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Simulation studies

» Fun4All for ECCE with PANDA-like geometry

Figure 11: Comparison of the energy resolution for electrons generated in sin-
gle particle simulations at E = 1 GeV (top) and E = 8 GeV (bottom) as mea-
sured by the BEMC (left) and FEMC (right) without additional material in front
of the calorimeter and in the full detector setup.

ticle species and in each calorimeter. By construction, the elec-
tron and photon response in the ECals peaks around unity with
a strong excess that is accompanied by a visible tail towards
lower values. This tail is a result of multiple effects. First, the
clusterization in the calorimeter is not perfect (see clusteriza-
tion chapter) and thus not all energy of an incoming particle is
reconstructed. In addition, for these studies only the highest en-
ergetic cluster in each event is selected, which combined with
the clusterizer performance leads to a smearing to lower Erec/E
values. Further smearing comes from bremsstrahlung losses
of the electrons in the magnetic field as well as from material
interaction of photons that could lead to photon conversions,
as seen in Fig. 11. The figure shows a comparison of the en-
ergy response for the BEMC with and without the remaining
ECCE detector material in front, highlighting an increasing tail
at lower Erec/E due to the additional material. In the follow-
ing studies, contributions from photon conversions are not re-
jected and thus are still contained in the photon sample. The left
side tails of the resolution peaks can also arise through particles
hitting the support material in between the towers. The recon-
structed energy loss from hitting and subsequently channeling
in the passive support structures is a major factor to be con-
sidered for the calorimeter design. Initial studies have shown
that already a 2 mm carbon fiber support structure between the
EEMC towers is enough to significantly deteriorate the energy
resolution. As such, the supports were optimized to the current
design of 0.5 mm carbon sheets, which greatly improves the en-
ergy resolution. Further improvements are possible with carbon
support grids holding multiple crystals that are further separated
by a thin foil. Similar support material considerations are to be
made for the BEMC, where the current design employs 2 mm
carbon fiber sheets. Charged hadrons deposit in the majority of
cases only a minimum ionizing signal in the ECals, which is
visible as a strong peak at low Erec/E values. However, there is
also a non-negligible amount of charged hadrons that deposit
40% or more of their energy in the ECals, which can nega-
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Figure 12: Energy resolution for electrons (charged pions) generated in single
particle simulations with energies between 0.2 and 20 (50) GeV as measured by
the different ECals (top) and the different HCals (bottom) in the central accep-
tance of the corresponding detectors. The shaded bands show the requirements
as extracted from the yellow report for the different calorimeters. The data
points and fits indicated as σg/E are based on the Gaussian width of the reso-
lution peaks, while σF/E is based on the FWHM. The energy resolution based
on a test beam for the OHCAL is shown for comparison [9].

tively impact the HCal energy resolution. For the HCals, the
charged pions and protons peak around unity, whereas remain-
ing shower leakage from electron showers out of the ECals is
mostly negligible. Figure 10 also highlights a shifted peak for
protons compared to pions in the HCals which can be explained
by a loss of visible energy for baryons. In future studies, this
effect could be counteracted for the LFHCAL by shower depth
analyses and subsequent application of a correction factor for
the loss of visible energy.
In order to determine the energy resolutions of the different
calorimeters, the Erec/E distributions are fitted with crystalball
functions in order to determine the peak width. This width can
either be taken from the Gaussian component or from the full
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Figure 18: E/p distribution for electrons (blue) and charged pions (red) in the EEMC (right) and the BEMC (left). The E/p distribution is shown for two
different approaches where E/p is either calculated using the generated (true) particle momentum or the reconstructed tracking based (rec.) momentum. For both
distributions, the full ECCE detector has been simulated using its GEANT4 implementation.
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Figure 19: Fraction of neutral pions for which the showers from their decay
photons are merged into a single cluster and can not be reconstructed using an
invariant-mass-based approach for the different ECals.

are so striking that an accurate pion rejection factor is hard to
determine with the currently available single particle produc-
tion statistics and the reported values should be interpreted as
lower limits. A significant reduction of about an order of mag-
nitude in the π± rejection is observed for the εe = 95% based cut
for the FEMC and BEMC, which therefore stands in no reason-
able relation to the efficiency loss observed for the other E/p
cut values. This loss mainly arrises from the significant tails
observed for these two calorimeters in their current configura-
tion.

3.5.3. Hadron PID
Besides using an E/p cut to differentiate between electrons

and hadrons the shape of the shower and thus the cluster can be
used. The distribution of energy within a cluster is referred to
as “shower shape”, which is described using a parametrization
of the shower surface ellipse axes [14, 15]. The shower surface

0.6 1 2 3 4 5 6 7 8 910 20 30
)c(GeV/

track
p

1

10

210

310

410

510

610

re
je

c
ti

o
n

-
π

EEMC
BEMC
FEMC

σ 95%∈simulationECCE
single particles

Figure 20: Pion rejection factor for the different ECals with E/p > 1−1.6σe/E
or based on a εe ≈ 95% cut.

is defined by the intersection of the cone containing the shower
with the front plane of the calorimeter. The energy distribution
along the η and ϕ directions is represented by a covariance ma-
trix with terms σϕϕ, σηη and σϕη, which are calculated using
logarithmic energy weights wi. The tower dependent weights
are expressed as:

wi = Maximum(0,w0 + ln(Ei/Ecluster)) (4)

and

wtot =
∑

i

wi, (5)

where w0 = 4.5 for the EEMC [16], which excludes towers with
energy smaller than 1.1% of the cluster energy. For the BEMC
and FEMC w0 = 4.0 and w0 = 3.5 are used, respectively, in
order to compensate for the different Moliere radii and tower
size. The covariance matrix terms can then be calculated as
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https://arxiv.org/abs/2207.09437
» Standalone Geant4 with optical photon propagation for beam tests
» DD4hep-based ePIC simulation
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Simulation studies

» Fun4All for ECCE with PANDA-like geometry
» Standalone Geant4 with optical photon propagation for beam tests

» DD4hep-based ePIC simulation Subject of this talk

2



Simulation setup

» Single particle simulations
» Momentum direction sampled uniformly on a sphere
» Vertex at (0, 0, 0)
» ePIC 22.12.0 geometry
» FTFP_BERT physics list
» Particle momenta are used in place of reconstructed charged track momenta
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SciGlass calorimeter geometry

Tower dimensions and placement implemented based on engineering design
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SciGlass material in Geant

» Density 4.22g/cm3

» Energy deposits corrected according to the Birks’ law with
𝑘𝐵 = 0.0333 mm/MeV (nominal for PbWO4 at CMS)
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Energy resolution
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``kSiPM_photon_digitization'' in Fun4All

» Defines a probability for a single pixel to fire:

𝑃pixel = 1 − exp (−
𝐸tower × 𝑁photoelectrons/GeV

𝑁pixels
)

𝑁photons ∼ Binomial(𝑁pixels, 𝑃pixel)
» Produces a following distribution of 𝑁photons for a 1 GeV tower:
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» And is converted back to energy using a “gain” of 1
𝑁photoelectrons/GeV

.
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``kSiPM_photon_digitization'' in Fun4All: resolution

» The resolution can be calculated as:

𝛿𝐸tower
𝐸tower

=
𝑁pixels√𝑃pixel (1 − 𝑃pixel)

𝑁pixels 𝑃pixel

» Which results in a following dependency:
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» Note that this is for singular towers. For clusters or for full events, the observed
resolution will degrade as the energy is split among several towers.
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Pion rejection: 𝜂 dependence
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Systematics
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Pion rejection: 𝜂 dependence
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Island Clustering
» Pick connected “islands” of hits
» Select islands with peak energy > threshold (50 MeV here)
» In each island, find hits that are local maxima w.r.t. 4 neighbours
» Select local maxima above a threshold (100 MeV here – yeah, should be 50)
» For hit ℎ calculate its distance 𝑑ℎ𝑚 to each local maxima hit 𝑚, the weight is

𝜔ℎ𝑚 ∼ 𝐸𝑚 exp (−𝑑ℎ𝑚
𝜆 )

» Fraction proportional to 𝜔ℎ𝑚 of energy 𝐸ℎ is attributed to a subcluster 𝑚.

For each island calculate 𝜒2 = ∑ℎ (∑𝑚 𝐸𝑚 exp (−𝑑ℎ𝑚
𝜆 ) − 𝐸ℎ)

2
, minimize 𝜒2 over 𝜆
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𝜋0 reconstruction
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𝜋0/𝛾 separation
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Naive method based on counting local maxima and ML based on 5x5 cluster
information
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Reconstructed cluster energy response
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Angular resolution
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Detector optimization using ML

TBD
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