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DAMPE: The Dark Matter Particle Explorer

The mission

Main Scientific Goals:

Origins and Propagations of Cosmic-Rays
Dark Matter Indirected Detection

High Energy Gamma-ray Astronomy

DAMPE is a space-borne high energy particle detector
launched in Dec. 2015 from the Jiuquan Satellite Launch
Center
International collaboration:
China
* Purple Mountain Observatory, CAS *
 University of Science and Technology of China
* Institute of High Energy Physics, CAS
* Institute of Modern Physics, CAS
Italy
* INFN Perugia and University of Perugia
* INFN Bari and University of Bari I I
* INFN-LNGS and Gran Sasso Science Institute

* INFN Lecce and University of Salento

Switzerland
 University of Geneva H
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DAMPE: Detector system

Plastic Scintillator Detector

Silicon-Tungsten
Tracker

]
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BGO Calorimeter Parameter

Value

Energy range (e/y)

5 GeV to 10 TeV

Energy resolution (e/y)

1.5% at 800 GeV

Energy range (p/ion)

T A

50 GeV to 500 TeV

P, Energy resolution (p)

40% at 800 GeV

Geometric factor (e)

0.3 m2 sr above 30GeV

Angular resolution (y)

0.1 degree at 100 GeV

Field of view

1.0 sr

Neutron Detector

PSD: Anti-coincidence detector for gammas and charges measurement
STK: Particle tracker, photon converter & additional charge measurement
BGO: Energy measurement & particle identification via shower topology
NUD: Further particle ID from electromagnetic & hadronic showers

Astropart.Phys 95 (2017) 6-24
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Motivation

Nuclear abundance: cosmic rays compared to solar system
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« Boron nuclei in cosmic rays are mainly produced by
the fragmentation of heavier nuclei, e.g. Cand O

« Precise measurements of the B/C(O) flux ratio are
crucial to constrain the CR propagation process

« The rigidity/energy dependence of the B/C(O) flux
ratio above TeV/n remains to be urgently improved
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Flight data - Daily event count

I DAMPE data sample

Flight Data: e
* 72 months B e S
« ~11.4 billion events 50 B i
« livetime ~1.43 x 108 seconds s e S
- Data in South Atlantic Anomaly I [
region are excluded e e M L
« Data during Sep.2017 Solar Flare o Ry
(20170908-20170913) are excluded Stable & continuous data taking T e
" 10\6' 10\1' 10\%‘ 10‘9' —p’ld 10'1\' 10’11‘ 10’7«3' 10’1“
Simulation Data: Event counts in difference energy bins
The MC samples are generated with: ol —— 20-100 GeV
« Geant4 CRMC_FTFP_BERT, version = ;gg;gg g:x
10.5.1 (EPOSLHC/DPMJET3) g i - — 5:1 TRV
 FLUKA, version 2011.2x.7 ol — 1-5TeV
0 i a1 il
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Selection Cuts

Carbon — XZ view 1.4TeV *0%®eversed2)

Analysis Selection o s
: : o L e f
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i (Eolh.Log1) 1.5
. . . . 200 — 35
- High Energy Trigger (HET) activation : 2
Trajectory Selection - E 1/ el
600 | T N A B B e S
- STK track reconstructed with the Kalman filter algorithm Oxygen — XZ view 1.0TeV oz oz
o D_E;D%D;____;.____'_%__'____;_f'/'_;_%ﬁ
- BGO-STK match: Match the track and the shower axis in BGO 0 |- i R
o 4
. . ? 7 Eﬁ
- PSD-STK match: Match the track and the PSD with maximum energy ° [ |« i
ety 45
. . . 200 — 3.5
Fiducial Selection i igs
400 |- 1°
- Fiducial containment of track direction in the whole detector E —— e
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Charge selection
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Template fits

BgoEnergy 0.63 — 2 TeV
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Boron Selection: 4.7-5.3
The contamination is estimated based on the template fitting method
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Candidate events
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Flux ratio calculation

Bayes’ theorem

P(Etrue,j | Emeas,i)

_ P(Emeas,i | Etrue,j) P(Etrue,j)
Zk P(Emeas,i | Etrue,k) P(Etrue,k)

Flux and ratio in i-th incident energy bin:
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Total uncertainties

Uncertainties for B/C
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The statistical uncertainties dominate over the systematic ones for energies above 1 TeV/n
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Cosmic ray B/C and B/O

(a) B/C [10 GeV/n, 5.6 TeV/n] (b) B/O [10 GeV/n, 5.6 TeV/n]
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= At energies below a few hundreds of GeVs, the DAMPE measurements are well consistent with other results within
uncertainties

- Measurements clearly reveal a significant hardening feature at ~100 GeV/n for both B/C and B/O
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I Spectral fitting
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Power-law (PL): R(E}) = R, (m)

Broken power-law (BPL): R(E}) =

n
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Nuisance parameters 4 4
Ro 0.093X500455:001 0-08426:00320:000
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I Summary

Based on six years’ flight data of DAMPE, the B/C and B/O flux ratios
from 10 GeV/n to 5.6 TeV/n are presented

Bulletin

The B/C and B/O flux ratios of DAMPE show a significant hardening
structure at ~100 GeV/n, which sheds a new light on the understanding of
CR propagation process

The statistical uncertainties dominate over the systematic ones for energy
above 1 TeV/n

DAMPE measurements will be extended to ~10 TeV/n in the future

ZHIRE, Latest results of the DArk Matter Particle Explorer, Oral report, Fil 403 . K 7 RAKWIF 5 75 %
B& 575, Spectral Analysis of Lithium, Beryllium and Boron Nuclides with DAMPE, Poster, Pl 7473 . fi T RV 5 F 1+
CLiS%E, Carbon, Oxygen and CNO combined spectra measurement with DAMPE, Poster, P il 713 . ¥i T RV 5 559 %
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https://indico.ihep.ac.cn/event/21331/contributions/161644/
https://indico.ihep.ac.cn/event/21331/contributions/161397/
https://indico.ihep.ac.cn/event/21331/contributions/162168/
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Hadronic model (G4 vs FLUKA)

Ion Beam Test @ CERN
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Hadronic model (G4 vs FLUKA)

B/C flux ratio

B/0O flux ratio
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For B/C and B/O flux ratios, the differences between Geant4 and FLUKA are taken as the
uncertainty from hadronic interaction
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I HE Trigger efficiency

HE Trigger Efficiency

MC/Data

o Unbias Trigger (GO)
o MIPs Trigger (G1&G2)

@ High Energy Trigger (G3)
o Low Energy Trigger (G4)

HE Trigger Efficiency:
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*The uncertainty to HE trigger efficiency is ~2.1% for both the B/C and B/O
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STK track efficieny

Selecting“pure” Carbon events with BGO-track based PSD charge
Search range for Psd hits: +50mm around the track
Stk track Efficiency:
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I STK charge efficieny

STK charge distribution
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*The uncertainty due to STK charge selection is ~1.1% for both the B/C and B/O
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PSD charge efficieny

LBoron !1-
Benchmark: 4,7 -5.3
ChargeOpt1: 4,75 -5.25
ChargeOpt2: 4.65-5.35
Boron
?,‘1.05:5_ - o - ”—I-I—IIIBenchmark _
e |
%o 85 ++*+HMM +++++++++++ “...
A
"Wy,
0.7} M#M ]
065 i
n.sg -12%~6%§
Incident Energy [GeV]

ICarbon | |Oxygen |
5.6 - 6.4 7.6 - 8.5
5.7 - 6.35 7.7 - 8.45
5.5-6.45 7.5 -8.55
Carbon
51.055 S .
2:;35%"2-5w““’***++++++++r%++ﬂﬁrT;Z-.._.::
E n.a:— +++++++++++++T‘ .H{-E
s
0{;55_ —+— Benchmark '10%"’5%_5
""E -+ ChargeOpt1 E
0.6f~ + ChargeOpt2 =

Incident Energy [GeV]

Different rharge_e_fﬁcje_ncjguﬁldjﬂe_ce_n_t_b_ac_kgrmmdq <==> different flux ratios

2024/8/15

24



I PSD charge efficieny

B/C Flux Ratio

Uncertainty
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I Energy linearity

Carbon Oxygen
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No significant nonlinearity is found up to the deposited energy of ~100 TeV
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