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Some Inspiration





The Standard Model
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The Standard Model

Cross section normalized to SM value
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ATLAS
-1= 13 TeV, 24.5 - 79.8 fbs

| < 2.5
H

y= 125.09 GeV, |Hm

= 76%
SM

p
Total Stat. Syst.

ggF  1.04 0.09± ( 0.07± , 0.06−

0.07+
)

VBF  1.21 0.22−

0.24+
( 0.17−

0.18+
, 0.13−

0.16+
)

WH 1.30 0.38−

0.40+
( 0.27−

0.28+
, 0.27−

0.29+
)

ZH 1.05 0.29−

0.31+
( 0.24± , 0.17−

0.19+
)

tH+Htt 1.21 0.24−

0.26+
( 0.17± , 0.18−

0.20+
)
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The Standard Model
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m(Planck)
1019 GeV

LHC~103 GeV



A Minor Concern

The Higgs is particularly sensitive to the scale of the theory it’s
embedded in:

m2
H = m2

bare + y2
t

16π2 Λ2 + δO(m2
weak)

A “Naturalness” Problem

1 Either we just got lucky with a light Higgs, or
2 There is something new at rather low energy, or
3 There is something new at moderate energies with a

mechanism for protecting the Higgs mass

Many others.
Wells; arXiv:1603.06131
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SUSY to the rescue!

Ben Hooberman, Jesse Liu
Papucci, Ruderman, Weiler; JHEP 1209 (2012) 035
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Searches for Gluinos
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ATLAS Preliminary

-136.1 - 139 fb

All limits at 95% CL

 = 13 TeVs, 
0

1
χ∼t t→g~

May 2020

 7-12 jets expected≥
 7-12 jets observed≥
 3b jets expected≥
 3b jets observed≥

SS leptons expected
SS leptons observed
Run 1 expected
Run 1 observed

 7-12 jets: ATLAS-CONF-2020-002≥
 3b jets: ATLAS-CONF-2018-041≥

SS leptons: arXiv:1706.03731
Run 1: arXiv:1507.05525

t
)+t
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0
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No signs so far of gluinos

Limits go from 2150 GeV to ∼2450 GeV with 140 fb−1

(if no signal)
→ limited opportunities for discovery.
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SUSY to the rescue?

Ben Hooberman, Jesse Liu
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Searches for Stops
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Electroweak SUSY Phenomenology

Electroweak masses in MSSM controlled by:

M1: “Bino” (B̃) mass term

M2: “Wino” (W̃ ) mass term

µ: “Higgsino” mass term

tan β: ratio of VEV’s

Weak eigenstates mix into mass eigenstates (χ̃0
1,2,3,4) by diagonalizing:

MN =

 M1 0 MZ cos β sin θW MZ sin β sin θW

0 M2 MZ cos β cos θW MZ sin β cos θW

MZ cos β sin θW MZ sin β sin θW 0 −µ
MZ cos β cos θW MZ sin β cos θW −µ 0


Similar procedure to find two charged states (χ̃±

1 , χ̃
±
2 )

For a recent review, see Canepa, Han, Wang; arXiv:2003.05450
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What do we know about EWK SUSY?

Constraints on Electroweak SUSY are... weak.

Relatively-model-independent1 constraints from LEP:
m(χ̃±

1 ) & 100 GeV

Constraints from LHC are more model-dependent:
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Still a lot of room for low-scale Electroweak SUSY!

1: Ruderman et al. disagree; arXiv:1801.05432

M. Hance (Santa Cruz) 17 / 64 PITT-PACC Seminar - Sept. 16, 2020

https://arxiv.org/abs/1801.05432


Anything else?

“OK, but what about dark matter?”
–Greedy Physicist

Neutral LSP in R-parity conserving SUSY as WIMP dark matter:
Under pressure from direct detection experiments

...but those represent upper bounds
Possible that not all dark matter is the SUSY LSP!

Coannihilation can control overabun-
dance (e.g. for χ̃0

1 ∼ B̃)

Requires other particles (X) with
similar abundance (mass)

Freeze-out at temperature T :

T ∼ m(χ)
25 ∼ ∆ = m(X)−m(χ1)

m(χ1)
Griest and Seckel; Phys. Rev. D 43, 3191

Bell et al.; Phys. Rev. D 89, 115001
Baker et al.; JHEP 1512 (2015) 120
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pMSSM Studies: post-Run1
We can use the parameterized MSSM (pMSSM) to get a sense for what
scenarios are still viable given experimental constraints at the end of
LHC Run-1:

Higgsino LSP’s under some pressure from direct detection, but
could form part of the DM
Scenarios with Bino LSP’s survive due to annihilation

ATLAS; JHEP 10 (2015) 134
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pMSSM Studies: post-Run1
We can use the parameterized MSSM (pMSSM) to get a sense for what
scenarios are still viable given experimental constraints at the end of
LHC Run-1:

Higgsino LSP’s cluster near “compressed” diagonal
Larger splittings with Bino mixtures

ATLAS; JHEP 09 (2016) 175
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pMSSM Studies: early-Run2

By the start of Run-2, more parameter space excluded by strong-SUSY
searches:

Still significant parameter space remaining!

Either for (natural) Higgsino-like LSPs,

Or for Bino-like LSP’s with nearby annihilators/resonances/etc

Barr and Liu; Eur. Phys. J. C (2017) 77: 202
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Our Challenge
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Han et al.; Phys. Rev. D 89, 075007 (2014)

Many others.
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Our Challenge

Similar arguments (DM, g − 2) inspire a companion search:
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Barr and Scoville; JHEP 1504 (2015) 147

Han and Liu; Phys. Rev. D 92, 015010 (2015)
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Our Challenge

...and a large dataset inspires us to reach for something really unique:
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Extremely low σ × BR
Tools from electroweakino searches: m``, soft leptons

Further exploit the dijets: mjj ,∆ηjj

Nelson, Tanedo, Whiteson; Phys. Rev. D 93, 115029 (2016)

Giudice, Han, Wang, Wang; Phys. Rev. D 81, 115011 (2010)
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The Tools





Data Taking
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A Toroidal LHC ApparatuS





Performance – Electrons
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Performance – Muons
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Performance – Emiss
T and triggers
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ATLAS Trigger Operations
= 13 TeVsData 2016, So far, we have kept up with pileup

by:

Raising thresholds slightly

Improving resolution (online
and offline)

New triggers in 2017+
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The Search



Signal Modeling
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Cross sections
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Background MC

Process Matrix element Parton shower PDF set Cross-section

V+jets Sherpa 2.2.1 NNPDF 3.0 NNLO [84] NNLO [85]
V V Sherpa 2.2.1/2.2.2 NNPDF 3.0 NNLO Generator NLO
Triboson Sherpa 2.2.1 NNPDF 3.0 NNLO Generator LO, NLO

h (ggF) Powheg-Box Pythia 8.212 NLO CTEQ6L1 [86] N3LO [87]
h (VBF) Powheg-Box Pythia 8.186 NLO CTEQ6L1 [86] NNLO + NLO [87]
h+W/Z Pythia 8.186 NNPDF 2.3 LO [54] NNLO + NLO [87]
h+ tt̄ MG5 aMC@NLO 2.2.3 Pythia 8.210 NNPDF 2.3 LO NLO [87]

tt̄ Powheg-Box Pythia 8.230 NNPDF 2.3 LO NNLO+NNLL [88,89,90,91,92]
t (s-channel) Powheg-Box Pythia 8.230 NNPDF 2.3 LO NNLO+NNLL [93]
t (t-channel) Powheg-Box Pythia 8.230 NNPDF 2.3 LO NNLO+NNLL [94,77]
t+W Powheg-Box Pythia 8.230 NNPDF 2.3 LO NNLO+NNLL [95]

t+ Z MG5 aMC@NLO 2.3.3 Pythia 8.212 NNPDF 2.3 LO NLO [53]
tt̄WW MG5 aMC@NLO 2.2.2 Pythia 8.186 NNPDF 2.3 LO NLO [53]
tt̄+ Z/W/γ∗ MG5 aMC@NLO 2.3.3 Pythia 8.210/8.212 NNPDF 2.3 LO NLO [87]
t+WZ MG5 aMC@NLO 2.3.3 Pythia 8.212 NNPDF 2.3 LO NLO [53]
t+ tt̄ MG5 aMC@NLO 2.2.2 Pythia 8.186 NNPDF 2.3 LO LO [53]
ttt̄t̄ MG5 aMC@NLO 2.2.2 Pythia 8.186 NNPDF 2.3 LO NLO [53]

Background MC used to model events with ≥ 2 prompt leptons
Special extensions for Z+jets, dibosons:

m(``) > 2m(`) + 250 MeV
p`T > 2 GeV
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Lepton Selection
Select isolated, ∼tight electrons (muons) down to 4.5 (3) GeV

Special treatment for nearby leptons from low-mass Z∗ → ``
Include isolated tracks to increase efficiency at even lower pT.
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Event Pre-selection

Common preselection removes some large backgrounds
(tt, Z → ττ ) and enforces an ISR topology

Preselection requirements
Variable 2` 1`1T

Number of leptons (tracks) = 2 leptons = 1 lepton and ≥ 1 track
Lepton pT [GeV] p`1T > 5 p`T < 10
∆R`` ∆Ree > 0.30, ∆Rµµ > 0.05, ∆Reµ > 0.2 0.05 < ∆R`track < 1.5
Lepton (track) charge and flavor e±e∓ or µ±µ∓ e±e∓ or µ±µ∓
Lepton (track) invariant mass [GeV] 3 < mee < 60, 1 < mµµ < 60 0.5 < m`track < 5
J/ψ invariant mass [GeV] veto 3 < m`` < 3.2 veto 3 < m`track < 3.2
mττ [GeV] < 0 or > 160 no requirement
Emiss
T [GeV] > 120 > 120

Number of jets ≥ 1 ≥ 1
Number of b-tagged jets = 0 no requirement
Leading jet pT [GeV] ≥ 100 ≥ 100
min(∆φ(any jet, pmiss

T )) > 0.4 > 0.4
∆φ( j1, pmiss

T ) † ≥ 2.0 ≥ 2.0
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Signal Region Selection
Electroweakino SR Requirements

Variable SR–E–low SR–E–med SR–E–high SR–E–1`1T

Emiss
T [GeV] [120, 200] [120, 200] > 200 > 200

Emiss
T /H lep

T < 10 > 10 – > 30
∆φ(lep, pmiss

T ) – – – < 1.0
Lepton or track pT [GeV] p`2

T > 5 + m``/4 – p`2
T > min(10, 2 + m``/3) ptrack

T < 5
MS

T [GeV] – < 50 – –
m`1

T [GeV] [10, 60] – < 60 –
RISR [0.8, 1.0] – [max(0.85, 0.98 − 0.02 × m`` ), 1.0] –

Slepton SR Requirements
Variable SR–S–low SR–S–high

Emiss
T [GeV] [150, 200] > 200

m100
T2 [GeV] < 140 < 140

p`2
T [GeV] > min(15, 7.5 + 0.75 × (mT2 − 100)) > min(20, 2.5 + 2.5 × (mT2 − 100))

RISR [0.8, 1.0] [max(0.85, 0.98 − 0.02 × (mT2 − 100)), 1.0]

Variable VBF SR Requirements

m`` [GeV] < 40
Number of jets ≥ 2
pj2

T [GeV] > 40
Emiss
T [GeV] > 150

Emiss
T /H lep

T > 2
p`2

T [GeV] > min(10, 2 + m``/3)
m`1

T [GeV] < 60
RVBF [max(0.6, 0.92 − m``/60), 1.0]
η j1 · η j2 < 0
m j j [GeV] > 400
∆η j j > 2

SR–VBF–low SR–VBF–high

∆η j j < 4 > 4

Extensive signal region optimization:

Eight distinct selections

Regions within a colored box designed to be orthogonal
(combinations!)
This looks over-optimized?
→ compressed scenarios have constrained phase space that

make many requirements model independent
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Event Selection example: Recursive Jigsaw Variables

Recursive Jigsaw Reconstruction boosts
the event back to the SUSY rest frame:

Efficient background rejection

Sensitive to SUSY mass spectrum,
especially compressed scenarios!
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Event Selection: Acceptance
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Low acceptances driven by hard-Emiss
T requirement

EWKino acceptances also include branching ratio

Drop at low-∆m from soft leptons

Higgsino Slepton
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Event Selection: Efficiency
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Efficiencies mostly due to lepton ID:

Tight ID/isolation requirements to reduce fakes

Room for improvement!

Higgsino Slepton
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Background Strategy

obs_x_VRDF_MLL_hghmet_RJR_RISR
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Data-driven approach for fake/non-prompt leptons (Fake Factors)
MC used for events with ≥ 2 prompt leptons

tt and Z → ττ scaled in signal-free control regions
All others scaled to predicted cross sections

All estimates checked in signal-free validation regions
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Data-driven fake lepton backgrounds

Kinematic regime

Lepton definition

Select ID

Select an antiID

Fake factor F
measurement region

Fake factor F
application region

NantiID

Fake factor
denominator

NID
Fake factor
numerator

Nest =
(

NID
NantiID

)
︸ ︷︷ ︸

≡F

·NCR−fake

Signal region
fake estimate

NCR−fake
Control region

(SR enriched with fakes)

1 Estimate fake factors in dijet region
2 Apply fake factors in VR/CR/SR
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Same-sign validation region

`±`± events often from W+jets with jet→fake/non-prompt lepton:

obs_x_VR_SS_MLL_hghmet_lep2Pt
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Systematics on fake-factor estimates typically ∼ 30%, based on:

Modeling of kinematic variables

Non-closure in VRSS
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Control Regions
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Control regions are used to
scale tt and Z → ττ

Scale factors are near
unity

Normalization Parameters
Backgrounds Emiss

T region electroweakino slepton VBF

tt̄/Wt
high 1.08 ± 0.20 1.05 ± 0.20 1.04 ± 0.04
low 1.08 ± 0.18 1.09 ± 0.19

Z (∗)/γ∗(→ ττ) + jets high 0.96 ± 0.14 0.80 ± 0.17 0.97 ± 0.13
low 1.02 ± 0.15 1.08 ± 0.17

VV
high 0.89 ± 0.27 0.85 ± 0.28 –
low 0.69 ± 0.22 0.71 ± 0.23
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Systematics
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Large uncertainties from
fake factors, statistics

Some will improve
with more data,
especially 1`1T
Non-trivial ISR
modeling systs,
mitigated by
studies of Z → µµ
in data

Jet, lepton,
calibration systs
are ∼negligible
here
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Blinded Signal Regions: Final Discriminants

obs_x_SRSF_MLL_hghmet_mll
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Search Strategy

Model-independent, cut-and-count SR’s for discovery

If no significant excess, use a model-dependent shape fit
for exclusion

Also include medium/low-Emiss
T regions (not shown)
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The Results



Results! Model-independent “discovery” regions
Signal Region Nobs Nexp 〈εσ〉95

obs [fb] S95
obs S95

exp p(s = 0)

SR
–E

m`` < 1 0 1.0 ± 1.0 0.022 3.0 3.0+1.3
−0.0 0.50

m`` < 2 46 44 ± 6.8 0.15 21 19+7
−5 0.38

m`` < 3 90 77 ± 12 0.29 41 31+11
−9 0.18

m`` < 5 151 138 ± 18 0.38 52 43+16
−11 0.24

m`` < 10 244 200 ± 19 0.62 86 49+26
−13 0.034

m`` < 20 383 301 ± 23 0.95 132 61+22
−16 0.0034

m`` < 30 453 366 ± 27 1.04 144 70+26
−20 0.0065

m`` < 40 492 420 ± 30 0.96 134 74+29
−20 0.027

m`` < 60 583 520 ± 35 0.97 135 84+32
−23 0.063

SR
–V

B
F

m`` < 2 0 2.8 ± 1.6 0.022 3.0 3.9+1.6
−0.9 0.50

m`` < 3 1 3.1 ± 1.7 0.030 3.6 4.4+2.0
−1.0 0.50

m`` < 5 2 3.3 ± 1.7 0.035 4.8 5.2+2.1
−1.1 0.50

m`` < 10 9 8.4 ± 2.7 0.068 9.5 8.8+3.2
−2.2 0.43

m`` < 20 36 32 ± 5 0.14 20 16+6
−4 0.27

m`` < 30 58 52 ± 7 0.19 26 21+8
−6 0.28

m`` < 40 82 74 ± 10 0.24 33 27+10
−7 0.27

SR
–V

B
F–

hi
gh

m`` < 2 0 2.4 ± 1.1 0.022 3.0 4.0+1.6
−0.9 0.50

m`` < 3 1 3.0 ± 1.4 0.025 3.5 4.6+1.8
−1.2 0.50

m`` < 5 2 3.0 ± 1.4 0.034 4.7 5.1+2.0
−1.3 0.50

m`` < 10 3 3.8 ± 1.7 0.041 5.6 5.8+2.1
−1.3 0.50

m`` < 20 9 11.7 ± 2.8 0.055 8 9+4
−2.3 0.50

m`` < 30 17 20 ± 5 0.079 11 13+5
−3.2 0.50

m`` < 40 26 28 ± 6 0.10 14 15+6
−4 0.50

SR
–S

m100
T2 < 100.5 24 27 ± 4.8 0.09 13 14+5

−4 0.50
m100

T2 < 101 41 46 ± 6.5 0.11 16 18+7
−5 0.50

m100
T2 < 102 91 82 ± 10 0.25 35 28+10

−8 0.25
m100

T2 < 105 158 158 ± 17 0.30 41 41+16
−11 0.50

m100
T2 < 110 243 242 ± 21 0.38 52 52+19

−14 0.36
m100

T2 < 120 328 312 ± 24 0.51 71 60+22
−17 0.26

m100
T2 < 130 419 388 ± 28 0.66 92 68+27

−18 0.17
m100

T2 < 140 472 443 ± 31 0.69 95 74+28
−21 0.19
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Results! Shape-fit “exclusion” regions: EWKinos
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Results! Shape-fit “exclusion” regions: VBF
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Results! Shape-fit “exclusion” regions: Sleptons
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Results! Shape-fit “exclusion” regions

obs_x_SRSF_MLL_hghmet_mll
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No significant excesses.

Interpret results as limits on simplified models

Extend fits to separate ee, µµ channels, modified binning...
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Slepton Interpretation
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(˜̀
,χ̃

0 1)
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eV
]

Expected limit
(
±1σexp

)

Observed limit
(
±1σtheory

)

ATLAS 8 TeV ˜̀L,R excluded
ATLAS 13 TeV 36 fb−1 ˜̀L,R excluded
LEP ẽR excluded

ATLAS√
s = 13 TeV, 139 fb−1

ee/µµ, m100
T2 shape fit

All limits at 95% CL

pp → ˜̀+
L,R

˜̀−
L,R, ˜̀→ `χ̃0

1, ` ∈ [e,µ]
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Expected limit (µ̃L)
Observed limit (µ̃L)
Expected limit (µ̃R)
Observed limit (µ̃R)
Expected limit (ẽL)
Observed limit (ẽL)
Expected limit (ẽR)
Observed limit (ẽR)
LEP µ̃R excluded
LEP ẽR excluded

ATLAS√
s = 13 TeV, 139 fb−1

ee/µµ, m100
T2 shape fit

All limits at 95% CL

pp → ˜̀+
L/R

˜̀−
L/R, ˜̀→ `χ̃0

1, ` ∈ [e,µ]

Limits on Compressed Sleptons

Constraints on fully-degenerate sleptons up to 250 GeV
Separate interpretations for left/right selectrons/smuons

Compressed smuons of particular interest due to g − 2 and
DM/coannihilation models, LEP coverage only down to
∆m =2 GeV, extended for the first time here
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Slepton Interpretation, In Context
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2τ hadronic
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˜̀ ∈ [ẽ, µ̃]
˜̀ ∈ [ẽ, µ̃]
˜̀ ∈ [ẽ, µ̃]
˜̀ = τ̃

arXiv:1403.5294
arXiv:1911.12606
arXiv:1908.08215
arXiv:1911.06660

All limits at 95% CL
Observed limits
Expected limits

All limits at 95% CL
Observed limits
Expected limits

m(̃` L,R
) <

m(χ̃
0

1
)

ATLAS Preliminary
√

s = 13 TeV, 139 fb−1

May 2020

pp → ˜̀+
L,R

˜̀−
L,R, ˜̀→ `χ̃0

1
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Wino-Bino Interpretation
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LEP χ̃±1 excluded
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ee/µµ, m`` shape fit
All limits at 95% CL

pp → χ̃0
2χ̃
±
1 (Wino)

χ̃0
2 → Z ∗χ̃0

1, χ̃±1 →W ∗χ̃0
1

m(χ̃0
2)×m(χ̃0

1) > 0
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Expected limit Combination
Observed limit Combination
Expected limit SR-E-low Selection
Observed limit SR-E-low Selection
Expected limit SR-E-med Selection
Observed limit SR-E-med Selection
Expected limit SR-E-high Selection
Observed limit SR-E-high Selection
Expected limit SR-E-1`1T Selection
Observed limit SR-E-1`1T Selection
LEP χ̃±1 excluded

ATLAS 13 TeV 36 fb−1 excluded (obs)
ATLAS 8 TeV excluded

ATLAS√
s = 13 TeV, 139 fb−1

ee/µµ, m`` shape fit
All limits at 95% CL

pp → χ̃0
2χ̃
±
1 (Wino)

χ̃0
2 → Z ∗χ̃0

1, χ̃±1 →W ∗χ̃0
1

m(χ̃0
2)×m(χ̃0

1) > 0

Pushed constraints in all directions relative to 36/fb paper

All signal regions contribute, 1`1T selection particularly
powerful at low splittings!
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Wino-Bino Interpretation, In Context
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Higgsino Interpretation
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All limits at 95% CL
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ATLAS Preliminary√
s = 13 TeV

pp → χ̃0
2χ̃
±
1 , χ̃0

2χ̃
0
1, χ̃+

1χ̃
−
1 , χ̃±1 χ̃

0
1 (Higgsino)

May 2020

Similar story for Higgsinos, which assume a slightly
different mass spectrum

Closing the gap between Disappearing Track searches and
prompt-2` searches
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VBF Production

obs_x_SR_ll_VBF_no_vbfjjM_vbfjjM

2
0

0
 G

e
V

/
E

v
e

n
ts

0

10

20

30

40

50
Data Total SM

)+jetsττ→Z( Top

Diboson Fake/nonprompt

Others

) = (60,50) GeV
0

1
χ∼, 

0

2
χ∼: m(B

~
/W

~
VBF 

) = (80,75) GeV
0

1
χ∼, 

0

2
χ∼: m(B

~
/W

~
VBF 

) = (60,57) GeV
0

1
χ∼, 

0

2
χ∼: m(H

~
VBF 

 ATLAS
-1= 13 TeV, 139 fbs

SR-VBF

[GeV]jjm
500 1000 1500 2000 2500 3000

S
M

/
D

a
ta

0

1

2

65 70 75 80 85 90 95 100

m(χ̃0
2) = m(χ̃±1 ) [GeV]

2

5

10

20

40

∆
m

(χ̃
0 2,
χ̃

0 1)
[G

eV
]

Expected limit
(
±1σexp

)

Observed limit
(
±1σtheory

)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

3.2

3.6

95
%

C
L

U
pp

er
Li

m
it

[p
b]

ATLAS√
s = 13 TeV, 139 fb−1

∆ηjj, m`` shape fit, All limits at 95% CL
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Low cross section for VBF SUSY along with small
Z → `` BR makes this a challenging search

Pioneered by Andy Aukerman and the Pitt team

Will become much more interesting at high-lumi!
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The Future



Prospects
First steps in a longer program:

More data!
MVA’s!

3L (offshell), 
2L0J,
Combinations!

Isolated track!
Displaced 
leptons!
VBF! 

Fewer tracklet hits
Soft/displaced tracks

Extrapolating our limits
(assuming no signal):

95% CL Limits
140 fb−1 3 ab−1

Higgsino 193 GeV 456 GeV
Wino/Bino 240 GeV 551 GeV
Slepton 251 GeV 573 GeV

Collider Reach: scaling by parton luminosities

Additional gains from:
Using larger data samples to reduce systematics (especially on
fake/non-prompt estimates)
Improvements in lepton reconstruction and ID efficiency
(especially at low-pT)
Many other ideas CMS; JHEP 08 (2019)150

Fukuda et al.;Phys. Rev. Lett. 124, 101801 (2020)
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http://collider-reach.web.cern.ch
https://inspirehep.net/record/1737508
https://inspirehep.net/record/1759615


Conclusion

Low-scale SUSY is an attractive extension of the Standard Model.
Light, electroweak SUSY states mitigate naturalness concerns
and provide a viable dark matter candidate

Compressed mass spectra are especially well-motivated

Searches for direct production of EWK SUSY states are finally
extending LEP limits, providing exciting opportunities for
discovery at the LHC
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Soft 2`, 139 fb−1, arXiv:1911.12606, m(χ̃0
2) = m(χ̃0

1) + 2∆m(χ̃±1 , χ̃0
1)

Disappearing track, 36.1 fb−1, PHYS-PUB-2017-019, m(χ̃0
2) = m(χ̃0

1)
LEP2 χ̃±1 excluded
Theoretical prediction for pure Higgsino

All limits at 95% CL
Observed limits
Expected limits

All limits at 95% CL
Observed limits
Expected limits

ATLAS Preliminary√
s = 13 TeV

pp → χ̃0
2χ̃
±
1 , χ̃0

2χ̃
0
1, χ̃+

1χ̃
−
1 , χ̃±1 χ̃

0
1 (Higgsino)

May 2020
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Expected limit (µ̃L)
Observed limit (µ̃L)
Expected limit (µ̃R)
Observed limit (µ̃R)
Expected limit (ẽL)
Observed limit (ẽL)
Expected limit (ẽR)
Observed limit (ẽR)
LEP µ̃R excluded
LEP ẽR excluded

ATLAS√
s = 13 TeV, 139 fb−1

ee/µµ, m100
T2 shape fit

All limits at 95% CL

pp → ˜̀+
L/R

˜̀−
L/R, ˜̀→ `χ̃0

1, ` ∈ [e,µ]
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