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Outline

Will present the status of photon and electron reconstruction and 
identification (given the current detector model and the employed 
reconstruction software):

main features of the experimental signatures of photons
and electrons at a multi-TeV muon collider;

preliminary performance assessment of photon and electron
reconstruction and identification with a detailed detector simulation.

Perspectives and conclusions.
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The detector model
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Electron and photon signatures

1 TeV electron 1 TeV photon
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Fraction of e.m. energy in the HCAL

Eγ = 1.5 TeV Eγ = 5 TeV

10° < θγ < 170° The electromagnetic showers from high-energy 
photons and electrons (E ≿ 50 GeV) spill into the 
HCAL.

The fraction of e.m. energy in the HCAL ranges from
a few per mill to a few percent, depending on e/ 
energy and polar angle.
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Electron and photon reconstruction/ID
Reconstruction and identification software for 
photons and electrons inherited from CLIC and 
based on the Pandora Particle Flow package.

First preliminary studies carried out with the default
Pandora settings.

Energy deposits of high-energy photons and 
electrons are reconstructed as two nearby clusters 
in the ECAL and HCAL:

photons are identified as a photon plus a neutron;

a non-negligible fraction of electrons is
misidentified as pions.

particles identified by Pandora in a sample of electrons

B. Kuchma

B. Kuchma
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BIB makes things complicated

hit density vs distance from beamline

N. Bartosik

L. Sestini
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Current reconstruction strategy
Electromagnetic cluster reconstruction:

no recovery for e.m. energy leaked in the HCAL;

no subtraction of BIB energy;

BIB effects mitigated by raising the energy thresholds 
of the ECAL and HCAL hits.

Cluster energy scale corrected as a function of E and θ to make the detector
response uniform:

the energy corrections are calculated from the ratio of the reconstructed
electromagnetic energy to the photon energy at generator level;

the energy corrections compensate for energy spilled in the HCAL and
the BIB effects.
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Electromagnetic energy scale correction
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Photon reconstruction and ID performance

   Samples:

100k single photons shot from 
(0, 0, 0):

1 < Eγ < 1500 GeV;

10° < θ < 170°;

0° < ϕ < 360°;

100k events reconstructed w/o BIB;

40k events reconstructed with BIB 
overlaid.

Track reconstruction:

Double-Layer Filter ON;

ACTS tracking;

track quality selection before track
refitting: NVXD ⩾ 3, NIT ⩾ 2.

Calorimeter reconstruction:

ECAL and HCAL hit Ethr = 2 MeV;

hit clustering: default Pandora settings.

Photon identification:

default Pandora settings.
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Photon reconstruction efficiency
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Photon energy resolution
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H  γγ reconstructed mass

D. Zuliani

σM  6 GeV 

with BIB overlaid 
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electron-photon misidentification rate
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Electron reconstruction and ID performance

   Samples:

50k single electrons shot from 
(0, 0, 0):

1 < pe < 1500 GeV;

10° < θe < 170°;

0° < ϕe < 360°;

50k events reconstructed w/o BIB;

46k events reconstructed with BIB 
overlaid.

Track reconstruction:

Double-Layer Filter ON;

ACTS tracking;

track quality requirement: χ2/ndof < 10.

Calorimeter reconstruction:

ECAL and HCAL hit Ethr = 5 MeV;

hit clustering: default Pandora settings.

Electron identification:

angular matching of the e.m. clusters
with the reconstructed tracks in a R=0.1 
cone.
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Electron reconstruction efficiency
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What’s next

A lot of work ahead and many uncovered areas.

Electromagnetic cluster reconstruction:

tuning hit energy thresholds and improving BIB mitigation (in coordination 
with the Jets Group); 
recovering energy spillage (?);
refining the energy calibrations.

Photon and electron identification:

tuning Pandora setting;
exploring more sophisticated identification algorithms.
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Conclusions

First preliminary results, based on a detailed simulation of the baseline 
detector, show: 

good performance in photon and electron reconstruction, despite a
nonoptimal detector, untuned reconstruction/identification algorithms,
and a very crude mitigation of BIB effects.

Current studies on the physical objects were mostly done out of necessity to
explore some physical channel of interest:

there is plenty of room for improvement that a more systematic and thorough
approach can achieve on many fronts: detector design, algorithms, BIB 
mitigation strategy.



Backup 



Photon and electron reconstruction - International Muon Collider Collaboration Meeting - October 12, 2022M. Casarsa 20

Angles
D. Arominski et al., arXiv:1812.07337v1
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Pandora algorithms
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