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2.1 SEXE

M 20 HEZE 50 AEARAZ,  AATTAE T A o 7 A AR S B A R T REAT
ARG PR, A DLk AR S B0 AR UGS, BT AR U S 3 B RIC R 5 4k
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AT IR K ¥ AR . T R AER S A HS CREAM (cosmic ray energetics and
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PINEAR G, FEOERTA T, HRFEEW M. B0 23 5 R R
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PAMELA 2006 4 6 JJ 15 HA, T 2016 2 L85 T 4. PAMELA {X#% 8/, HHUS
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WHES LR KHLTHES, 2B AEEBRA AN e AMS-02 32 510 118 I 2% 40 4 28 AR S R I 25
TKATH (AT EEs. REAR IR A (EAEREER). URERIRIRN 2 M B R RS LA FIRINZS
I3 ST B SR T I L R RE R AMS-02 BB B R AR H bRt Sk T8 P I S A R i
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BN, ARG RL T I B A S B RERE. & R BHIA S, kT 8 = AR AR AR XS 1T,
FEH A NI EE = A 1 BE S RY P 4 () TR R . AABRSEES ATIC A1 CREAM DA 25 [H) S 56
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F I A D(R) oc RO R, B MR BRA SN GETE0 A5 17 9. 50 2R fR 0 U R0 # ek
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B/C LUl %) 2 B 386 R i1 50 S B 5 R v A3 s 0
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AEAEARH, AR AR AR, SRR ETR, R LK IR R T A, T
HZ T Li, Be, B LA L Fe TR RFITE Fe suzmt Rl X AR BAE =48, EAIES
2 R R 3 e TR B A G B AR T RE AR R . DAL, IR JR TR I EE (4
B/C) M0t 7 5 i e AL 3k i A

(4) KraiA®  AEBENKHRZIG, T8 L2 R HAET (1837 1 B/ E
FHEUKAE (KBON 50 GeV PAR) T8 LRt B ARAR, FRORFH S AP LR A,
IS RBATESNM 11 a SIS R KFRESDMGE, FH 2R EIR; k2, WlE. —HE
LR BRI S ", K RT3, Fl AR T/ 5 KPR it
e P RS T Bk RE &

H AT AT R — S S 2 e A0 SR W 57 o7 2 A8 AR 9T & o 1) A% 3 AR ELAE T A2,

[68] [69]

GALPROP ™ #1 DRAGON".

4 v e AT TR

Hp [ 7 ) B TR R A D B, TIFEAR SE. 1976 4F, HERFEFERE TR BT
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(RFREE ) AT X SRR BX GFZRIRM 5 A X I 2 PRI 5 A58 A0 25 () 47
file 1982 4F, fEC e MM RIBGR T/EZ R, ERAFmIEHE, SEWHE K. Fk
56 M R T A B R 2R T R T AR T AR = v e AR S AT FE. 20 tHEAD 90 FARE =
RE T AL & S50 FENLA R A o T R 3R AR ML 2, fERR A 2 5 RIS EERE v ST ERIEAX,
FERLTI SEIRAT 5 24 28 AN BH M8 IXE A5 X0, v £ T2~ 5 B O N R A vy R S 40 S B
TEMRY. M, FEBFEEZEE TER T X SRR y SRRSO E TR ERA |
Fii,  SEENT ) BR S R A AOUL IR H S T R TR IR, 2015 4R [ D R I A BURL 1
RN P RE—AE2 5, Hoyh E R SCE £
4.1 BYBRKTFRUIE

5 ) R PRI LA (Dark Matter Particle Explorer, DAMPE) & H B £} 27 Bt 2% 8] £ 5
AR BE P 5 B R T S SL I ) 4 Bk SEIe TR —, HARME B AR DU S e
IS ey 73 e 2 v 8 = 1l 2 A0y S, AN TA) BRI S P ks 1, JF: [m) e O Joe 5 iy 2 3
Ay RICHIWFFT.

DAMPE F % 4 MR EG E B KOO RN ER A FEZ RN & (PSD). b
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R RES, HIEEON 32 NMESHC R 1.6 MZAEMKE, FEATMER TR, JFT
HLRG AN 58 1 B B S ). X T REE KT 100 GeV HIHLFH1 v 14k, BGO EfRedsieE 0 Hi%
T 1.5%"", It HICAE RS M Lo B bR U 028 M PRI Hofs . edh, R A it Ao
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M2§. HERD H R E UIHZ R FHLRIZNE S HE FRER, XTI
JRCA R TR “MR” WIS R 55 1) R FE AR . HERD X IE S 00 1)) LA Rl 74 E B
A SRIIE R 10 50 b, Reuf IE A7 T Re pl A 2 % m) e MRSt mRE FE I, W DU RO R
) SR DU RN AT FE 1 7 7 2R I A5 E KR ) R 7S Uh4h, HERD & & mRE 2 HER 1 v 5
LR, XTHL. y SRR PR 10 GeV UL, T 2%, XT3k y Bt
WAER AR, WATITFE v SR ST, HERD #4502 ot BB B, K H BORLR S i B g
R E R RSTAT SR, AT S L T A RO AR (— M A T % R R UL T TR S
(IEEB). b2 SRAE B RE 28 4/ B A2 0 PR U 25 R R fmr A 2, AT SEZ BRGNS 2 v 2R 1)
REE. HIfT. 7 MAER) SRS . HERD I H 20 & 56 U LEA R R BRAENL,  FFAERK
Wz DI T BRI SRS, SR E T OGO v fetE. HERD /2 t [ 423k 1) [ Br &
EH, Z25EFEAHEERA. BRI, HERD M 23$1%T 2025 451 )5 & 4.

5 4 i
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L) [0 A DGR D AR ¥, BEAE BRI AN W S iy, 5 H 2 1A 00 055 FEE o B ok el
T ELAS A A 0D 485 SR AR 4B 7R — S8 LR R BB UL B I HTIL S, B R0y KT A1A
R FEEE. HEESE— B, 3 WY A SR 3K n) 3981 2 28 BV oK 12
7 H KT
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Overview of Direct Measurements of Cosmic Rays

PENG Xiao-yan, YUAN Qiang

(Key Laboratory of Dark Matter and Space Astronomy, Purple Mountain Observatory, Chinese Academy
of Sciences, Nanging 210008, China)

Abstract: The history of cosmic ray studies can be traced back to the 1910s when Hess
and other scientists first discovered them. Cosmic rays are very important laboratories of
particle physics, and led to many important discoveries of fundamental particles such as
positrons, muons, pions, and a series of strange particles. Cosmic rays are nowadays key
probes of physics at the extremely high energy end and dark matter particles. A brief review
about the history and recent progresses of direct observations of cosmic rays is presented. In
recent years, new space-borne experiments such as PAMELA and AMS-02, as well as a few
balloon-borne experiments, have measured the energy spectra of cosmic rays very precisely
and revealed several new features/anomalies. Remarkable excesses of the positron fraction in
the total electron plus positron fluxes have been observed, which could be due to dark matter
particle annihilation/decay or astrophysical pulsars. The cosmic ray antiprotons, which are
expected to have the same secondary origin as that of positrons, do not show significant
excesses compared with the background prediction. This result also constrains the modelling
of the positron excesses. In addition, spectral hardenings above a few hundred GeV of cosmic
ray nuclei have been revealed. Such results have important and interesting implications on
our understandings of the origin, acceleration, and propagation of cosmic rays. In particular,
China has launched the Dark Matter Particle Explorer (DAMPE) to indirectly search for dark
matter and explore the high-energy Universe in the TeV window. Most recently, the DAMPE
collaboration reported new measurements of the cosmic ray electron plus positron fluxes up
to about 5 TeV with very high precision. The DAMPE data revealed clearly a spectral break
around TeV. Possible fine structures of the electron plus positron spectra can be critically

addressed with the accumulation of data in the coming years.

Key words: cosmic rays; high energy astrophysics; space detection; dark matter
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