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Topics

Forward endcap support structure

Jülich preassembly
Transport to GSI

Subunit series manufacturing

Very close to start of production

Paper on Light Pulser System
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Forward endcap support structure

Massive steel support frame

Supporting forward endcap during assembly in Jülich
Supporting forward endcap during beam tests in Jülich
Serves as a transportation support on the way to GSI
Parts of it will serve during insertion into PANDA magnet
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Forward endcap support structure
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Subunit series manufacturing

VPTT subunits: all parts in stock,

concept of manufacturing �nalized

Recovery LED introduction successful

in terms of mechanics and noise entry
Just wait for �nal assignment of VPTTs to crystals

Placement of crystals according to
radiation hardness vs. radiation exposure in FWEC
Consider VPTT HV-gain relation (4-unit sub groups)
Gain vs. LY matching
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Subunit series manufacturing

APD subunits: preamps ordered, APD delivery?

Recovery LED introduction still unclear: noise issues

Improvement by capcitively shorting noise at LED,

but still too much noise
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Light Pulser Paper

There is a paper in preparation

on the PANDA EMC light pulser system

Focus on forward endcap (installation, �bre routing)

In quite advanced state, need to generate �nal numbers on

long term stability, radiation hardness etc.

An LED-based Monitoring System for the PANDA Electromagnetic Calorimeter

T.Helda, F.H. Heinsiusa, U.Wiednera, P.Musiola, M. Finka, M. Steinkea, C. Schniera, M.Albrechta, T. Erlena, C.Motzkob,

for the PANDA Collaboration

aInstitut für Experimentalphysik I� Ruhr-Universität Bochum� 44780 Bochum
bHelmholtz Institut Mainz� Staudinger Weg 18� 55128 Mainz

Abstract

In order to perform precision measurements with a PbWO4 electromagnetic calorimeter in the high-luminosity environment of the

PANDA experiment a frequent monitoring of radiation induced transmittance losses in the crystals on a level of 0.1 % is required.

This precision has to be achieved on a day-to-day basis between regular π0/η invariant mass calibrations occuring at least once a

day. The transmittance of the individual crystals will be checked by a monitoring system consisting of a high intensity LED source,

an optical fiber distribution system and a novel and compact continuous light attenuation method based on LCDs.

Keywords: Monitoring system, Scintillating crystal, Electromagnetic calorimeter, Lead-tungstate

1� Introduction

The purpose of the PANDA monitoring system is a moni-

toring of light transmission losses in the individual crystals of

the PANDA target electromagnetic calorimeter. It also provides

a valuable diagnostic tool for the whole readout chain of ev-

ery single calorimeter channel as the light source was designed

to model the scintillation light of PbWO4. That is short light

pulses with a rise time of a few nano seconds, a wavelength

of about 420 nm, and a variable intensity corresponding to an

energy equivalent range of 10 MeV up to 12 GeV distributed

by a system of optical fibers to every crystal in the calorime-

ter. This offers the possibility to check the proper operation

of photo detectors, preamplifiers, shaper modules and even the

feature extraction algorithms following the AD conversion of

the signal pulses.

The system has to be operational in high radiation environ-

ment and critical climate conditions, located near the detector

with restricted maintenance access.

In this paper we will report on the design, the performance,

and on the installation scheme of an LED light pulser monitor-

ing system for the forward endcap part of the target electromag-

netic calorimeter of the PANDA detector. The system will also

serve on the barrel and backward endcap parts of the PANDA

calorimeter.

2� The PANDA Electromagnetic Calorimeter

The PANDA target electromagnetic calorimeter is located

inside the superconducting coil of the PANDA solenoid and

consists of three independent structures, that is the central barrel

calorimeter and two endcaps closing the target calorimeter in

upstream and downstream beam direction. The barrel is build

up of 11360 crystals, while the forward and backward endcaps

contain 3856 and 524 crystals, respectively.

In consequence of the resulting space limitation and the de-

mand of fast response to cope with high particle rates of up to

500 kHz in the innermost forward endcap crystals at full lu-

minosity, the high-density scintillator material PWO-II, an im-

proved PbWO4 (PWO) derivate in terms of light yield and radi-

ation hardness, was chosen for the target calorimeter. [1]

However, a sufficient light yield to properly cover the whole

energy range from 10 MeV to 15 GeV is still only achievable

under operating conditions of -25 ◦C, improving the light yield

by a factor of about four compared to an ambient temperature

of �25 ◦C.

While the scintillation mechanism of lead tungstate in gen-

eral is independent of the radiation dose absorbed, the optical

transmission even of the improved PWO-II type becomes dete-

riorated under ionizing radiation due to the build-up of color

centers. Enhanced radiation induced absorption occurs near

the maximum of the scintillation emisson at 420 nm and to a

slightly lower amount around 550 nm while it is far less pro-

nounced at higher wavelengths. Spontaneous annealing of this

radiation damage occurs but is drastically suppressed by the

PANDA calorimeter operating temperature.

The crystals therefore are equipped with one 460 nm LED

each on the read-out side in order to stimulate a recovery from

radiation damages to the transmission properties of the scintil-

lator by illuminating with DC light whenever there is no data

taking. [2]

The scintillator material PWO-II is expected to show a sat-

uration of radiation induced transparency loss at integral doses

of 30-50 Gy, resulting in a maximum light loss without LED

light annealing of about 30 %.

The PANDA physics programm requires a calorimeter en-

ergy resolution of

σE�E ≤ 1% ⊕
≤ 2%
√
E[GeV]

(1)
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and a single crystal energy threshold of at least 3MeV with

an angular coverage of 99 % of 4π. The targeted spacial reso-

lution of up to 0.1 degrees in the forward endcap of the target

calorimeter demands a high granularity of 15740 crystals in to-

tal, broken down to barrel, forward and backward endcap as

stated above. The crystals are tapered and shaped depending on

their position inside the calorimeter, showing dimensions in the

order of 25 � 25 mm2 front face and footages of 17 radiation

lengths corresponding to about 22 cm. A detailed description

of the PANDA electromagnetic target spectrometer is given in

the Technical Design Report EMC [3].

The scintillation light of the crystals will be detected by two

kinds of photo sensors. In the predominant part of the calorime-

ter this will be large area avalanche photo diodes of type S11048

by Hamamatsu with a photo sensitive area of 100 mm2, specif-

ically developed for the PANDA calorimeter readout. In the

very forward region of the forward endcap where the photo de-

tectors will have to withstand the highest radiation dose rates

and signal loads the corresponding inner 768 crystals are read

out by R11375-01 vacuum photo tetrodes with high rate capa-

bility and radiation hardness, as well specifically developed and

supplied by Hamamatsu.

3� LED Pulser System

3.1. Overview

The PANDA calorimeter light pulser system consists of sev-

eral identical pulser units in two different mechanical shapes

in order to optimally fit to the several compartements inside

the forward endcap calorimeter support frame. The units each

contain the LED light sources and the light mixing and inten-

sity variation mechanisms (figure 2). Each unit provides blue,

PbWO4-like, red, and green light pulses in order to be able to

distinguish radiation induced response changes resulting from

light transmission losses of the crystals from other sources of

degradation. While the spectral response of the photo tetrodes

for green and red light is about 60 % and 7 % of the blue light

response, respectively, the response is about 25 % higher for

green and red light in case of the APDs compared to blue light

response.

Intensity variation of the light pulses by attenuation of the

LED light sources is accomplished by two LCDs the LED light

is passing in series. Light mixing is achieved by feeding the

LED light through a rectangular acryl glass light mixer bar

whose front face is frosted, scattering the light at the entrance

of the mixing bar. This results in a homogeneous illuminated

mixer back face with intensity variations in the order of 5 %

as shown in figure 1. The shape of the intensity profile varies

according to the transmissivity set by the LCD attenuators in

the order of the inhomogenities within a profile. (correct? 2nd

profile at diff. intens.� Konstanz pro position/abschwaechung?)

Each pulser unit provides light pulses for about 1000 crys-

tals coupled from the mixer to light fibres feeding the crystals.

The fibres are routed in groups of four per crystal and are real-

ized as one-piece paths without coupling elements in between

light source and crystal.
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Figure 1: Typical profile of light intensity at light mixer bar back face

Figure 2: Overview of the PANDA calorimeter light pulser system

The light pulse intensities coming from the individual light

pulser modules are monitored by a reference system as described

in detail in section 5.

3.2. Light source

The LEDs used in the PANDA calorimeter light pulser sys-

tem are Philips Lumiled Luxeon Rebel types for all three colors

as given in table 1.

The blue LED, modeling the scintillation pulses of PbWO4,

is driven by a specifically developed circuit, consisting of a

MOSFET STP18NM60ND with intrinsic fast-recovery body

diode at an operating voltage of 400V. The schematic of the

blue LED driver circuit is given in figure 3. Light intensity and

rise time are determined by resistor R4 in parallel with R3. The

higher its resistance, the higher the light output and the larger

the rise time. A value of 550 ohms for resistor R4 in paral-

lel with R3, giving a total gate resistance of about 206 ohms,

results in a pulse shape given in figure 4. The rise time of the

pulses is about 55 ns and their fall time 20 ns. This is to be com-

pared with the pulse shape of the scintillation light of PbWO4
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Figure 17: Transmissivity of the acrylic light mixer bar before and after irradi-

ation with a total dose of 200 Gy

per light source is fed to a reference system consisting of a x � x

� x mm3 LaBr3(Ce) crystal and a Hamamatsu photomultiplier

module H7415 enclosed in a light tight, electrically shielded

box.

The multiplier is optically coupled to both the fibers coming

from the pulser boxes and the scintillator, recording the gamma

spectrum of a 22Na source placed nearby. This way comparing

the position of each light source peak with the photo peaks in

the gamma spectrum one can account for changes in the light

source intensities.

6� Radiation Hardness Tests of Components

All components of the light pulser system have been irradi-

ated by a 60Co source at Strahlenzentrum Giessen. The applied

dose was chosen to be 200 Gy which is factor of x higher than

expected at the position of the light pulser boxes in the detec-

tor for the whole PANDA lifetime. The components have been

tested either individually (LCDs, light mixer bar) or as com-

plete running system.

In an early measurement the LCDs remained fully opera-

tional with a tolerable loss in the dynamic range of the attenu-

ation by about 7 % after an irradiation with 700 Gy at a rate of

30 Gy/h without a change in the transmission curve shape.

The transmissivity of the acryl glass bar has been measured

before and after exposure to a dose of 200 Gy. The correspond-

ing transmission curves are given in figure 17 and are virtually

identical.

A complete light pulser unit has been tested while kept run-

ning exposed to 200 Gy. Result...

7� Mechanical integration

In order to supply all crystals of the PANDA forward end-

cap calorimeter ten light pulser units are needed. They are

mounted inside the forward endcap support frame on eight dif-

ferent positions.

The housings of the light pulser units containing the light

sources, LCDs, and light mixer are made of aluminum (AlMgSi1)

and come in two different shapes, both milled from solid alu-

minum blocks in order to maximize RF-shielding properties.

Figure 18: Dimensions of the light pulser unit housings, all dimensions given

in mm

Having two types of housings allows an optimum use of the

different small compartments inside the aluminum 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 �

110 � 260 mm3, the second one is I-shaped with total dimen-

sions of 53 � 60 � 285 mm3.

On the light output face of the light pulser boxes there is

a square cut-out of 22 � 22 mm2 where the light fiber bun-

dles enter. On the electrical supply face three different types

of sockets are fitted: Stacked USB Type A connectors (Amphe-

nol MUSBC511N1) for the CAN-bus, a LEMO 00 connector

for high voltage supply, chosen because of its small dimen-

sions, and a sealed circular panel with bayonet lock (Samtec

ACR-16) for combined connection of low voltage supply and

external LVDS trigger signals.

Unlike in case of the I-shaped housings cables enter the L-

shaped housings in the same direction as the light fiber bundels.

These kind of boxes are needed at all places in the forward end-

cap frame where there is no space for connection in the back of

the housing.

The L-shaped light pulser boxes are used on the six posi-

tions top/bottom, east/west, southeast, and southwest in the for-

ward endcap support frame as seen from the beam axis. Four

pulser units with I-shaped housings are sitting in the top re-

gion of the support frame. The boxes are mounted electrically

isolated from the aluminum frame by using 3D printed connect-

ing angles made from polyactide and by introducing polyamide

foils where the housings sit on the frame surfaces.

8

Figure 19: Bird’s eye view of the forward endcap showing positions of the light

pulser units

8� Applications of the monitoring system

As intended the system provides PbWO4-like pulses of en-

ergy equivalent intensities corresponding to the whole PANDA

relevant energy range of up to 12 GeV per crystal.

The system proofed to be operational as a highly valuable

diagnostic tool during the respective setups at test beam loca-

tions H4/CERN, Mainz Mikrotron and ELSA/Bonn. Function-

ality checks of every single channel in the forward endcap pro-

totype are performed after completion of system setup as well

as on a regular basis on the running system.

In the development of the forward endcap the system served

as a PbWO4-like light source testing the light throughput of dif-

ferent 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 proc-

dure. This finally resulted in radiation-hard, temperature cycles

withstanding and long-term stable glueings of photo detectors

to the PbWO4-crystals.

During production of the forward endcap subunits the light

pulser system is used as a tool to check proper single chan-

nel performance during different stages of completion. That is

testing of the photo detector-preamp-units, the crystal-read out-

units and the completed subunits.

9� Performance

(Tom)

10� Conclusion

A three wavelength LEDmonitoring system for the PANDA

electromagnetic calorimeter has been designed and constructed.

Installation of the system on the PANDA electromagnetic

forward endcap will start in 2017.
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Summary

Real hardware work done: Steel support frame in Jülich

waiting to grab the PANDA forward endcap

We are very close to the start
of subunit series manufacturing (VPTT)

Just wait for �nal sorting instructions

Some tests to be done concerning

recovery-LED mounting on APD subunits

Looking forward to building the forward endcap (correctly!)
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