Target a wide parameter space of NLSP and LSP masses

The single mll binning utilised by the search is rarely optimal for all considered signal hypotheses

Improve the sensitivity by using a parametric binning for each Am(xf, 10} scenario (similar to that of 23 analysis)

— Use m, as a discriminating variable (i.e. no multivariate discriminant)

Optimize m, binnings per mass-splitting using theoretical signal shape
— Provide an individual binning for each Am and SR

CMS 129 b (13 TeV) CMS 129 fb ! (13 TeV)
7] N AR T (ARARS RAASH ARASN N=SNNE Ul Aand RAARS ARRRS RAARE AR (AT ER LA R
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Relative yields

CMS Simulation
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The largest gains are obtained for mass splittings of Am < 20 GeV:

Expected exclusion on NLSP mass increased by between 5 and 25 GeV depending on the targeted Am!
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2/3l soft search - previously published results (2111.06296
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Signal region plots with the parametric approach
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Data/Pred.
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2/3l soft extension to slepton production

e  Analysis strategy largely unchanged: target two soft leptons + MET
o 3l soft SR ignored: negligible sensitivity (otherwise same SR + background estimation)

e  SRfitvariable: Stransverse mass M., with the test mass M, =100 GeV
o  Well-established variable* but no analytical description for a given signal hypothesis
— Use MC signal shape to provide individual binning for each signal mass-point and SR category
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*"-- measure the mass of pair-produced particles in situations where both particles decay to a final state containing an undetected particle X of mass mX"
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MT, , variable

* M, variable generalises M. for symmetric event topologies where two identical
particles each decay into a visible and invisible product (1502.04358)

(M"(Fi))z = (m"s0)2 4 m% 42 (E%is(")E%((i) — ﬁTViS(i) - ﬁTX(i)> A minimization is performed over trial momenta of
the undetected particles fulfilling the p, ™
constraint. The unknown mass mx is a free

My (myx) = min [max (Mél), M%Z))} parameter.

_X(1) | =X(2)_ smigs
)+ =ppie

The visible parts of
g mvis('l), ETViS“), p vis) | each decoy chain

. a T
¢ (leptons) are
5 / ) X reconstructed
Y A ~0
P " X1 m, B0 Pr
~—— The invisible parts are
S~ <0
p =TT sar XQ2) X2 |
7 X1 m, EX? p. unknown! We only
reconstruct the total
ot ~ | . " - missing fransverse
mVIS , ETVIS , pTVIS energy!
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Input analyses - multilepton search

2106.14246
“25Sl/= 3I”

Three or four leptons
(up to 2 hadronically decaying taus)
or two same-sign (SS) light leptons
Leading lepton pT > 25 GeV (31*)

Leptonic

Parametric Neural Networks using mass-splitting (m,, .,-m, ;) as a variable
— Target each signal model [for the wino-bino model with WZ final state]
— Individual background (and signal) distribution for each dM

An exhaustive search that considers
up to 13 different leptonic final states

2l (SS): light leptons (compressed regions)

3l and 4l: up to 2 hadr. decaying taus in
addition to light leptons

Update since 2016 for the 3| category:
Parametric signal extraction to target
different models with wildly varying
kinematics

Events
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o W2 (150130) & Data’ 2 10 Sy 1800 - L¢~o'_) \'NZJLO J Y™
wz [ Nonprompt g [ Nonprompt 8 | PP x1x2 XXy WZ i
B Xy i EX+y = === Observed * 10, (NN)  NLO+NLL excl.

Total bkg. unc.

T — WZEE", 5m = 20 GeV

[ Multiboson [l Multiboson

T zz:zExpected 16,
- —— JHEP03(2018)166 obs.

iment (NN) = Expected (SR)

eeeeeee

|

400—

200

TN 1|

_,__
= 1
‘J |

\
S|
VY
L kA
L

m  Small excesses in the categories involving two leptons of the same sign

o of @ Obs.Bka. ¥ o & Obs./BKg.
é P = o,*+1§1'§,- .2 o 3.8 %l
g 0 Stat. bkg. unc. Total b‘ku. unc. _‘é’ Og Stat. bkg. unc. Total bkg. unc.
o 0 0.2 0.4 0.6 0.8 e, 0 0.2 0.4 0.6 0.8 i
Neural network output Neural network output
o
Around ~50 GeV inm

NLSP
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generally populated by the low Am signals

B
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are gained with the use of the parametric neural network

*Update for the combination: Increase the pT selection to 30 GeV for the leading lepton to avoid overlaps with the 2/31 soft analysis
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Input analyses - 21 on-Z/non-resonant

Leptonic

i | : IE fb'l‘(1a?eV) 6 s . ' 13710 (13 TeV)
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Leptonic

21 on-Z./non-resonant: results

2012.08600

“21 on-Z/non-resonant”

Two e(mu)
Opposite-sign, same-flavour pair
FEither on-shell or off-shell Z

Two categories, targeting

1. On-Z events (neutralino/chargino):

A new region with boosted jets

2. Non-resonant (sleptons):
New ISR jet regions,
reoptimization of analysis selection
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(semi)Hadronic input analyses

compressed

Leptonic

“2/31 soft”

Two or three e (mu),

Opposite-sign, same-flavour pair
5(3.5) < lepton p,.< 30 GeV

(semi)compressed

- three/four leptons (up to 2 hadr. decaying taus)

“25S51/> 3I”

Two same-sign (SS) light leptons, or

Leading lepton p,. > 25 GeV (3I%)

(3}
s “11 2b” (WH) “4b” (HH)
3 210712553 2201.04206
=:‘§:‘ One e(mu), H—>bb No leptons -two Higgs bosons (H—bb)
8
Wino-bino GMSB Higgsino-bino Sleptons
Search WzZ WH |Z72 HZ HH | WW HH WH Ay
2/3¢ soft v v
20 on-7 v v v
2¢ non-resonant v
2884 /> 3¢ v v v v v i
1/2b v v
4b v v
Hadr. WX v v v v

“21 on-/Z/non-resonant”

Two e(mu)

Opposite-sign, same-flavour pair
Lither on-shell or off-shell Z

New input analysis wrt
“Haclr. WX |previous combination
2205.09597
Fully hadronic final state;

at least 2 jets (AK8), and 2-6 jets (AK4)

Add sensitivity towards
the uncompressed spectral
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nput analyses - 11 2b

o

5 210712553

3 “112b”- WH

=

g One e(mu), H—bb
S

Mass .,
Faper degenerate @
p
‘ plF\ISS

p

Improvements since 2016 include:

Utilization of boosted tagger (fargets high mass-splitting models):
— Identify Higgs boson decays collimated into large-radius jets

Inclusion of 3 jet SR:
allows for 1 additional jet from ISR

Expansion of pTmiss binning:
[125, 200+]— [125, 200, 300, 400+] GeV

g Mo AT B CMS 137 fb" (13 TeV)
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2201.04206
§ “4b”- HH
S
-8 No leptons
I Two Higgs bosons; H—bb

Two separate categories optimized for
specific parts of the parameter space

Resolved andlysis (typically lower pTmiss):
the b jets are separate AK4 jets

— Signal extraction: the average mass <m, >
of the two Higgs boson candidates

Boosted analysis (typically higher pTmiss):
2b merged into a large radius jet (AK8)

— Relies on a boosted tagger

— Signal extraction: m  attributed fo an AK8
jet of the two Higgs boson candidates

Main background: ttbar

Measured with data-driven ABCD method
with different variables (<m,, >, N,)vs (m, N )
(boosted: also pTmiss shape measurement)

Input analyses - 4b
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2201.04206
“4b”- HH

No leptons
Two Higgs bosons; H—bb

Hadronic

4b: results

137 fb' (13 Te
T T I T T T

1=

I T
CMS o e 0 1% + X

Two separate categories optimized for
specific parts of the parameter space

Resolved analysis (typically lower pTmiss):
the b jets are separate AK4 jets

— Signal extraction: the average mass <m, >
of the two Higgs boson candidates

Boosted analysis (typically higher pTmiss):
2b merged into a large radius jet (AK8)

— Relies on a boosted tagger

— Signal extraction: m  attributed fo an AK8
jet

of the two Higgs boson candidates

Main background: ttbar

Measured with data-driven ABCD method
with different variables (<m,, > N)vs(m, N
(boosted: also pTmiss shape measurement)
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Input analyses - Hadr. WX

2205009597 CMS _Preliminary . i 137.0 ﬂ‘)" (13 Tev)

CMS Preliminary 137.0 fb' (13 TeV)
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2205.09597
“Hadr. WX”

hadronic final state;
at least 2 jets (AKS8),
and 2-6 jets (AK4)

Hadronic

Perform H/Z/W-tagging with ML algorithms

Four signal regions targeting models without
and with b jets

B-veto signal region (WW, WZ) requires
2 2 AK8 jets with WZ-mass (65-105 GeV)
Tagging: DeepW & DeepW-MD
Regions with b jets (WH, WZ, or ZH)
WHTag: DeepW (W/Z candidate)
& Deepbb (Z/H candidate)
WTag: DeepW (W/Z candidate, not in WHTag)

HTag: Deepbb (Z/H, not in WHTag)
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Production chargino and neutralinos (WZ/WH)

Wino-like chargino and neutralino (Bino-like LSP, )‘(,10)

The limits are notably improved since
the 2016 EWKino Combination

The new, fully hadronic input analysis
Hadr. WX improves the sensitivity to higher NLSP
masses and uncompressed region

The exploration of the compressed region depends on
the Full Run 2 data set as well as the novel techniques
utilised by the 2/3l soft and > 3| analyses.
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Wino-bino model: W(Z+H) -mixed

Pair production of Wino-like x

o Assuming BR(y,* — xﬁW*) =100%

o Assuming BR( ¥,

Exclusion in compressed region up fo mNLSP ~200 GeV

Exclusion in uncompressed region mNLSP ~850 GeV

0% H)= BR(x,? - X,°Z)=50%

%, decaying to Bino-like x,° and SM boson
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Quasi-degenerate Higgsinos (GMSB)[\, « <.

Gauge-mediated SUSY breaking (GMSB) model with quasi-degenerate Higgsinos / ot > S LN
0 GMSB
e Quasi-degenerate nggsmo Trlple’r (x2 X, X; ) with a minimal mass splitting Search 77 H7 HH
— Effectively resulting in , X1 pair production 2730 soft
— Neutralinos decay to LSP Gravitino (m=1GeV) and SM H/Z boson D0 G- &
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e Performed scan of exclusion limits as function of Bly,°— HG) (also for fixed BRs) ??285/236 £ A o
o Overall ~200 GeV increased mass-exclusion w.r.t. the previous combination Ab v
o The 4b (2l on-Z) analysis pushes sensitivity at large (small) B(x,°— HG) Hadr. WX
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Quasi-degenerate Higgsinos (GMSB): Fixed BR

GMSB
Search 77 HZ HH
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Higgsino-bino model

Bino-like LSP (neutralino;'21°) and the existence of
a mass-degenerate Higgsino triplet

Completely new interpretation wrt the previous combination!

Target three final states; WW, HH, and WH, assuming
e B(X,/—W,)=100%,
e BXZ—HX ) =100%

— Cover the uncompressed phase-space,
and large Higgsino masses
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