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Direct CR detection: Research Goals and Open Questions Indirect CR detection:

e Precise measurement of particle
energy and charge

» Covering the low-energy part
of the spectrum

» Possibility to reach the highest
energies

« Difficult to make composition
studies with small systematics

Precise measurements: oft GR: spectra and mass composition
Detection of spectral structures, (hardenings/softenings)
Understand CR' aceceleration’ and propagation mechanisms
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o The DAMPE space mission

The DArk Matter Particle Explorer (DAMPE) is a satellite-based experiment

DAMPE was successfully launched Tre DAWVIPE collaporzation involves several ingtitutes in China arncd Burope
on December 17™ 2015 from

the Jiuquan Satellite Launch Center

The main objectives
of the DAMPE mission are:
e Study of galactic
cosmic-ray physics
e Dark matter searches
e High-energy
gamma-ray astronomy

eFHiTE
- ORBIT: Sun-synchron
EATTITUDE: 500 km
INCLINATION: 97°
PERIOD: 95 minutes
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NN Detector structure

Plastic Scintillator Detector (PSD) Silicon-Tungsten tracKer (STK)
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J. Chang et al., Astrop. Phys. 95(2017)6-24
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STK: Charge measurement + Silicon strips (precise tracking) +
BGO Calorimeter (BGO) NeUtron Detector (NUD)

X Layer (22 BGO bars)

.....

Eneri measurement +
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CR data collected
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C Particle selection and identification

R B B P B T )
PSD it 2 e o | |
B 0 L
-200 200 |—
3 L -
L 5 I
1 i
STK i E
0 0 | [smcaoc i
| |- 3 — [smxaoc
L |ecomev / 75 (B0 Energy
L [on Logim) [ N
200 200 |- 2 P (G
B L [ 15 -
L |—|—|—r-|—|—|—vgz|—1—|—|—|—|—|—|—|—|—|—|—|—|—|' 05 L
400 400 |- rrrrrr/uﬁ-rrrrrrrrm-rm 0 '
L [} I =
NUD R / e
m GDD 1 L 1 I 1 1 1 I'/I 1 1 I 1 1 1 I 1 1 1 rth‘IAI:)CI 1 B _aw
-600 -400 -200 0 200 400 600 lllIlIIIlllllll\lllDIl
-600 400 -200 0 200 400 600

Plots from F. Gargano @MG15 ROME 2018

CR and Nu in the MM era, 9-13/12/24 F. Alemanno CR spectra with DAMPE 6



INﬁ . DAMI E
C EleCtI'OIl-pOSItI'OIl spectrum

» Yy
4 5
7ic g £xrL O

LETTER

New e/p discrimination (Neural

250? ] Direct detmtionofabriai;inthe tem;lectl:onvnlt NetWOI‘kS) dEVeloped fOl‘ higher D. Drozzetg:;’
E ﬂ { cosmlcfrnv spectrum of electrons and positrons energies N analysis ongOing JINST; ( 0 )
S = [lix | ’
%’ 200~ 11;}.3* 220 —e— DAMPE 2017
S s g
- 5 (Hide 2003 +—DAMPE 2023 new particle ID
B - Qi _ E,=914+98GeV C a0l Ty
T 15 ; + y1=3.09 % 0.01 8 b e,
s . Y2 =3.9240.20 LoF s,
Pl L e DAMPE (2017 | 6.60 e o ﬁ#ﬁ## +
X 100 e : o 1a0f- ﬂ
E | —+— CALET (2023) | E ¢ +
X K AMS-02 (2019) 5 el
o DAMPE Collab., T sof t
W 5ol Nature, 552, (2017) X b HH
r Fermi-LAT (2017) [T} I
B 40 +
- —a— H.E.S.S. (2008) - ;
ﬁ\ 11 ‘ 1 1 11 1111 I 1 1 11 1 111 I 1 1 11 1111 ‘ 20 :— " 5 >
10 10? 10° 10* e - i

Energy (GeV Energy (Ge\}gs

EVIDENCE OF
A BREAK AT ~ 0.9 TeV
with 6.6 o significance

Excellent agreement
with standard particle ID

CR and Nu in the MM era, 9-13/12/24 E. Alemanno CR spectra with DAMPE 7



SCIENCE ADVANCES | RESEARCH ARTICLE

PHYSICS

Measurement of the cosmic ray proton spectrum from

40 GeV to 100 TeV with the DAMPE satellite
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NN Helium spectrum
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o p+He spectrum
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o Ne, Mg, Si, Fe
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« The DArk Matter Particle Explorer, was launched in December 2015 and it is smoothly
taking data since then

« Direct detection of a break at ~1 TeV in the electrons and positrons spectrum

e Detection of a softening at ~14 TeV in the proton spectrum

 First detection of a softening in the helium spectrum at ~34 TeV, suggesting a Z dependence .._
. - e

i~

* Measurement of the p+He spectrum showing the hint of a second hardening above 100 TeV,
while connecting space-based and ground-based experiments

« B/C and B/O flux ratios show a break at ~ 100 GeV/n

* Ongoing works on both primaries (C, O, Ne, Mg, Si, Fe) and secondaries (Li, Be, B)
showing the presence of a hardening

« First probe of inelastic cross section up to 10 TeV
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o Proton spectrum

PHYSICAL REVIEW LETTERS 129, 101102 (2022)

Editors' Suggestion
September 1, 2022

Observation of Spectral Structures in the Flux of Cosmic-Ray Protons from 50 GeV
to 60 TeV with the Calorimetric Electron Telescope on the International Space Station
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Measuring light elements in space
(i.e. proton + helium spectrum)
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