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Abstract: In China, a satellite has been proposed for searching the dark matter, and the major payload will be a particle detector 
to investigate the composition and energy spectra of primary cosmic rays, especially for electrons, positrons and gamma rays, over an 
energy range from 5 GeV to 10 TeV. A Bismuth Germanate (BGO) calorimeter, which composed of a stack of BGO crystals, is a 
critical sub-detector for measuring the energy of cosmic particles. Right now the project is in progress, and a scale-down prototype 
has been assembled, which is composed of two trays of BGO crystals and two trays of plastic scintillators. In this paper, the readout 
system designed for the prototype detector and its performances deduced by initial results of the underway ground cosmic experiment, 
are to be described. 
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1 Introduction 
 
Searching the high energy baryonic particles, such as 

high energy gamma rays, electrons, positrons, anti-
protons, etc, which may be produced by annihilation of 
dark matter particles, is an important method for dark 
matter exploration. Many such space-based experiments 
have been carried out, such as the ATIC Antarctic Bal-
loon experiment [1], the Fermi satellite [2], and the PA-
MELA satellite [3]. There are also other experiments in 
progress, such as AMS02 supported by the U.S. govern-
ment[4], and CALET supported by Japanese government 
[5]. 

In China, a scientific satellite (temporarily named 
TANSUO) has been proposed by Purple Mountain Ob-
servatory, University of Science and Technology of Chi-
na, etc [6]. The major scientific objectives is to find the 
clue of dark matter particles by investigating the compo-
sition and energy spectra of primary cosmic rays, espe-
cially for electrons, positrons and gamma rays, over an 
energy range from 5 GeV to 10 TeV. 

The major sub-detector of the satellite payload is a ca-
lorimeter composed of a stack of BGO (Bismuth Germa-
nate) crystals. According to current design scheme, the 
calorimeter will consist of a stack of 12 trays with 48 
BGO crystals in each tray. Each crystal, together with its 
PMT (photomultiplier tube) and readout channels, have 
to cover the deposited energy range from 11.5 MeV (0.5 

MIP) to 1.7 TeV, to help the calorimeter achieve the goal 
of energy dynamic range and background rejecting. Thus 
the PMT bleeder string base incorporates a three dynode 
pickoff to enlarge the dynamic range of charge mea-
surement. 

The readout electronics system of the sub-detector 
should have 1728 signal channels, each with a dynamic 
range of nearly one thousand. There are some other strict 
requirements, such as ultra-high reliability, ultra-low 
power consumption, etc, to insure that the readout system 
can survive harsh conditions in spacecraft and accom-
plish the mission.  

Right now the project is in phase A, and a scale-down 
prototype, used for ground-based cosmic tests, has been 
set up. The prototype detector is composed of a stack of 
two trays of BGO crystals and two trays of plastic scintil-
lator strips. 

 

2 Architecture of the prototype detec-
tor 
 

As illustrated in Figure 1, the prototype detector con-
sists of two parts: the hodoscope composed of a stack of 
two trays with 15 plastic scintillator strips in each tray, 
and the calorimeter composed of a stack of two trays 
with forty-eight 2.5 cm by 2.5 cm by 30 cm BGO crys-
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tals in each tray. The calorimeter is a 1/6 small system of 
the BGO calorimeter in the proposing satellite. 

BGO Crystal
24×2×2=96

L1
L2

Plastic Scintilltor

 
 

Figure 1. Architecture of the prototype detector. 
 

Both for the hodoscope and the calorimeter, their two 
trays are oriented by 90o to provide a X-Y measure of the 
particle hit” position. 

Each BGO crystal is viewed at one single end, through 
an air gap, by a Hamamatsu R5611 PMT. The PMT 
bleeder string base incorporates a three dynode (dynode 
1, 4 and 7) pickoff to extend the dynamic range [7]. Each 
scintillator strip is also viewed by a single Hamamatsu 
R5611 PMT. Only the dynode 7 signals are readout by 
the electronics module, and the dynode 10 signals are 
sent to the Trigger Module for trigger generation. 

  

3 The Readout Sytem  
 
3.1 Architecture of the Readout System 

   
Figure 2 shows the top-level diagram of the readout 

system designed for the prototype detector. The individ-
ual electronics will be detailedly discussed below. It 
consists of the following elements: 

 
The Front End Electronics module (FEE); 
The Data Acquisition module (Sub-DAQ); 
A DAQ software running on a Personal Computer. 
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Readout of ScintillatorsReadout of BGO Calorimeter  
 

Figure 2. Architecture of the Prototype Readout System. 

There are 5 FEE modules: four of them are used for 
the BGO calorimeter while the other one is used for the 

scintillator strips. The Sub-DAQ modules are used to 
control the FEEs and collect the data packs from FEEs. 

There are two Sub-DAQ modules: one (#1) works in 
master mode while the other (#2) works in slave mode. 
The master Sub-DAQ collects data from the whole sys-
tem and transfers the data to PC via USB interface. 

 

 

   Figure 3. Picture of the electronics modules and  
the User Interface of the DAQ software. 

                 

3.2  The FEE Module 
 
The FEE module is a critical part of the readout sys-

tem. It performs precise charge measurement of the PMT 
signals and provides “hit” signals for the trigger genera-
tion logic in master Sub-DAQ. 

Figure 4 shows a block diagram of the FEE module. 
There are 3 VA32HDR14.2 chips mounted on the FEE, 
with 32 channels in each chip. The output of these 3 
chips are wired together to a I-V conversion circuit and 
digitized by a single 16-bit ADC (analog-to-digital con-
verter).  
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Figure 4. Block diagram of the FEE module. 

 
Each VA32HDR14.2 channel posses a charge-

sensitive amplifier (CSA), and the output signal of each 
amplifier is lead to an output pin. The amplifier output 
can be sent to a discriminator to generated “hit” signal. In 
the current design scheme, only the CSA outputs of dy-
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node 7 are fed to discriminators. As each FEE is in 
charge of a half BGO layer with 24 PMTs, there are 24 
“hit” signals.  

The control logic of three ASIC chips and one ADC 
are implemented in a Virtex-II FPGA. The charge mea-
surement result of each channel will be packed and 
fetched to Sub-DAQ module. 

A built-in charge-injection circuit is incorporated in 
the FEE module for charge calibration of each channel. 
An analog switch is used to generate step pulses and then 
injects charge into ASIC chips through a capacitor. The 
amplitude of the calibration charge is determined by the 
voltage set by a 12-bit DAC (digital-to-analog converter). 

In order to record the ambient temperature of the elec-
tronics during long term tests, a temperature sensor digi-
tal interface is mounted on the FEE. The real-time tem-
perature can be readout by FPGA and inserted to the data 
packs. 

3.3  The Sub-DAQ Module and DAQ soft-
ware 

 
The Sub-DAQ module generates and fans out trigger 

signals, reads event data from FEEs, and transfer the data 
to PC.  

 

FPGA
Logic

FEE 
Interface

FPGA
Logic

USB 
Interface

SDRAM

×6

Sub_DAQ 
Interface

PC

Sub-DAQ 1.0

 

Figure 5. Block diagram of the Sub-DAQ module. 
 
Figure 5 shows the block diagram of the Sub-DAQ 

module. The Sub-DAQ handles at most 6 FEEs by indi-
vidual interfaces. A USB interface is used to receive 
command words from PC and to upload data to PC. The 
logic of Sub-DAQ is implemented in an Altera Cyclone-
II FPGA. Besides the memory resources in FPGA, a 
SDRAM chip is adopted to buffer the event data. 

A DAQ software based on Labwindows/CVI was de-
signed for the data acquisition of ground-based comic ray 
experiment. The software, running on PC, is also used 
for electronics testing. It can control a waveform genera-
tor (Tek AFG3251) via Ethernet, to test the performances 
of every FEE channel automatically. 

4 Test Results 
 

4.1  Electronics Test 
 

Figure 6 shows the sweep test result of one charge 
measurement channel (FEE4#-Ch1), using a Tek 
AFG3251 waveform generator. The charge is injected to 
the FEE channel by a step pulse, through a 5 pF capacitor.  
 

 
Figure 6. Sweep test result of charge measurement. 
 

 
 

Figure 7. Calibration result of charge measurement. 
 

Figure 7 shows the result of calibration sweep test. 
The test signal is generated by the calibration circuit 
implemented on the FEE module. 
 
4.2 Primary Result of Cosmic-ray Test 

 

 
                     

Figure 8. Picture of the prototype detector installed 
with the read-out system. 
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The prototype detector has been assembled successful-
ly in Purple Mountain Observatory and the ground-based 
cosmic-ray test is still in progress, as shown in Figure 8. 
Right now we have already got some primary results.  

 

 
 
Figure 9. Charge distribution for cosmic ray. 
 

 

Figure 10. Correlation between signals from dynode 4 
and dynode 7. 
 

Figure 9 shows the muon spectrum from the PMT dy-
node 4 and dynode 7 channels, for the comic ray.  

Figure 10 shows the correlation between signals from 
dynode 4 (medium energy range) and dynode 7 (low 
energy range). From data fitting, the relative gain from 
dynode 7 to dynode 4 is about 30 at a PMT high voltage 
of about 650V (connected to dynode 8). 

As the energy deposit of cosmic rays on ground is ra-
ther small, it’s hard to distinguish the dynode 1 spectrum 
from pedestal. The spectrum of dynode 1 and the relative 
gain of dynode 4 to dynode 1 are not shown in this paper. 

 

5 Summary 
 
A readout system for the prototype of the major payl-

oad of the Chinese dark-matter-searching satellite, which 
is composed of five Front End modules, 2 Sub-DAQ 
modules and a DAQ software running on a PC, has been 
designed and successfully developed. Right now the 
prototype detector and the readout system are still run-
ning for ground-based cosmic-ray experiment. Some 
primary results are given in this paper. The test result 
shows that the readout system is compatible with the 
prototype detector, and its main features can satisfy the 
requirements of the detector. 
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