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• DAMPE mission 

• Detector performance for nuclei 

• Cosmic-Ray nuclei spectral measurements 

• Summary
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The Dark Matter Particle Explorer (DAMPE) is a satellite-borne particle detector 
proposed in the framework of the Strategic Pioneer Program on Space Science, 
promoted by the Chinese Academy of Sciences (CAS).

17th Dec. 2015 
@Jiuquan

DAMPE mission
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Scientific objects



Chuan Yue | Purple Mountain Observatory, CAS | Oct 22, 2023 5

DAMPE detector

• PSD: charge measuresument via dE/dx and ACD for photons 
• STK: track, charge, and photon converter 
• BGO: energy measurement, particle (e-p) identification 
• NUD: Particle identification
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On-orbit operation

DAMPE 7 year exposure map

Since the launch on Dec. 17, 2015, DAMPE has operated on-orbit for 
more than 7.5 years, surveyed the sky for 17 times, and recorded 

14+ billion events (~5 million per day)

~13 Billion
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Cosmic-Ray nuclei

Workman et al.,  2022

• Primary elements (H, He, C, O, …, Fe) are produced in the stars and accelerated 
to high energy cosmic-rays by the astronomic explosions

• Secondaries (Li, Be, B, F, sub-Fe) are mainly produced by the collision of the 
primary cosmic-rays with the interstellar medium
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Cosmic-Ray nuclei

Orbit Proton (BGO-Energy: 1.2 TeV)

Orbit Helium (BGO-Energy: 1.8 TeV)

Helium

Proton
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Layer-y
Layer-x

X

Z
Bethe-Bloch

PSD 
charge measurement

Astropart. Phys., 105, 31 (2019) 

Particle identification
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Energy measurement
BGO calorimeter     308 BGO bars            616 PMTs
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Energy measurement

๏On-orbit energy scale verified with geomagnetic cut-off 
๏Good linearity to ~2.5 (100) TeV with electron (nuclei) events

cosmic-ray electron 
geomagnetic cut-off

Max-BarE

Max-BarE 
Carbon

Max-BarE 
Oxygen
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Energy measurement
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Bayesian Unfolding Method 
[Giulio D'Agostini, NIM A362(1995), 487]

Ni =
nX

j=1

↵ijMj(1� �j)

↵ij =
P (Ed,j |E0,i)N̂i

✏i
Pn

i=1 P (Ed,j |E0,i)N̂i

: Unfolded event numberNi

Mj: Measured event number

�j : Background

P (Ed,j |E0,i): Energy response matrix

N̂i : Prior (E
-2.7)

Boron

CarbonVkl = Vkl(n(E)) + Vkl(M)
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Energy measurement
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The energy responses of MC simulation (Geant4) show good agreements with BT-data

Z.F. Chen et al., NIMA 1055 (2023), 168470Z.F. Chen et al., NIMA 1055 (2023), 168470
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Proton spectrum

The DAMPE measurement confirms the spectral hardening at a few hundreds of 
GeVs found by previous experiments, and more importantly, it reveals a 
spectral softening feature at ~14 TeV.
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Helium spectrum

The DAMPE measurement confirms the spectral hardening at TeV-energies found 
by previous experiments, and more importantly,  it reveals a spectral softening 
feature at a few decades of TeVs.
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Proton v.s. Helium
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DAMPE (2019)
ATIC-2 (2009)
PAMELA (2011)
CREAM-I+III (2017)
NUCLEON-KLEM (2018)
CALET (2019)
AMS-02 (2021)

DAMPE 2019 
Sci. Adv., 5, eaax3793

CR Proton CR Helium

✴ The spectra of CR proton and helium measured by DAMPE show a very similar 
softening feature at tens of TeVs.  

✴ The softening energies are well consistent with a dependence on particle 
charge, although a dependence on particle mass can not be ruled out yet. 

✴ The results implicate a Z-dependent spectral break (e.g. “knee”) in CR 
nuclei, which is likely an imprint of a nearby cosmic ray source. 

DAMPE 2021 
 PRL, 126, 201102

Eb = 13.6+4.1
�4.8 TeV Eb = 34.4+6.7

�9.8 TeV
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p+He spectrum

Independent analysis of p+He spectrum in the collaboration

Very low contamination + Very large statistics => High upper limit of measurement
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p+He spectrum

Independent analysis of p+He spectrum in the collaboration
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Carbon and Oxygen
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• Preliminary DAMPE measurements confirm the hardening structure at several 
hundreds of GeV/n observed by previous experiments.
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Carbon and Oxygen

• DAMPE is expected to extend the CO spectral measurements up to tens of TeV/n.
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B/C and B/O

B/C [10 GeV/n, 5.6 TeV/n]

• The DAMPE measurements clearly reveal a significant hardening feature at ~100 
GeV/n for both B/C and B/O, which deviates from the predictions of conventional 
turbulence theories of the interstellar medium. 

DAMPE Collab.,  
Science Bulletin 67 (2021), 21

DAMPE Collab.,  
Science Bulletin 67 (2021), 21

B/O [10 GeV/n, 5.6 TeV/n]

Boron nuclei are mainly produced by the fragmentation of heavier nuclei, e.g. C and O.  
Precise measurements of the B/C(O) flux ratio are crucial to constrain the CR propagation.
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5.6σ 6.8σ

Nuisance Parameter Method (S. Abdollahi et al., PRD, 2017)

SPL:

BPL:

DAMPE Collab.,  
Science Bulletin 
67 (2021), 21

B/C and B/O
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Summary
• The DAMPE detector has operated smoothly for 

more than 7.5 years, opening a new window to 
look at the high-energy cosmic-ray nuclei up to 
hundreds of TeVs 

• Precise measurements of proton (helium) 
spectra reveal universal softening features at 
~14 (34) TeV 

• Precise measurements of B/C and B/O reveal a 
unexpected hardening feature at ~100 GeV/n 

• More results about cosmic ray nuclei spectral 
measurements are forthcoming

Thank You!
https://doi.org/10.1016/j.scib.2022.10.002 arXiv:2210.08833 

https://doi.org/10.1016/j.scib.2022.10.002

