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Spatial resolution =  (45.0 ± 0.1) µm
(taking into account the external beam 

telescope resolution)

Mean efficiency = 99.6 %

Z µ s s/µ
2 1.99 0.31 15 %
3 3.07 0.40 13 %
4 4.01 0.51 12 %
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HERD in a nutshell
The High Energy cosmic-Radiation Detection (HERD) facility has been proposed as one of several space astronomy payloads

onboard the China’s Space Station (CSS), planned for operation starting around 2027 for about 10 years.

The experiment is based on a 3D, homogeneous, isotropic and finely-segmented calorimeter that will measure the cosmic 
ray flux up to the knee region, search for indirect signals of dark matter and monitor the full gamma-ray sky.

Search for signatures of annihilation/decay products of dark 
matter in:
• energy spectrum and anisotropy of high energy 

electrons+positrons (10 GeV – 100 TeV);
• gamma-rays (100 MeV – 100 TeV).

Measurements of energy spectrum of p and He up to a few
PeV and heavier nuclei up to a few hundreds of TeV/n.

• The first direct measurement of p and He knees will be
very important to understand the physical nature of the
knee of cosmic rays.

• The extension of the B/C ratio to high energy will probe
the propagation mechanisms of cosmic rays.

The objectives of HERD

M. Aguilar, L.A. Cavasonza, G. Ambrosi et al. Physics Reports 894 (2021) 1–116

Fig. 55. (a) Map of the incoming electron directions in galactic coordinates observed by AMS on the ISS. (b) Expected map of the incoming electron
directions for the isotropic distribution of electrons in galactic coordinates. The electron data show � < 0.005 at the 95% C.L.

Fig. 56. The AMS positron fraction. Other recent measurements from PAMELA, Fermi-LAT, MASS, CAPRICE, AMS-01, and HEAT are shown for
comparison.

Fig. 57. The AMS combined electron and positron flux, multiplied by E3, together with the measurements from ATIC [88], HESS [89], Fermi-LAT [90],
DAMPE [91], and CALET [92].
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Monitoring of the gamma-ray sky from 100 MeV to
• extend the Fermi-LAT catalog to energy > 300 GeV;
• increase the chance to detect rare gamma-ray events;
• search for dark matter signatures;
• study of galactic and extragalactic gamma-ray sources

and diffuse emission;
• detection of high energy gamma-ray bursts.

Multi-messenger astronomy
Possible synergy with other experiments designed for: g (CTA, LHAASO), neutrinos (KM3NeT, IceCube), and gravitational waves (LIGO, Virgo).

CSS expected to be completed in 2022

Orbit Circular low Earth orbit (LEO)

Altitude 340 km – 450 km

Inclination 42°

Field of view +/- 70° off the zenith

Power < 1.5 kW

Mass < 4 t

Number of crystals ~ 7’500 LYSO (X0 = 1.14 cm)
Crystal dimensions ~ 3 x 3 x 3 cm3

Radiation length 55 X0

~ 21 LYSO 
crystals

Nuclear interaction 
length

3 lint (simulation à > 2 lint for 100 TeV
& > 3 lint for PeV CR @20% energy 

resolution)
Fiber readout 3 WLSF (⌀ = 0.3 mm)/crystal (low & high range, trigger)

Encapsulation of 3 
WLSFs with 

optical cement 

WLSFs coupled to a LYSO cube 
(coated with titanium dioxide) 

and covered by a reflector 

Energy resolution for Montecarlo protons

ICRC 2021 - CRD PSD of the HERD space mission 3

The Plastic Scintillator Detector

Two design layouts are currently investigated, one based on long scintillator bars while the 

other on square (or rectangular) tiles, both coupled with Silicon Photomultipliers (SiPMs).

In the tile configuration, rectangular scintillators are being tested in order to 

cover both top and lateral faces of the instrument, adopting similar 

instrumentation technique to Fermi–LAT that provided satisfactory results in 

reducing back–splash effects.

PSD: Tile option

Beam test @ CNAO

PSD: Bar option

The proposed bar layout consists of long scintillator slabs.. Main advantages of this 

layout concern the optimal number of readout channels and ease of instrumentation.

90Sr electronsCR muons

90Sr source

CR muons

90Sr electrons

Light attenuation length 

IsCMOS PD

• It is the outermost detector to avoid earlier charge-change 
interactions.

• It is finely segmented to minimize the contamination of backscattered 
particles in the charge measurement.

• Design based on the DAMPE Silicon-Tungsten tracker converter.

Preliminary

• 7 x-y tracking planes in each sector (1 top and 4 side sectors)
• 6 x + 10 y in each side plane 
• 10 x + 10 y in each top plane 
• Module = 1 fiber mat + 3 silicon photomultiplier (SiPM) arrays

• PSD provides g identification (VETO of charged particles) and nuclei identification (energy loss µ Z2).
• Requirements:

• high efficiency in charged particles detection (> 99.98 %);
• high dynamic range to identify nuclei at least up to iron;
• finely segmented to minimize the contamination of backscattered particles in the charge measurement.

• Two configurations are under investigation: one with long bars (160 cm – 180 cm) and one with square tiles (10 cm × 10 cm) 
both coupled with Silicon Photomultipliers (SiPMs). 

PSD

SCD

1 DAMPE tracking layer = 16 ladders

TRD
The TRD, installed on a lateral face of the detector, is needed to calibrate the response of the calorimeter to high energy 
hadronic showers.

• Energy measurement 
• Electron/proton separation

CALO: CALOrimeter

• Track reconstruction 
• Low energy g ray conversion (gà e+ e-)
• Charge measurement (|Z|)

FIT: FIber Tracker 

• Charge measurement (|Z|)
• g ray identification

PSD: Plastic Scintillator Detector

• Charge measurement (|Z|)
SCD: Silicon Charge Detector

• Energy calibration of TeV nuclei
TRD: Transition Radiation Detector

First readout system: Wavelength shifting fibers (WLSFs) 
coupled to Image Intensified scientific CMOS (IsCMOS) cameras

Second readout system: Photodiodes (PD) 

HERD 
1 m long

mechanical prototype

DAMPE

258 X. Liu et al.

Fig. 1 Left: structure diagram of the detector; Right: prototype of the detector

Fig. 2 Working principle of the detector

and Technology of China with the aim of processing readout
data.

Figure 2 shows the schematic diagram of the Side-On
TRD. As shown in the figure, when a charged particle is
passing through the radiator, all the interfaces between two
media will generate forward TR photons. The TR photons
then enter the X-ray detector. TR photons are absorbed by
the working gas occur to photoelectric effects and generate
photoelectrons. The photoelectron will drift to THGEM and
be amplified with THGEM, and then drift to the reading bar
under the electric field. Finally, the signal of TR is obtained
by readout electronics. The energy deposition from TR pho-
tons is point-like andproduces clusterswith large amplitudes;
therefore, the TR energy is deposited in a tiny area. The read-
out plate is divided into 64 channels; a threshold value is used
for the signal amplitude to select the channel where the TR
signal is located. The TR signal is analyzed by the threshold
crossing channel with a little ionization energy losses.

Radiator

In order to achieve the purpose of increasingTRphoton yield,
TR radiators are generally composed of substances with low
Z (atomic number) and with multilayer interface overlapping
structures.We increase the yield of TRphotons by simulating

the foil material, foil thickness, and gap thickness [8]. A
new prototype of a regular radiator has been designed with
0.02-mm PP foil material and 0.8-mm air gap material. A
300-layer foil radiator with a total length of 246 mm is used
in the experiment. The regular radiator prototype is shown in
Fig. 3.

Side-On X-ray detector

The side-onX-ray detector is built with a chamber, field cage,
two layers of THGEM, and anode. The scheme of side-On
TRD is shown in Fig. 4. Two 50×50 mm THGEMs are used
for amplifying the electrons, which had the thickness, the
aperture, the hole spacing, and the edge rim of THGEMwith
0.2 mm, 0.2 mm, 0.5 mm and 0.005 ∼ 0.01 mm [9], and
the transfer gap (between the THGEM foils) of 4 mm. The
X-ray detector is built with a drift distance of 70 mm and an
induction gap (between the second THGEM and the anode
readout layer) of 3 mm. The anode plate is made of a copper-
clad PCB, the strip readout with 0.65 mm width and 0.8
mm strip pitch is used. The bottom layer of the anode plate
is covered with a layer of copper foil as a ground, which
effectively shields the influence of the electromagnetic noise.
Fig. 5 is the schematic diagram of the field cage; the side
window of the field cage is empty to facilitate the passage of
particles. The strips of the field cage are copper-coated, while
the 1 G! resistor is welding between two adjacent strips to
keep the electric field uniform in the field cage.

Readout electronics

The electronic system is constituted of two parts: an inte-
grated board named Front-End Card (FEC) and the Data
Collection Module (DCM). The ASIC for General Electron-
ics for TPC chip (AGET), which is developed by Saclay in
France, was employed as the FEC to read out the electronics
signal in 64 channels. The AGET possesses four options of
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Radiator: Polypropylene 
foils + air gaps

B. Huang, H. Liu, X. Huang et al. Nuclear Inst. and Methods in Physics Research, A 962 (2020) 163723

Fig. 2. (Color online) TR photon energy spectra for different gap thicknesses l2 (left), and number of photons as a function of l2 (right), for a radiator consisting of 300 PP foils
(l1 = 20 �m) crossed by 2.5 GeV/c electrons. In the left-hand plot, solid multiplication sign: l2 = 800 �m, solid cross: l2 = 700 �m, solid rhombus: l2 = 600 �m, solid pentagram:
l2 = 500 �m, solid reversed triangle: l2 = 400 �m, solid triangle: l2 = 300 �m, solid square: l2 = 200 �m, solid circle: l2 = 100 �m; hollow multiplication sign: l2 = 10 000 �m;
hollow cross: l2 = 8000 �m, hollow rhombus: l2 = 6000 �m, hollow pentagram: l2 = 5000 �m, hollow reversed triangle: l2 = 4000 �m, hollow triangle: l2 = 3000 �m, hollow square:
l2 = 2500 �m, hollow circle: l2 = 2000 �m; different line styles indicate the gap thickness from 900 to 1600 �m, respectively, and they almost overlap each other at the height of
the TR spectrum.

Fig. 3. TR spectrum as a function of photon energy for different number of foils N (left), and number of photons as a function of N (right), for a radiator consisting of PP foil
(l1 = 20 �m) and air gap (l2 = 800 �m) crossed by 2.5 GeV/c electrons. In the left-hand plot, solid line: N = 800; cross: N = 700; rhombus: N = 600; pentagram: N = 500; reversed
triangle: N = 400; triangle: N = 300; square: N = 200; circle: N = 100.

Fig. 4. TR photon energy spectra for different Lorentz factors � (left), and the number of TR photons as a function of � (right), for a radiator consisting of N = 300 PP foils
(l1 = 20 �m) and air gap (l2 = 800 �m). In the left-hand plot, solid line: � = 40 000; cross: � = 20 000; rhombus: � = 10 000; pentagram: � = 8000; reversed triangle: � = 5000; triangle:
� = 3000; square: � = 1000; circle: � = 500.

The prototype of Side-On TRD which was tested at the CERN SPS is
shown in Fig. 6. As shown in the left picture, the chamber is made of
aluminum alloy, and it is divided into two parts, body and cover. There
are two side-on windows of the same size symmetrically placed on the
lateral walls of the chamber, one of which is used to fix the radiator.
On the other side, there are five high-voltage connectors, which provide
high voltage for the Thick Gaseous Electron Multiplier (THGEM) [39]
and the field cage. Two holes are used to provide counting gas for the
detector and to keep the gas composition constant inside the chamber.

The detector thickness has to be chosen carefully to absorb a max-
imal amount of TR photons and also minimize the ionization energy
loss of the charged particles. Actually, the peak of the TR spectrum
generated by GXU0.5 ù 300 mainly concentrates in the interval 6–
14 keV. In order to reduce the background from energy loss, the
thickness has to be kept low enough, but that would also decrease
the detection efficiency. Here we design a new prototype of TRD with
64 channels of readout electronics, called Side-On TRD, to reduce this
problem. A scheme of the side-on TRD filled with 5-cm counting gas is
shown in Fig. 7. When charged particles pass through the radiator and
enter into the detector, secondary electrons produced along the track
are drifted vertically towards the anode by the applied electric field. If

a TR photon is produced, it will be converted into a photoelectron by
photoelectric effect in the gas; the electron will drift vertically to the
corresponding channel of the anode. The signal in channels detecting
photoelectrons from TR absorption is on average stronger than the
signal from ionization energy loss. In this way channels with TR signal
can to some extend be separated from the background due to energy
loss.

4. Results of test beam experiment

To verify the performance of the Side-On TRD prototype and its
readout system, test beam data were taken at the CERN SPS in Novem-
ber 2018. We use the TRD with and without radiator to start test beam
experiment. The radiator and counting gas are separated by PP foil
with the thickness of 100 �m. Since the electric field is not be evenly
distributed at the edges of the field cage, we select only experimental
data from the middle channels between 12–53 to minimize the effect.
The same experimental conditions and selection of the channels were
applied in the simulation. In the simulation setup, the regular radiator
consists of 20 �m PP foil and 800 �m air gap, and the number of layers
is 300; the X-ray detector is fulled of a mixture gas of 90%Ne+10%CO2;
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THGEM: Thick
Gaseous Electron 

Multiplier

• TRD response calibrated 
using [0.5 GeV, 5 GeV] 
electrons in space (and 
beam test).

• CALO response calibrated 
using [1 TeV, 10 TeV] 
protons from TRD.

Energy resolution for electrons

Position residual distribution Hit detection efficiency

Charge resolution for nuclei 
heavier than protons

Birks saturation

Test prototype with bars

Test prototype with tiles

Light yield for 90Sr electrons

FIT demonstrator on a vertical shaker Module prototype
1 DAMPE ladder = 4 single-sided Silicon micro-Strip Detectors (SSDs)
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Y. Jia et al. NIM A 972 (2020) 164169 

Charge resolution for Montecarlo
1H, 4He, 12C, 16O, 28Si, 56Fe of 10 GeV/n 

Number of TR photons as a 
function of the Lorentz factor
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