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DArk Matter Particle Explorer (DAMPE)

Launched on Dec 17, 2015,
from the Jiuquan Satellite Launch Center,
Gobi desert, China.

Operates on a sun-synchronous
Sky-survey mode,permanently oriented to zenith 

DAMPE satellite



Part1: The DAMPE detector
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DAMPE physics goals

DAMPE Prelim
inary

DAMPE e/p 
separation

PoS(ICRC2017)1076

DAMPE proton flux measurement Chuan Yue

of the energy measurement, a CR nucleus does not deposit its energy fully in the calorimeter. As
a consequence, the energy resolution for protons in DAMPE is ⇠ 15% at 100 GeV and ⇠ 25%
at 10 TeV [11]. To convert the measured energy spectrum to the primary energy spectrum, it is
necessary to unfold the instrument response. Instead of correcting the particle energy event-by-
event, the unfolding procedure enables an estimate of the energy distribution of incident particles
from the deposit energy distribution. The response matrix was obtained with MC simulations
and parametrized with emprical functions. The systematic error due to the unfolding procedure is
estimated by varying the parametrization of the response matrix, which is found to be less than
1.5% below 100 GeV and ⇠ 4.2% at 10 TeV.

4. Results and discussion

Figure 6 shows the preliminary proton flux as a function of kinetic energy measured with
DAMPE, compared with previous measurements by PAMELA [4], ATIC-2 [3], AMS-02 [5] and
CREAM-III [18]. The statistical errors are ploted as error bars while the systematic errors are
showed with a band. Note that for the CREAM-III data we also add ⇠ 10% uncertainties, primarily
due to the uncertainty from the energy scale [18]. Our results show good agreement with the AMS-
02 and PAMELA data for Ek . 200 GeV. The spectral hardening at Ek & 200 GeV can be observed
from our measurements, confirming the previous results.
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Figure 6: The preliminary E2.7
k weighted flux of CR protons measured by DAMPE, compared with previous

results by PAMELA [4], AMS-02 [5], ATIC-2 [3], and CREAM-III [18]. The error bars represent statistical
errors and the grey band shows the systematic errors.

More detailed analysis of the DAMPE data and more precise estimation of systematic uncer-
tainties are on-going. With the accumulation of data, DAMPE is expected to measure the proton
spectrum up to 100 TeV with high precision, which will represent a significant step forward in
understanding the origin and acceleration of CRs.
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DAMPE Preliminary

proton cosmic-ray flux, ICRC2017
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electron cosmic-ray flux  
doi:10.1038/nature24475

(published: Nov 2017)

DAMPE data

Gamma-ray astronomy Search for indirect Dark Matter signatures 
Astro-particle physics at GeV multi-TeV region
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The DAMPE detector
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Figure 1: Schematic view of the DAMPE detector. Sensitive detectors and support structures

are shown. The z-axis of the DAMPE coordinate system is oriented to the zenith, orthogonal

to the STK planes and y points to the sun.

Moreover, thanks to its high position resolution, the direction of incoming pho-51

tons converting into electron-positron pairs in the STK’s tungsten plates can be52

precisely reconstructed. In order to fully exploit the trajectory reconstruction53

capabilities of the STK, a precise alignment of the instrument is needed, as54

explained in the paper.55

The paper is organized as follows. In Section 2 the STK is briefly described.56

Section 3 provides the details of the on-orbit data and simulation used in the57

alignment analysis. Section 4 gives an overview of the data reconstruction pro-58

cedure. In Section 5 the alignment procedure is described in detail. In Section 659

the results on the STK position resolution are reported. In Section 7 the align-60

ment stability and its on-orbit variations are discussed. Conclusions are given61

in Section 8.62

2. The STK63

The STK [3] is designed to reconstruct the charged particle trajectories,64

identify the direction of incoming gamma-rays converting into electron-positron65

pairs and measure the charge Z of cosmic rays. It consists of 6 tracking double-66

layers, providing 6 independent measurements of the x and y coordinates of the67
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The DAMPE detector

Mass: 1400 Kg 
Power: 400 W 
Data: 13 GB/day 
Lifetime: 5 years 
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The DAMPE detector
Event Display of 330 GeV electron 

candidate in DAMPE
Event Display of 1.3 TeV carbon 

candidate in DAMPE
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Plastic scintillator (PSD)

• 1 X double-layer and 1 Y double layer 
• 82 x 82 cm layer dimension 
• Scintillator bar dimension: 

1.0 (thick) x 2.8 (wide) x 82.0 (long) cm3 
• Bars staggered by 0.8 cm in a layer

Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection8
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Figure 2: (Left) A picture of the STK before the assembly of the last tray. (Right) Schematic

view of the STK with the following parts highlighted: the silicon layers (gray), the tungsten

converters (black), the aluminum corner feet (black) and the supporting trays of carbon fiber

and aluminum-honeycomb (pale gray).

incoming particle. The tracking layers are mounted on 7 supporting trays, as68

shown in Figure 2. To promote the pair conversion of incoming photons into69

electron-positron pairs, three tungsten layers are placed after the first, second70

and third tracking layer. Each tungsten layer is 1 mm thick, for a total of about71

one radiation length.72

Each silicon layer consists of 16 modules, hereafter referred to as ladders73

(Figure 2 left). Each ladder is formed by 4 single-sided AC-coupled Silicon74

micro-Strip Detectors (SSD), daisy-chained via micro-wire bonds. All the 19275

ladders are read in groups of 24 by 8 data acquisition boards [4]. The sensors76

are produced by Hamamatsu Photonics [5] and are 320 µm thick, with dimen-77

sions 9.5 ⇥ 9.5 cm2. They are segmented into 768 strips with a 121 µm pitch,78

whereby the sensitive area of the SSD is 9.29 ⇥ 9.29 cm2. In order to limit the79

number of readout channels while keeping a good performance in terms of spa-80

tial resolution, the readout is done for every other strip [6]. The resulting 38481

channels per ladder are read out by 6 VA140 ASIC chips made by IDEAS [7].82

Thanks to the analog readout and to the charge sharing on the non-readout83

strips, the expected position resolution is better than 70 µm for most incident84

angles.85
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PoS(Vertex 2016)010

The DAMPE silicon tungsten tracker V. Gallo

Figure 4: (Left) Ladders gluing on one support tray. The precision jig allows the gluing of two ladders
at a time. The tray is fixed to a rotation stand to assemble the ladders on both sides. (Right) Metrology
measurement of the position of the sensors of a fully equipped STK plane.

Figure 5: STK before the assembly of the last tray. The 16 ladders belonging to one silicon layer are visible
together with the copper bands mounted on the side of the supporting trays and used for the heat transfer.

TRB
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SSD

Figure 6: Exploded view of STK. The TRBs are mounted on the fours sides of STK and covered with the
radiators.
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BGO calorimeter
22 bars 

per layer

7X 
7Y

• 14 layers (7X and 7Y): 
• horoscopic arrangement, 

alternating X and Y layers  
• 22 bars per layer 
• Total 32 X0 

• Bar dimension: 2.5 x 2.5 x 60 cm3 

• Two PMTs coupled to each bar in 
two ends

Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection11



BGO calorimeter

Carbon Fiber Structure BGO crystal installation PMT installation

Cable arranging Cable connectors BGO calorimeter
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Neutron detector (NUD)

• 4 large-area boron doped 
plastic scintillators   

• 30 x 30 x 1 cm3 scintillator 
dimension

n + 10 B → α + 7 Li + γ

Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection13



Comparison with AMS-02 and FERMI
Comparison	with	AMS-02	and	FERMI	

G.	Ambrosi	

DAMPE	 AMS-02	 Fermi	LAT	
e/γ Energy	res.@100	GeV	(%)	 1.5		 3	 10	
e/γ Angular	res.@100	GeV	(°)	 0.1	 0.3	 0.1	
e/p	discrimina?on	 105	 105	-	106	 103	

Calorimeter	thickness	(X0)	 32	 17	 8.6	
Geometrical	accep.	(m2sr)	 0.29	 0.09	 1	

Mass: 1400 Kg 
Power: ~ 400 W 
Livetime: > 3 years 

DAMPE AMS-02 Fermi LAT
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Part 2: Beam Tests and 
Space Qualifications
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Operation in space
Mechanical stress at launch: 
§ Static acceleration 
§ Random vibration 
§ Sinusoidal vibration 
§ Pyroshock 

Life in space: 
§ Thermal stresses due to Sun-light 

(seasonal / day-night effects) 
§ Vacuum 

Careful Design, Model validation 
and Qualification are needed to 

ensure highest possible reliability 

Operation in space	

G.	Ambrosi	
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DAMPE engineering qualification model (EQM)

SERMS facility, Terni, Italy

• An EQM has been constructed in July 2014 
• Full size model as the final Flight Model (FM) 

• but, only 26 / 192 STK ladders are quipped with real silicon 
sensors, the rest are dummy sensors  

• EQM passed a series of space environmental qualification tests: 
• vibration 
• acceleration 
• shock 
• thermal cycling  
• thermal vacuum 

17Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection



DAMPE EQM beam tests @ CERN
14days@PS, 29/10-11/11 2014

– e @ 0.5 — 5 GeV/c
– p @ 3.5 —10GeV/c
– π-@ 3.0 —10GeV/c
– γ @ 0.5 — 3GeV/c

8days@SPS,12/11-19/11 2014
– e @ 5 — 250 GeV/c
– p @ 400GeV/c (SPS primary beam)
– γ @ 3 — 20GeV/c
– μ @ 150GeV/c

17days@SPS,16/3-1/4 2015
– Fragments: 67 — 167 GeV/c
– Argon: 30A — 40A, 75AGeV/c
– p: 30GeV/c, 40GeV/c

21days@SPS,10/6-1/7 2015
– p  @ 400GeV/c (SPS primary beam)
– e  @ 20 — 150 GeV/c
– γ  @ 50, 75 , 150 GeV/c
– μ  @ 150 GeV /c
– π+@10, 20, 50, 100 GeV/c

18Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection



DAMPE EQM beam tests @ CERN

• 3 dynodes per 
BGO PMT to cover 
wide energy range

• 1% energy 
resolution 
@ 100 GeV
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e/p separation: BT validations
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Figure 37: xtrl distribution for di↵erent beam-test electron samples. Selection
with and without BGO-crack region is used.

Sample Selection Data Monte-Carlo
Electrons 250 GeV vertical w-o BGO-crack 0.992±0.003 0.991±0.003
Electrons 100 GeV vertical w-o BGO-crack 0.978±0.004 0.991±0.003
Electrons 100 GeV inclined w-o BGO-crack 0.975±0.004 0.957±0.001
Electrons 100 GeV inclined with BGO-crack 0.973±0.004 0.982±0.001

Table 3: Fraction of events in the signal xtrl region [0; 12] for di↵erent electron
beam-test samples (data and Monte-Carlo). Selection with and without BGO crack
region is considered.
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e/p discriminator variable

Good data / MC agreement! 
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Figure 34: Sum of shower rms in all BGO layers for 400 GeV proton beam-test
sample.
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Figure 35: xtrl distribution for 400 GeV beam-test protons. Di↵erent xtrl range
and binning is shown. Dashed line corresponds to fixed xtrl cut (xtrl=12). Recon-
structed energy is required to be higher than 150 GeV.
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Figure 36: Typical event displays of 100 GeV electron in the beam-test data sample
with inclined particle direction.
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Figure 34: Sum of shower rms in all BGO layers for 400 GeV proton beam-test
sample.
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Figure 35: xtrl distribution for 400 GeV beam-test protons. Di↵erent xtrl range
and binning is shown. Dashed line corresponds to fixed xtrl cut (xtrl=12). Recon-
structed energy is required to be higher than 150 GeV.
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Figure 36: Typical event displays of 100 GeV electron in the beam-test data sample
with inclined particle direction.
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Beam Test Setup

• Primary ion:  40Ar
• Secondary ions: Z=2-18, A/Z=2
• Energy: 40 GeV/nucleon, 75 GeV/nucleon
• PID for secondary ions with dE/dx detectors on 

beam line: 

Fig1. Beam line Fig2. PID for secondary ions
1

DAMPE EQM beam tests @ CERN: ions
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DAMPE EQM beam tests @ CERN: ions

MIPs spectrum in the BGO crystal (40 GeV/nucleon)

2
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DAMPE EQM beam tests @ CERN: ions
Quenching effect of BGO

Sqrt(MIPs Peak Energy) vs atomic number

𝑄𝑢𝑒𝑛𝑐ℎ𝑖𝑛𝑔𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑀𝐼𝑃𝑠𝐸𝑛𝑒𝑟𝑔𝑦_𝐷𝑎𝑡𝑎
𝑀𝐼𝑃𝑠𝐸𝑛𝑒𝑟𝑔𝑦_𝑆𝑖𝑚𝑢

40GeV/nucleon 75GeV/nucleon

3
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Part 3: In-Flight Performance 
and First Results 

DAMPE in the sky

24



BGO energy scale studies

PoS(ICRC2017)197
DAMPE absolute energy scale Jing-jing Zang
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Figure 4: Cosmic ray electron flux at 1 < L < 1.14. Red solid square is DAMPE flight data, black

open square is back tracing results and red line is best fitting result for flight data. The errors on

flux only contain statistic fluctuation and widths of error bars on energy only represent energy bins

widths. Flight data agrees well with back tracing. By directly comparing fit results of cut off energy

between flight data and backing tracing, absolute energy scale of DAMPE is higher by a factor of

1.23% than back tracing results.

The systematic error induced by IGRF model is assessed by directly comparing DAMPE re-

sult of Fermi-LAT result at same MacIlwain interval. We found that rigidity cutoff measured by

DAMPE is lower than Fermi-LAT’s value by 0.5%.

4. e/p Template(0.4%)

The Monte Carlo template we used to estimate hadron background contamination could in-

duce uncertainty on cutoff rigidity. From the Fig2, the background contamination are about 1%

at 13GeV. To estimate systematic error caused by template fitting, we smoothly verify the left tail

of crystal ball function longer or shorter. We found that contamination changed within 0.5% at

13GeV and 1� 2% at lower or higher energy range. By knowing flux uncertainty due to tem-

plate, we randomly select 500 groups of flux to fit cutoff and find that systematic error due to MC

template should be less than 0.4%.

5. choice of energy interval for secondary template(0.15%)

Secondary template was obtained from low energy flight data sample (E << Ecuto f f ) where

the CRE is secondary dominant. Choice of energy interval (2-4GeV) will affect shape of template

and thus flux and final value of rigidity cutoff. To estimate this kind of uncertainty, we changed

energy interval wider or narrower, closer or farther to the cutoff to extract template and do flux

measurement and cutoff fitting. And we take the max deviation as the systematic uncertainty

caused by secondary template. It is found that the uncertainty is about 0.15%.

8. Conclusion

In this paper, we measured absolute energy scale of BGO calorimeter of DAMPE using 425

days flight data collected from 20160101 to 20170228. By comparing geomagnetic cutoff on cos-

8

Energy scale correction (@13 GeV) = 1.25% ±  1.75% (stat) ±  1.34% (syst) 

• Cosmic-rays with certain rigidity will 
be bent back to space by 
geomagnetic field: 

• causes a cutoff on spectrum of 
cosmic ray e++e- @ ~ 10GeV 

• Allows to estimate absolute 
energy scale by comparing 
calculated geomagnetic cutoff 
with the DAMPE measured one

25Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection
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Figure 10: The e↵ective position resolution for di↵erent x and y planes of the STK estimated

with proton candidates, and defined as the RMS (�12) of the double-Gaussian fit of the

track-hit residual distributions.
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Figure 8: The track-hit residual distributions for proton candidates for internal x layers of

the STK, shown for di↵erent track inclinations. Histograms for layers 2–5 are aggregated and

fitted with the double-Gaussian distribution.

The resulting track-hit residual distributions are shown as histograms of250

di↵erent angular ranges in Figures 8 and 9 for internal (2–5) and external251

(1, 6) x layers of the STK. The residual distributions for the y layers show252

similar behavior. The external layers are treated separately, since they exhibit253

larger residuals due to an increased contribution of the track-projection errors254

for these layers, as expected. The histograms correspond to the data of three255

months, where alignment constants were updated every two weeks, as described256

in Section 7.257

The residual distributions can be fitted with a sum of two Gaussians:

N(xfit � xhit) =
N1p
2⇡�1

e
� (xfit�xhit)2

2�2
1 +

N2p
2⇡�2

e
� (xfit�xhit)2

2�2
2 (9)

�12 =

s
N1�2

1 +N1�2
2

N1 +N2
(10)

where �1 and �2 indicate the widths of the narrower and wider Gaussian respec-258

tively, and �12 indicates the area-weighted average width of the two Gaussians.259

As already described in [15], the double-Gaussian shape of the residual distribu-260
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26

STK plane Residuals before alignment Residuals after alignment
Mean (µm) RMS (µm) Mean (µm) RMS (µm)

x1 137.6 96.5 0.1 55.0
x2 -100.2 164.6 -0.0 44.1
x3 -33.3 52.8 -0.1 41.8
x4 15.6 171.0 0.0 41.7
x5 17.3 167.7 -0.1 42.5
x6 16.4 332.8 0.2 53.6
y1 91.1 433.9 -0.0 51.7
y2 -39.4 56.9 0.1 41.0
y3 25.3 197.3 -0.0 38.9
y4 -97.2 365.7 -0.1 41.2
y5 -13.4 108.5 -0.1 42.1
y6 110.5 412.1 0.2 53.5

Table 3: The mean and RMS values of the track-hit residual distributions for proton candidates for di↵erent STK planes. The
residual distributions include tracks in the whole range of incidence angles.
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Figure 11: The track-hit residual distributions for helium ion candidates for internal x layers of the STK, shown for di↵erent
track inclinations. Histograms for layers 2–5 are aggregated and fitted with the double-Gaussian distribution.
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p resolution: ~ 41 μm (intermediate angles)

He resolution: ~ 36 μm (intermediate angles)
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Figure 7: The normalized distribution of all hits in the tracks with respect to the hit cluster charge multiplied by the cosine of
the track incidence angle. The tracks are required to pass the selection described in Section 6.1.

Moreover, in order to select protons a cut on the cluster charge of each hit belonging to the track is
applied. The cluster charge, corrected for the particle path in the detector, S ⇥ cos(✓), is required to be
lower than 160 ADC counts. If at least one hit in the track does not pass this selection criterion, the track
is discarded. As an example, Figure 7 shows the cluster charge distribution for all the track hits before this
selection is applied. This cut is introduced to eliminate the contribution of helium and heavier ions in the
sample, and has 80% e�ciency for protons, with a residual contamination of helium ions less than 0.15%, as
estimated from the Monte-Carlo simulation. About 0.15M events per day in the data pass these selection
criteria.

The resulting track-hit residual distributions are shown as histograms of di↵erent angular ranges in
Figures 8 and 9 for internal (2–5) and external (1, 6) x layers of the STK. The residual distributions for
the y layers show similar behavior. The external layers are treated separately, since they exhibit larger
residuals due to an increased contribution of the track-projection errors for these layers, as expected. The
histograms correspond to the data of three months, where alignment constants were updated every two
weeks, as described in Section 7.

The residual distributions can be fitted with a sum of two Gaussians:

N(xfit � xhit) =
N1p
2⇡�1

e
� (xfit�xhit)2

2�2
1 +
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2⇡�2

e
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2 (9)

�12 =
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N1�2

1 +N1�2
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N1 +N2
(10)

where �1 and �2 indicate the widths of the narrower and wider Gaussian respectively, and �12 indicates the
area-weighted average width of the two Gaussians. As already described in [15], the double-Gaussian shape
of the residual distributions is due to the dependence of the position resolution on the relative position of the
particle in the gap between two consecutive readout strips. The first Gaussian has a normalization (N1) on
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Direct detection of a break in the teraelectronvolt 
cosmic-ray spectrum of electrons and positrons
DAMPE Collaboration*

*A list of authors and affiliations appears at the end of the paper. 

High-energy cosmic-ray electrons and positrons (CREs), which 
lose energy quickly during their propagation, provide a probe of 
Galactic high-energy processes1–7 and may enable the observation 
of phenomena such as dark-matter particle annihilation or 
decay8–10. The CRE spectrum has been measured directly up to 
approximately 2 teraelectronvolts in previous balloon- or space-
borne experiments11–16, and indirectly up to approximately 5 
teraelectronvolts using ground-based Cherenkov γ-ray telescope 
arrays17,18. Evidence for a spectral break in the teraelectronvolt 
energy range has been provided by indirect measurements17,18, 
although the results were qualified by sizeable systematic 
uncertainties. Here we report a direct measurement of CREs in the 
energy range 25 gigaelectronvolts to 4.6 teraelectronvolts by the 
Dark Matter Particle Explorer (DAMPE)19 with unprecedentedly 
high energy resolution and low background. The largest part of 
the spectrum can be well fitted by a ‘smoothly broken power-law’ 
model rather than a single power-law model. The direct detection of 
a spectral break at about 0.9 teraelectronvolts confirms the evidence 
found by previous indirect measurements17,18, clarifies the behaviour 
of the CRE spectrum at energies above 1 teraelectronvolt and sheds 
light on the physical origin of the sub-teraelectronvolt CREs.

The Dark Matter Particle Explorer (DAMPE; also known as 
‘Wukong’ in China), which was launched into a Sun-synchronous 
orbit at an altitude of about 500 km on 17 December 2015, is a high- 
energy particle detector optimized for studies of CREs and γ -rays up 
to about 10 TeV. The DAMPE instrument, from top to bottom, consists 
of a plastic scintillator detector, a silicon–tungsten tracker-converter 
detector, a bismuth germanium oxide (BGO) imaging calorimeter, 
and a neutron detector19. The plastic scintillator detector measures 
the charge of incident particles with a high nuclear resolution up to 
atomic number Z =  28, and aids in the discrimination between  photons 
and charged particles. The silicon–tungsten tracker-converter detector 
measures the charge and trajectory of charged particles, and recon-
structs the direction of γ -rays converting into e+e−  pairs. The BGO 
calorimeter20, with a total depth of about 32 radiation lengths and about 
1.6 nuclear interaction lengths, measures the energy of incident par-
ticles and provides efficient CRE identification. The neutron  detector 
further improves the electron/proton discrimination at teraelectron-
volt energies19. With the combination of these four sub-detectors, 
DAMPE has achieved effective rejection of the hadronic cosmic-ray 
background and much improved energy resolution for CRE meas-
urements19. In 2014 and 2015 the DAMPE engineering qualifica-
tion model (see Methods) was extensively tested using test beams at 
the European Organization for Nuclear Research (CERN). The test 
beam data demonstrated excellent energy resolution for electrons and  
γ -rays (better than 1.2% for energies21,22 exceeding 100 GeV), and  
verified that the electron/proton discrimination capabilities of the 
 system19 are consistent with the simulation results.

The cosmic-ray proton-to-electron flux ratio increases from approx-
imately 300 at 100 GeV to approximately 800 at 1 TeV. A robust elec-
tron/proton discrimination and an accurate estimate of the residual 

proton background are therefore crucial for reliable measurement of the 
CRE spectrum. As the major instrument onboard DAMPE, the BGO 
calorimeter ensures a well contained development of electromagnetic 
 showers in the energy range of interest. The electron/proton discrimi-
nation method relies on an image-based pattern recognition, as adopted 
in the ATIC experiment23. It exploits the topological differences of the 
shower shape between hadronic and electromagnetic particles in the 
BGO  calorimeter. This method, together with the event pre-selection 
procedure, is found to be able to reject > 99.99% of the protons while 
keeping 90% of the electrons and positrons. The details of electron 
identification are presented in Methods (for example, in Extended Data 
Fig. 1 we show the consistency of the electron/proton discrimination 
between the flight data and the Monte Carlo simulations). Figure 1 
illustrates the discrimination power of DAMPE between electrons 
and protons with deposited energies of 500–1,000 GeV, using the BGO 
images only.

The results reported in this work are based on data recorded between 
27 December 2015 and 8 June 2017. Data collected while the satellite 
was passing the South Atlantic Anomaly has been excluded from the 
analysis. During these approximately 530 days of operation, DAMPE 
recorded more than 2.8 billion cosmic-ray events, including around 
1.5 million CREs above 25 GeV. Figure 2 shows the corresponding 
CRE spectrum measured from the DAMPE data (see Table 1 for more 
details), compared with previously published results from the space-
borne experiments AMS-0214 and Fermi-LAT16, as well as the ground-
based experiment of the H.E.S.S. Collaboration17,18. The contamination 
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Figure 1 | Discrimination between electrons and protons in the 
BGO instrument of DAMPE. Both the electron candidates (the lower 
population) and proton candidates (the upper population) are for the 
DAMPE flight data with energies between 500 GeV and 1 TeV deposited in 
the BGO calorimeter. F last represents the ratio of energy deposited in the 
last BGO layer to the total energy deposited in the BGO calorimeter23. The 
shower spread is defined as the summation of the energy-weighted shower 
dispersion of each layer.

© 2017 Macmillan Publishers Limited, part of Springer Nature. All rights reserved.

• Rejects 99.99% protons @ 90% electron selection efficiency
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Figure 86: Comparison of data and Monte-Carlo Xtrl distributions for electrons
for di↵erent energy bins. Electron distributions in the data are obtained by subtract-
ing the proton template from the data Xtrl histograms. Normalization of proton
templates is done as described in Chapter 4.3.1.
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• 1.9% (25 GeT) — 8.4% 
(2TV) electron-selection 
efficiency correction 
applied, based on orbit 
data 

30Andrii Tykhonov    (University of Geneva) DAMPE space mission for GeV-10 TeV e/γ and 10 GeV-100 TeV CR detection



Direct detection of a break in the TeV 
cosmic-ray spectrum of e++e-
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All-photon sky map

Preliminary
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Summary
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DAMPE → WUKONG 
(Monkey King)

Detector: 
• 0.3 m2 x sr acceptance (e/γ)

• 32 Χ0 thick calorimeter, 1% energy 

resolution.

• Precise silicon—tungsten tracker, 40 μm 

0.2° resolution.
• 104 — 105 p rejection  power (without NUD).

Performance:
• Successfully launched on December 17, 

2015.
• Steady in-flight operation with high 

efficiency.
• Absolute energy scale using geomagnetic 

cutoff.
• Pointing direction cross checked  using the 

photon  sky map.



Thank You!
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