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Context of the study
Goal: evaluate the sensitivity of the muon collider in searches for electroweak 
multiplets using the disappearing tracks signature.

Detector signature: tracks (tracklets) that
disappear (or connect to another track of 
significantly lower momentum)

Full simulation needed to properly assess:
• tracklet reconstruction efficiency vs pT, η, 

decay position in the detector
• effect of disappearing condition (veto on tracker layer)
• tracklet momentum resolution
• combinatorial fakes and BIB tracks

The next slides show some very preliminary/work-in-progress results towards 
achieving this.

μ+

μ-

ɣ

 | F. Meloni | Detector and Physics simulation meeting | 27/10/2020



Page 3

Signal generation and simulation

Model: MSSM_SLHA2

• aMC@NLO 2.7.3 + Pythia 8.2

Simulation in dd4hep

• Good support for BSM particles
• GEANT physics list automatically 

generated from list of “extra particles”
• Need to make sure the masses are 

consistent with what was included in the 
MadGraph param_card

• Lifetimes are arbitrary (specified in mm)

• C1 lifetime set to 100 mm

Focused on wino C1C1 production
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Some (ugly) truth-level validation plots

C1 pT [GeV] C1 pz [GeV]

C1 decay r [mm]

photon pT 
[GeV]

Everything seems ok
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More (ugly) truth-level validation plots
m(C1) = 899.8 GeV

C1 β C1 ɣβ

• Few slow charginos
• Need to keep this in mind when 

applying the timing cuts for BIB 
looking for slow particles
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Example event display
No BIB
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Example event display
Full BIB

Same event as before.

• Other views unavailable as 
the event display software 
became too unresponsive

• In the following, BIB overlay 
done ONLY in Inner Tracker 
and Vertex Detectors

• Truth particles dropped 
in overlay step
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Exploit particle arrival times to reduce BIB in custom Marlin module

• Found out this was already included in the hit smearing (50 ps resolution) 
• Beware for low-beta particles!
• Timing cuts will kill hits from the displaced pion!

For now, assume another hard object in the event (e.g. ISR photons) can be timed

BIB rejection
With timing
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The current pattern recognition algorithms don’t exploit in any way the double 
layer layout in the vertex detector.

• Can filter input hits based on whether there is another hit in the closeby layer 
with small ΔΘ. 

BIB rejection
With geometry

BIB
C1

ΔΘ with closest hit in nearmost layer

C1BIB

Luminous 
region

ΔΘ 
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BIB rejection

Timing:

• -0.15 ns < t - r/c < 0.15 ns

Geometry:

• Reject all hits for which the closest hit in ΔR = ⎷(Δφ2 + ΔΘ2) 
has ΔΘ > 0.02

• Could add a cut on Δφ too

To reduce combinatorics and speed up tracking, the hits are split in subcollections 
in theta with this binning: [0, 30, 50, 70, 90, 110, 130, 150, 180]

• Only (50, 70, 90, 110, 130) considered in the following

Summary of selections
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Tracking setup

Vertex Tracker hits only

• Outside-in track 
reconstruction

• Tight cuts on cell creation 
(both in rφ and rz planes)

Minimum of 4 hits per track:

• Double layer layout means 
the minimal reconstructible
decay length is 5.1 cm

Takes about 3.5h per event when 
overlaying the full BIB (and 
imposing cleaning cuts)
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Split tracks

The conformal tracking algorithm (at least with these settings) has a tendency to 
reconstruct split tracks.

• Need decide which tracks 
to consider -> for now, 
implemented at analysis 
level.

Strategy:

• Take longest track (in
number of hits)

• If tracks have the same
number of hits, take 
the one with the
lowest chi2/ndf
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Simplified event displays

• Signal hits are shown in green (they lie on the detector planes, which are not 
shown)

• Circles of the same color indicate hits associated to the same track
• Pattern recognition inefficiencies due to conformal tracking angular cell cuts

Looking at hits and tracks
Same event as before (slide 6, 7)
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Reconstruction efficiencies

Efficiencies evaluated with truth matching to C1 particles.

• Reconstructable tracks are defined as tracks from C1 with at least 4 hits.
• Considering we are neglecting the hits in the endcaps, relatively ok

Will repeat the study asking additional quality cuts for additional BIB rejection:

• No holes in the first two double layers

No BIB, but after BIB rejection cuts 

pT [GeV] Θ [deg]

not 
considered
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Reconstruction efficiencies

Efficiencies evaluated with truth matching to C1 particles.

• Reconstructable tracks are defined as tracks from C1 with at least 4 hits.
• Evaluated vs the C1 decay radius R and vs (Θ, R)

• Bin boundaries in R defined by position of tracking layers

No BIB, but after BIB rejection cuts 

Θ [deg]
C1 decay radius [mm]

C
1 

de
ca

y 
ra

di
us

 [m
m

]

 | F. Meloni | Detector and Physics simulation meeting | 27/10/2020



Page 16

Effect of disappearing condition

Acceptance * efficiency evaluated with truth matching to C1 particles.

• Reconstructable tracks are defined as tracks from C1 with at least 4 hits.
• Disappearing condition - veto on last layer of Vertex detector (10.2 cm)
• Evaluated vs the C1 decay radius R and vs (Θ, R)

• Bin boundaries in R defined by position of tracking layers
• Plan to use this map to parameterise efficiencies

No BIB, but after BIB rejection cuts 
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Disappearing tracks quantities 

tan(𝝀)

Signal
BIB

Lambda is 
the dip 
angle of the 
track in r-z 
at the 
reference 
point

Re-sim with 
longitudinal 
beamspot size
(σz = 1.5 mm)

BIB asymmetry 
under 
investigation

Low purity tracks
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Future plans, questions and ideas
Repeat exercise at √s = 3 TeV

For √s = 10 TeV, the “soft pion” from 
the C1 decay is not too soft.

• Will investigate the displaced pion 
performance once the chargino 
part is settled.

Background estimation:

• Will build a “BIB track” database 
for Delphes level analysis

• Interesting for others?

BIB at 3 TeV

• Is help needed?
• Do we have an estimate of how 

much will it change wrt 1.5 TeV?

pion pT [GeV]
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Momentum resolution
Look at q/p to get rid of charge-related biases

Not very good resolution.

• Not surprising: these 
are 10 cm-long 
5 TeV tracks in a 4T B 
field.

• Response function 
(reco-truth) shown on 
the right

• Fitted with double-sided 
crystal ball
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Machine parameters


