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Photon Reconstruction



Photon Energy Reconstruction

• Test simulation:
̄𝑝𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾 at 1.94 GeV
beam momentum

• Energy resolution:
Photon energy residuals

⟶ residual offset towards
𝐸rec > 𝐸gen

Energy residual vs. generated energy
(wrong MC truth propagation)
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Possible causes

⟶ crystal non-uniformity
• non-uniform light yield across the
scintillation crystals

• uniformity function shifts residual
towards positive values

⟶ energy correction function
• leakage correction

• 𝐸𝛾,cor = 𝐸 ⋅ 𝑓(𝐸, 𝜃)

• shift towards larger reconstructed
energies

Energy residual vs. generated position
(No data correction)
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Possible causes

⟶ crystal non-uniformity
• non-uniform light yield across the
scintillation crystals

• uniformity function shifts residual
towards positive values

⟶ energy correction function
• leakage correction

• 𝐸𝛾,cor = 𝐸 ⋅ 𝑓(𝐸, 𝜃)

• shift towards larger reconstructed
energies

Energy residual vs. generated position
(Crystal Non-Uniformity + ECF)
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Photon Position Reconstruction

• issue: spikes in 𝜃 for reconstructed photon position

Generated photon position Reconstructed photon position

⟶ nearly match 𝜃 positions of crystal centres
⟶ spikes not correlated to low-energy clusters or single-crystal clusters
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Photon Position Reconstruction

• issue: spikes in 𝜃 for reconstructed photon position

Generated photon position Cluster energy vs. reconstructed position

⟶ nearly match 𝜃 positions of crystal centres
⟶ spikes not correlated to low-energy clusters or single-crystal clusters
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Photon Position Reconstruction

• issue: spikes in 𝜃 for reconstructed photon position

Generated photon position Cluster size vs. reconstructed position

⟶ nearly match 𝜃 positions of crystal centres
⟶ spikes not correlated to low-energy clusters or single-crystal clusters
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Linear-logarithmic (Lilo) Position Method

• method studied and optimised for
FWEC

• (linear-)logarithmic weighting of the
cluster position:
𝑊 crystal

log = log ( 𝐸crystal
𝐸cluster

) + 𝑊0

• dynamic offset to ensure a positive
weight:
𝑊0 = 4.071 − 0.678 ⋅ 𝐸−0.534

cluster ⋅ 𝑒𝐸1.171
cluster

• optimised position resolution
introduces additional bias
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Fig. 10. Simulation results for the σ = FWHM/2.35 of the difference between the reconstructed and Monte Carlo values of the
x-/y-position (top panel) and the θ-/φ-angle (bottom panels) of the registered clusters in the FwEndCap as a function of the
photon energy. Data are provided for various values of W0 as well as one set of the parameters A, B, and C that are related to
a logarithmic weighting for position reconstruction, as introduced in eq. (1). The hollow pluses show the results taking eq. (3)
as the functional form for W0. The error bars show the statistical uncertainty and are barely visible. The photons are generated
within θ = 15◦–18◦ over the FwEndCap. A smooth line is drawn through each data set to guide the eye.

If we had more than one digi (crystal) in the cluster, the
cluster position would be

−→r cl =

∑

digi

Wdigi · −→r digi

∑

digi

Wdigi

. (2)

In reconstructing the position of the photons, there is a φ
dependence observed for the mean values μreco−MC of the
deviation between reconstructed and MC-true positions,
expressed by Gaussian fits to the histograms ycl − yMC

and xcl−xMC . This φ dependence of sinusoidal shape (see
fig. 8) is a geometrical effect because the off-point and the
target point do not coincide. Since the off-point is located
about 1m upstream of the target point, most photons gen-
erated at φ ≈ 0◦, cause a horizontal rather than a vertical
shift of the shower position. This effect would correspond
to a minimum (maximum) expected value for |ycl − yMC |
at φ ≈ 0◦ (φ ≈ 90◦). Similarly, based on symmetry ar-
guments, we should observe a minimum (maximum) ex-
pected value for |xcl −xMC | at φ ≈ 90◦ (φ ≈ 180◦), which
ensures the sinusoidal behavior.

Moeini et al., Design studies of the PWO Forward End-cap calorimeter for PANDA
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Linear-logarithmic (Lilo) Position Method

• method studied and optimised for
FWEC

• (linear-)logarithmic weighting of the
cluster position:
𝑊 crystal

log = log ( 𝐸crystal
𝐸cluster

) + 𝑊0

• dynamic offset to ensure a positive
weight:
𝑊0 = 4.071 − 0.678 ⋅ 𝐸−0.534

cluster ⋅ 𝑒𝐸1.171
cluster

• optimised position resolution
introduces additional bias

EMC Forward Endcap
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Analysis of ̄𝑝𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾



About RHEA1

• RHEA: mini-analysis framework for neutral final states

• easy access to important variables

• combinatorics, particle selection, energy/momentum conservation

• includes tests and documentation

1RHo-Edition AG-Thoma
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PANDA Analysis Chain

• simulation: ̄𝑝𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾 (phasespace)

• Bonn-Gatchina PWA Group: PWA weighted Dalitz Plot as input

• 2.5 million events at 1.94 GeV beam momentum
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Event selection

• Preselection

⟶ require 6 neutral photon
candidates and 0 charged

⟶ Mass selector (for 𝜂 and 𝜋0 mass)

• Final selection

⟶ Energy and momentum
conservation for reconstructed ̄𝑝𝑝
system

⟶ require 6 distinct primary photon
candidates (including preshower
events)

Event multiplicity

3 4 5 6 7 8 9
 Number of particle candidates (neutral)

0.5−

0

0.5

1

1.5

2

2.5

3

3.5

 N
um

be
r o

f p
ar

tic
le

 c
an

di
da

te
s 

(c
ha

rg
ed

)

20

40

60

80

100

120

140

160

310×

Naomi Davis Study of �̄�𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾 June 1, 2022 7 / 11



Event selection
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Event selection

• Preselection

⟶ require 6 neutral photon
candidates and 0 charged

⟶ Mass selector (for 𝜂 and 𝜋0 mass)

• Final selection

⟶ Energy and momentum
conservation for reconstructed ̄𝑝𝑝
system

⟶ require 6 distinct primary photon
candidates (including preshower
events)

Momentum ̄𝑝𝑝

Naomi Davis Study of �̄�𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾 June 1, 2022 7 / 11



PWA weighted Dalitz plot

Generated PWA weighted Dalitz plot Reconstructed PWA weighted Dalitz plot

• input: Crystal Barrel Lear Data by Bonn-Gatchina Partial Wave Analysis Group
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Photon Efficiency



Photon Efficiency

• analysis: left with 16.3% of reconstructed ̄𝑝𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾 events

• 1𝛾 Efficiency for EMC 𝜖 = 𝑁MC
𝑁rec

:

⟶ 59.5%

⟶ 73.8% (including preshower events)

• photon beam intensity reduced to 𝑒− 7
9 = 0.46 after passing one 𝑋0
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Photon Efficiency – Radiation Length

• How many radiation lengths before reaching the EMC ?
44 PANDA - Strong interaction studies with antiprotons

Figure 3.2: Contributions of the subdetectors to the
material budget in front of the EMC in units of a radi-
ation length X0 as a function of the polar angle θ.

for both types different and is treated differently
in the digitization scheme. The signal in the sen-
sor is formed by using the local trajectory within
the detector material to calculate the correspond-
ing channel relative to the readout matrix of the
sensor. The hit position on the sensor surface de-
fines the channel number and the deposited energy
the charge collected by the electronics. The chan-
nel mapping of the trajectory is done on both sides
of the sensor. In the case of the pixel detectors,
the trajectory is projected to the surface and de-
pending on its relative orientation, all excited pixel
cells are calculated and the charge signal is shared
among all pixel cells depending on the fraction of
the local track. Strip sensors will be sensitive on
both sides and the formation of digitised channels
is done independently on both sides of the sensor.
The procedure is similar to the pixel case but done
only in one dimension.

The size of the readout structures are defined by
the size of the pixel cell or the spacing of the strips.
These parameters can be changed interactively in
order to test various settings and have to meet the
dimensions of the sensor. The channel is assigned
to a frontend and a common number of 128 chan-
nels per frontend have been chosen. In the case of
the pixel detector the size of the ATLAS frontend
chip was used as basis to assign a frontend num-
ber to a certain channel. Since the electronics chip
is bump bonded onto the surface of the detector
the number of pixel cells per frontend is defined by
the dimension of the frontend chip. A threshold for
the electronics signal can be set and was chosen as
standard to an equivalent of 300 electrons which is
a reasonable value for pixel detectors.

3.2.2.1.2 Straw Tube Tracker and Drift Cham-
bers The digitization for the Straw Tube Tracker
(STT) and the Drift Chambers (DCH) have been
treated in a similar way. Both devices consist of
wires inside an ArCO2 gas mixture volume. If a
charged particle traverses this gas volume, the local
helix trajectory is derived from the corresponding
GEANT4 intersection points. The drift time of the
ionization electrons is estimated from the smallest
distance of this helix trajectory to the wire dpoca.
The uncertainty of the drift time is taken into ac-
count by smearing dpoca with a Gaussian distribu-
tion with a standard deviation of σ = 150µm for
the STT, and σ = 200µm for the DCH devices.

The average number of primary ionization electrons
is the total deposited energy in the gas volume di-
vided by the ionization energy of 27 eV for ArCO2.
The energy signal of a straw tube is finally calcu-
lated by taking into account Poisson statistics.

3.2.2.1.3 GEMs Readout Each GEM station
consists of two detector planes. The distance be-
tween the detector planes is 1 cm. It has been as-
sumed that each detector plane has two strip de-
tector layers with perpendicular orientation to each
other. The gas amplification process and the re-
sponse of the strip detector has not been simulated
in detail. Instead, the entry point of a charged track
into the detector plane has been taken directly from
GEANT4 and smeared with a Gaussian distribution
of 70µm width in each strip orientation direction.

3.2.2.2 Readout of the DIRC Detectors

The light propagation in the Cerenkov radiators,
the signal processing in the front-end-electronics,
and the reconstruction of the Cerenkov angle have
been modelled in a single effective step.

The resolution of the reconstructed Cerenkov angle
σC is mainly driven by the uncertainty of the single
photon angle σC,γ and the statistics of relatively
small numbers of detected Cerenkov photons Nph:

σC =
σC,γ√
Nph

A single photon resolution of σC,γ = 10 mrad was
used, corresponding to the experience with existing
DIRC detectors. The number of detected photons
was calculated from the velocity, β, of charged par-
ticles passing through the quartz radiators and the
path length L within the radiator, via:

Nph = ε 2παL (1− 1
β2n2

quartz

)(
1

λmin
− 1
λmax

) ,

P̅ANDA Collaboration, Physics Performance Report for PANDA
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Summary

• new issues to be solved in photon reconstruction

• investigating detector material budget

⟶ photon efficiency optimisation

• results on ̄𝑝𝑝 ⟶ 𝜋0𝜋0𝜂 ⟶ 6𝛾 (Dalitz Plot) promising

⟶ extended analysis, with e.g. kinematic fitting
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Questions?
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Appendix



Kinematics i

• fixed-target experiment:

⟶ 𝑃1 = (𝐸LAB, 0, 0, 𝑝LAB), 𝑃2 = (𝑚2, 0, 0, 0)

• Energy (LAB-system)

⟶ 𝑝beam = 1.94 GeV, 𝑚1 = 𝑚2 = 0.938 GeV

⟶ 𝐸LAB = √𝑝2
𝑏𝑒𝑎𝑚 + 𝑚2

1 = 2.15 GeV

• 𝑝 ̄𝑝 system properties

⟶ 𝐸reaction = 2.15 GeV + 0.938 GeV = 3.09 GeV

⟶ 𝑝reaction = 1.94 GeV



Photon Preshower Events i

• Expectation:
event generator consequently assigns Mc indices 1 - 3 to mesons and 4 - 9 to gammas

• Special case: Preshower Events

• Mc truth is reduced to the lowest Mc
index

• Mc truth sees just a fraction of the
photon’s energy

• reconstructed energy is determined
by whole digi entry

• Solution:
recursively check for primary particle
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