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Improve sensitivity of hadron collider searches

to ‘pure higgsinos’∗

∗Pseudo-Dirac weak-doublet fermion with hypercharge -1/2.
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Simplified model

L = LSM + i χ̄

(
/∂ − ig /W iτ i − ig ′

1

2
Y /B

)
χ+ µχ̄χ , χ =

(
χ+

χ0

)

IR contribution

χ±/0

Z/γ

∆m ∼ α
2mZ = O(300 MeV)

Compressed spectrum
Thomas and Wells, hep-ph/9804359

Decays

Chargino decay kinematically suppressed.

Dominant mode χ+ → π+χ0

cτ ∼ 7mm×
(

340 MeV

∆m

)3(
1− m2

π+

∆m2

)− 1
2

Can also have UV contributions to splittings (incl. neutral splittings c.f.

direct detection)

We will consider µ = (O(100GeV), 1.1TeV), with varying cτ
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Disappearing charged track(let)

Slide: Matthew Gignac
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Disappearing charged track(let)

Slide: Matthew Gignac
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Disappearing charged tracklet: status
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LHC Run 2

discovery potential of the analysis would allow for the discovery of wino-like (higgsino-like) charginos of
mass 100GeV with lifetimes between 20 ps and 700 ns (30 ps and 250 ns), or for a lifetime of 1 ns would
allow the discovery of wino-like (higgsino-like) charginos of mass up to 800GeV (600GeV). Comparing
the results to the theoretical prediction from Ref.[30], would allow for the exclusion at 95% CL of the
theory with masses up to 850GeV for the pure wino scenario and 250GeV for the pure higgsino scenario.
The discovery potential would be up to 450GeV for the pure wino scenario and 150GeV for the pure
higgsino scenario.
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Figure 5: Expected exclusion limits at 95% CL from the disappearing track search using 3000 fb−1of 14 TeV proton-
proton collision data as a function of the χ̃±1 mass and lifetime. Simplified models including both χ̃± χ̃∓ and χ̃± χ̃0

are considered assuming pure-wino scenarios (left) and pure-higgsino scenarios (right). The yellow band shows the
1σ region of the distribution of the expected limits. The median of the expected limits is shown by a dashed line.
The red line presents the current limits from the Run 2 analysis and the hashed region is used to show the direction
of the exclusion. The expected limits with the upgraded ATLAS detector would extend these limits significantly. In
the pure-wino scenario, the chargino lifetime as a function of the chargino mass calculated at the two loop level [48]
is shown by the dashed grey line. In the pure-higgsino scenario the mass-lifetime relation is shown by the dashed
grey line and is calculated at the one loop level [30]. The relationship between the masses of the chargino and the
two lightest neutralinos in this scenario is m( χ̃±1 ) = 1

2 (m( χ̃
0
1 ) + m( χ̃0

2 )).

The background yields for the dilepton SRs (split into the respective m`` intervals) are presented in Table
4. The main background in each SR is dependent upon the m`` interval under consideration, with tt̄ the
main background for the lowest m`` interval, the intermediate m`` selections dominated by Z+jets events,
and the larger m`` intervals dominated by diboson production. The tt̄ and diboson yields include the
component from misidentified leptons. For the lowest m`` bin the component of tt̄ from misidentified
leptons is 40%, while it is 15% in the highest m`` bin.

Figure 6 shows the 95% CL expected exclusion limits in the m( χ̃0
2 ), ∆m( χ̃0

2, χ̃
0
1 ) plane. With 3000 fb−1,

χ̃0
2 masses up to 350 GeV could be excluded, as well as ∆m( χ̃0

2, χ̃
0
1 ) between 2 and 20GeV for m( χ̃0

2 ) =
150GeV. In the figure the blue curve presents the 5σ discovery potential of the search. To calculate the
discovery potential a single-bin discovery test is performed by integrating over all of the m`` bins from 1
to the chosen m`` upper limit for a given SR selection (aside from 3 < m`` < 3.2GeV).

Figure 7 presents the 95% expected exclusion limits in the χ̃0
1,∆m( χ̃±1 , χ̃

0
1 ) mass plane, from both the

disappearing track and dilepton searches. The yellow contour shows the expected exclusion limit from the
disappearing track search, with the possibility to exclude m( χ̃±1 ) up to 600GeV for ∆m( χ̃±1 , χ̃

0
1 ) < 0.2GeV,
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HL-LHC

HL-LHC has same discovery sensitivity in lifetime as Run 2 exclusion.

High pileup environment, fake backgrounds increase by a factor of 200!

BIG CHALLENGE → BIG OPPORTUNITY
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Disappearing charged tracklet: status
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Figure 5: Expected exclusion limits at 95% CL from the disappearing track search using 3000 fb−1of 14 TeV proton-
proton collision data as a function of the χ̃±1 mass and lifetime. Simplified models including both χ̃± χ̃∓ and χ̃± χ̃0

are considered assuming pure-wino scenarios (left) and pure-higgsino scenarios (right). The yellow band shows the
1σ region of the distribution of the expected limits. The median of the expected limits is shown by a dashed line.
The red line presents the current limits from the Run 2 analysis and the hashed region is used to show the direction
of the exclusion. The expected limits with the upgraded ATLAS detector would extend these limits significantly. In
the pure-wino scenario, the chargino lifetime as a function of the chargino mass calculated at the two loop level [48]
is shown by the dashed grey line. In the pure-higgsino scenario the mass-lifetime relation is shown by the dashed
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Disappearing charged tracklet: status
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Figure 5: Expected exclusion limits at 95% CL from the disappearing track search using 3000 fb−1of 14 TeV proton-
proton collision data as a function of the χ̃±1 mass and lifetime. Simplified models including both χ̃± χ̃∓ and χ̃± χ̃0

are considered assuming pure-wino scenarios (left) and pure-higgsino scenarios (right). The yellow band shows the
1σ region of the distribution of the expected limits. The median of the expected limits is shown by a dashed line.
The red line presents the current limits from the Run 2 analysis and the hashed region is used to show the direction
of the exclusion. The expected limits with the upgraded ATLAS detector would extend these limits significantly. In
the pure-wino scenario, the chargino lifetime as a function of the chargino mass calculated at the two loop level [48]
is shown by the dashed grey line. In the pure-higgsino scenario the mass-lifetime relation is shown by the dashed
grey line and is calculated at the one loop level [30]. The relationship between the masses of the chargino and the
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2 (m( χ̃
0
1 ) + m( χ̃0

2 )).

The background yields for the dilepton SRs (split into the respective m`` intervals) are presented in Table
4. The main background in each SR is dependent upon the m`` interval under consideration, with tt̄ the
main background for the lowest m`` interval, the intermediate m`` selections dominated by Z+jets events,
and the larger m`` intervals dominated by diboson production. The tt̄ and diboson yields include the
component from misidentified leptons. For the lowest m`` bin the component of tt̄ from misidentified
leptons is 40%, while it is 15% in the highest m`` bin.

Figure 6 shows the 95% CL expected exclusion limits in the m( χ̃0
2 ), ∆m( χ̃0

2, χ̃
0
1 ) plane. With 3000 fb−1,

χ̃0
2 masses up to 350 GeV could be excluded, as well as ∆m( χ̃0

2, χ̃
0
1 ) between 2 and 20GeV for m( χ̃0

2 ) =
150GeV. In the figure the blue curve presents the 5σ discovery potential of the search. To calculate the
discovery potential a single-bin discovery test is performed by integrating over all of the m`` bins from 1
to the chosen m`` upper limit for a given SR selection (aside from 3 < m`` < 3.2GeV).

Figure 7 presents the 95% expected exclusion limits in the χ̃0
1,∆m( χ̃±1 , χ̃

0
1 ) mass plane, from both the

disappearing track and dilepton searches. The yellow contour shows the expected exclusion limit from the
disappearing track search, with the possibility to exclude m( χ̃±1 ) up to 600GeV for ∆m( χ̃±1 , χ̃

0
1 ) < 0.2GeV,

10

ATL-PHYS-PUB-2018-031

HL-LHC

HL-LHC has same discovery sensitivity in lifetime as Run 2 exclusion.

High pileup environment, fake backgrounds increase by a factor of 200!

BIG CHALLENGE → BIG OPPORTUNITY

4



State-of-the-art: 3-hit tracklet
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State-of-the-art: 3-hit tracklet + soft pion

Use contiguous soft-pion track to beat down backgrounds.
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State-of-the-art: 3-hit tracklet + soft pion

Use contiguous soft-pion track to beat down backgrounds.
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Efficiency 50-60% for pT > 300 MeV 6



Ideas

Run 3/HL-LHC

Reduce tracklet length and decrease

MET cut) to increase signal efficiency.

Scaling of dominant backgrounds

crucial (fake, data-driven in ATLAS

analysis)

• Use bootstrapping method to

extrapolate measured backgrounds

to lower MET from ATLAS

published data

• Additional handles: two tracklets

with different # of hits? soft

track? dE/dx? tracklet

momentum?

FCC-hh

“Carte blanche” ?

Explore parameter space to maximize

sensitivity
(c.f. R.M, Schwaller, Zurita 1703.05327)

Your comments/ideas welcome
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Backup slides
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Pure higgsinos

Split Dirac Supersymmetry

Tuning to get EW vev
Arkani-Hamed and Dimopoulos, hep-th/0405159

+

Dirac masses for gluino and wino
Fox, Kribs, Martin, 1405.3692
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Pure Dirac Hypercharge Impure

Gauge coupling unification

Weak-scale higgsinos, splitting ∼200 - 900 keV



Decays
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Direct detection
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