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Introduction
Compressed spectra motivated in many SUSY scenarios
• Higgsino-like LSP motivated by naturalness (μ at weak scale) 
• Compressed Bino-like LSP with Wino-like NLSP motivated by DM 
• Anomaly-mediated SUSY breaking models predict pure Wino LSP 

How compressed? 
• Pure Higgsino or pure Wino LSP: O(100s MeV) splittings 

• Long lifetimes ⟹ look for disappearing track 

• “Mostly” Higgsino LSP: O(1-10s GeV) splittings 
• Prompt decays ⟹ rely on soft leptons with pT as low as 4 GeV 

Soft leptons and disappearing tracks are challenging signatures!
• Use ISR jet + MET topologies to trigger and discriminate  

against backgrounds
Joey Reichert (Penn) SUSY17: Search for Compressed SUSY with ATLAS December 14, 2017 2
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Searches Considered

Final state: 2 soft leptons 
+ MET + ISR jet 

Interpret as:  
Higgsino-like LSP or 
Wino-like NLSP with 

Bino-like LSP

Final state: 2 soft leptons 
+ MET + ISR jet 

Interpret as: slepton NLSP 
with Bino-like LSP

Final state: disappearing 
track + MET + ISR jet 

Interpret as:  
pure Wino LSP or  

pure Higgsino LSP

long lived
softEWKinos:  

mll < Δm(N2, N1)
Sleptons:  
mT2 < mslep 

 

(100 GeV LSP assumption)
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2L (soft) search
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Compressed scenarios paper (to be submitted):
SUSY-2016-25
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EWKino Primary Discriminating Variable

EWKinos: kinematic endpoint at mll = Δm(N2, N1) 
This is our primary observable for the EWKinos!

mT2 behaves similarly for the slepton final state
Joey Reichert (Penn) SUSY17: Search for Compressed SUSY with ATLAS December 14, 2017 5



obs_x_SRSF_common_lep2Pt

Ev
en

ts
 / 

4 
G

eV

1−10

1

10

210

310

410

510

610 ATLAS Preliminary
1− = 13 TeV, 36.1 fbs

Common SR

Data

Total SM

Fake/nonprompt

, single toptt
)+jetsττ→Z(

Diboson
Others

) = (110, 100) GeV
1
0
χ∼, 

2
0
χ∼: m(H~

) = (110, 100) GeV
1
0
χ∼, l~: m(l~

 [GeV]
T

Subleading lepton p
10 20 30 40 50 60

D
at

a 
/ S

M

0

1

2

obs_x_VR_SS_AF_lep2Pt
Ev

en
ts

 / 
4 

G
eV

1−10

1

10

210

310

410 ATLAS Preliminary
1− = 13 TeV, 36.1 fbs

eµ+µ+eµµVR-SS ee+

Data

Total SM

Fake/nonprompt

)+jetsττ→Z(

Diboson

Others

 [GeV]
T

Subleading lepton p
5 10 15 20 25 30 35 40

D
at

a 
/ S

M

0

1

2

Subleading lepton pT in signal region Subleading lepton pT in same-sign events

Estimating Fake Lepton Backgrounds

Estimating fake/nonprompt leptons crucial:  
Dominant background at low pT!

• Estimate using data-driven “Fake Factor” method 
• Validate using data in W+jet dominated same-sign region
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Remaining Background Sources

• diboson: model with MC down to mll > 0.5 GeV; validate with events 
where MET comes from hard leading lepton rather than jet recoil 

• Z→ττ: minimize using ditau mass proxy; use on-Z region for CR 
• top: reduce with tight b-jet veto; use ≥1 b-jet region for CR

Summary of Validation Regions
Use CRs and/or VRs to target each of the remaining backgrounds

mττ distribution in CR-tau
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Results: Signal Region Yields

No significant excesses observed:  
set limits on simplified models
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Slepton Limits
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2
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Δm ≈ 1 GeV

ℓm(  ) ≈ 180 GeV~

First ATLAS results on  
direct Higgsino production.  

Pushing past the LEP limits! 

Probed mass splittings as low as: 
• Δm(N2, N1) = 3 GeV for Higgsinos
• Δm(N2, N1) = 2.5 GeV for Wino-Bino
• Δm(slepton, N1) = 1 GeV for sleptons

Wino-Bino Limits

Δm ≈ 2.5 GeV

m(    ) ≈ 170 GeVχ0
2
~
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Disappearing track search
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Wino scenario paper:
arXiv:1712.02118

Higgsino reinterpretation:
ATL-PHYS-PUB-2017-019

https://arxiv.org/abs/1712.02118
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2017-019/
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Tracklets
Long lived chargino can leave hits in the tracker before decay
• Look for “tracklet” with hits in ATLAS pixel layers (R < 12 cm) 

but none in silicon strips (R > 30 cm) 
• Sensitive to lifetimes between 10 ps - 10 ns (optimal for 1 ns) 
• Note: innermost pixel layer new for Run 2, and allows for the 

use of such short tracklets!

PixelsSilicon strips

}
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Figure 4: Sketch of the di�erent background components to the search for pixel tracklets. Thin solid and dotted
red lines show trajectories of charged and neutral particles respectively. Thick blue lines show reconstructed pixel
tracklets. (a) A hadron undergoing a hard scattering can yield track segments in the pixel and SCT detector that are
not recognised as belonging to the same track, thus faking a disappearing tracklet. (b) A lepton emitting hard photon
radiation could be identified as a disappearing tracklet through a similar mechanism. (c) Finally, a disappearing
tracklet can arise from a random combination of hits created by di�erent nearby particles.

6.1 Signal and background templates

The main SM background processes for the two analysis channels are from tt and W+jets (with W ! e⌫, ⌧⌫)
production, where the electrons or the hadrons, usually pions, come from the ⌧ leptons. Hadrons or leptons
can be classified as a tracklet if they interact with the detector material and any hits in the tracking detectors
after the pixel detector are not associated to the reconstructed track. This may happen because of severe
multiple-scattering, hadronic interactions or, in the case of leptons, bremsstrahlung. Another category
of background is fake tracklets, which originate from random combinations of hits from more than two
particles. A schematic view of the three background categories are shown in Figure 4.

Templates for these backgroud components are estimated from data. The pT spectra of hadrons and leptons
scattered by the ID material are estimated from the pT distribution of tracks associated to non-scattered
hadrons and leptons, selected in dedicated control samples, by smearing them to take into account the
poor pT resolution of pixel tracklets. The pT spectrum shape of the fake component is also obtained in a
dedicated control region.

The smearing function is extracted from Z ! µµ events in data by re-fitting the muon candidate track
using only the hits in the pixel detector. The Z ! µµ events are selected by single muon triggers and
by requiring two opposite sign muons with di�erence in azimuthal angle larger than 1.5, and with an
invariant mass between 81 GeV and 101 GeV. The q/pT resolution of pixel tracklets is calculated from
the distribution of the di�erence between the q/pT of the pixel tracklet and the original standard track.
This distribution is shown in Figure 5 (a). The q/pT di�erence distribution is modelled by the following

10

Hadron with hard scattering or lepton emits photon: 
pixel and SCT tracks not associated

Random combination: 
hits from nearby particles 

fake tracklet

Suppress backgrounds with isolation, impact parameter requirements, 
and by dropping low quality hits (e.g. hit position far from tracklet)

Joey Reichert (Penn) SUSY17: Search for Compressed SUSY with ATLAS December 14, 2017 12
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Summary

Compressed SUSY searches well-motivated by naturalness 
and dark matter constraints 
• No signs of SUSY yet—exclusion starting to push beyond 

LEP limits from over a decade ago!

Combined limits on direct Higgsino production Combined limits on Wino-Bino production
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Backup
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Pure Wino LSP Summary
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Theoretical Motivation: pMSSM

Higgsino LSPs tend to fall along the diagonal, 
which has evaded searches so far 

5-parameter pMSSM scan from ATLAS Run 1 Dark Matter Summary Paper

JHEP09 (2016) 175

Composition of lightest neutralino Fraction of points excluded per bin in Run 1
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http://link.springer.com/article/10.1007/JHEP09(2016)175


“Mostly” Higgsino mass splittings

arXiv:1401.1235

Case 1: Heavy bino
M1 >> M2 > μ

Case 2: Heavy wino
M2 >> M1 > μ

⇒ Δm(N2, N1) ≈ (mW)2

min(M1, M2)

So if e.g. M1 or M2 is O(1-2 TeV), then Δm(N2, N1) ≈ 3-6 GeV

Joey Reichert (Penn) SUSY17: Search for Compressed SUSY with ATLAS December 14, 2017 18
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Pure Higgsino lifetimes
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where m⇡ denotes the charged pion mass. Only the chargino decay via a charged pion ( �̃±1 ! ⇡± �̃0
1,2)52

is considered in Eq.1. The contribution of the leptonic decay ( �̃±1 ! `±⌫ �̃0
1,2, where ` is a muon or an53

electron) to the total decay width is found to be small1. The lifetime of the chargino varies from 0.03 to54

0.07 ns, corresponding to c⌧ in the range from 8 mm to 20 mm, in the pure-higgsino scenario for a Lorenz55

factor of order unity. This allows the chargino to leave typically only 3 (or even fewer) hits in the pixel56

layers.57

2.2 Signal sample58

Pure-higgsino signal samples were generated with MG5_aMC@NLO (LO), considering �̃±1 �̃
0
1, �̃±1 �̃

0
2 and59

�̃±1 �̃
⌥
1 production modes, and including up to two extra partons. They were then interfaced to P�����8 [15]60

for parton showering and hadronisation. The CKKW-L merging scheme [16] was applied to combine61

tree-level matrix elements with parton showers. The scale parameter for merging was set to a quarter62

of the mass of the higgsino LSP. The A14 [17] set of tuned parameters with simultaneously optimised63

multi-parton interaction and parton shower parameters was used for the underlying event together with64

the NNPDF2.3LO [18] parton distribution function (PDF) set.65

The chargino was forced to decay not in P�����8 but instead in G����4 [19] simulation, in order to66

precisely simulate the response of the chargino interaction through the inner detector. The decay branching67

ratio of the chargino was fixed and set to B( �̃±1 ! ⇡± �̃0
1,2) = 95.5%, B( �̃±1 ! e
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1,2) = 3%, and68

B( �̃±1 ! µ±⌫ �̃0
1,2) = 1.5% [13], as the analysis does not depend much on the branching ratios over the69

mass-splitting considered in this model. The mass-splitting between the chargino and the LSP was set70

for the pure higgsino, which varies from 257 to 355 MeV in µ > 100 GeV. The mean lifetime was set to71

0.3 ns for any chargino mass, and events were then reweighted by decay time to any value of ⌧.72

Signal cross sections were calculated to next-to-leading order (NLO) in the strong couplings, adding the73

resummation of soft gluon emission at next-to-leading-logarithm accuracy (NLO+NLL) [20–22] using74

R�������� [23, 24]. The nominal cross-section and its uncertainty were taken from an envelope of cross-75

section predictions using di�erent PDF sets and factorisation and renormalisation scales, as described in76

Ref. [25].77

3 ATLAS detector and data collection78

The ATLAS detector [26] is a multipurpose particle detector with nearly 4⇡ coverage in solid angle79

around the collision point.2 It consists of an inner tracking detector (ID), surrounded by a superconducting80

1 The leptonic decay contribution to the total decay width varies from 3–7% depending on the �m( �̃±1 , �̃
0
1) in the pure-higgsino

regime.
2 ATLAS uses a right-handed coordinate system with its origin at the nominal interaction point (IP) in the centre of the detector

and the z-axis along the beam pipe. The x-axis points from the IP to the centre of the LHC ring, and the y-axis points
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Example lifetimes:
μ = 100 GeV ⟹ Δm = 257 MeV, so cτ = 19.3 mm

μ = 1 TeV      ⟹ Δm = 355 MeV, so cτ = 6.7 mm
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2L + MET + ISR jet signal samples
For Higgsino-like LSP, Wino-Bino, and slepton samples:
• Generated at LO using MG5_aMC@NLO with up to two extra 

partons and showered with Pythia8 
• Resummino at NLL+NLO used to compute the cross-sections 

Specific for EWKino samples:
• MadSpin used to model the off-shell W*/Z* decays properly 
• Lepton BRs vary with Δm(N2, N1) when Z* becomes too light to 

decay to e.g. ττ or bb pairs; calculated using SUSY-HIT
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Higgsino vs. Wino-Bino Differences

Simulation compared with the theoretical lineshape for the  
Higgsino and Wino-Bino mll distributions. Additionally:

• Wino-Bino production has ~4x larger cross-section 
• Mass degenerate C1 and N2 in Wino-Bino scenario, while  

m(C1) = [m(N2) + m(N1)]/2 for Higgsino scenario
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Low pT Leptons
Lepton reco+ID+isolation efficiency Subleading lepton pT in signal region

Reconstructing and identifying soft leptons critical for this search! 
Rejecting (and estimating) fake/nonprompt leptons also crucial. 

Dominant background at low pT!
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2L + MET + ISR jet: event selection

Reduce low (and high) 
 mass resonances

LSP recoils off of jet}

DRAFT

Table 2: Summary of event selection criteria. The binning scheme used to define the final signal regions is shown
in Table 3. Signal leptons and signal jets are used when applying all requirements.

Variable Common requirement

Number of leptons = 2
Lepton charge and flavor e+e� or µ+µ�
Leading lepton p`1

T > 5 (5) GeV for electron (muon)
Subleading lepton p`2

T > 4.5 (4) GeV for electron (muon)
�R`` > 0.05
m`` 2 [1, 60] GeV excluding [3.0, 3.2] GeV
Emiss

T > 200 GeV
Number of jets � 1
Leading jet pT > 100 GeV
��( j1, pmiss

T ) > 2.0
min(��(any jet, pmiss

T )) > 0.4
Number of b-tagged jets = 0
m⌧⌧ < 0 or > 160 GeV

Electroweakino SRs Slepton SRs

�R`` < 2 —
m`1

T < 70 GeV —
Emiss

T /H lep
T > max

⇣
5, 15 � 2 m``

1 GeV

⌘
> max

✓
3, 15 � 2

✓
m100

T2
1 GeV � 100

◆◆

Binned in m`` m100
T2

The soft term is constructed from all tracks that are not associated with any object, but that are associated260

with the primary vertex. In this way, Emiss
T is adjusted for the best calibration of the jets and the other261

identified physics objects above, while maintaining pileup independence in the soft term [115].262

5 Signal region selection263

Table 2 summarizes the event selection criteria for all signal regions (SRs). A candidate event is required264

to contain exactly two preselected same-flavor opposite-charge leptons (e+e� or µ+µ�), both of which265

must also be signal leptons. In the SUSY signals considered, the highest sensitivity from this selection266

arises from two leptons produced either by the H�0
2 decay via an o�-shell Z⇤, or by the slepton decays.267

The lepton with the higher (lower) pT of each pair is referred to as the leading (subleading) lepton and is268

denoted by `1 (`2). The leading lepton is required to have p`1
T > 5 GeV, which suppresses background due269

to fake/nonprompt leptons. The pT threshold for the subleading lepton remains at 4.5 GeV for electrons270

and 4 GeV for muons to retain signal acceptance. Requiring the separation �R`` between the two leptons271

to be greater than 0.05 suppresses nearly collinear lepton pairs originating from photon conversions or272

misreconstructed muons. The invariant mass m`` of the lepton pair is required to be greater than 1 GeV273

for the same reason. The dilepton invariant mass is further required to be outside of the [3.0, 3.2] GeV274

window to suppress contributions from J/ decays, and less than 60 GeV to suppress contributions from275

on-shell Z boson decays. No veto is implemented around other resonances such as ⌥ or  states, which276

are expected to contribute far less to the SRs.277

The reconstructed Emiss
T is required to be greater than 200 GeV, where the e�ciency of the triggers used278
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Suppress  
backgrounds with  
high pT leptons

Reduce W+jets (fake leptons)
Leptons from Higgsino decay tend to be nearby

Joey Reichert (Penn) SUSY17: Search for Compressed SUSY with ATLAS December 14, 2017 23



obs_x_SRSF_iMLLg_mll

Ev
en

ts
 / 

5 
G

eV

1−10

1

10

210

310 ATLAS Preliminary
1− = 13 TeV, 36.1 fbs

ll-mllSR

Data

Total SM

Fake/nonprompt

, single toptt
)+jetsττ→Z(

Diboson
Others

) = (105, 100) GeV
1
0
χ∼, 

2
0
χ∼: m(H~

) = (110, 100) GeV
1
0
χ∼, 

2
0
χ∼: m(H~

 [GeV]llm
0 10 20 30 40 50 60

D
at

a 
/ S

M

0

1

2

obs_x_SRSF_iMT2f_mt2leplsp_100
Ev

en
ts

 / 
5 

G
eV

1−10

1

10

210

310

410 ATLAS Preliminary
1− = 13 TeV, 36.1 fbs

100
T2-mllSR

Data

Total SM

Fake/nonprompt

, single toptt
)+jetsττ→Z(

Diboson
Others

) = (105, 100) GeV
1
0
χ∼, l~: m(l~

) = (110, 100) GeV
1
0
χ∼, l~: m(l~

 [GeV]100
T2m

100 110 120 130 140 150 160 170 180 190 200

D
at

a 
/ S

M

0

1

2

Primary Discriminating Variables
EWKino SR: mll

EWKinos: kinematic endpoint at mll = Δm(N2, N1) 
Sleptons: kinematic endpoint at mT2 = m(slepton) 

These are our primary observables!

Slepton SR: mT2
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Additional Example Discriminating Variables
MET/HTLep mττ

Use MET and the visible 
leptons to reconstruct tau 
kinematics, and obtain a 
proxy for the di-tau mass.

Ratio of MET and the 
lepton pT scalar sum. 
Ensures that the MET 

comes from the jet recoil, 
rather than hard leptons.
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Slepton Signal Region

Anything below the red line is rejected. 
Events with low MET/HTLep are typically background.  

For small mass splittings, the selection is  
tightened to improve rejection.



CR and VR Definitions

Also use eμ events to enhance CR statistics.

CRs and VRs defined are identical to the common event 
selection except for the quantities noted.

DRAFT

Table 4: Definition of control and validation regions. The common selection criteria in Table 2 are implied unless
otherwise specified. The leptons are ordered by pT.

Region Leptons Emiss
T /H lep

T Additional requirements

CR-top e±e⌥, µ±µ⌥, e±µ⌥, µ±e⌥ > 5 � 1 b-tagged jet(s)
CR-tau e±e⌥, µ±µ⌥, e±µ⌥, µ±e⌥ 2 [4, 8] m⌧⌧ 2 [60, 120] GeV

VR-VV e±e⌥, µ±µ⌥, e±µ⌥, µ±e⌥ < 3
VR-SS e±e±, µ±µ±, e±µ±, µ±e± > 5
VRDF-m`` e±µ⌥, µ±e⌥ > max

⇣
5, 15 � 2 m``

1 GeV

⌘
�R`` < 2, m`1

T < 70 GeV

VRDF-m100
T2 e±µ⌥, µ±e⌥ > max

✓
3, 15 � 2

✓
m100

T2
1 GeV � 100

◆◆
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Figure 4: Examples of kinematic distributions after the background-only fit showing the data as well as the expected
background in control regions CR-tau (left) and CR-top (right). The full event selection of the corresponding regions
is applied, except for the requirement that is imposed on the variable being plotted. This requirement is indicated
by blue arrows in the distributions. The first (last) bin includes underflow (overflow). Background processes
containing fewer than two prompt leptons are categorized as ‘Fake/nonprompt’. The category ‘Others’ contains rare
backgrounds from triboson, Higgs boson, and the remaining top-quark production processes listed in Table 1. The
uncertainty bands plotted include all statistical and systematic uncertainties.

It is di�cult to select a sample of diboson events pure enough to be used to constrain their contribution to369

the SRs. The diboson background is therefore estimated with MC simulation. A diboson VR, denoted by370

VR-VV, is constructed by requiring Emiss
T /H lep

T < 3.0. This sample consists of approximately 40% diboson371

events, 25% fake/nonprompt lepton events, 23% tt̄ and single-top events, and smaller contributions from372

Z (⇤)/�⇤ ! ⌧⌧ and other processes. This region is used to test the modeling of the diboson background373

and the associated systematic uncertainties.374

Additional VRs are constructed from events with di�erent-flavor (eµ and µe) leptons. These VRs,375

VRDF-m`` and VRDF-m100
T2 , are defined using the same selection criteria as the electroweakino and376

slepton SRs, respectively, and are used to validate the extrapolation of background in the fitting procedure377

within the same kinematic regime as the SRs.378

For each VR, the level of agreement between the kinematic distributions of data and predicted events is379
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2L + MET + ISR jet: uncertainties

Uncertainties in the EWKino and slepton SR—typically 
dominated by uncertainties on the fake lepton estimate
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Disappearing track signal samples
• Generated at LO using MG5_aMC@NLO with up to two extra 

partons 
• Chargino decay simulated in GEANT4 to precisely simulate the 

detector response  

For pure Wino samples:
• Prospino2 at NLO used to compute the EWK cross-sections 

For pure Higgsino samples:
• Resummino at NLO+NLL used to compute the cross-sections
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Disappearing track event selection
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Selection requirement Electroweak channel Strong channel
Observed Expected signal Observed Expected signal

Trigger 434 559 704 1276 (0.20) 434 559 704 285 (0.98)
Jet cleaning 288 498 579 1181 (0.19) 288 498 579 282 (0.97)
Lepton veto 275 243 946 1178 (0.19) 275 243 946 278 (0.95)
Emiss

T and jet requirements 2 697 917 579.1 (0.092) 537 861 202 (0.69)
Isolation and pT requirement 464 524 104.2 (0.017) 107 381 43.6 (0.15)
Geometrical |⌘ | acceptance 339 602 83.6 (0.013) 77 675 36.4 (0.13)
Quality requirement 6134 29.6 (0.0047) 1337 13.9 (0.048)
Disappearance condition 154 24.1 (0.0038) 35 11.0 (0.038)

Table 1: Summary of the selection criteria, and the corresponding observed number of events in data as well as
the expected number of signal events in simulation for two benchmark models: a chargino produced in direct
electroweak production with (m�̃±

1
, ⌧�̃±

1
) = (400 GeV, 0.2 ns) and a chargino produced in the strong channel with

(mg̃, m�̃±
1
, ⌧�̃±

1
) = (1600 GeV, 500 GeV, 0.2 ns) in the high-Emiss

T region. The expected number of signal events is
normalised to 36.1 fb�1. The signal selection e�ciencies are also shown in parentheses. The first row shows the
number of events after the application of detector and data quality conditions. Requirements below the dashed line
are applied to tracks and tracklets.

hits is reconstructed. Such events are rejected by the isolation requirement, the geometrical acceptance or
the quality selection.

To facilitate reinterpretation, the signal acceptance and e�ciency are shown in table 2 for a few signal
models with the following definitions. A generator-level event kinematic volume for electroweak produc-
tion is defined as: 1) Emiss

T > 140 GeV, 2) at least one jet with pT > 140 GeV, 3) �� > 1.0 between
the missing transverse momentum and each of the up to four highest-pT jets with pT > 50 GeV, and 4)
no electrons or muons. For strong production, the event requirements are: 1) Emiss

T > 150 GeV, 2) at
least one jet with pT > 100 GeV and at least two more jets with pT > 50 GeV, 3) �� > 0.4 between the
missing transverse momentum and each of the up to four highest-pT jets with pT > 50 GeV, and 4) no
electrons or muons. The generator-level missing transverse momentum is defined as the vector sum of
the pT of neutrinos, neutralinos and charginos, as the pT of a tracklet is not used in the reconstruction of
missing transverse momentum. The generator-level jets are built using the anti-kt algorithm with a radius
parameter of 0.4, taking as input all particles, except for muons, neutrinos, neutralinos and charginos,
with c⌧ > 10 mm. The fraction of chargino events passing this generator-level kinematic selection is
shown for several signal points as “event acceptance”. The “event e�ciency” is defined as the ratio of the
number of reconstructed events which pass the requirements defined in section 5.2 (including the trigger
requirement) to the number of events which fall into the generator-level acceptance volume defined above.
The event e�ciency does not include any requirement on tracklets. The event e�ciency can be greater
than unity because an event which is not in the generator-level kinematic volume can pass the selection
after reconstruction due to reconstruction resolutions.

The full selection e�ciency must also consider the probability of reconstructing in the event at least one
tracklet that satisfies the four tracklet selection criteria defined in section 5.1, and has a reconstructed
pT above 100 GeV. This is quantified in table 2 based on a generator-level tracklet selection. To be
accepted as a tracklet at generator level, a chargino must meet the following criteria: 1) pT > 20 GeV, 2)
0.1 < |⌘ | < 1.9, 3) 122.5 mm < decay position < 295 mm, where the decay position is the cylindrical
radius relative to the origin, and 4) �R > 0.4 between the chargino and each of the up to four highest-pT

11

For Wino signal point:

Selection requirement Electroweak channel Strong channel
Observed Expected signal Observed Expected signal

Trigger 434 559 704 1276 (0.20) 434 559 704 285 (0.98)
Jet cleaning 288 498 579 1181 (0.19) 288 498 579 282 (0.97)
Lepton veto 275 243 946 1178 (0.19) 275 243 946 278 (0.95)
Emiss

T and jet requirements 2 697 917 579.1 (0.092) 537 861 202 (0.69)
Isolation and pT requirement 464 524 104.2 (0.017) 107 381 43.6 (0.15)
Geometrical |⌘ | acceptance 339 602 83.6 (0.013) 77 675 36.4 (0.13)
Quality requirement 6134 29.6 (0.0047) 1337 13.9 (0.048)
Disappearance condition 154 24.1 (0.0038) 35 11.0 (0.038)

Table 1: Summary of the selection criteria, and the corresponding observed number of events in data as well as
the expected number of signal events in simulation for two benchmark models: a chargino produced in direct
electroweak production with (m�̃±

1
, ⌧�̃±

1
) = (400 GeV, 0.2 ns) and a chargino produced in the strong channel with

(mg̃, m�̃±
1
, ⌧�̃±

1
) = (1600 GeV, 500 GeV, 0.2 ns) in the high-Emiss

T region. The expected number of signal events is
normalised to 36.1 fb�1. The signal selection e�ciencies are also shown in parentheses. The first row shows the
number of events after the application of detector and data quality conditions. Requirements below the dashed line
are applied to tracks and tracklets.

hits is reconstructed. Such events are rejected by the isolation requirement, the geometrical acceptance or
the quality selection.

To facilitate reinterpretation, the signal acceptance and e�ciency are shown in table 2 for a few signal
models with the following definitions. A generator-level event kinematic volume for electroweak produc-
tion is defined as: 1) Emiss

T > 140 GeV, 2) at least one jet with pT > 140 GeV, 3) �� > 1.0 between
the missing transverse momentum and each of the up to four highest-pT jets with pT > 50 GeV, and 4)
no electrons or muons. For strong production, the event requirements are: 1) Emiss

T > 150 GeV, 2) at
least one jet with pT > 100 GeV and at least two more jets with pT > 50 GeV, 3) �� > 0.4 between the
missing transverse momentum and each of the up to four highest-pT jets with pT > 50 GeV, and 4) no
electrons or muons. The generator-level missing transverse momentum is defined as the vector sum of
the pT of neutrinos, neutralinos and charginos, as the pT of a tracklet is not used in the reconstruction of
missing transverse momentum. The generator-level jets are built using the anti-kt algorithm with a radius
parameter of 0.4, taking as input all particles, except for muons, neutrinos, neutralinos and charginos,
with c⌧ > 10 mm. The fraction of chargino events passing this generator-level kinematic selection is
shown for several signal points as “event acceptance”. The “event e�ciency” is defined as the ratio of the
number of reconstructed events which pass the requirements defined in section 5.2 (including the trigger
requirement) to the number of events which fall into the generator-level acceptance volume defined above.
The event e�ciency does not include any requirement on tracklets. The event e�ciency can be greater
than unity because an event which is not in the generator-level kinematic volume can pass the selection
after reconstruction due to reconstruction resolutions.

The full selection e�ciency must also consider the probability of reconstructing in the event at least one
tracklet that satisfies the four tracklet selection criteria defined in section 5.1, and has a reconstructed
pT above 100 GeV. This is quantified in table 2 based on a generator-level tracklet selection. To be
accepted as a tracklet at generator level, a chargino must meet the following criteria: 1) pT > 20 GeV, 2)
0.1 < |⌘ | < 1.9, 3) 122.5 mm < decay position < 295 mm, where the decay position is the cylindrical
radius relative to the origin, and 4) �R > 0.4 between the chargino and each of the up to four highest-pT
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MET and jet requirements:
• MET > 140 GeV 
• at least one jet with  

pT > 140 GeV 
• Δφ > 1.0 between MET 

and up to four leading 
jets with pT > 50 GeV

Isolation and pT requirements:
• ΔR > 0.4 between tracklet and any 

jet with pT > 50 GeV or MS track 
•   
• Candidate tracklet must be highest 

pT track or tracklet in event, and 
have pT > 50 GeV
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Figure 4: Chargino reconstruction e�ciency as a function of decay radius. The reconstruction e�ciency of pixel
tracklets before applying the fake-rejection criteria is shown in red, while that obtained with the standard tracking
algorithm is shown in green. The error bars show statistical uncertainties in the estimation. Also shown in blue,
on the right axis, is the distribution of the decay radius for charginos with a lifetime of 0.2 ns. The yellow shaded
regions correspond to the coverage of each detector.

To reduce contributions from tracklets from background processes, the following requirements are applied
to the tracklets:

(1) Isolation and pT requirement: The separation �R between the tracklet and any jet with pT >
50 GeV or any reconstructed MS track must be greater than 0.4. A track or tracklet is defined as
isolated when the sum of the transverse momenta of all standard ID tracks with pT > 1 GeV and
|z0sin(✓)| < 3.0 mm in a cone of �R = 0.4 around the track or tracklet, not including the pT of the
candidate track or tracklet, divided by the track or tracklet pT, is small: pcone40

T /pT < 0.04. The
candidate tracklet is required to be isolated. The candidate tracklet must have pT > 20 GeV, and
the pT must be the highest among isolated tracks and tracklets in the event.

(2) Geometrical acceptance: The tracklet must satisfy 0.1 < |⌘ | < 1.9.

(3) Quality requirement: The tracklet is required to have hits on all four pixel layers. The number
of pixel holes, defined as missing hits on layers where at least one is expected given the detector
geometry and conditions, must be zero. The number of low-quality hits4 associated with the tracklet
must be zero. Furthermore, tracklets must satisfy requirements on the significance of the transverse
impact parameter, d0 , |d0 |/�(d0) < 2 (where �(d0) is the uncertainty in the d0 measurement), and
|z0sin(✓)| < 0.5 mm. The �2-probability of the fit is required to be larger than 10%.

4 A hit is categorised as low quality when the single-hit position uncertainty is large, or the hit position is far from the
reconstructed tracklet.

9

Geometrical |η| acceptance: 0.1 < |η| < 1.9

Quality requirement:
• Hits on all four pixel layers; zero holes 
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Figure 4: Chargino reconstruction e�ciency as a function of decay radius. The reconstruction e�ciency of pixel
tracklets before applying the fake-rejection criteria is shown in red, while that obtained with the standard tracking
algorithm is shown in green. The error bars show statistical uncertainties in the estimation. Also shown in blue,
on the right axis, is the distribution of the decay radius for charginos with a lifetime of 0.2 ns. The yellow shaded
regions correspond to the coverage of each detector.

To reduce contributions from tracklets from background processes, the following requirements are applied
to the tracklets:

(1) Isolation and pT requirement: The separation �R between the tracklet and any jet with pT >
50 GeV or any reconstructed MS track must be greater than 0.4. A track or tracklet is defined as
isolated when the sum of the transverse momenta of all standard ID tracks with pT > 1 GeV and
|z0sin(✓)| < 3.0 mm in a cone of �R = 0.4 around the track or tracklet, not including the pT of the
candidate track or tracklet, divided by the track or tracklet pT, is small: pcone40

T /pT < 0.04. The
candidate tracklet is required to be isolated. The candidate tracklet must have pT > 20 GeV, and
the pT must be the highest among isolated tracks and tracklets in the event.

(2) Geometrical acceptance: The tracklet must satisfy 0.1 < |⌘ | < 1.9.

(3) Quality requirement: The tracklet is required to have hits on all four pixel layers. The number
of pixel holes, defined as missing hits on layers where at least one is expected given the detector
geometry and conditions, must be zero. The number of low-quality hits4 associated with the tracklet
must be zero. Furthermore, tracklets must satisfy requirements on the significance of the transverse
impact parameter, d0 , |d0 |/�(d0) < 2 (where �(d0) is the uncertainty in the d0 measurement), and
|z0sin(✓)| < 0.5 mm. The �2-probability of the fit is required to be larger than 10%.

4 A hit is categorised as low quality when the single-hit position uncertainty is large, or the hit position is far from the
reconstructed tracklet.
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Figure 4: Chargino reconstruction e�ciency as a function of decay radius. The reconstruction e�ciency of pixel
tracklets before applying the fake-rejection criteria is shown in red, while that obtained with the standard tracking
algorithm is shown in green. The error bars show statistical uncertainties in the estimation. Also shown in blue,
on the right axis, is the distribution of the decay radius for charginos with a lifetime of 0.2 ns. The yellow shaded
regions correspond to the coverage of each detector.

To reduce contributions from tracklets from background processes, the following requirements are applied
to the tracklets:

(1) Isolation and pT requirement: The separation �R between the tracklet and any jet with pT >
50 GeV or any reconstructed MS track must be greater than 0.4. A track or tracklet is defined as
isolated when the sum of the transverse momenta of all standard ID tracks with pT > 1 GeV and
|z0sin(✓)| < 3.0 mm in a cone of �R = 0.4 around the track or tracklet, not including the pT of the
candidate track or tracklet, divided by the track or tracklet pT, is small: pcone40

T /pT < 0.04. The
candidate tracklet is required to be isolated. The candidate tracklet must have pT > 20 GeV, and
the pT must be the highest among isolated tracks and tracklets in the event.

(2) Geometrical acceptance: The tracklet must satisfy 0.1 < |⌘ | < 1.9.

(3) Quality requirement: The tracklet is required to have hits on all four pixel layers. The number
of pixel holes, defined as missing hits on layers where at least one is expected given the detector
geometry and conditions, must be zero. The number of low-quality hits4 associated with the tracklet
must be zero. Furthermore, tracklets must satisfy requirements on the significance of the transverse
impact parameter, d0 , |d0 |/�(d0) < 2 (where �(d0) is the uncertainty in the d0 measurement), and
|z0sin(✓)| < 0.5 mm. The �2-probability of the fit is required to be larger than 10%.

4 A hit is categorised as low quality when the single-hit position uncertainty is large, or the hit position is far from the
reconstructed tracklet.
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Figure 4: Chargino reconstruction e�ciency as a function of decay radius. The reconstruction e�ciency of pixel
tracklets before applying the fake-rejection criteria is shown in red, while that obtained with the standard tracking
algorithm is shown in green. The error bars show statistical uncertainties in the estimation. Also shown in blue,
on the right axis, is the distribution of the decay radius for charginos with a lifetime of 0.2 ns. The yellow shaded
regions correspond to the coverage of each detector.

To reduce contributions from tracklets from background processes, the following requirements are applied
to the tracklets:

(1) Isolation and pT requirement: The separation �R between the tracklet and any jet with pT >
50 GeV or any reconstructed MS track must be greater than 0.4. A track or tracklet is defined as
isolated when the sum of the transverse momenta of all standard ID tracks with pT > 1 GeV and
|z0sin(✓)| < 3.0 mm in a cone of �R = 0.4 around the track or tracklet, not including the pT of the
candidate track or tracklet, divided by the track or tracklet pT, is small: pcone40

T /pT < 0.04. The
candidate tracklet is required to be isolated. The candidate tracklet must have pT > 20 GeV, and
the pT must be the highest among isolated tracks and tracklets in the event.

(2) Geometrical acceptance: The tracklet must satisfy 0.1 < |⌘ | < 1.9.

(3) Quality requirement: The tracklet is required to have hits on all four pixel layers. The number
of pixel holes, defined as missing hits on layers where at least one is expected given the detector
geometry and conditions, must be zero. The number of low-quality hits4 associated with the tracklet
must be zero. Furthermore, tracklets must satisfy requirements on the significance of the transverse
impact parameter, d0 , |d0 |/�(d0) < 2 (where �(d0) is the uncertainty in the d0 measurement), and
|z0sin(✓)| < 0.5 mm. The �2-probability of the fit is required to be larger than 10%.

4 A hit is categorised as low quality when the single-hit position uncertainty is large, or the hit position is far from the
reconstructed tracklet.
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Disappearance condition: zero 
SCT hits associated to tracklet



Joey Reichert (Penn) SUSY17: Search for Compressed SUSY with ATLAS December 14, 2017

2−10

1−10

1

10

210

310

Tr
ac

kl
et

s

Fit
Data

ATLAS
-1=13TeV, 36.1 fbs

EW production
Fake control region

100 1000 10000
 [GeV]

T
pTracklet 

0
0.5

1
1.5

2

D
at

a 
/ F

it

t [GeV]P

Tr
ac

k(
le

t)s
 / 

G
eV

2−10

1−10

1

10

210

310 Standard tracks
Pixel tracklets
Smeared tracks

ATLAS
-1=13TeV, 2.0 fbs

 candidatesµµ →Z 

 [GeV]
T
p

100 1000 10000

(P
ix

el
 tr

ac
kl

et
s)

(S
m

ea
re

d 
tra

ck
s)

 /

0
0.5

1
1.5

2

31

Disappearing Track Background Estimation

Hadrons/leptons: data-driven templates using standard tracks with pT 
smearing to match tracklet resolution; normalized to account for e.g. 

differences between lepton and tracklet reconstruction 

Fake tracklets: relax |d0|/σd0 and MET; fit analytically

Validation of pT smearing Fake tracklet control region



Number of observed events

9
Number of expected events

Hadron+electron background 6.1 ± 0.6
Muon background 0.15 ± 0.09
Fake background 5.5 ± 3.3
Total background 11.8 ± 3.1
Number of expected signal events

for the higgsino LSP model with (m�̃±
1
, ⌧�̃±

1
) = (160GeV, 0.05 ns)

10.3 ± 2.1
Number of expected signal events

for the wino LSP model with (m�̃±
1
, ⌧�̃±

1
) = (400GeV, 0.2 ns)

13.5 ± 2.1
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Disappearing track: SR yields and uncertainties

Relative uncertainties [%]

Electroweak channel Strong channel

MC statistical uncertainty

6.6 6.5
ISR/FSR

7.6 0.2
Jet energy scale and resolution

2.0 0.7
Trigger e�ciency

0.2 <0.1

Pile-up modelling

11

Tracklet e�ciency

6.9

Luminosity

3.2

Sub-total

17 15

Cross-section

6.4 28

Total

18 32

SR yields

Uncertainties


