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Energy Reconstruction of Dark Matter Particle
Explorer and Analysis of Cosmic-ray Proton Flux

YUE Chuan

(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)

The observation of cosmic rays and indirect detection of dark matter particles are two
important topics in high-energy astrophysics. In 1912, V. Hess discovered the cosmic rays.
Since then, the observation of cosmic rays has lasted for more than a century. Traditional
theories suggest that the cosmic-ray flux follows a single power-law below the so called “knee”
at a few PeV energies. Recent measurements of cosmic-ray proton flux from space-based
observatories and balloon-borne experiments have revealed some unexpected structures in
the energy range of 10 GeV-100 TeV, which provided important clues for the study of the
origin, propagation, and acceleration mechanism of galactic cosmic rays. On the other hand,
thanks to the improvement of observational accuracy and the extending of observational
energy range for cosmic-rays and gamma-rays, the indirect detection of dark matter particles
(DM) has attracted more and more attentions in the past few years. DM annihilation/decay
may produce e®, protons, and anti-protons, gamma-rays, or neutrinos, which can potentially
lead to observable signals in cosmic-rays or gamma-rays.

The DArk Matter Particle Detector Explorer (DAMPE) is the first astronomical satellite
of China. DAMPE is one of the most advanced space-based particle detectors for the
observation of high-energy cosmic-rays/gamma-rays and the detection of DM signals. Since
the launch of DAMPE, I have been deeply involved in the calibration, simulation, and
scientific data analysis for this project.

Detector simulation plays a crucial role not only for the studies of analysis methods,
but also for the understanding of the detector response (e.g. energy resolution and angular
resolution) for different particles. In the second chapter, several issues about the detector
simulation of DAMPE are introduced, including the geometric modelling of the detector, the
readout of the response signals from sensitive units, and the digitization process. The detec-
tor simulation program is then verified by comprehensive comparisons between simulation
data and flight data.

Based on the simulation data, we studied the energy reconstruction method for different
kinds of incident particles. In the calorimeter, there are two kinds of showers related to
different interaction mechanisms between incident particles and the detector. One is the
electromagnetic shower induced by an electron/positron or a gamma-ray photon, the other
is the hadronic shower induced by a proton or heavy ion. For the electromagnetic shower
produced by e* /v, we proposed a parameterized correction method using the lateral and
longitudinal information of shower development to estimate the primary energy event by
event. This method is verified with data of electron beam test at CERN, which shows
significant improvements for both the energy linearity and resolution. For the hadronic
shower produced by proton/heavy ion, we studied an unfolding method based on the Bayes’
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theorem to directly estimate the primary energy distribution instead of the event-by-event
level correction of the energy.

The final part is the analysis of the cosmic-ray proton spectrum. The whole procedure
is introduced, including event selection, particle identification, background estimation, effi-
ciency validation, spectral deconvolution, acceptance calculation, and uncertainty analysis.
Based on two years of data recorded by DAMPE, the preliminary cosmic-ray proton spec-
trum from 50 GeV to 20 TeV is obtained. The cosmic-ray proton spectrum of DAMPE is not
consistent with a featureless power-law model, but exhibits a spectral hardening at hundreds
of GeV, which confirms the results reported by PAMELA (Payload for Antimatter Matter
Exploration and Light-nuclei Astrophysics) and AMS-02 (Alpha Magnetic Spectrometer-2).
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