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FOEE Smirsk, W 52 SR TR AR R W B AT, 5% 2 IR T S0 6t 52 7 b F-HEAT 7 R B U . o, 78
FEHT LR SRR T AR R T RE G b, YR BLE JL A GVAL /L R S AR T4 AE. 45 2, Bl /RVEREIS {2 (Alpha
Magnetic Spectrometer 2, AMS-2)3258 & IR b F AR VIR T e i SR EE N 3. B AT, S 80X —I
G IR R IE W AR E 18, 0 SCH FHAMS-2. [ BUR A2 % R AR ) 32 26 (Payload for Antimatter Matter
Exploration and Light-nuclei Astrophysics, PAMELA). & i 7 #8ll #% (Advanced Composition Explor-
er, ACE)H 15 Hi £k [Fl i R Y6 1k 1 (Cosmic Ray Isotope Spectrometer, CRIS)(ACE-CRIS)EA K iR1T #H 15
(Voyager-1) 4 &8 F 505 52 56 H0d % 1K — il BEREAT T 0F 70, S50 95 57 1 (p) FOBRAZ (C) 3 b 2R B ) JR W s 1
Ae it DA S R L (Li/C)s Bl Lk (Be/C) FIAI B L (B /C) 3PP Y IR ki 7 IR WKL T BE W% Lh. &30 o i e
e g DX AR T 3L 2 EH R B 4 T BOR B 4 W RS R R 3 B S B AR MR AL B A - E 0 d (diffusion-
reacceleration, DR) LA S 47 -5 ¥t (diffusion-convection, DC)FIFIAS [F] IR T HE QL AT 4T, 7E S BUESE T,
TR B G-, SRR B 2oL I s A (1 B 7E0.41~0.48 2 [8]. Hrt, DRI i 7 ¥ oL (A 22
HEDCAE RUAR0.06 72 47, IX UE WIAHAL T X, FANE ML & S E(Li, Be, B)/CE1EJLH GeV /nZ 8 {2

BE. PAIL, & FFERI(LI, Be, B)/CHid, DRI T 75 M9 LIS B /. fE R fE

X, &5 & WP BRI 2 5

4% (the Dark Matter Particle Explorer, DAMPE) & 1B /CE#, FRATR I B T33 N % 19 /= 58 23 91 UM,
DAMPEM I 2B/ C s fig X A0 I 5 580 7] T F 4 B 20 R R R, A RDRIGEDCHE R, 15314

BURE T ZHASH L N —0.19.

KR ERNR: FTEHE, 8L 3E, R
hESES: P172; CEAAFIRAD: A
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W JLAE SR, %57 o 26 25 i) S 08 0 57 o 26 7
MeV /n~TeV /nff) e & X A1 AT 7 RERE, &
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KRBT R AR &R BLAh, AMS-2iE
RIIR P T8 b1 (WAE (i) B (Be)s #(B))H
BEWRAE L (T GV AL #0020 B — ) A, HLELJR
DRL ¥~ R 1 1 s 4k 7 FE B KT, 3 — g 1 45 ) Bk
A1 AT T B 2 nd A% FE LR A% SRR
i, FEE S LRI S Y BRI TR SE
(the Dark Matter Particle Explorer, DAMPE)¥
L (B/C) I & E 5 2 $5.6 TeV /nff g &6,
HAEB/CH MR E R EM XK. H
i, 5T REWE A AL G i B RIS AFAE BOR $+ 1. X
R PO AX — I G R L N R, — M
HIEA R ER, 2% S4B IR s m 12—
Tl ) 2 5 A 43 RUOBE AT O B R 3R, A% i v B9 E
S UR i N 12353 i Y VA G VG 8 4
AR 1518 B R AL SR AL M) A7 E 2% [ AR 1022 A S0
BT G G 1) [RIVE S B4, I8 AT 5T A 5
HALENLE], A IR TT T BT A R e RE X R TE AL
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FHEMREBERE

TE T BAR AR T — Ay 5 1 2 SR TR
- R T R A I R P A RN Y. X s HRL
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SISMAH BAE 2 A IR RL T 51 AR AR &R rh
FEREIT, T RE 252 BIASEUNN 2 R BUR 22 A
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FINT Z kT, Bk, PP A 5 i 4R 1 1E
N it g; 72k ] 5 e P

2

¢ = Nif(R)

()"
()"
(o) "

P < Pbri

Pori < P < Por2i
Pbri

p
Por2i

Pbr2i
Pbri

/______/\______\

—V3i
) y P 2 Pbr2i s

(1)

46-2

HANARFBIH—FERE, RARRER, f(R)
ARV 2 R B IR A 3T, oy Poris Poroi
53 ) N R R AN FEE AR N B 1) T AN 4 A NI
Viin Vo Mg ARERIEETETE 7350 M0 < poris pori <
p < poraiflp = poro PIENIEFEEL. 765 H L 4
5 R 10 B SR AR R AFGALPROPRO 29I et | 5o Jiiy -
PLAM ) oAt A oKL 7, N, =2 AR 48 1 1 1 =F N, 1
H), BIN; = X, N, Bk, FAMEHFE L SHX,
SRR KL i IH— R

Y FEH LR EA NI s gy, Sk
WK Bl 77 % (magnetohydrodynamics, MHD),
F X L B, S B AL E S W & DR
[F] i, MHDJ 7] G 5] 4 5 i e A2 3h & 25 7] B
BT, FECEMESRE. FEY SR ED,, TRR

N:
(2" een
D:v:n = DOBW{ (4p(iv)6L (p)éH <
k 4GV o y P ZP1,
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Hrh Do &Y BUAREAEA GV EL, BAE LA
A B ) T 2R B, e — MIKRE E K
WA, O A8y 23 A N NI FEAR T oy FUANMIS T po 5
e 2. X, RATEp &SI N E RS HL 4T,
AT N RETE ) = B A AL I AR A 0 TR R 2 1)
—FP AT REMERE. Sk, X Do AT HERA TR TR B AE
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BRI, 2 1 R 2 52 ) A 2 00 i 5 45
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T A X Z RETE AR R R AT 7T

5 3

KIAREz = OFF FIXHRIEZV (0) = 0, Ve(z)
W8 e 2 2 R 3 I 2 1 AR A 8 310,

B Ja, BENH BRIZE I 57 17 4e 2 32 3R BH X K J
JIT 48 5 47 B2 B W v VR A A O BH 3 o) 52 i)
REE/NT L GeV /i AL T, Oy 1 SRS S
i 52 Ze g i, AT ) 3 AL SRAS UL K BH 1
132X — R AR T — AN A S 8e. DR,
N EREF L BN L = € I RN cE AR 7Bl V)
B Ul R AR 33341 Rt MG B X A5 AT 3=
R T K BHE B A5 /0N IR S0 P 0L 25 SR (V4 i ik
LE3.1).

7 6 3 15 e X AE T AR B ) B A4 J DRE AN B
AR TURAS [R] AL AR A A EAT T 0T 5. AEAN [F) A
R JRATT 23 0l T AS TR] BRI BTL A (R DR O it ) S i
RAKEE X B/CTEL GeV /nft i 1)U, R, EFTA
ORI vh AT T 18 AR BE DN 33T, Rllvy, #
Vi X i BE X BETE AR RE I 5, FATT I 7 501 K v g
X7 s A Bl ey e DX N B 5 4 R g AT e BT
&AL R

(1) DR-d: A 4 - B g iy, e &
B TR R SCE Foa N H S [, FRE T
T HCR B S W T, AE R RS N ) =
?%Tﬁ, Blon # oL, vsi = va;.

(2) DR-i: 5DR-dAHAL. HEZRNTKE T 6y =
o My, # V2.

(3) DC-d: AR 4 HL- xR Y, 25 & 2t
X B, BIV, (2) = %2, [FI, 8T HR
B v 0 B2 P AT, AER B R N B WU EE 4 4
Rloy # Ov, vs; = 1.

(4) DC-i: FIDC-dZS L. (HRZ AT E T 0y =
o My, # V2.

3 SEER

N A SIS R, AR DR T
MINUITBIRIGALPROP (v541 )42, FFH e/ —
TNy AT L S W, 31X — T3] DA RO A
H RN I S LS SR R B, F4e
TR LA A

“https://gitlab.mpcdf.mog.de/aws/galprop

3.1 RAREINHIE

AR R MR T H s B FEPAMELAA
AMS-2ll S W pFCRENS. RIS, J137ix lREEL
B ASEADL O 9 5% 30 A0 /1N Bl A R A R 0 1), AL A2 %
AL ERF FH F4 R ) 5N T BEAS BE AR IR . BT AMS-2
(0 LI 78 55 1 K BH ¥ 30 B R IS AN H 3K 1 3
(heliomagnetic field, HMF) #1486 3, Rk 5
AT A TAEBOSABL, X AR AMS-25 T
20 GeV/nl ¥, A TAEH TR HIRER 15
JRWIRL T 1 g 3 LB FEPAMELAN 2 1B/ C% 4
FAMS-24 i (JLi/C. Be/CHIB/C¥#E, 3T L
R (R ) S R, FRATANfSE T AMIS-245 t 1) e &
K F20 GeV/nfI(Li, Be, B)/CEE. BATIE X
TS it B4 R M #8 (Advanced Composition Ex-
plorer, ACE) (1] 5 5 £k [A] i 2 Y6 3% 1 (Cosmic
Ray Isotope Spectrometer, CRIS)(ACE-CRIS)#2
HERI1 GeV/nbL R FIB/CRICEHE, 1X — s 5t
TR RE T 8 2 AL 1R AT v By B 2 3, TR
A X 2 1 A% FE ML AT B0 JATT R A = e X T
WAREA —E . SN T k> oK BH I ] o

etk FATR A 5 PAMELA [ 31 ACE-CTRS %

2, H HAEMA I T IR1TE 15 (Voyager-1)4K
TSR350 0 2 i 2 Brp. CRIB/CELHE. X SL % dE
AT DA B AT B G b 24 R I3 e 1) o A
S8 g5 b, WA T R R S TR L. 5
b, FATEZBE N SUT R, JHEH] T GALPROPH
BRAON B BT H s, 25 8 BILOK 1 W] BEAF AE 1) I 22,
TEFLA FATIE I N T A [R5 Sy ok #E fff 1 4
IRLIKE T 7= A
3.2 NREBESHHGITER

A8 F 1T 51 e 5o 5 A5 S B AT A R4S 2
(B A AN E B R 2P s, X TRT A AL 3K
TIRIAE RAEFEN R BT BRI &
Redndfr, R1F MR ITE X5 B % (degree of free-
dom, d.o.f)fJ LLIJTLEIRNI2Z (8], MAS [F) B4 14 53
kK&, PAMELAfIVoyager-1IpAICEUIE STk 1
BCN2160%. AR, 405 R 25 & AN SEE T p

2http://www.srl.caltech.edu/ACE/ASC /level2/1vI2DATA_CRIS.html
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TR 5 3]

MCEHE, 15 B 1x2/d.o.f 2.4 47, Ui B Fr iF
FE A R S 33X 3 43 B4 () PO A P A X s 2= R
& B8 i S BUE RS B MB/C. Be/Cs
Li/CREVE LU DA K2 C. pRERE 73 5l 4n Bl A2 7,
o FRATTHE AL B 2 TA) 1) A8 15 B A 05 LU bR i N
LIS, ¥ K BH & 1l 5 1) BE 3 5k B8 LL ARV A Mod. AT
LB M, i M <d SRR H (L. Be. B)/C
PIRFRIEJLE GeV /nib#R A T B RARE, M FTH
(< RS  H  (Lis Bes B)/CHLLESTIE, 7
B BE XA B HBH B AR AL A . 7 [R) B A A5
RINEZLR, i BIAUAT “-d” BER 45 tH 12 /d.o. R
— AR, WRAE IR YKL T 5 AR T RE 1
EEEHE 1) DUk, AR I T DR-dRIDR-#E 8y 2/
deofHEF 3, 48 WIA1.12F01.16. X ¥t B % TDR
LAY 7E = Ae X 5 N5 80P 9 802 5 IR E N
#15(Li. Be. B)/CHUEMVIGEMHZEARK, TA
TEVEXF X AP HLE] AT X 4. X T DC-dAIDC-ifs
. x2/doo fHIE S B 1.36F11.68, 5t B AT DCHE
By B S (L. Bew B)/CHEIRFGAEE
1. H 4k, BARDR-dFIDC-dARE I 25 H I AR- T BE X
T HIR BOLAF RN ZE 7, (B2 RLE

T T T T

T T

LI L) B B L L B B LA L) B N I R L)

e PAMELA
m  Voyager-1
Ao ANMS:2
v ACE-CRIS
DR-d (LIS)
DR-d (Mod)
........ DC-d (LIS)
DC-d (Mod)
-- DR (LIS)
DR-i (Mod)
.. DC-i(LIS)
- DC-i (Mod)

O10 11—
510

il il el il il el R
10 10? 10° 10* 10° 10° 10’
Kinetic energy/(MeV-n™)

e X3 AR B B AS = 6y — o B 1 Rt £2
—0.16Ffr, RERF S R T SIAE )

x1 pETEPERNEIES
Table 1 Data sets used in the fitting procedure

. Number
Data Experiment Energy range

of points

PAMELA 400 MeV-1.2 TeV 80

P AMS-2 20 GeV-1.8 TeV 41
Voyager-1 3-346 MeV/n 15
PAMELA 440 MeV-130 GeV 18

AMS-2 20 GeV-1.5 TeV 33
ACE-CRIS 68-195 MeV 7
Voyager-1 5.4-137 MeV 12
PAMELA 440 MeV-130 GeV 18

B/ AMS-2 20 GeV-1 TeV 32
ACE-CRIS 72-170 MeV 6
Voyager-1 5-117 MeV 9
Li/C  AMS-2 20 GeV-1 TeV 32
Be/C  AMS-2 20 GeV-1 TeV 32

107 . ————— ]
5]
[
[]
o AMS=2 RERN e N
— DR-d (LIS)
------ DC-d (LIS)
--- DR-i (LIS)
-~ DC-i (LIS)
10'zj —
L - ‘ L -
10* 10° 10°

Kinetic energy/(MeV-n™)

K1 FMADR-d. DC-d. DR-iFIDC-ifiR R ESHE 5 B/C. Be/CHILi/CHEWE LI IS5 . X ek B 5 BmdtiT 7 . K
AR A = MeV /n, Fi 1 MeV/n = 107% GeV/n.

Fig.1 The theoretical calculations of B/C, Be/C and Li/C ratios based on the best-fit parameters of DR-d, DC-d, DR-i and
DC-i models. These results are compared with the experimental data. Note that the unit of X-axis is MeV/n, and 1 MeV/n =
1073 GeV/n.
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Q
4
- « AMS2 | Um0
— DR-d (LIS)
R DC-d (LIS) |
--- DR-i (LIS)
-.- DC-i (LIS)
1072 % L - ‘ L L L T
5 6
10° Kinetic ent;lt%yl(MeV-n‘1) 10
1 4
Fig.1 Continued
I;TTHW T T TTTHW L TTTHW T T TTTHW L TTTHW L TTTHW 106: - - "””‘ - - "””‘ - - "””‘ - - "””‘ - - "””‘ =
« 10 e F 285
= F = 10 E
N 10 ".": F 3
2 F 3 10° E
= 10 = F 3
'I-'," E 3 ‘T({) 103 E E
T .0 o PAMELA i E o PAMELA 3
B;P E : X:ny:_gzer-1 E N".’ 10? E = Voyager-1 =
£ F v ACE-CRIS 1 § 4 AMS-2 3
<107 — DR (LIS) = £ 10 — DR-d (LIS) -
i E DR-d (Mod) ERRT DR-d (Mod) E
w.o.r S/ e DC-d (LIS) 7 L DC-d (LIS) -
%107 DC-d (Mod) =l E DC-d (Mod) E
I ---- DR (LIS) 3 2400 --- DR-i (LIS) I
= DR+ (Mod) g Tk DR-i (Mod)
g0 -.-.DCHi (LIS) = 8 .- DC-i (LIS) E
= DC-i (Mod) 3 2102 DC-i (Mod) =
©10* 4 * E
\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ L \\\HH‘ 3 10*3 L L \\HH‘ L L \\HH‘ L L \\HH‘ L L \\HH‘ L L \\HH‘
10 10? 10° 10* 10° 10° 10? 10° 10* 10° 10°
Kinetic energy/(MeV-n™) Kinetic energy/(MeV-n™)
El 2 FIHDR-d. DC-d. DR-ifIDC-ilA S AT HIIC, pReE MBI LE R, X g B 5 SLib MR AT 7t R EIh Y AL FFRoRRe

W3 LA B (Exin ) 2. 751K .

Fig.2 The theoretical calculations of carbon, proton fluxes based on the best-fit parameters of DR-d, DC-d, DR-i and DC-i

models. These results are compared with the experimental data. Note that the Y-axis represents the energy spectrum multiplied

by the kinetic energy (Ekxin) to the power of 2.75.

B 7 IR R RE RN 1) S H b, R — A5 Y AE 42
T, AR - B R A B L ) At 2 B R AR
— 5. Fk, FAVETH B d R g5 . 7R
DR-dBEA 6 MBS 5 40.41540.009, HAEDC-
AR 65 5 80.470 4+ 0.012, EEDR-dAR 25 H ()
S5 K0.0674 4. 1] LLHEWT, 50t #EAH L, 7
15 km /s A B EFoa T, B 3SR RE X A
RETG TR 2 5K, R A IR kL T S WKL T R LL

Aels 5 Hela

w2
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(RITEAR T 9 BEUE. (R tk, fEDR-dEEAY s AR 1
SpAEAL AT AE L (Li, Be, B)/C¥d.

N Y R SR IR SO EE R IR GOk )R A
FL - RE 1 LG 2 M, FRATEDR-dBE AL 1) He il L,
Koa B B AR FERAG B/ CHAE . Hh, Koa
73 5 B NOAIZ0 km /s T ELAF BB/ Can B3R,
AL, A N A 1R S B R IS DL T, uafE
TS HIMB/CHIZEEL GeV /it I Iy e sh i 12
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5 1

#, 151 GeV/nbLl ERRM 2 BENS. i, 5

HL%IJT TE R PE AT DAHRYE — 30 0 i BORON. 11 52
M) 33X 9, 2 B s %S Y 75 21 1 51, A B AR AR Y 4%
AN R ERLL 5 B 1 DR-dA B AID C-d AR B 1 51

ARG oy R (H R EE R A, A=
TEDR-if5 Y H 3 Ko, 130 km /s, 7E(Li, Be, B)/C
[ e A X I AR R I 2 BB I . X AN 5 1
0 KN T A R R RE X B P I, BARRE S

FUB/CHI LA I, AR PRSI ASE —
i, (ADR-AIE R T B /CTE e X 2L N
F B RERFAL, U E AL HI A T BE 2B/ CrRife

®2 ERARITAIEERSERNSENS

BB/ CHE R fE X IR A AL, HAX— Ef&uﬁ
A BT AL Api AT R, X —

R 5 AR D2 e B IE S

g

LW EMass

Table 2 The best-fit parameters for the each model by using the data listed in Table 1

Model

DR-d DR-i DC-d DC-i
Parameter
Do /(10%® cm? -s71) 4.18+938 4.05+9:28 3.00+929 2.98 +0.23
oL 0.4154+0.009  0.4154+33%  0.470+£0.012 0.450 + 0.012
on 0.26+9-03 [= o] 0.302+9 037 [= o]
p1 (102GV) 3.5+ — 2.64532
n —0.664+0.09  —0.74£015  —0.65+0.11 —0.10+0.12
va/(km-s71) 13.9+1.6 15.5413 —
dV/dz/(km-s~*-kpc™h) — — 5.3415 3.2+1.3
Vip 1.62 +0.04 1.63+£0.04  1.723+£0.028 1.836 +0.020
vap 2.396 4+ 0.009  2.390 4 0.009  2.399 4 0.008  2.395 + 0.008
V3p [= vap) 2234803 [= vap)] 2.22 4 0.04
porp/ GV 1.754+9:98 1.60+9:8% 2.543% 4.05+0.16
porap/ (102 GV) — 44498 — 3.7+0.5
vic 0.92499% 0.74+0.11 1.274£0.05  1.542 +£0.029
e 2.376 £ 0.008  2.395 4 0.009 2.361 4 0.008  2.374 % 0.009
vsc [= vac] 2.23040-037 [= voc] 2.2140.04
porc/GV 1.74 £ 0.07 1.6149:82 2.343:% 3.60+£0.17
por2c/ (102 GV) — 1.87+924 — 2.3+0.4
Np/(107%ecm™2-sr71 571 - MeV™!) 431540013 4.3134+0.013 432445817  4.34240.013
Xc (107%) 2.99+9-23 3.2454 3.5+94 42405
SLi 1.23340.013 1.2314+0.013 1.238+0.013 1.238 +0.013
#/GV 0.529 £0.009 0.540 +0.008  0.43440315  0.351 £0.008
x%/d.o.f 1.43 1.37 1.50 1.55

Note: the fixed parameters appear in square brackets.
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510-1 e PAMELA
= Voyager-1

s AMS-2

v ACE-CRIS

— DR-d (Mod)

---- DR-d-0 (Mod)

[ DR-d-30 (Mod)

vl v vl [

i |
10 10 10°

“‘1”04 L

ol 4
10°
Kinetic energy/(MeV-n™)

T BT
10° 10

Kl 3 HDR-dBAH v 5351 E N0 (3 RDR-d-0)#130 km/s
(X RiDR-d-30)3K4856 B / C IS AE

Fig.3 In the DR-d model, force vy = 0 (corresponding to
DR-d-0) and va = 30 km/s (corresponding to DR-d-30) to
check the changes in the B/C ratio

FeAeh b, FRATT AT FT T R AL IE B A AR A R
W IR B 2. AEDC-dAE Y (i R ml B RATH
dV/dz % B NAFE R KRB/ CHAR 4k, Hodr, %
dV/dz%y 5] 3 N0A10 km - s~ - kpe ™ UF i 55 75 3]
B/ Can El4FT 7, 1l BLE B, 78 HAb g % % 2
BARF RO R, 2028 dV/dexf s g X B/ CRE R
b= P & SN G NN B S SR S BT A (5 i3
SRAT LA B, dV/d=48 KE, B/CRIRIZE k)N,
I FEARE I TAE S, RIS H AV /A2, 29
N5 km st kpe ™t AR T EOS B 0L UK. R,
TATIE RI, FdV /A48 KEN10 km - s~ -kpe L RE
B 4F Hh fif BEACE-CRISTE I 6E X B/ CHu 4, (H
JEB/CIEEREE X S8R H — ATk, Btk
LTIB/CHHEEL GeV /nkb ik,

AN W 55 W AT AT LR B, G e X AL R L]
(AN ) HE A 2 5 SCERANTAE A [F) AR 28 R o) 6, R A B
SE AL, 1MoL AN [F) SOR 5 80 A8 R 6 19
BB ARAE 22 7. SR, 55 & BOLE
TEULE ELA, an 51 N F I ML, Al 5 1) 0p, 2 ek
/N, A0SR BT NKEFALE], 2 A0, [ 53 45 S 1 K
BRI AL A 2 Al BB Y H AT LR 7 4E
PRI BHEZL TR, SLIEH A T0.41F00.48 2 [A]. 7]
W, RS E Re T SO FT A 45 A AR B X HiAh
SEIFEA, H 2 6, A6 1L AR BU(E 200 B 5 A 7R ik
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FERIAN RT3, TR 52 R AT T FEURL 7~ A2 AN R
W R AL AT 9 B BR AR, AR 2 S M A TR AR 2%
T 5 59 AR AR,

HSA I B L L B B

_____ tths, 4 i

107
@ r = Voyager-1
r x AMS-2

i} v ACE-CRIS
i — DC-d (Mod)
B ---- DC-d-0 (Mod)
L e DC-d-10 (Mod)

T R R ETT B RTTT| B S A R RTT] B AT B ARSI B R AR
10 10 10° 10* 10°
Kinetic energy/(MeV-n™")
4 KDC-dEER AV /dz R E N0 (5RDC-d-0)
10 km - s~ - kpe ™ (W B DC-d-10) KA B/ CHIH 2

Fig.4 In the DC-d model, force dV/dz = 0 (corresponding
to DC-d-0) and dV/dz = 10 km-s™' - kpc™' (corresponding
to DC-d-10) to check the changes in the B/C ratio

3.3 S5z aiT{ErtbERFiTie

FATTH A B 7T o (DR-dBE R &5 A1 2 /i T
{EBO (U DR-HAS B 25 AT 7 LA, X AN
57 R 2 A I I AL, (R R DR-dBL AR E
Bz S HEAZ AL FENLE AR E), Kplt fe il Bl 5
Li. Be. B. CH¥uE—i#tiTl&, MDR-HIRE
BZ5 HEA AR ARSI, AUEH 7 E L
Be. B. CHIZ#REATING. WLLE S, W/ MEAS
FA LS HIEA 8L LD R-HAE 15 3 ) £
HESH0L = 0.446 +0.014. 0y = 0.267052, vy =
17.2475 km/s, MDR-dBER 3 26, = 0.415 +
0.009. dy = 0.297593, wa = (13.9 + 1.6) km/s.
A, DR-HEE R b 2 Bune = 1.42 £ 0.04
voc = 2.35310010 THDR-dBA Hiyy e = 0921097,
voc = 2.376 £ 0.008. T X £ 7 7 1) 3 2R K AE
T DR-HAR Y7L H A% AT 1005 I p v N &
VA — 4k = FE [ 52 Dy e e s B Z <2 3R A Ak ) o
HEE, TIEDR-dAE R b FATTH pRE IS HE — A2 A
B0 G 2 R IR p IS B E— A E N E
ZH. WTLURIL, DR-dIER AL 3 S8 A B A



65 & N

3

s
&

b 5 #

T SCHR[30] F DR-HAR R FIDR-LAR Y 4 5 () B FE
2 (8], HADR-LAZ& 3 SR s A A, (R4 A F]
T BB R R R S RO AT IR #). B, B
5B AGAL AT NS — BN AT AL 1% S
A HE . B, FIFEATLUE 3], DR-dMIDR-
HA R AGHS K21 9—0.16, T W, A [E IR E BAR
XFERANTL R e X S H i BOK, AR FRAT 2 &
RE B T AR R A K. 534k, AN AL 45
(1 S ERTE L. 270 47, Uk A AT REAZAE LA JR A R 8]
B SR F AL T 200 A HERRPY. MaurinZe A
TAEBTR I, 2 B % (Ne)s 8% (Mg). fiE
% (S1) S Bk 1% (Fe) W 24 F2 72 AR L, ] LKL 7=
HEIERZ20%, X 5IATM L R IELFAETT.

3.4 Z5EDAMPEHEN SETEINRIH#—
ST
MHITTH 20 B 7T A1, IR AR R 2 S8
fiG-rh e X 9 B 46 8o, 7 — € 124k, (HREANE
WA o A7 5L B 75 L 5] N N 1 = e P 4 B B ER
REH G eI A se R m e X e s AR R
o JEH 2 S EURG KL T L JE AR T AR A R S 0
K FH AR P BB FAT T 1 TE VR R R A 53R4T X 4
X AT BDAMPER % KB/ CHEE I
B A A (AN 5 2] “-dampe” ) (AT T, &5
RUWR3FTR. g R BN, B T DC-i-dampefb: 4 D)
Ab, HA SRR 1)y 2 5 B EL A ZE A K. (0, an it
X 7% fE(Li, Be, B)/C¥ ¥ 1 51k, DR-d-dampe.
DC-d-dampe. DR-i-dampefIDC-i-dampet¥t %4 X
N E B 5 081.200 1.35. 1.46F11.98. A
DL, AT < A, <o d” B 5 IR R T R TR T
RE T LU 1) s 77 A 15 5 47, 1M H ' DR-d-dampel?)
L& 00 R B . X4 B 5 DAMPER B/ CH
PEREAT LB, 25 A EISFToR, FFERTLLE H, “i7
R 5SDAMPES 2 (7] 1) 22 S4B & B 3. ] I,
DAMPERIB / CEHE A SCRFE N =y Be P iX —#l
Hil. HR22M M, & -d B R R KIS ECN
Sg. M T M ER2H (1 B8 43 B ASZ)—0.16, H
F3HARF B AL —0.19, UiV m R Y BUE B
AL FE K e R BEDAMPERIB/CEUHE. 5
gh, MESH AT LUE 2], B ARDR-d-dampefDC-d-

1k
a4

46-8

dampets B T ASHUE AH [, {H /2 DR-d-dampets Y
tDC-d-dampets 8 55 $2 IfDAMPE$ ¥, iX /2
N E AL FEB / CHY i BE DX P2 AR T 55 [ AL
MG, FEB/CIEF e R R AR b 5 B .

T T T T T

® PAMELA

A AMS-2

© DAMPE
—— DR-d-dampe (LIS)
DC-d-dampe (LIS)
---- DR-i-dampe (LIS)
-+-+ DC-i-dampe (LIS)

10° 10’

10°
Kinetic energy/(MeV-n™")

K 5 DR-d-dampe. DC-d-dampe. DR-i-dampe
ADC-i-dampeffiE 1B /CHIL{H 5 DAMPE LI EE 1 Lk
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Table 3 The best-fit parameters for the each model by using the DAMPE data

Model DR-d-dampe  DR-i-dampe  DC-d-dampe  DC-i-dampe
Parameter
Do/(10%® cm? -s71) 3.94453 4.1740.28 3.00+5:%3 3.01+0.16
oL 0.41245:992  0.3964+0.009  0.462+3:312  0.434 +0.009
5 0.22-+0-03 [= 62] 0.274=£05:039 [= 62]
p1/(10% GV) 3.6+8% — 2.7457
n —0.57+0.09 —059+0.10 —0.63+£0.11 —0.32+0.11
va/(km-s") 117458 16.2+ 1.3 —
dV/dz/(km-s™* -kpe™h) — — 5.1+14 3.04+1.2
Vip 1.66+9%% 1.61 £ 0.04 172243928 1.791 +0.024
Vap 2.406 + 0.008  2.408 +0.009  2.406 4+ 0.008  2.411 4 0.008
Vsp [= vap] 2.25 +0.06 [= vop) 2.24 4 0.04
Porp/GV 1.9943-% 1.67£0.07 2,541 3.124+0.12
porap/ (107 GV) — 44409 — 3.7+£0.5
vic 1.01£3:97 0.72£0.10 1.25 4+ 0.05 1.37 £ 0.04
e 2.38743:303 2,408 £0.009 2.368 +0.008  2.389 £ 0.008
e [= vac) 2.250 & 0.026 [= vac] 2.23 4 0.04
poec/GV 1.884597 1.63 £ 0.07 2.25+098 2.69 + 0.10
porac/ (102 GV) — 1.94 4+ 0.26 — 2.340.4
Np/(107% em™2-sr .57t MeV™Y) 431243038 4.3084£0.013  4.3194+0.013  4.334+£0.013
Xc (1079) 3.54%% 3.3+04 3.6+%5 44404
Sti 1.230 £0.012 1.22240.012 1.23240.012 1.230 £ 0.010
#/GV 0.51745:5%¢  0.546 +0.008  0.438+3:3i3  0.401 +£0.010
x?/d.o.f 1.44 1.46 1.49 1.68

Note: the fixed parameters appear in square brackets.
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Studying the High-energy Hardening Observed in Cosmic Ray
Spectra

LONG Wei-cheng  HU Hao-ran WU Juan
(School of Mathematics and Physics, China University of Geosciences, Wuhan 430074)

AsstracT In recent years, with the continuous improvement of cosmic ray detection technology, various
space experiments have carried out high precision measurements on cosmic ray particles. A hardening at
several hundred GV in cosmic rays spectra has been exhibited for both the primary and secondary cosmic
ray fluxes. Especially, the Alpha Magnetic Spectrometer 2 (AMS-2) experiment found that secondary
particles harden more significantly than primary particles. At present, the reason for this hardening
remains uncertain. In this work, we employ the data measured by AMS-2, Payload for Antimatter Matter
Exploration and Light-nuclei Astrophysics (PAMELA), the Cosmic Ray Isotope Spectrometer on the
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Advanced Composition Explorer (ACE-CRIS) and the spacecraft Voyager-1 to investigate this question.
The data contain two types of primary spectra including proton (p) and carbon nuclei (C), and three types
of secondary-to-primary ratios including the lithium-to-carbon ratio (Li/C), the beryllium-to-carbon ratio
(Be/C) and the boron-to-carbon ratio (B/C). This work assumes the high-energy hardening phenomenon
is caused either by a high-energy break in the injection spectra, or by a high-energy break in the diffusion
coefficient. Based on this assumption, two different frameworks are analysed, including the diffusion-
reacceleration (DR) configuration and the diffusion-convection (DC) configuration. Under each framework,
the estimated value of diffusion slope Jy, is found between 0.41 and 0.48 in the low-to-intermediate energy
range. The value of é;, required by the DR model is about 0.06 lower than that in the DC model. It
indicates that, compared with the convection process, the reacceleration mechanism will cause the shape
of (Li, Be, B)/C to become steeper from GeV/n to hundreds of GeV/n. Therefore, by fitting to the same
(Li, Be, B)/C data, the DR model requires a smaller diffusion slope. In the high energy region, combined
with recent B/C data measured by Dark Matter Particle Explorer (DAMPE), it is found that the high-
energy hardening feature observed in DAMPE B/C ratio is more likely to be explained by the variation in
the diffusion slope. For both the DR-d and DC-d models, the obtained diffusion slope variation parameter
A is about —0.19.

Key words ISM: cosmic rays, diffusion, convection, turbulence
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