
SUSY searches with leptons

Lesya Shchutska
ETH Zürich

May 19, 2017



SUSY signatures
One (of many) possible SUSY spectra:
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dominating decay channels vary with
sparticles masses/properties

strongly produces sparticles: decay to
jetty final states

EWKly produced particles: decays can
be dominated by leptons

often plenty of W, Z, H bosons in the
transitions

To be open to any possibility - cannot stay too specific in new physics searches
Choose which price to pay: sensitivity vs. generality
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SUSY searches strategy choice

Signatures are complementary: a different angle on the same SUSY scenario

all-hadronic 1 lepton
2 leptons 2 leptons ≥ 3 leptons

opposite-sign same-sign

QCD WZ, ttV WZ, ttV
tt, W+jets tt, W+jets tt tt, W+jets tt, Z→ ``

Z→ νν Z→ `` (“fake” leptons) (“fake” leptons)

(103 − 109 pb) (103 − 104 pb) (102 − 103 pb) ∼0.1 pb < 0.1 pb

decreasing background

increasing signal acceptance
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Background rate is relevant both in an offline analysis and in a trigger:
high signal acceptance case might be never recorded if coming with high rate SM

processes
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SUSY searches strategy choice

Signatures could be unique: each one has its own “corner of dominance”

all-hadronic 1 lepton
2 leptons 2 leptons ≥ 3 leptons

opposite-sign same-sign

anything low multiplicity (̃t̄̃t) t̃¯̃t; g̃g̃; cascades
with high Emiss

T lower Emiss
T χ̃0

i → χ̃0
j ; cascades with low Emiss

T ;
sleptons with low Emiss

T gauginos
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Many analyses are designed to be generic enough to be sensitive to any new physics
in given channels

For difficult cases could become more targeted
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Same-sign dilepton search

at least 2 leptons with same charge (2`SS e or µ)

10 < p`T < 25 GeV: low-pT leptons (L)
p`T > 25 GeV: high-pT leptons (H)
categories: HL (fakes), HH, LL (no fakes)

slice in Nb-jets, Njets, HT, Emiss
T > 50 GeV, Mmin

T

slice in ++, −− where W+jets or ttW matter

=⇒ 100 search regions in total

Backgrounds:

fake (nonprompt) leptons: data-driven

WZ and ttZ: MC, normalized in CR

other rare SM processes: MC

ttZ and ttW become important!
a lot of dependence on theory

charge-flip: data-driven
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Same-sign dilepton search: interpretations
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gluinos with low Emiss
T cascades mutlitple top quarks

(heavy (pseudo)scalar)
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Level of cross sections probed
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=n jet(s)
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σ∆ in exp. Hσ∆Th. 
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CMS 95%CL limits at 7, 8 and 13 TeV

)-1 5.0 fb≤7 TeV CMS measurement (L 
)-1 19.6 fb≤8 TeV CMS measurement (L 
)-1 35.9 fb≤13 TeV CMS measurement (L 

Theory prediction

SM measurements
NP limits

model-independent limits on new physics at the level of the rarest SM processes

caveat: MI limit is on σ ×A× ε

fair comparison (corrected by efficiencies):

obs (exp) σ(tttt) < 42 (27+13
−8 ) fb at 95% CL

SM value 9.2+2.9
−2.4 fb
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Making a reinterpretation accessible

For the outside reinterpretation, go down from 100 exclusive SR to:

15 inclusive SR: to be used one at a time, e.g.:

SR Leptons Njets Nb-jets HT (GeV) Emiss
T (GeV) Mmin

T (GeV) SM expected Observed N95%CL
obs,UL

InSR1
HH

≥2 0 ≥1200 ≥50 — 4.00 ± 0.79 10 12.35
InSR2 ≥2 ≥2 ≥1100 ≥50 — 3.63 ± 0.71 4 5.64
InSR3 ≥2 0 — ≥450 — 3.72 ± 0.83 4 5.62

15 exclusive SR: to be used together with a supplied correlation matrix:

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.000

0.433 1.000

0.882 0.392 1.000

0.318 0.304 0.283 1.000

0.653 0.449 0.721 0.389 1.000

0.246 0.301 0.278 0.320 0.470 1.000

0.468 0.420 0.471 0.392 0.530 0.407 1.000

0.451 0.453 0.401 0.355 0.447 0.374 0.446 1.000

0.389 0.401 0.317 0.383 0.377 0.337 0.411 0.379 1.000

0.302 0.446 0.262 0.354 0.398 0.329 0.391 0.433 0.352 1.000

0.805 0.392 0.863 0.266 0.636 0.235 0.434 0.353 0.278 0.258 1.000

0.351 0.190 0.390 0.173 0.354 0.213 0.243 0.180 0.185 0.176 0.414 1.000
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Multileptons in cascades: strong production

30 

Compresses gauginos with diverse decay modes and cascades.  Leptonic 
searches will be useful.   

Example stop decay 

- not excluded in Run I light t̃

2-particle simplified models are missing smth:
ttHH topology

In cascade decays multilepton searches surpass other channels
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Multileptons in strong production
Without a Z-candidate:
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• ttW and ttH in tails
• overlap with 2`SS search

With a Z-candidate:
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• high Nb jets bins pure in ttZ
• orthogonal to 2`SS search

Methods and backgrounds similar to 2`SS:
≥ 3 e (µ) pT > 25(20)/15(10)/10 GeV

slice in Nb jets, HT, Emiss
T , MT

46 exclusive search regions
and 4 exclusive super-SR: for reinterpretation
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EWKino searches

17

Ewkino phenomenology

• Ewkino  are a mix of higgsinos, binos and Winos

• Hierarchy defined by neutralino and chargino mixing matrices

• 4 parameters: higgsino mass µ, bino mass M1, Wino mass M2, tanb
• Hierarchies with unmixed ewkino states:

– M1 < M2 << µ: LSP is bino, chi02, chi+1 Wino

• chi02, chi+1 ~ mass degenerate.  

– µ << M1, M2: LSP, chi02, chi+1  higgsinos

• LSP, chi+1, chi02 ~ mass degenerate 

– M2 < M1 << µ: LSP is Wino, chi02 bino, chi+1 Wino

• LSP and chi+1 ~ mass degenerate

• For Ewkinos mass degeneracy is not an accidental 

feature, but a consequence of the mixing

• Pure higgsino and Wino LSP good dark matter 

candidates  

winos

bino

higgsinos

bino

winos

Multilepton searches (SUS-16-039, ATLAS-CONF-2017-039)

Mass-degenerate χ̃±
1 χ̃

0
2 decay via W, Z, H bosons or leptons to χ̃0

1

• search for events with multiple leptons, Emiss
T , b jet veto

Compressed searches (SUS-16-048)

Close in mass higgsinos decay via deeply off-shell W and Z bosons
to a higgsino LSP
• multiple soft leptons, low Emiss

T =⇒ not visible!
• need to boost the system in the transverse plane =⇒ use

events with ISR jets

Long-lived searches (EXO-12-034, ATLAS-CONF-2017-017)

Wino χ̃±
1 flies in the detector before a decay to χ̃0

1: χ̃±
1 → π±χ̃0

1

• search for disappearing tracks in the detector
• complementary approach from EXO side
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Considered scenarios in multilepton searches
χ̃±
1 ,χ̃0
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slepton-mediated decays differ in kinematics and do not take a hit on BF to leptons

in some cases decays via τ̃ preferred: optimize searches to cover this
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Multileptons EWKino: event categorization
split by lepton multiplicity (2, 3, 4), flavor (e, µ, τh), charge (same-sign or not),
kinematic properties (M``, MT, MT2)

b-veto to suppress tt; Emiss
T > 50 GeV for ≥ 3` and > 60 GeV for 2`SS

main backgrounds: WZ→ 3`, non-prompt leptons (tt, DY), conversions, rare SM

2 lepton 4 lepton final state

0 taus 1 tau 

3 lepton final state

Search strategy

!±!0 → SlepSneu  
(tau-dominated)

!±!0 → WZ  
!±!0 → SlepSneu  

(flavor-demo.)

!±!0 → SlepSneu  
(tau-enriched)

ca
te

go
ri
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tio

n
si
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s

!0!0 → ZZ

0 taus 1 tau

nOSSF = number of OSSF pairs (ee, μμ, "")  
nOSOF = number of OS different flavour pairs (ee, μμ, eμ)

2 tau

nOSSF==1 
on Z, off Z, 

MT bins 

nOSSF==0 
Mll, MT bins

nOSSF == 2 
MET bins

nOSSF ≤ 1 
MET bins

MET bins

nOSSF==1 
Mll, MT2 bins

SSτ 
Mll, MT2 bins

nOSOF==1 
Mll, MT2 bins

lττ 
Mll, MT2 

bins

0 taus 

same-sign 
MT, MET and 

pT
ll  bins
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Cross section hierarchy
low cross sections compared to SM WZ(3`): need to be creative in event selection

Particle mass (GeV)
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Example for 3 light lepton final state:

pick a most Z-like pair of leptons and compute M``

use the third lepton to get MT
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Picking the right variables

3 light leptons: MT e/µ+2τhad: MT2
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tailor kinematic variables to contain dominating SM processes in each channel:

3 light leptons: WZ(3`) =⇒ MT of 3rd lepton cuts-off at W mass
e/µ+2τhad: tt→ `τh + a fake τh =⇒ MT2 with leading `, τh cuts-off at W mass
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Results
Selected SR (out of 158):

Signal Region (2lss)
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16 / 19



Interpretations

no intermediate sleptons: χ̃±
1 χ̃

0
2 → WZχ̃0

1χ̃
0
1 and χ̃±

1 χ̃
0
2 → WHχ̃0

1χ̃
0
1

gap in sensitivity for mχ̃0
2
−mχ̃0

1
≈ mZ:

LSP is produced with low momentum - no extra Emiss
T

very SM WZ-like final state
exploring additional handles there at the moment
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Interpretations summary
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An aftermath

No SUSY discovery in the picture yet, but we are still on the road:

5.2 Evaluation of systematic uncertainties 7

Table 1: Overview over the analyses and their application to the different models.

Analysis Luminosity Model
( fb−1) NM1 NM2 NM3 STC STOC

all-hadronic (HT-Hmiss
T ) search 300

3000
all-hadronic (MT2) search 300

3000
all-hadronic b̃1 search 300

3000
1-lepton t̃1 search 300

3000
monojet t̃1 search 300

3000
m`+`− kinematic edge 300

3000
multilepton + b-tag search 300

3000
multilepton search 300

3000
ewkino WH search 300

3000

< 3σ 3− 5σ > 5σ

with an efficiency of unity. The FastJet area method [31] is applied to correct measurements
of jets and energy in the calorimeters for the contribution from neutral pileup particles and
charged pileup particles outside the tracker acceptance.

About 10 to 100 million events per background process are produced with MADGRAPH 5 [14,
15], including up to four extra partons from initial and final state radiation, matched to PYTHIA 6.4
for fragmentation and hadronization. The background cross section is normalized to the next-
to-leading-order (NLO) cross section, which is based on the work in preparation for the Snow-
mass summer study 2013 and discussed in more detail in Refs. [32–34].

5.2 Evaluation of systematic uncertainties

All presented studies are based on 8 TeV analyses, where the systematic uncertainties have
been evaluated based on the various background estimation methods. We assume that the
backgrounds will be estimated in a similar way for the 14 TeV analyses in the future, while in
this paper we use the Monte-Carlo prediction only. Therefore, we use the systematic uncertain-
ties of the 8 TeV analyses as starting point, and scale them on a case-by-case basis depending
on their origin and predicted development of this origin:

• If the selection requirements of the 14 TeV analysis have been tightened such that the
background yield in the signal region is comparable to the one in the 8 TeV analysis,
we quote a typical uncertainty from the 8 TeV search. This is the case for both all-
hadronic analyses with HT-Hmiss

T and MT2 variables.

just pushing the luminosity we can touch
gauginos at 300-1000 GeV across all mass
splittings

innovativeness is harder to project

and this is with only a couple of analyses
we have many more

if there is SUSY: it will be visible across
multitude of signatures

2-3σ evidence in multiple places could be
as good as 5σ discovery in one channel

this makes 95%CL reach as important as 5σ
one

Could seem tight for the discovery at the (HL-)LHC
but there is plenty of phase-space for strong hints!
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