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e DAMPE mission
e Detector performance for nuclei
e Cosmic-Ray nuclei spectral measurements

e Summary
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DAMPE mission

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).
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Scientific objects
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Indirect DM detection
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Gamma-ray physics
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DAMPE 7-years > 2 GeV
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DAMPE detector

Cosmic rgy Plastic Scintillator Detector

PSD

Silicon—tungsten
tracker—converter
STK

~1m

Bismuth Gerrpanium ~ 31 Xo
Oxyde calorimeter
BGO

Carbon-Fibre
Satellite
Housing

DAMPE collab., Astropart.
Phys. 95 (2017) 6-24

Neutron detector
NUD

e PSD: charge measuresument via dE/dx and ACD for photons
e STK: track, charge, and photon converter

* BGO: energy measurement, particle (e-p) identification

» NUD: Particle identification
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DAMI E
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On-orbit operation

DAMPE 7 year exposure map
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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
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14+ billion events (-5 million per day)
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Workman et al., 2022
O Cosmic Rays 3
O Solar System

Relative Abundance

Supernhova remnant \ E .

% Interstellar -~ 2 \ 54
\ % medium f (/( N 3

Others

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

e 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
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Energy measurement

BGO calorimeter 308 BGO bars

X Layer (22 BGO bars)

Beam tests at CERN PS & SPS
* Electrons (protons): few GeV — 250 (400) GeV, ions: 40 GeV/n, 75 GeV/n

* Energy resolution: ~1% (e/y) a

0.06

— normal incidence

- - 30 deg incidence
0.05 ¢+ ¢ normal beam test [{

0.04 N\ S .

[0 )0 )c 7 PRRRRRR N b

Number of Events

0.02

Energy resolution [68% containment]

0.01}

0.00

L L
10° 10* 10? 10°
Energy [GeV]

Energy Resolution (%)

[
o

)]
[=]

»H
o

20

10}

616 PMTs

—=— BeamTest Proton

MonteCarlo Proton

10?

10°

10* 10°
Beam Energy (GeV)

Low gain (Dy2) _.D

Medium gain (Dy5

I o

PMT  giter_s0 \ PM
(SO end) ilter_ BGO X muon filter_S1 (Sl end)|

|
|
|
|
I
|
I
Hgllgﬂ@yﬁl_.l > I
|
I
|
|
|
I
I

t 100 GeV and above, 20% —30% for protons/ions

© om

75 GeV/n

= 0OSP_FTPP_BERT

— FTPP_BERT

2

o2 %
802

§ Q

1 I L I I I I I L
0 2 4 6 8 10 12 14 16 18
4

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

10



DLRK MATTER

DAMI E
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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
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geomagnetlc cut-off
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DAMI
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Energy measurement
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DAMI E Energy measurement
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The energy responses of MC simulation (Geant4) show good agreements with BT-data
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Proton spectrum
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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
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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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* The spectra of CR proton and helium

softening feature at tens of TeVs.
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measured by DAMPE show a very similar

* 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.
nuclei, which is likely an imprint of a nearby cosmic ray source.

“knee”) in CR
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DAMI E
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DAMI E p+He spectrum
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* Link between direct/indirect CR measurements
* Hint of new spectral hardening at ~150 TeV
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Carbon and Oxygen
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hundreds of GeV/n observed by previous experiments.
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Carbon and Oxygen
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e DAMPE is expected to extend the CO spectral measurements up to tens of TeV/n.
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B/C and B/O

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

Summary

« The DAMPE detector has operated smoothly for
more than 7.5 years, opening a hew window to
look at the high-energy cosmic-ray nuclei up to [
hundreds of TeVs i ,.——“—

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

e Precise measurements of B/C and B/0O reveal a
unexpected hardening feature at ~100 GeV/n

e More results about cosmic ray nuclei spectral
measurements are forthcoming

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