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Measurements of the cosmic ray proton and helium
- spectra with the DAMPE experiment
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Neutron Detector

Main Scientific Goals:

¢ Dark Matter Indirected Detection
¢ Cosmic-Ray Origin and Acceleration
¢ High Energy Gamma-ray Astronomy

- Charge measurement (dE/dx in PSD, STK)

- Gamma-ray converting and tracking (STK)

- Precise energy measurement (BGO ECAL)

- Hadron rejection (BGO and Neutron Detector)

(Chang et al. Astropart.Phys. 2017, 95, 6-24)
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Introduction

Fundamental measurements
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Data sample
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Orbit Proton (BGO-Energy: 1.2 TeV)
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Orbit Helium (BGO-Energy: 1.8 TeV)
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Trigger efficiency
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Track efficiency

Selecting a “pure” proton (helium) sample by

applying B6O shower-axis based proton Nth’ﬂBGOtmck
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Particle identification

et Yy-ray proton (ion)
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Bethe-Bloch = <ﬁ> _Am

Zy =\ PsdE,/MipE  Z, = \/PsdE,/MipE  Zpsp = (Zy + Z.)/?

20

15

Psd Charge (layer 0)

S UL S L O A IR

10

 Flight Data "

Psd Charge (layer 1)

Counts

10/

10°

10°

10*

103

DAMPE

H Charge Distribution

- b

L s

; Astropart. Phys., 2019, 105, 31

OIlIltl')lllI1IOIIll1|51111210111121511|1
Charge

30

Chuan Yue | Purple Mountain Observatory, CAS | Oct 23, 2023



Charge selection
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Contamination [%]
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Beam test @ CERN SPS _
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pARE MATTER
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Flux calculation

Differential flux in the i-th primay energy bin:
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Proton spectrum

Uncertainties
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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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Softening feature
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p+He spectrum

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

Hardening ~600 GeV

Softening ~25 TeV
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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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p(He)-BGO cross-section
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Summary

@ The DAMPE measurements reveal similar spectral softening features in
proton spectrum (Eb~14 TeV) and helium spectrum (Eb~34 TeV) with
very high significances, which indicate a Z-dependent spectral break
(e.g. “knee”) in CR nuclei.

® The latest measurement of the p+He spectrum up to 300 TeV confirms
the significant hardening (~600 GeV) and softening (~25 TeV) features and
shows a hint of hardening above 100 TeV.

® More results of nuclei spectra from DAMPE are forthcoming, and we would
like to see if such a softening is an universal feature (e.g. knee) for all
nuclei with Z-dependence or A-dependence.

Thank You!
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