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Supersymmetry (SUSY) relates two classes of particles,
bosons (integer spin) and fermions (half-integer spin)

Standard particles SUSY particles
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Minimal Supersymmetric Standard Model (MSSM) is
supersymmetric SM extension with the minimal number of new particle
states and new interactions




@ Hierarchy problem
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» Dark matter candidate: Stable Lightest «
Supersymmetric Particle (LSP)

Unification of the forces at about 10" GeV

R-parity conservation
Pp = (_1)2S—|—3(B—L)
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» SUSY can solve some of the SM problems and it is sufficient part of
many new physics models.

- SUSY must be broken — sparticles mass scale is undetermined
» Some hints why electroweak SUSY particles can be light:
- Low fine-tuning — higgsinos mass is close to the weak sector

- LSP co-annihilation with NLSP could explain the observed dark
matter density — NLSP should have mass close to that of LSP

- SUSY can explain ~30 deviation of muon g — 2 from SM
prediction — light smuon and chargino




Limits from CMS and ATLAS on
strong SUSY production are
already pretty high —
electroweak could be important
to discover SUSY at the LHC

Likelihood analysis of
experimental constraints
predicts light charginos,
neutralinos and sleptons
(arXiv:1710.11091v2)
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LHC / HL-LHC

We are here
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@ Standard search

2
Mz, =

~_ min
kp+lp=tot miss pp

R-parity conservation — sparticles are produced in pairs and LSP is

stable

Signature: energetic final SM particles + missing transverse momentum

Two major background approaches:

« Data-driven techniques
* MC corrected and normalized in
dedicated control regions
Signal regions in bins of kinematic

variables or MVA output

. MT2 — “stransverse” mass

{max [M?r(chain 1), M7 (chain 2)] } < mis

observable 2

SR

observable 1

visible part
b (p)} of chain 1

undetected

v, (@) visible part
of chain 2




Compressed mass spectra

Highly motivated by LSP
co-annihilation mechanism

Am between LSP and NLSP is
small — soft SM particles

The topology is boosted (for
example by ISR jet)
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Signature

» Two opposite-charge leptons
(electrons or muons) + significant
missing transverse momentum
(139 fb")
Main backgrounds

@ Irreducible: SM diboson (WW, W/Z,
ZZ) and top-quark
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https://arxiv.org/abs/1908.08215

ignature (35.9 fb)

two isolated photons

Or one isolated photon as well as one isolated

charged lepton

Or one isolated photon and significant missing

transverse momentum

Or one isolated photon and significant hadronic

activity
Main backgrounds

Vector boson+y, quantum chromodynamics

(QCD) multijet processes and y+jets
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Signature

s Lepton (electron or muon) + two jets originating from the
fragmentation of b-quarks (139 fb)

Main backgrounds

» tt, single top (dominated by Wt in all considered regions)
and W+jets processes
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Signature

@ ATLAS: two oppositely charged hadronically decaying
tau + missing transverse momentum (139 fb")

@ CMS: combination of full-hadronic and semileptonic
channels (77.2 fb")

Main backgrounds
s Jets faking hadronic taus
@ Geniune tau from Z or W decay
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Mass degenerate scenario
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Compressed mass spectra



ATLAS

— | EXPERIMENT
Signature
Two soft same-flavour opposite-charge leptons (electrons or
muons) or one soft lepton and one track

Significant missing transverse momentum + ISR jet (139 fb') ,,
Main backgrounds .
irreducible backgrounds (both leptons are genuine): tt/tW,
WW/WZ, and Z(—7t)+jets.

Reducible backgrounds (one lepton is non genuine): jets p
misidentified as leptons, photon conversions, or semileptonic

decays of heavy-flavour hadrons
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Signature
» two oppositely directed forward jets
(define VBF topology) + significant

missing transverse momentum + 0 or 1

soft lepton (35.9 fb")

Main backgrounds
s tt, WHjets, Z+jets, and Z(—vv)+jets
» QCD
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Signature 9 -
s Soft t, candidate recoiling against high / T
p, ISR jet (77.2 fb") P o S

T .o =0
X1

Main backgrounds

- i . e, B L0
s tt, WHjets, quantum chromodynamics b o et -e X1
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» More and more analysis are
updated with full Run 2 luminosity
@ Many new physically motivated
specific simplified models
» More attention at the compressed
spectrum
@ More analyses will come soon!
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@ Run 3 is coming — more luminosity

» Even more luminosity with HL-LHC —
significantly boost of sensitivity

@ Stay tuned!

LS2 14 Tev LS3 14 Tev
energy
INJECTOR UPGRADE - ﬁg& ;;I
olimit -
TDIS abaorber interadtion s L LH(.': luminosity
11T dipole & collimator regions installation
Civil Eng. P1-P5

2019 | 2020 |

ATLAS -CMS

radiation

upgrade phase 1 damage ATLAS - CMS
2.5 x nominal luminosity upgrade phase 2
ALICE - LHCb
upgrade

CMS Phase-2 simulation 3 ab™ (14 TeV) CMS Phase-2 Simulation Preliminary 3ab' (14 TeV)
Ly 1
...... Expected exclusion —— Expected discovery % pp — X% + pp — XX, X0 — ZXC, ¥z — WS g
arxlv 1 81 2 07831 = 300 1 g 9] - - - Expected 95% CL limit =
o oo i & - = & — Expected 5  discovery S
7(;)(2—>Wix1hx1—>1e/u+bb+ETss = o50- S g - ~ - 7 S
= L L B L B B - = , ] 3
(3 1000~ ATLAS Simulation Preliminary - - - 05% CL exclusion (+10,) € r 10" o e 4 A §
s [ Vs=14TeV, 3000 b === Sodiscovery ] 200 ] @ ; o
= 800 ¢ Al limits at 95% CL ] B ] 3 E 5
EL w Lo : : . G 1 H10' o6
C 5 2 e N ] 1501 i S 4 E
600 oo & \ 7 8 41072 = 1 7 =
L » I W - 1 4 C 3 E 1 ] o
4001 Ll ; ] 100 S 11 £
B ’o"f' . } i _ o 7 _ S
C & v ' ] Q 3 —
200 | : ] 102 5 . 3
‘ ” 1 H J

: ,c':” ' : : o ] O\o
Lo H ! ] — To)
obeliel L L L L 2 . 10403

200400 600 800 1000 1200 400 60C 500 400 600 800 o 100 150 200 250 300 350 400 450

t ~
m(x,x,) [GeV] m. [GeV] My = My [GeV]
1






ATLAS

EXPERIMENT

wino-like chargino-neutralino production

Signature (77.5 fb' CMS, 139 fb' ATLAS) H
two isolated photons (H—vyy tag)

one isolated light lepton or two soft same-flavour % DA X
opposite-charge leptons (electrons or muons) with ) e @
invariant mass close to m,(CMS only) X ‘\\
Main backgrounds W

higgsino-like chargino-neutralino production

Non-resonant: diphotons or a photon and a jet via Gauge-Mediated Supersymmetry Breaking

QCD processes
Resonant: SM Higgs boson production D RNPREL CERRTRR G
Background and signal < fit in m__ in different regions o
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ATLAS

EXPERIMENT

higgsino-like chargino-neutralino p_r%)duction
X, 72 - ;z:’wi ;th, BR(Y' — W) = BR(Y, — hi.) = 100% .o CMS Preliminary /7517 (13 TeV)

— Observed limit (95% CL)
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For higgsino-like chargino neutralino production 1t
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Table 1: Criteria used in the categorization.

Channels Names Selection
Category 1 0<S Emis <2,Ne>1
Category 2 2<S Emis <4,Ny,>1
Leptonic  Category 3 4<8S Emiss < 6, Ne > 1
Category 4 S gmiss > 6, Ne 2 1
Category 5 5< S piss < 6, Ne=0,N; >2, M;; € [40,120] GeV
Category 6 6 < SEITmss <7,N;=0,N;>2, M;; € [40,120] GeV
Hadronic ~ Category 7 T <8 pmiss < 8, Ne=0,N; >2, Mj; € [40,120] GeV
Category 8 SEgu‘ss >8,Ne=0,N;>2, Mj; € [40,120] GeV

Category 9 6 < pmiss <7, N¢ = 0, Nj <2o0r(N; =2, Mj; ¢ [40,120] GeV)

Category 10 7 < SErTmss <8 N¢=0,Nj<2o0r(N;>2, M;;¢[40,120] GeV)
Rest Category 11 8<SE%ﬁssS9,N[=0,Nj<20r(Nj22, M;; ¢ [40,120] GeV)

Category 12 S pmiss > 9, Np =0, Nj <2 o0r (N; 2 2, Mj; ¢ [40,120] GeV)
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For small y°, masses exclude y2 ,x*, with mass below 750
GeV — the most sensitive analysis for this model




Electroweakino SR Requirements

Variable Low-Efs lTow-Am  Low-EI™S, high-Am  High-Em 11T
ED™ [GeV] [120,200] [120, 200] > 200 > 200
EMSS/HeP > 10 <10 - > 30
Ad(lep, pi) - - - < 1.0
Lepton or track pt [GeV] - p? > 5+ myp/4 pi? > min(10,2 + mgp/3) pflfa‘:k <5
M3 [GeV] <50 - - -

m’! [GeV] - [10, 60] < 60 .

Risr —~ [0.8,1.0] [max(0.85,0.98 — 0.02 x mygp), 1.0] -
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Signature (35.9 fb")

two isolated photons

Or one isolated photon as well as one isolated
charged lepton

Or one isolated photon and significant missing
transverse momentum

Or one isolated photon and significant hadronic
activity

Main backgrounds

Vector boson+y, quantum chromodynamics (QCD)
multijet processes and y+jets
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SR-LLM SR-MM SR-HM
Nlepton =1
p% [GeV] > 7(6) for e(u)
Niet =2o0r3
Nb—_jet =2
E{I“SS |GeV | > 24()
my; [GeV] € (100, 140]
m(¢, by) |GeV] — — > 120
mt |GeV](excl.) € 100, 160] € [160,240] > 240

mcr [GGV] (EXCI )

{e [180,230], € [230, 280], > 280}

mt [GeV](disc.)
mct |GeV](disc.)

> 100 > 160 > 240
> 180
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https://arxiv.org/abs/1908.08215

Table 1: Summary of selection requirements for the signal regions.

SR-lowMass | SR-highMass
2 tight 7s (OS) 2 medium 7s (OS) , > 1 tight 7
asymmetric di-tau trigger di—tau+}_'€rT‘“iS'S trigger
75 < E%“iss < 150 GeV EIF“iSS > 150 GeV

tau pr and E'T‘rliSS cuts described in Section 5
light lepton veto and 3rd medium 7 veto

— b—(_let VG;O 120 Gev) Table 1: Ranges in i1y, Ly, and N used to define the SRs used in the 7,7, analysis.
veto (m(7, ) > €
AR(TI, TQ) <32 5] [GeV] 25-50 >50
m e — — > — — >
|Ad (T, T)| > 0.8 Zmt [GeV] 200-250 250-300 300 200-250 250-300 300
mta > 70 GeV N; 0 >1 0 >1 0 21 0 >1 0 >1 0 =>1
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Number of events

(nobs - npred) / Obpred

+ Signature

with two isolated leptons (electron or muon), missing transverse

momentum and at most one light jet in the final state

Main backgrounds
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Supersymmetry (SUSY) relates two classes of particles,
bosons (integer spin) and fermions (half-integer spin)

Standard particles SUSY particles
e " P Pt . -
u ¢ t @
A P A -
Higgs @ S ’?@ @ Higgsino

' Quarks ‘ Leptons . Force particles Squarks () Sleptons () SUSY force particles

Minimal Supersymmetric Standard Model (MSSM) is
supersymmetric SM extension with the minimal number of new particle
states and new interactions




