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Composition of the Universe QLULN=
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Supernova Cosmology Project
Suzuki, et al., Ap.J. (2011)
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Detection of dark matter
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Cosmic rays
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T \ Braz. JPhys., T, 441 (2014)
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» Precision measurements of cosmic ray spectra: cosmic ray
origin, acceleration, and propagation

» The spectra above TeV are not well measured due to limited
statistics of direct detection experiments
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Dark Matter Particle Explorer DAMI E
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DAMPE instrument
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The plastic scintillator
detector (PSD)

The silicon tracker (STK)

The BGO calorimeter (BGO)

T,y " ™ s
(o o LI o e e

The neutron detector (NUD)

> 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 10
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PSD charge detector

2 +¥
WTETL

i b

art. Phys., 94, 1(2017)
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768 silicon sensors
95 x 95 x 0.32 mm?3

192ladders 3 Detection area: 76 cm x 76 cm
> Total weight: ~154 kg

> Total power consumption: ~ 82W
ol — = » Three 1 mm tungsten plates for

b

++ \ ’ photon conversion (0.86 X,)

1,152 ASICs

73,728 channels

onvertar
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X Layer (22 BGO bars)

Pl

Y Layer

14 Layers

BGO calorimeter
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» QOuter envelop: 100 cm x 100 cm x 50 cm
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» Detection area: 60 cm x 60 cm
> Total weight: ~1052 kg

> Total power consumption: ~ 41.6 W
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NUD neutron detector DAMI E
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» 4 plastic scintillators

» Active area: 60 cm x 60 cm
> Total weight: ~12 kg

» Total power: ~0.5W
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Energy measurement
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Test beam validation
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On-orbit performance

See Y. L. Zhang CRD7e



Observation overview
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19



DERFRREFRE
[
% F s 61 5 81 & B 5 1 3 o I RN NN SN SN BN A TN RN SN L BN NN RN EENE S DL R
E | 04‘— - =) 1.04 - —
= I ] = L
=, i ] & i |
c 1.021- - c 1.02F 0) —
51 0 1 e STK pedestal<0.7% .
g | PSDpedestal<0.5% = | £ P
E " E .E' - -
T eyt iieeetapvtirveondipignta = i
Q - o ) 1
L. - x r
a | I = i
o pasl 4 @ os98- —
O'BE-_ i ; t i A _- ﬂ'gﬁ“. Ui lmce g g gz g g g1 e g =g g g 1Y ..‘
TOTTie BITITie IOt AT 0T is A TiaTia 6o D1/07/16 317/12/16 01/07/17 31/12/17 02/07/18 31/12/18 0207719
"'5"1::4 C T - T = - T T - T T - T T T T T T T i -E: 1_04 __I ! ' ) ! ' ’ ! - ' ! ' ’ ! " ’ ' ' ' ! izl
= g | '
Lo P i el Ll i
- a 0 ]l = 102F 0 -
5 1oz BGO pedestal<0.9% =T NUD pedestal<0.6% -
o L — i T
] E % - . - = 1008 _
— - - -e =
S 1ﬂn:'l'..,.* T e Dt L R ® ot S TF s Tu
B - O - 1
o I 2 ]
m GQB = - Z DQE- =1
GEE ._ i -‘ DQE “| 1 i M 1 M i 1 5 i ] i M 1 i q [ M i [} ]
01/07/16 31/12/16 01/07/17 31/12/17 02/07/18 31/12/18 02/07/19

02/07/16 31/12/16 D2/07/17 01/01/18 02/07/18 01/01/18 03/07/19
Time(Day/Month/Year) Time(Day/Month/Year)

20



i b

PSD charge measurement

[
107
EH Astropart. Phys., 105, 31 (2019)
[ [He
10R C O Species Charge Res.
¥ . WN\ P 0.06
5— Ne Mg Si He 0.10
o O E[|l| Be Li 0.14
ek .
3 | Be 0.21
a [
10% B 0.17
B C 0.18
- N 0.21
10°E 0 0.20
1 ] | | | L1 | ] | | 1 1 | | | | 1 1 | | | | 1 I | | | |
0 9 10 185 20 25 30

Charge

21



/ OB SRRRLERS

22700 -
20700

18700 g

Declination (J2000)
counts

14°00" - SS—

Gh50m 40m 30m
Right Ascension (|2000)

Geminga

PSF calibrated with bright
gamma-ray sources : ~0.5
degrees @ 5 GeV

10¢
PRELIMINARY
__________ T o —T— ——
-4 ]
> N
e ——
— MC T
— Res Geminga T
—— Ras Stacked AGMs
1071

10°

E (GeV)

22



es. Astron. Astrophys., 1 AStropart—Phys-;-95;-6-(2047)————
R ) P, normalfnclldence
101k o | | -hildi ] ——- 30 deg incidence
. 1200+ b
: L
1072L _ w00t [/
5 . Acceptance E
N.E. 10-3 b 5 800_—
g <
& 2 ool
| 1074k t photon 5 I
3 t electron L
< 5 I
400 -
1073 I
bt IEE R Zaot
1078 t 1 r | b A
{ L 1 1 1 b
109 o ] T 0% 900 10t 102 103
Energy [GeV] Energy [GeV]
LU 10!
—— fitting function — fitting function
2 ] D -—- core King function ¢+ simualtion data
10 PO’nt Spread ----- tail King function Energy response
15 ¢ simulation data 10° 4
See|X. Li GAD3a
10° 1
. and also 1904.113098
% 1071 21074
o
1072
1073 1077 5
104
10_5 SR NRR——— s A I, AR 10_3 T Ls T T T T T
10—3 10—2 10—1 100 101 102 103 _150 _125 —10<0 —7<5 —5.0 —25 00 2.5

i b

Scaled angular deviation x

Scaled energy deviation x

5.0

23



i b

BGO energy calibration
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BGO energy linearity
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BGO energy linearity
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A BGO energy linearity
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Absolute energy scale
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> An energy scale higher by (1.2+/-1.3)% from the geomagnetic cutoff
» Cutoff energy is stable with time (a slight decrease due to solar

modulation)
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> We use the lateral (SumRMS) and longitudinal (energy ratio in last layer)
developments of the showers to discriminate electrons from protons

» For 90% electron efficiency, proton background is ~2% @ TeV, ~5% @ 2
TeV, ~10% @ 5 TeV

Nature, 552, 63 (2017) 29
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Physical results
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y-ray line searches

See Z. Q. Shen PS1-256
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S y-ray point sources

Source Type Number
AGN 100
Pulsar 27

48 SNR / PWN 9
Binary 2
Globular cluster 1
Unassociated 4
Total 143

> 143 sources with TS > 20 See X. Li GAD3a

» Most are AGNs and pulsars
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Phase

(d) Crab
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Total e*+e spectrum DAMI E

S7icp g gxpLo

1 » Three different
y PID methods give
very consistent

530 days of data
2.8 billion events

1.5 million e+e- (>25 GeV) : results on event-
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A Errors of e*+e- spectrum QLU ES
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. Implication of the spectral softening:
e AISCreteness of source distributions?

DAMI E

» %
4 ‘ﬁ’
S7icp g gxpLo

» Cooling time of TeV electrons ~ Myr, effective propagation range ~ kpc

» Assuming a total SN rate of 0.01 per year, the total number of SNRs
within the effective volume and cooling time is O(10)

e Astrophys. J., 836, 172 (2017)
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Di Mauro et al. (2017)
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Spectral structures of nuclei QLILN=

Flux x E27 (m2 s sr GeV/n)! x (GeV/n)2-7
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» Confirms the hundreds
GeV hardening

» Detecting a softening
at ~13 TeV with high
significance
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Implications: source population(?)
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DAMPE helium spectrum (ks

» %
4 o®
TR

L
[

2500

@  DAMPE Preliminary See M. Di Santo CRD8h
— e AMS02 (2017)

a4 PAMELA (2011)

PAMELA-CALO (2006/06-2010/01)
& ATIC-2 (2009)

——%—— CREAM I+ll combined (2017)

~ ¥ NUCLEON (KLEM) (2018)

N
-
o
o

1500

——
<
—— 7
— g
——
—
—

1000

500+

E%” J(E) [(GeV/n)"" s m2 sr|

Preliminary

I I I | | | I | | | N T T ' | I I |
ifig 10° 10* 10°
Energy per nucleon (GeV/n)

42



i b

Preliminary Preliminary
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See M. Munoz CRD4e
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A Solar modulation of et+e- DAMI E
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DAMPE contributions at

H16: Progresses of the Dark Matter Particle Explorer

CRD2e: Observation of time evolution of cosmic ray electron and positron flux with Dark
Matter Particle Explorer

CRD4e: Anisotropy Searches with DAMPE

CRD7b: Elemental analysis of Cosmic Ray flux with DAMPE

CRD7e: The Status of DAMPE Satellite in Space

CRD8g: Measurement of cosmic ray proton spectrum with the Dark Matter Particle Explorer
CRD8h: Helium spectrum in the cosmic rays measured by the DAMPE detector

GAD3a: Recent Gamma ray Results from DAMPE

GAD2d: Gamma ray Pulsars with DAMPE

PS1-2: Checking the Reconstructed Energy of the DAMPE Experiment with Geomagnetic
Cutoff CR-Nuclei

PS1-5: Charge Measurement of Cosmic Ray Nuclei with DAMPE - Tiekuang Dong

PS1-6: Neural Networks for Electron Identification with DAMPE

PS1-7: TeV—PeV hadronic simulations with DAMPE

PS1-17: First Look on Fractional Charged Particles in Space Based on DAMPE Orbit Data

PS1-19: A Method of Alighment for Plastic Scintillator Detector of DAMPE 46
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DAMPE contributions at

PS1-36: Measurement of the Cosmic-ray Proton + Helium Spectrum with DAMPE
PS1-37: Hadronic cross section validation in the DAMPE experiment

PS1-42: The selection and energy validation of heavy ions based on DAMPE orbit data
PS1-44: Ultra-heavy cosmic rays measurements with DAMPE

PS1-248: Boresight Alignment with DAMPE

PS1-256: Search for a gamma-ray line feature with DAMPE
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Summary

» DAMPE detector is working extremely well since launch

» Very precise measurements of the e*+e- spectrum from 25
GeV to 4.6 TeV have been obtained, showing a spectral
break at ~TeV energies and possible new spectral features

» Precise measurements of proton spectrum from 40 GeV to
100 TeV have been obtained, revealing interesting
softening features at ~10 TeV

» More results are coming

Thank You!
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For 90% electron efficiency, proton background is ~2% @ TeV, ~5% @ 2
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Raw count spectra

]
10
G‘mﬁ —@— Jan. o June 2016
& 8,
7 @ Jun. to Dec. 2016
10 M o,
o *@* —&— Jan. o June 2017
105 'ig#@ ~%— Jun. 1o Dec. 2017
= ﬁi Jan. 1o June 2018
5| ﬂ‘!'@ —fr— Jun. 1o Dec. 2018
10" g i
7 = '!'*
o &= ®
= 4 #*
310 o,
%
i
&
10° %,
®s
]
i
10° @
o
10 "%
|
1 | III:IIII 1 |l|1l||| 1 1 ||||||:| | I|1I||J! 1 |1||l]|| 11 IIIIIII 1 1 0 10hii
10™ 1 £ 10° 10°

3 4
E‘nergyDep?{?sitinn in B‘I(QDCaI (Ge%



Laser experiment
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Three-component ete- model
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» Primary e- accelerated together with ions (in e.g., supernova remnants)
» Secondary e- and e+ from hadronic interaction of cosmic ray nuclei



