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The DArk Matter Particle Explorer (DAMPE) is the first Chinese cosmic-ray direct detection
experiment. It has been operating smoothly on-orbit since its successful launch at the end of
2015. Currently, its sub-detectors and the satellite are in good working order. The DAMPE
payload employs a BGO Calorimeter for energy measurements, trigger and e/p identification.
The calorimeter is constructed of 308 BGO crystals, and PMTs are coupled to the crystals with
optical filters to readout scintillation light. In this work, we present the status and performance of
the calorimeter, including status of detector units, energy measurement, especially in TeV range,
detector endurance, and long term performance in a duration of 65 months.
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1. Introduction

The DArk Matter Particle Explorer (DAMPE) [1] is a high-energy cosmic-ray and gamma-ray
telescope. It was launched into a sun-synchronous orbit at an altitude of 500 km on December 17,
2015. DAMPE is able to extend the energy range of space-based particle detectors to tens of TeV
region with a high energy resolution. The main objectives of DAMPE are as follows: (1) to search
for a signature of dark matter particles, (2) to understand the origin, propagation, and acceleration
mechanisms of high-energy cosmic rays, and (3) to study the gamma-ray emission from galactic
and extragalactic sources. The DAMPE experiment has observed the unexpected feature in cosmic
ray electron, proton and helium spectrum [2–4].

The DAMPE detector is composed of a Plastic Scintillator Strip Detector (PSD), a Silicon-
Tungsten Tracker (STK), a Bismuth Germanium Oxide (BGO) calorimeter and a NeUtron Detector
(NUD), as shown in Fig. 1. The charge, trajectory, and the energy of incident particles are measured
using the PSD, the STK, and the BGO calorimeter, respectively. The calorimeter also identifies
cosmic ray electrons from massive hadron background, and the NUD improves the electron/hadron
separation.

In this paper, we present the calorimeter performance, including status of detector units, energy
measurement, detector endurance, and long term performance in a duration of 65 months (01/2016
- 05/2021).

Plastic Scintillator Detector

Silicon-Tungsten 
Tracker

BGO Calorimeter

Neutron Detector

Figure 1: Schematic view of DAMPE.

2. BGO Calorimeter

The BGO calorimeter is the core sub-detector of DAMPE and measures the energy of incident
particles with high energy resolution. The calorimeter consists of 14 layers, and each layer contains
22 BGO crystal bars with an individual size of 25 × 25 × 600 𝑚𝑚3 (Fig.2). The adjacent layers are
arranged perpendicularly to reconstruct the shower topology in the calorimeter. Scintillation light
is detected at both ends of a BGO crystal bar by two PMTs. The required range of energy response
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for one BGO detector unit (BGO crystal bar + PMTs) varies from 10 MeV to 2 TeV. To obtain a
wide dynamic range, a multi-dynode readout structure of the PMT base is used, with dynode 2, 5
and 8 of the PMT corresponding to low, middle and high gain, respectively. Detailed information
on the readout system and electronics can be found in Ref. [1, 5–8].

The BGO calorimeter provides the trigger signal for the DAMPE data acquisition system.
Until now, the trigger system works stably. The Fig. 3 shows the triggered counts per day in
different energy intervals. Generally, approximately 5 million events are acquired every day, in
which averagely 90 events are beyond 10 TeV.

X Layer (22 BGO bars)

Y Layer

14 Layers

Figure 2: The BGO-crystal bar arrangement in the calorimeter. There are 14 layers, each layer containing
22 BGO crystal bars.
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Figure 3: Triggered counts per day in different energy intervals.
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Figure 4: Temperature variations detected by four monitors equiped in the calorimeter. The blue curve
represents the monitor attached on the FEE board, and the other three are those attached on the BGO crystal
bars.

In orbit environment, the performance of calorimeter is affected by several factors. Temperature
is one of the most important factors which depends on the angle of the satellite, as it gets heated
by sunshine. Fig.4 shows temperature variations detected by four monitor equiped inside of the
calorimeter. The blue curve represents the monitor that is attached on the front electronics board,
and the other three are those attached on the BGO crystal bars. The temperatures varied periodically
with the change of the solar illumination angle. Overall, an upward trend could be observed because
of the aging of satellite thermal insulation materials.

3. Status of Detector Units

The calibration of individual detector unit’s energy scale is crucial for whole calorimeter
performance. Differ from the ground experiment, there isn’t any mono-energetic sources for
calibration on orbit. Cosmic-ray proton events without hadronic shower in the calorimeter, referred
to as Minimum Ionizing Particle (MIP) events, are utilized to calibrated the energy scale in space.
The MPV value obtained from proton MIPs spectrum is adopted as the absolute energy scale.

Fig. 5 shows the daily variation of the MPV values of the MIPs spectra and the corresponding
temperature variation. Due to the temperature effect on the light yield of BGO crystals, the MPV
value and the temperature are roughly anti-correlated. The temperature effect in a short time could
be ignored since temperature variation rate is approximately 0.1%/day. Thus, we perform MIPs
calibration in every orbit to correct the temperature effect. The energy scale stablity is better than
1% after the temperature correction [5].

The calorimeter is designed to cover a wide energy dynamic range. For such a purpose, a
multi-dynode read-out method is adopted. We monitor the stability of gain of dynodes. For most
channels, the gains slightly increased for several percent during 65 months. A typical channel of
the gain between dynode 5 and 8 is shown in Fig. 6.
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Figure 5: Variations of the MIP MPV value (upper panel) and the BGO temperature (lower panel) with time.

Due to the long-term exposure in the cosmic ray radiation environment, the BGO crystals
are aged. This can lead to the decrease of fluorescence light output and deterioration of light
transmittance. Thanks to the two sides readout design of a detector unit, the light attenuation length
of a BGO crystal bar could be calibrated, whose mean value is 1700 mm [9]. We monitor the aging
effect through the changing of attenuation length. Fig. 7 shows the attenuation length variation
of one typical crystal with time. Averagely, the attenuation lengths of all crystals have reduced for
roughly 10% in a duration of 65 months.

4. Performance of Energy Reconstruction

In order to evaluate the stability of energy reconstruction, we check the raw energy spectrum
reconstructed in different years, as preseted in Fig. 8. In this result, the spectrum for each year show
a good consistency beyond 0.5 GeV. The spectrum below 0.5 GeV depend on the solar activity,
which is different year by year. Beyond 100 TeV, it shows a cutoff in the spectrum of every year,
which corresponds to the energy measurement upper limit caused by saturation of detector units.
In general, the calorimeter shows good stability of energy reconstruction in past 5 years.

The TeV range, in which the community is interested, we also evaluated the energy recon-
struction with cosmic-ray electrons (CREs). The energy deposition on BGO crystal located at the
electromagnetic shower center is analyzed and compared with the GEANT4 Monte Carlo simula-
tion. Fig. 9 shows the most probable value of energy deposition in shower center as a function of
total energy deposition in calorimeter, where the red dots are orbit data and the open blue squares
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Figure 6: Variations of the PMT gain with time.
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Figure 7: Variations of the BGO attenuation length with time.

are simulation. The result indicates that, up to 2.5 TeV, the energy reconstruction are consistent with
the Monte Carlo one, and shows good energy linearity. The fluorescence saturation of scintillator
is not observed in this result. Beyond 2.5 TeV, more statistic of electron data needs to be acquired
to give a reliable validation.

5. Summary

The DAMPE detector has been operating nearly 5.5 years. In this work, we review the on-orbit
performance of the DAMPE calorimeter. The detector units are in good working order, and proper
calibration and energy reconstruction are performed to ensure high-quality data producing.
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Figure 8: The deposited
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Figure 9: The deposited energy of a BGO crystal located at EM shower center as a function of the total
deposited energy, where flight data are set to red dots, and MC simulations are set to open blue squares.
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