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Wino LSP

2

Many BSM models predict the mass-degeneracy between the stable lightest 
neutral particle and the next-lightest charged particle.

The lifetime is about 0.2 nsec (cτ ~ 6 cm) and  almost independent of the 
wino mass.

based on [arXiv:1212.5989 hep-ph]
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Disappearing track (DT)

• Range of the wino tracks ~ 6cm (or longer due to boost)
• A charged wino decays largely into a neutralino and a soft pion (pT 

< ~500 MeV)
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A charged long-lived particle may remain a signature as a “disappearing” track

ATLAS Simulation Preliminary
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For example,

Winos (produced directly or in-directly) may remain 
disappearing track signature !
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Pixel tracklets
• Thanks to new Insertable B-Layer

• Tracklet length shorten from ~30 cm 
(Run1) to ~12 cm (Run2) 
• Higher sensitivity for short lifetimes 

• Reconstruction
• Use only left-over hits (i.e. hits which are 

not associated to any standard tracks) 
• Track-fit with at least 4 pixel hits 
• Tracklets extended to SCT
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New in Run-2

• Tracklets selection
• Isolation from jets, leptons and tracks 
• Good track quality (χ2, hits in four pixel layers, no bad hits) 
• Disappearing (no associated SCT hits)
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Pixel tracklet performance
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Tracking efficiency
q/pT resolution

Transverse impact parameter

• Efficient in 12 < R < 30 cm 
• Inefficiency due to 

• Lost left-over hits : used by (loose?) tracks 
• Temporarily inactive pixel moduls 

• Poor momentum resolution 
• Moderate pointing resolution
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Latest results
• Presented in Moriond 2017

• Run2 2015+2016 data 
• Signature 

• Electroweak : ISR + MET + disappearing track 
• Strong : Jets + MET + disappearing track 

• Result 
• No excess 
• Stringent limits on wino
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[ATLAS-CONF-2017-017]
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Ideas for improvement

• Longer tracklets with Pixel+SCT hits
• Reduce required number of pixel layers to 3

• Recover efficiency due to temporarily inactive pixel modules 
• Shorter tracklets (higher sensitivity for short lifetimes) 

• But the pT resolution would be poorer 
• Track reconstruction only with two inner most layers

• Momentum cannot be measured by a tracklet itself 
• New idea to use MET 

• Dedicated trigger ?
• Is it possible to triggering on disappearing track (without any pT 

measurement) and relatively low MET ?

7
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New tool : Very short tracks
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　　　日本物理学会 2017年 第72回 年次大会18/Mar/2017

Strategy

IBL, B-Layer, 衝突点の 3 点で chargino の η，φ を再構成. 
ETmiss, dE/dx 情報も利用することで chargino の pT，質量も再構成可能． 
-> 通常の 0-Lepton 解析などで用いられる kinematics cut に加え， 
再構成した chargino の情報を用いることで背景事象を抑制．
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Figure 1: Diagrams of gluino production processes.

• 1 ( or 2) high-pT disappearing track.128

The advantage of this channel is that the larger mass di�erence between gluino and chargino, the more129

boost of chargino is expected. Then, the chargino life time become longer in experimental system and the130

reconstruction e�ciency of the pixel-only track gets better. Depending on the relation of gluino mass and131

chargino mass, higher mass region may be reachable in this channel. Fig.2 shows normalized chargino132

decay radius distribution for events with gluino mass 1800 GeV, LSP mass 500 GeV, life time 0.2 ns and133

direct production with LSP mass 500 GeV, life time 0.2 ns. Chargino from gluino decay tend to decay in134

larger radius. As discussed later in Sec.3, our main target is chargino decay in radius between 122 mm135

and 300 mm, which is outside of pixel detector and in side of SCT detector. In this region, signal from136

gluino pair decay has twice more e�ciency than direct production.137

The other advantage is that gluino crosss section is larger than direct electroweakino production because138

gluino is coloured particle.139

The main SM background processes are tt, W ! e⌫+jets and W ! ⌧⌫+jets where the electron or the140

hadron from the ⌧ decay are scattered and look like disappeared. A detailed discussion is done in [1]141

Sec.6.142

In Run1, the analysis was performed for direct production requiring at least two hits in SCT and exclusion143

limits shown in Figure 3 was set on the plane of the mass vs. lifetime of chargino in the context of144

mAMSB [5] (Supporting document is in Ref. [6]).145

3rd March 2017 – 21:21 6

large ETmiss + multi-jets + 
2 high dE/dx disappearing tracks

ETmiss ≒ neutralino pt vector sum 
≒ chargino pt vector sum
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large ETmiss + multi-jets + 
2 high dE/dx disappearing tracks

ETmiss ≒ neutralino pt vector sum 
≒ chargino pt vector sum

• When there are two disappearing tracks, we can 
reconstruct pT with splitting MET

• Use dE/dx of pixel hits to select tracks associated 
to signal (smaller β than BG)

• Efficient for even shorter lifetimes (5 cm < cτ )

• Much better momentum resolution than pixel-tracklet

Reconstruct only directions from two pixel 
layers and the vertex
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Other search channels
• Higgsino production

• Shorter lifetime and smaller cross section 
• Very-short track should improve the sensitivity 

• Charginos from stop decays
• bb + disappearing track 

• Vector boson fusion
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Vector Boson Fusion Processes as a Probe of Supersymmetric Electroweak Sectors at
the LHC
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Vector boson fusion (VBF) processes o↵er a promising avenue to study the non-colored sectors
of supersymmetric extensions of the Standard Model at the LHC. A feasibility study for searching
for the chargino/neutralino system in the R�parity conserving Minimal Supersymmetric Standard
Model is presented. The high ET forward jets in opposite hemispheres are utilized to trigger VBF
events, so that the production of the lightest chargino �̃±

1 and the second lightest neutralino �̃0
2 can

be probed without a bias by experimental triggers. Kinematic requirements are developed to search
for signals of these supersymmetric states above Standard Model backgrounds in both ⌧ and light
lepton (e and µ) final states at

p
s = 8 TeV.

I. INTRODUCTION

The LHC has put bounds on the masses of the gluino
(g̃) and first two generation squarks (q̃). For comparable
masses, they are excluded up to about 1500 GeV at 95%
CL at

p
s = 7 TeV with 4.7 fb�1 of integrated luminos-

ity [1–3]. Limits on the masses of the third generation
colored superpartners have also been under serious the-
oretical scrutiny recently [4, 5], and bounds in certain
decay modes have been obtained from the LHC [6].

On the other hand, the bounds on charginos and neu-
tralinos are less constrained, since, expectedly, these par-
ticles su↵er from smaller electroweak (EW) production in
a hadron collider. The chargino/neutralino system plays
a crucial role in the dark matter connection of supersym-
metric models. The lightest neutralino �̃0

1, as the light-
est supersymmetric particle (LSP), is the canonical dark
matter candidate in the R-parity conserving minimal su-
persymmetric extension of the Standard Model (MSSM).
Various schemes of supersymmetry breaking and media-
tion predict m�̃0

2
(where �̃0

2 is the second lightest neu-

tralino) and m�̃±
1
(where �̃±

1 is the lightest chargino) to
be larger by a factor of 1 � 3 than m�̃0

1
, under broad

assumptions [7]. For Higgsino-like �̃0
1, the degeneracy

is much stronger [8]. This implies that if m�̃0
1
is in the

mass range of O(100) GeV, the �̃0
2, �̃

±
1 system may be ex-

pected to be in the 100�300 GeV range, which is within
the range of detection at the LHC given suitable search
strategies.

From the perspective of a hadron collider, where EW
production is small, a classic strategy to study the
chargino/neutralino system is to detect the neutralinos
in cascade decays of gluinos and squarks. For example,
reconstructing a decay chain like g̃ ! q̃ ! �̃0

2 ! ⌧̃1 !
�̃0
1 using endpoint methods [9, 10] leads to mass mea-

surements of �̃0
2, ⌧̃1, q̃ and g̃, where ⌧̃1 is the lighter stau

mass [11]. However, in a scenario where colored objects
are heavy and the production cross-section is limited, one

has to use di↵erent techniques to probe the EW sector.
The purpose of this paper is to show that the

chargino/neutralino system can be studied in events
through vector boson fusion (VBF) processes [12, 13].
VBF processes have been suggested for Higgs searches
[14] and supersymmetric searches, in the context of slep-
ton and gaugino productions at 14 TeV LHC [15–17].
VBF production is characterized by the presence of two
jets with large dijet invariant mass in the forward region
in opposite hemispheres. A sample diagram of chargino
production from VBF processes is shown in Figure 1.

 
 
 
 
 
 

�F~

�F~

0~F

FIG. 1: Feynman diagram of production of charginos pairs
by VBF processes.

Direct searches for �̃0
2 and �̃±

1 at ATLAS [18, 19] and
CMS [20] mainly involve the search for signal in events
with 3 leptons and E/T: �̃±

1 �̃0
2 ! lll⌫�̃0

1�̃
0
1

1. This

1
For example, ATLAS bounds in the trilepton +E/T searches atp
s = 7 TeV, with 4.7 fb

�1
of integrated luminosity rule out

charginos with mass up to about 500 GeV for m�̃0
1

< 230

GeV and large branching ratios of �̃±
1 and �̃0

2 to a slepton.

In anomaly-mediated supersymmetry breaking scenarios, AT-

LAS has placed a bound on the chargino mass of 90 GeV, for

m3/2 < 32 TeV, m0 < 1.5 TeV, tan� = 5 and µ > 0.
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Summary
• Searches with the disappearing track signature is 

sensitive to an interesting range of lifetimes of 
new particles

• From ATLAS, a new result with four pixel layers 
(12 < decay radius < 30 cm) presented in Moriond

• We are going to improve analysis for longer and 
shorter lifetimes.

• Ideas for improving tracking to enhance the signal 
efficiency.
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