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APD Submodule Manufacturing

Submodule manufacturing and shipping proceeding
(shipping 5 modules/2 weeks to Bonn, manufacturing
frequency a little higher)

65 (of 193) APD submodules built so far (glued)

46 submodules shipped to Bonn for cosmics tests

Transport to Jülich not yet started (restricted acces
from end of last year on), foreseen to start March 26.

Several new students now involved in submodule
manufacturing
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APD Screening

APD screening ongoing regularly

I Currently still in weekend mode (one shift a day)

Current numbers:

I Screened - irradiated - screened: 19500 - 66 % of whole
target calorimeter

I Matched (on demand): 4000
(80+ FWEC APD submodules plus complete BWEC)
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Cooling: Pressure Drop Measurements (Lower) U-Turns

Pressure drop as a function of flow

U-turns: In- and outlet (manometers) at same height
(dynamical pressure drop only)
Simulation: 5 mbar pressure drop at 4 l/min (∆T =1 K)
Lowest reliably measureable flow: 10 l/min
Extrapolation (plot): about 4 mbar pressure drop at 4 l/min
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Cooling: Pressure Drop Measurements Backplane Side

Pressure drop as a function of flow

U-turns: manometers at different heights (∆ h = 1.3 m)
Simulation: 25 mbar dynamical pressure drop at 18 l/min
(∆ T = 1 K)
Plot: -116(± 5) + 130 mbar = 14 (± 5) mbar pressure drop
at 18 l/min
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SADC Crates

Thermal coupling of heat dissipating components by
silicon foam heat transfer pads to aluminum plates
on top and bottom
Thermal images taken with blackened aluminum plates
(in order to prevent reflection)
No hot-spots on aluminum plates
Internal temperature readout of FPGA: 45(55) ◦C, safe!
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SADC Crates

Cooling flanges covering SADC boards and power supplies
Complete thermal test of crates (6- and 15-SADC crates)
Tests with simple cooling line routing
(also sufficient for full load?)
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Light Pulser Paper

NIM A paper about PANDA light pulser system published
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A B S T R A C T

We report on the construction of a light pulser monitoring system for the electromagnetic lead tungstate
(PbWO4) calorimeter of the future PANDA experiment at FAIR. The system consists of a high intensity LED
source, an optical fibre distribution system, and a novel and compact continuous light attenuation mechanism
based on LCDs allowing operation inside the magnetic field of the PANDA detector. The physics objectives
of the PANDA experiment require a highly sophisticated electromagnetic calorimeter covering an energy
range spanning more than three orders of magnitude. In order to perform precision measurements with this
electromagnetic calorimeter based on lead tungstate crystals in the high-luminosity environment of the PANDA
experiment, a frequent monitoring of radiation induced transmittance losses in the crystals on a level of
0.5% is required. This precision can be achieved on a day-by-day basis between regular ⇡0/⌘ invariant mass
calibrations, performed at least once a day.

1. Introduction

PANDA (Antiproton annhihilations at Darmstadt) is a next gen-
eration hadron physics experiment at the future accelerator Facility
for Antiproton and Ion Research (FAIR), currently under construction
in Darmstadt, Germany. Open questions in hadron physics will be
addressed by studying collisions of an antiproton beam with a fixed
target at antiproton momenta between 1.5GeV/c and 15GeV/c with
a peak luminosity of up to 2�1032 cm*2 s*1. Precision spectroscopy of
hadrons in the charmonium region requires a detector with full solid
angle acceptance. High photon multiplicity final states demand for low
photon detection thresholds as a major requirement for the PANDA
calorimeter. Precise electromagnetic calorimetry over an energy range
spanning from a few MeV to up to 15GeV is necessary. Lead-tungstate
has been chosen as suitable detector material enabling a compact
calorimeter design.

The main purpose of the PANDA light emitting diode (LED) pulser
system is the monitoring of light transmission losses in the individual
crystals of the PANDA target electromagnetic calorimeter [1,2]. It also
serves as a valuable diagnostic tool for the whole readout chain of
every single calorimeter channel as the light source was designed to
mimic the scintillation light of PbWO4. This is characterized by short
light pulses with a rise time of a few nanoseconds and a wavelength of
about 420 nm. The light intensity needs to be variable corresponding
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to an energy equivalent range of 10 MeV up to 12GeV distributed
by a system of optical fibres to every crystal in the calorimeter. This
offers the possibility to check the proper operation of photo detec-
tors, preamplifiers, shaper modules and even the feature extraction
algorithms following the analog to digital conversion of the signal
pulses. The system therefore allows to perform short-term corrections
for any alterations in the readout chain. Furthermore, it will serve as an
invaluable tool to monitor signal responses while tuning photo detector
amplifications by means of their high voltage supplies.

The system is located near the detector with restricted maintenance
access. It needs to be operational in a high radiation environment with
an expected total absorbed dose in the order of 10Gy.

In this paper we will report on the design, performance, and fore-
seen installation scheme of an LED based light pulser monitoring system
for the forward endcap part of the target electromagnetic calorimeter
of the PANDA detector [3]. In Section 2 an overview of the PANDA
calorimeter, its performance, and its location in the PANDA detector
setup will be given. Section 3 describes the implementation of the
variable intensity light source of the monitoring system while Section 4
explains the light distribution to the single calorimeter crystals. Sec-
tion 5 presents a time stable reference needed in order to achieve the
desired accuracy of the system of 0.5% while Section 6 sums up radi-
ation hardness tests conducted on components the monitoring system
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Fig. 1. Drawing of the PANDA detector with the calorimeter system consisting of a barrel shaped homogenious crystal calorimeter closed by two endcaps in the target detector
region on the left part of the figure and a sampling calorimeter in the forward spectrometer part on the right half of the picture.

Fig. 2. Drawing of the electromagnetic calorimeter of the PANDA target detector:
Scintillator crystals arranged in a barrel structure closed by two endcaps, the forward
one being the large structure on the right in beam direction.

consits of. The mechanical integration of the different light source units
into the support frame of the PANDA calorimeter forward endcap is
given in Section 7. Section 8 gives examples of first applications of
the light pulser system already used in the construction phase of the
calorimeter.

The described light pulser monitoring system will also be utilized in
the barrel and backward endcap parts of the PANDA target calorimeter.

2. The PANDA Electromagnetic Calorimeter

The PANDA electromagnetic calorimeter is separated into a forward
calorimeter located in the PANDA forward spectrometer and a target

Fig. 3. Overview of the PANDA calorimeter light pulser system.

calorimeter surrounding the interaction region as given in Fig. 1. The
target calorimeter is placed inside the superconducting coil of the
PANDA solenoid and consists of three independent structures. These
are the central barrel calorimeter and two endcaps closing the target
calorimeter in upstream and downstream beam directions (Fig. 2). The
barrel is built up of 11 360 crystals, while the forward and backward
endcaps contain 3856 and 524 crystals, respectively [4]. The barrel
length and diameter of the PANDA target calorimeter is about 2m and
1m, respectively. The forward endcap shows a diameter of about 2m.
Forward endcap crystals are grouped in submodules containing 16 or 8
crystals each (Fig. 15). The outer dimensions of a 16-crystal submodule
are about 30 ù10 ù10 cm3.

Crystals made of the high density material PbWO4 (PWO) allow
for a compact construction of the calorimeter. At the same time the
radiation hardness is sufficient to cope with the high particle rates of up
to 500000 s*1 in the innermost part of the forward endcap. The PANDA
crystals are made of an improved derivate of lead tungstate, called
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Fig. 20. Fibre routing concept for the forward endcap calorimeter.

transmissivity of the acryl glass bar has been measured before and after
exposure to a dose of 200Gy. The corresponding transmission curves
are given in Fig. 22 and are virtually identical.

A complete light pulser unit has been exposed to 130Gy at a rate
of 37Gy/h from a 60Co source at Strahlenzentrum Gießen, while the
unit was kept running. During irradiation the light pulser was read out
via CAN bus once a second. Operating status of the red, green, and
blue LED, the trigger mode, the transmissivity of the attenuation LCDs
and the frequency of the LCD operating voltage were monitored. No
deviations from the set values were observed for any of the parameters.
About 260min after the start of irradiation a different parameter setting
was sent and read back via CAN bus indicating no malfunction of the
system at all. The blue LED light was measured with a photomultiplier
before and after the irradiation session. The light pulse shape remained
unchanged while an intensity loss in the order of 1% was observed. The
same light pulser unit was irradiated with 150 MeV protons during
an irradiation session at the cyclotron of KVI, Groningen. The total

dose applied was 18Gy, about ten times the PANDA life time dose
expected at the light pulser units mounting positions in the detector.
The proton flux at the light pulser location during these tests has been
determined to 106 - 107 protons/(s cm2) to be compared to the orders
of magnitude lower expected flux of 60 protons/(s cm2) the light pulser
will be exposed to in the PANDA experiment. Again, no malfunctioning
of the light pulser unit nor any changes in the light pulse shapes could
be detected. We therefore expect a failsafe operation of the light pulser
system in the radiation environment of the PANDA experiment.

7. Mechanical integration

In order to supply all crystals of the PANDA forward endcap
calorimeter ten light pulser units are needed. The units are mounted
inside the forward endcap support frame on eight different positions
(Fig. 23).

The housings of the light pulser units containing the light sources,
LCDs, and light mixer are made of aluminium (AlMgSi1) and come in
two different shapes, both milled from solid aluminium blocks in order
to maximize RF-shielding properties. Having two types of housings
allows an optimum use of the different small compartments inside the
aluminium frame of the forward endcap for the placement of the light
pulser units. The first type is an L-shaped case with outer dimensions of
53 ù 110 ù 260mm3, the second one is I-shaped with total dimensions
of 53 ù 60 ù 285mm3. On the light output face of the light pulser
boxes is a square cut-out of 22 ù 22mm2 where the light fibre bundles
enter. On the electrical supply face different types of sockets are fitted:
A LEMO 00 connector for high voltage supply, chosen because of its
small dimensions, and bayonet lock (Samtec ACR-16) connectors for
combined connection of low voltage supply, external LVDS trigger
signals and CAN bus. Unlike in case of the I-shaped housings cables
enter the L-shaped housings in the same direction as the light fibre
bundles (Fig. 24). These kind of boxes are needed at all places in
the forward endcap frame where there is no space for connections in
the back of the housing. The L-shaped light pulser boxes are used on
the six positions top/bottom, east/west, southeast, and southwest in
the forward endcap support frame as seen from the beam axis. Four
pulser units with I-shaped housings are sitting in the top region of the
support frame. The boxes are mounted electrically insulated from the
aluminium frame by using 3D printed connecting angles made from
polylactide and by introducing polyamide foils where the housings sit
on the frame surfaces.

8. Applications of the monitoring system

As intended, the system provides PbWO4-like pulses of energy
equivalent intensities corresponding to the whole PANDA relevant en-
ergy range of up to 12GeV per crystal. It proved to be operational as a
highly valuable diagnostic tool during the respective setups at test beam
locations H4/CERN [23], Mainz Mikrotron [24] and ELSA/Bonn [25].
Functionality checks of every single channel in a forward endcap
prototype were performed after completion of system setup as well as
on a regular basis on the running system.

During the development of the forward endcap the system served
as a PbWO4-like light source testing the light throughput of different
methods of optical coupling between crystals and photo detectors. This
not only led to the choice of a proper coupling compound but also
uncovered problems in long term stability of the coupling showing
the necessity of refining the glueing procedure. This finally resulted in
radiation-hard, temperature cycles withstanding and long-term stable
glueings of photo detectors to the PbWO4-crystals. While the forward
endcap submodules are in production the light pulser system is used as
a tool to check proper single channel performance at different stages
of completion. That is testing of the photo detector-preamp-units, the
crystal-readout-units and the completed submodules.
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Summary

Construction of Forward Endcap proceeds
(medium speed)

Production of submodules:

I 65 APD submodules so far
(about a third of the total number of APD modules)

I Bochum U regulations yet unchanged:
Students allowed to work (picking of APD sets,
building submodules)

I Transport of submodules to Jülich starting end of March

Work progress may increase as Covid-19 regulations
change, though
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