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x sk (*f) . (4)
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IR B IR 2% 8 07 FRAE S IR AR AR B T 0] LA T
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fei# U2-14 i 47T DL B B s AR 26 7
Xf, AR EAE N Loy = —gayyaE - B, BIHZA
TSE . KA t(a— vy) = 647/ (g2,,m3). £ R
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HSLbr B2 B2 B R F v, DUGERTE 1987 a [
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e BE T A SR HRIT R AR K e e HURE T
REWS 5 125 M BROK U2 T R T S R R 3. F
R R, FN% AL B AR ST R AR A%,
TLsmARE B [ OC RAEIR K BE R VI H] (4 Gev-PeV)
S B REURRRAE. T Aok T T BE SR YR TR
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JRSRALL. R 2% I 0 5 2 v (R I A R A T i
0 o 88 A B T A A b AR R ) e LR T, B
IEA LT, IE BT 145, 3K ey FURE T2 DTHR B AH B
5 o ety HURE T B BE T, A BE I I IR R A2 AR
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X = B B IR G 3y 21 LE 1 L7, St
TR, FLAENE K 23 AT e LR 3, A AT RECEAT
{1 2% TR R D00 2 P R 000 381 PG5 490 i ) 42 PR 00 1) 6,
2 JE L RN I ) BOR ELAE P 7 A R A RE 1 (1 7T R
5 2015 5, KT RIS o s s T k. dn RS
Y 5 K B AR J B R AL TR FRL T, B
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3.1 FEHEGBER

7 FEL 2 A R A B B 70 ot 2K/ 5
AR AR, CEARAT B TP TR 2 I R A s 2
], A FAEBENLIZ By, 2% 8] £ 37 v] 4 55 38 iR g
WUz Z)). Ry BB b, 25 ZbE 1 (VR 20 A AEAR A
T, 525 28007 77 AR RO Il S5 7 — AN Bl
T HUS 3. EAERFRIE LT, T #E e — 1 mEA
22, AN Ry, = 20 kpe W RIAEAAR. 25T BUB AL 1 5
WAL T FE 0 5 8 N e

dy ., a1
W _V(Dxwi_vcl/’)""%p DPP%?W

d . p

*%[P‘I/*g(v'v)‘l’]

~ Ly Lyglnp) (7)
Tf‘l/ r,w qr,p).

Horb (e, p,r) T AR T ECE L, S aEAE
[FVEL f(rp,t) FIRRIE wir,p,1) = 4mp? f(r,p,1). X
T AR T H R AT R TR AN I IR,
Bl ow/or = 0. JiRERITLF AT NAEY B 1L 57
R =Ry, z = +z, LHPRITHCHEEONE. T il 241
— MERE TR A I B S X

(i) ¥ HX (Diffusion) F* ¢ L T LE AL AR TR )9
AT N EE R RE R RIY BUR KL D, fliik, T2
GoSE N7

s
P
Dy =BDo | — | . 18
B o(p()) (18)

Hrh p = p/(Ze) RFHEKLTIIMEE. § ZWHIE
e, X THEASHEME po, /N T EHRT S HM LR
FeE T AU RN IE, BY 8 = & BR &, Do A2 JH—1t
W, B =v/c T LR TMIS B . B R
R BRES A AR TG K.

(ii) XF¥i (Convection) X It 1T A HH BT B F B &
PR AEAE, BIER BR ) o A (£ 38 TG 59 AR A8 T ) 4 A
BE. XTI U BV, fIR. 8 R T M e
) B 35 1 B 7 1) I HAR AR I R B AN ED Ve(z) =
20(z) — 1|V.(2). # dV(z)/dz AR, WIXHRIHE 2
FEFH LR T LA EDR.

(iii) HEfN# (Reaccelaration) “E I +5 1 & F
B BRI TEARI & T pk B R P 8h 5 i R o

REE AL, B W H A B Y AR D,y T E
T HOR T RE R R AR, X IR AT A A
RN AR Fp A7 L B B 22 (A3 B, Dy, SR
HUEIN I ER S RN S

4vzp?
3D 6(4—68%)(4—8)w’

Dyp = (19)
w RN RSN, BB Y w = 1. 3% Alfven
ARV, LoREINERRN. v, BIME S #7555 DA
KRN IR B A K, V, ~ B/ \/Hon, 21 B
T IRIE, po ML THR, n KT HUKE.

(iv) REEARKL (E-loss) F°H £k i% 7 A1 2 bRt ot
KAEAR AR B G HL ) (Tonization) AT HIUH
(Coulomb Scattering). =855 £& HL ¥ Al Ld i 18k
4 5% (Bremsstrahlung), [F]25#E 5} (Synchrothron) DA &
7] B2 PR S 3 (e 18 s it R PR AR R I AL SR
SRR B e SR S R AR I R IR (Inverse
Compton Scattering) S5 ke &, IBH H p RnEE R
PR F. Re BRI BRI W o A oK. AR
HRI] R AR AAFR 8] (R, 2) Y, Wk3% 0 3 A AT DA A
3 191

B(R.z) = Boexp (_(lli_R@)> exp ( —l] ) . Qo)

scale Zscale

HH R, =85 kpe, By ~5x 10710 T. ZHEFRE S
Rycate M zgcare FIEUE 5 HARBRIA K.

(v) W% (Spallation) Fl1%E 41 48 (Radioactive De-
cay) T 2tk T HUE BRI UK A fli, 22 BOLHER
NERRZ T, X R BT W SR BT 1K
A IR 1) R A% A A R 2R A . i
T FRNTERLER TR B BRI 5 1R 5 BE 4 AT mism
BT o, 4555, SR TS 11, = msyoyv
FEFRTA] 2 rP ) R B SR T B A S e W Hts
AR B A ARk Xy 1ol

2
—In2- (Z> 1 @D
20

Horbxt T R <10 kpe BITEIL Zo =~ 0.25 kpe. 734k, AF&
EMT AR R A, AR M 1, FoR. K
5 AiRE R SR AR g s R AR R AR A IS
A RS (it 1 5 25 .
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(vi) FHLIRI (Source Term) T 3 H 77 B
LKL OB IE AL, — AUBRE 8 bl T4 4K
VB HE T FE AR 2 F /K 43 (http://galprop.stanford.edu/

download/manuals/galprop_explanatory_supplement.pdf)

p\ 7
qa(p) =ca () . (22)
Pbr

Hrb oy RIAREL A KRFHE T, ppr £F
BRIEE, 72 p KT UNT) ESHBREEL pp, 1 y BUH
N N(yp). T HT ERUR K 22 8] 73 AT H oy S 2R R
Kok e RO AR IR 5 S PRAE AT R (42
SPARIN, H R A Dy Tl

R\ R—R.
- (8 () e

L Ry = 8.5 kpe. X z- JrlAI A0 A, H I RIE

fm

q(z) = exp (0; Epc> ) (24)

T R IR GORL T (IR AN L1 AN F], 5
LR IR KL AR T ZORE 1 2 By Jo ) AH FLAE H
Ja BITERE ). e AT GO AN B BRI IR )
A5 UL RCEAT AR ELATE P 3 5 2 IR ORE 100
ik 0y 2

q(p) = Benn pe / dp’dc(dl;p >n(p’)- (25)
Hor ny e /2 HOR He R85 RE 50T, 92020 ot A
PRI
A0 R AT 7 ) 5 F R T 5 F A
B IR S RN

p(r)* dN&)

2m)2( <Gv>§’nx dp

q(r,p) = (26)
Horf p(r) RBEY) TR AEARIA 2 1) 23 1850 A5, dN©O /dp
FEREP BT R A X K B LR T RETE,
AH LI 73 S A2 my. IR I0E H TR R EH B &
SR TE L, GRS 2 B B B RRT, B
W55 e I ) R 1R PR A [, DU 0 3fe A [
T 122

I A0 AR AR 7 A 5 R LT IR VR TR A A

r dN&)
atr.p) = B0 Y S
Seof ¢ AR T 0% B, p (r) RN AT 5
B 22 150, QN Jdp SRR 15 X %
A5 2 TR, T I SO,
SRR TR 5 KT, R e
T HAIE 1 T, AR £ R, 04 7 —
et Y R ATOR T RN T e+
A v WA RAR AR B T W
B AR BB - L A
S R A AL, BB 0 e i
WA AR, B0 py (r) # pgr), WA LA
N

27)

dN>

dp

(28)

s(rp) = B £e) T e

Hr p(r) = py(r) + py(r), SUFREEN € = (py(r) —
pz(r)/(py(r) +pz(r), T RBEVIFRL TG, M e=
1(—1) I, B ORLTF3EA87= AEAUN E  et (7).

FE T8 LR AR 5206 vhy, 00 B0 3 2 5 4%
M5k (), ‘B 5HEE Z MR QR

B(E) = - y(r.p.1) 29)

FH T E 152 B 2R BRI A8 3 AL AE K BH 2 38,
B )52 1 22 22 52 B K BHIE B B 5200, G A K FH XSS
TXARFEMEE IRy <K BH Y ] R 122230, il X b 3k
JE R o g I I AR 22 FE s Al vh, 52
B AR I B 2 32 K BRVE B s ma 1 K ARS8, R
B 26 R I 5 (T) 575 8 K FH 8 il 3508 1)
R ST (Tros) HIKFR R 221
2mTron + Tip,
2mT + T2
ZHE m, T 202 FHEWREMBNEE, Troa =T —
|Z| pp & S50 UL ) 5= 1 2R3N RE. o HYILALELE 500
MV A

ST (Trpyp) = ( >d>(T). (30)

3.2 ITHASLIRLERE Y

BRI LA IS A Jo 22 Te) SR SE B S 1 TR
BERE. T S AR LA B E S A LR
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5
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=1 e

O s
RE

{H PAMELA SZE AT T 5 E SR — BT MR EEERESA T M % =2.820+

Positron fracton e, e"+e* ($=350 MV)

(@) x I (b)

i 4 AMS-02 : M@%ﬁ

E~~o PAMELA = B

L T N Fermi-LAT 2107 , ’&@i =23 %%ﬁ

N . ® oL "

_ \, -~ Conventional ﬁ@ﬁM T [ "
‘3-) 10 N S g K% f
3 m\\ i “-d"” 2 W i
= r S < 10 Fermi-LAT(e*+e")
o seoul 5 U PAMELA(e")

L Tl w E —+— AMS-02(e")

RN L F —+— AMS-02(+€")
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NN = - = Conventional(e")
N - - Conventional(+e)
102 sl " Lo ol paal " 1 il " paaal " raanl raal
1 10 10? 1 10 102 108
Energy (GeV) Energy (GeV)

1 (MERFE) ) FHEAERTFOXLEAONEER EPERILTS % EF A GALPROP 2 F 1S4 (Conventional) S
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AMS-02 (281 F1 Fermi-LAT2012 2%, IF 2 B8 F = A5 585K B T Fermi-LAT 13, 188 F B 58 5% BT PAMELA 25 1 AMS-02.

Figure 1 (Color online) (a) The measurements of cosmic-ray positron fraction. The theoretical predictions are obtained using the GALPROP code
with the “conventional” propagation model [26,27]. (b) The measurements of the flux of electrons and positrons. The data of positron fraction are
from PAMELA [25], AMS-02 [28] and Fermi-LAT2012 [29]. The data of the toal flux of electrons and positrons are from Fermi-LAT [30] and that of

electrons are from PAMELA [31] £ AMS-02.
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2 (MBEMFEE) G BAFEERRFHRE. b) BATFHERRFSRFRBILENSZHRER 3. BHBLHSHERE

FIF GALPROP #2F7E1& 4k (Conventional) SHEE T HEIFEIR (2627

Figure 2 (Color online) (a) The measured flux of cosmic-ray antiprotons [33]. The theory curves are obtained using the GALPROP code with the

“conventional” parameter set [26,27].
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0.003+0.005, e =2.732+ 0.00570-998 I H 75 g B
TeV Bt PAMELA I E 511 A ZAZ e 2 30 H
45K, PAMELA L E ) IE B LR 518 T
12 RV, Forr— AT BRI AR RE A2 I 1 R A4 ) 38 G
Jikh 2, R B AR, 3 — M ERE  E  Jo JEE 2K B
AR,

ATIC-2 SEE& 28 FH AT = 2 BRI BGO &
= D) = 1 ol e ) = 1 O = - 4= % S A=z B
20-3000 GeV. H 45 R R I7R1E 300-800 GeV FE & [X [H]
MEE] 7 210 AN IE S H -, T EAS T SHURE A 140.
I HINAS 1 e 1A BH S 0 BB (bump) 4544, WAL
BAE 650 GeV Ffir B4, X —&£5 1 5 LLATH PPB-
BETS “UERSLIG &5 e AH— 2 9,

Fermi-LAT 5258 2% T 2% K & (Fermi Gamma-
Ray Space Telescope Mission) [ K [H ARl 5 5 28 2
%% (Large Area Telescope), 1 BEI & 51 BE 5= Hy 26 1E £t
FL ¥, Ferimi-LAT J¢ T 1E f B 1 S BE RS A 00N 25 S 2
7N AN EALR TR AR B RE . (H SR ECN 3.04,
EU BRI T 1 2R IR 15 B 25 R EP R 2 30361,
XA AT DA PR AR A — P R S PO I . At
Ferimi-LAT I 31| (1) &35 5 A B R 4544, A1 ATIC 1
SEROR—3 [ Ferimi-LAT I 21 () H 1 RE T v
A YR T7 1A, A N T ~ 0.5% — 10%, H
HARMEECRT BT A RE R BT Ferimi-LAT 450 2% A
5 TR AR, (B A5 B BRTE%, 0T DASIX 4 1E 67 i
Tl . Fermi-LAT 5258 & 1 20-200 GeV i [
W IE 4 32 b, 451834 5 PAMELA 51256 45
— 25, FOI F 1 TR PO S R 2L

HESS & —/M 11 K VIR R} 5k B2 1zt B2 W N 2
B XA TR S, HhTh % B AT LA K )
2. HESS ] LA & S Re s (1 B i 7. 4
FREIRERE (> 1 TeV) P HE T RERGAF/EPUE T B8
381 ZERAEIX I8, HESS 45 5t B 7R 7E 300-800
GeV PHIT (1) 1E A7 T S i T R T, (2R 3
B R S5 R, L Re i R R TR 20 3.0 BOL

AMS-02 &5 % T B BR 2 6] %5 (International
Space Station) b FJREREACIRIIZE. A PAMELA #H
EE, AMS-02 R #5650 14250 P8 R0 B8 5 1) g 2l
YO AT DL R RS BRI 2 B R T AR
2013 4F AMS02 SEER A A AT T3 — A E g R 128

T 0.5-350 GeV JulH A I IEH 740 L b, KB
£ 10-250 GeV i [ P BH S HE T A% 43 1Y) B 98 T4
fE. kG FE A R TG I B 45 2R 2 7 TE L 40 S L
R BRI R B, 78 20-250 GeV yu N I
RER TR T AN ESR, HAGR T B MRE. [H
B AL IE FEL T I R 1S 2 B & 1 3 A1 A AT I, %
F SN T 3%((TE 95% BEAE/KFET). 2013 47 A
AMS-02 KA T X BT, 2%, kb 7l &tz &
(IR0 B 25 . I i R R AN % I R 7 =
A IX F T R B BP0 o Ah, H T T A s 1 fe
TR A A — B, SR LU, 2014 4F B T
gE R OR IE 740 A 270 GeV AR TF 46 BT B
FEEN

33 BEYIRZTEENEIMES 95

HHf Sk # & K&EH T PAMELA, ATIC,
Fermi-LAT 2551256 45 B A HE 40 B TAE. IX 885 i
ARG AN Frid.

(i) BEVR K o R R B DU R TN .
PR EA BT RRAINLE]. — RO 3 10, BN
RSB FA BRI G; — I8, Ly
JE I P RS A KL 5 bR AR R R ELAE P, 4
IR T H R B R TOE R B T B A T

(ii) XF-F WIMP H& 4 J5 8 K MR, 24 il i i 22
SR LI AT B K T HAE AR AR k. X 3
FATIE R 58 AT (Boost Factor) FUASYE i) fE. N- 14
RRADL T 2 B J 3 10 R A2 o 22 9ok v R i e i AR
SR K SR P

(iii) 52 2 5o 1 E 8 (1 BR ), W5 05 5 25 A
T RLT AR A L AUR 55, B BP0 i & KT 10
TeV LAZE T2 AR 10 s 0 2 2 7E H R Il & 2005 1)
NGz P/

FH G DT B S256 500, AMS-02 1F 143 S Eb
B ORE P B V22, R kT DAAS 21 DA R A DI
AR I S8 B R T AR AN B 145 2. I8 X AMS-
02 HHs (P RIF 72 PT DA bb A L 43 HE R RE e g 47 T B 0 A
RURUAH BAE AL FERT TSRS Y0 0 Dk 2 R, 1 e
By 32 B 2R TR AR B R I S50 XS0 %
PIER Sy, —E 00 § R Z,, 5 EUR B Dy, 8 ).
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HEREE . B % RICE 20154F 545 % 5 4 1Y)

HINIE v, SFE2 R 520 T SRS )0 K ok, 5 —
T WENTESEEL v, , 55 RS2 A B 5 i R+
R ER PP T LA RS, A
R RSB THAHEH, @ IASH « ok
P& J5 1 0B T RE S 3 — A AN e 1, S50 6 RoR
Re T AL 2 A E 1. A GALPORP #2/7 [161) [A]
i X% PAMELA, Fermi-LAT Fl AMS-02 [ S0 45 F 5t
WA PR LA i DL P I ) J K R S A, 5
FRE T SN SEIAR M A R & iR, 133045
RBIRIER 2 . [FERER RIS ) i 3 AR (O AR LA
BRI RERER 3 P NEERKE, /TS
=1 MEAERANEBEESH. A EENEBRSHEER
B 26271 B 2iB T EAIIE RICUWMH SN RIELE
SHIER W03 ERE Dy FIBRALA 102 cm? 57!

Table 1 Two commonly adopted propagation parameter sets. A is the
conventional propagation model [26,27], B is the best-fit parameter set
from fitting to the astrophysical data [40]. The unit of Dg is 10?8 cm? s~!

Model z,(kpc) Dy & Ye1/Ye2 Yo1/Yp2
A 4.0 5.75 0.34 1.6/2.5 1.82/2.36
B 3.9 6.59 0.30 1.6/2.5 1.91/2.42

T2 BEHIBERE 2¢, 2u, 21, 4e, 4u F 47 RASTIEHA XM
REMUESE my, (ov), « F 85, ARMERE x2/d.of. BIEX
B [41). RIEPHTBIRES, E—MEATO I RAEE A
0B, BISEE (ov) BIENMRZ 10720 cm® 5!

Table 2 Best-fit parameters ny, (ov), k A § and the corresponding
xz/d.o.f for DM annihilating into 2e, 2, 27, 4e, 41 and 47 final states.
From ref. [41]. For each final state, the first and second row correspond
to the result of model A and B. The unit of {(Gv) is 1072 cm? 57!

Channel ~ my(GeV) (oV) K §(x107%)  x2,/dof
2e 407.1 67.8  1.064 —6.43 450.56/119
404.9 559  1.079 7172 403.40/119
2u 570.0 244 0.997 -4.12 343.25/119
793.8 387 1136 -8.71 299.60/119
27 15343 1780 1.154 -7.62 219.67/119
1860.1 2230 1.234 -10.4 210.78/119
4e 4235 59.0 0924 2.25 415.21/119
664.2 115 1.106 822 355.25/119
4p 10957 497  1.049 -5.32 290.18/119
1409.7 690  1.158 -9.01 262.22/119
47 30684 3860 1.186 -8.26 205.72/119
37943 4980 1.260 -10.9 199.29/119

R3 ETHEXR =0 WERT, I THEMIRREE 2,
21, 21, de, 4 F 4t RISHIIE, BASMBIBHRENES
Bomy, 7, x T8, LARABRIAY 12 /doof. RIEFIITFENARS, F
—ME AT AR THEE A #0 B. BUE 3T (41

Table 3 The best-fit parameters my, T, K F1 8 and the corresponding
xz/d.o.f for DM decaying into 2e, 21, 27, 4e, 41 and 47 final states, in
the secenario of charge symmetric (¢ = 0) decay. For each final state, the

first and second row correspond to model A and B, taken from ref. [41]

Mode my(GeV) 1(x10%s) K §(x107%)  yx2,/dof
2e 334.0 21.1 0.632 6.79 892.87/119
332.1 24.2 0.673 4.25 836.39/119
2u 654.8 6.27 0.806 1.40 510.77/119
691.1 6.39 0.856  —-1.24  493.92/119
27 1762.4 2.15 1.019 441 291.92/119
1860.1 2.19 1072 -679  291.56/119
4e 506.2 19.3 0.737 3.54 622.69/119
523.7 19.9 0.787 0.81 594.44/119
4u 1258.6 5.76 0.882  -0.78  414.90/119
1328.4 5.85 0933 332 406.53/119
4t 3455.5 1.97 1.058  -5.34  265.93/119
3647.0 2.01 1112 -7.69  266.56/119

R LA 4 e B

(i) AMS-02 IF B4 3 LU R B A S R s 4 ot
TR K B IE S h 756, J DR e K ORI IE
7 B R —RE R RS, RISt i HoR g =45
O (Ll Q3 ik [R) 25 S5 RN 30 R 17 i 5O i ) HLAL %
Je IR TE AT SR S I H B B I UG 25 4. IX ) AMS-02
MEARATE A . EZE BN PEMELA 1) 1EH T2 3¢
e s ok As B Bk Sk,

(i) AMS-02 PJHHE 2R pu- B REMUEH
A - BYPRESMMEELE LK 3). X MBI
F PAMELA F1 Fermi-LAT %4 [0, & &5 J 2 AN [H] 1.
R - BT ARSEFEZFBRENRESLT - &
Tl AR 70 e AR KRS T) 1M 52 2 Fermi-
LAT D't #5048 (1) R )

(iii) 7F 5 4 5 o 5 A0 L KB T B UV S
s (A B E, AMS-02 S0V X 38 A1 Fermi-LAT 0
1) [X 35 W S AN ). AMIS-02 B8 8 i) T J5 M 6 i e 1
HEA GeV [HEEY TR T
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1022 = PAMELAg"/(€ +e (a) e
3 Fermi—LATe(*/(e*+)e’) 102 PAMELAe /(e +e™)
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A 2
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102l 1 T S .| L F— 102l . ] , .
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b [ —+ AMS-02(e") b [ —+ AMS-02(e")
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R [ ---- DM(Model A) 8 DM(Model A)
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] L & .
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Energy (GeV) Energy (GeV)

3 (MEIRFE) BEYIBRERE 2u 0 20 RESHBELELER . a), (b) 7E (ny, (ov) FE _ETE 9% BIEKFE LERIFHSEH
SEFE. B EFERTA L T ANESELE B A 22 PSS EIEE I PAMELA (25), Fermi-LAT (2239 F1 AMS-02 281, (¢), (d) AR FIIEER F 4> 2 b
FSREBEER. (o, O HEMESBRFERBHNSEEUESER

Figure 3 (Color online) Allowed regions in (my, (ov)) plane at 99% C.L. for DM annihilating into 2, 27, 41t and 47 final states from the Global fits.
(a), (b) the regions allowed by the data of PAMELA [25], Fermi-LAT [29,30] and AMS-02 [28] are shown for a comparison; (c), (d) allowed regions

by positron fraction data; (e), (f) allowed regions by all electron flux data.
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(iv) FEXT HichiE 1B AR & 45 RO, WPt K
AP 0T IG5 ) o S AR O R

(v) B RE RN AT LA B O BB T, RSP J5
B R R LAAG K AR AN o K 79 e 47 5. Eﬁﬁﬁﬁ%ﬁﬂ&%ﬂ
SIS FFREV AT FREEAR. (B AR LR AT F 255

I B IR KR &,
G T DL oA R P 3 e DM RE A KA 2 AT
Xk S 420 I R 1 A

34 BEYREMEEERSEEET

I AR 23 BT S 7 2 SO0 380 7 1 R I 5
AT LA WIMP A7) 5 38 R R AR () 1%, I 470 o LA
FROIBE 2 4B T 42 LG LA 5 1 L PGB AR BRI A &
WEA. KRR TR A, AT R RS R
JHRORE PR VEE A ABK T 3 P Bl FEE AR P )32 1
W) — PP LA ZROR FESG s a0 S ok
A 3E i A2 e — Fh iR A B AHEAE . WA
AP FEG] Jy. X R AR 5] ) 5 B 5 )
W RAAE SR AR R (L] 4). B B AR ELAE F g
W AT BR B () 3 R T T B R TR T R

me

VW) V()W) = "ER ) G

my
Forb my, WSV R, veel 9 R VEE K BN ()
IR E, V(r) NKFER G, WK e %
M Legnedre Z i3 Py(cos0) REITLUME B4 &, H
oo ONMBNE, 0 RERAAARRTIUA. WH ¥(re) =
Yo Pi(cos 0)x,(r)/r. IXIFEE 5 T FE R AW T A
2
d szz(r) _; myVee (r) + E(E,;L 2

Ky (r) = 0. (32)

Horb k= myveer /2. TEAB)E S B AR — ROE
XV A

Oper | xer (7)

(@0+1) _JII?(COSO)V’OQO)

X Py (cos0)d(cosB). (33)

Vi (r) =

TE— R OU R, T IAFAE AR M T, BEE 15 T REY
FEAEJEE K RS R T I S A

(@)1

(b)

e e ¢

B4 (MERFEE) ) BYREE 2R ZHRPESRFLZE
ERNBEE. SR HRFPESRT A SEEYRAT ZE
FAEKIEWS|2E, WS AT LS BUE R E IR E PR i
K, BIRKRIEMRL. (b) BEHIBGERE|—FFPESHTHES
B X—T 2L AR R ARFBRT AR RS E, MATERIK
EE T RIREREIRARIENR

Figure 4 (Color online) (a) Feynman diagram of DM annihilation pro-

cess ¥x — X, (X =2u,27,...) with multiple force-carrier exchange
which results in Sommerfeld enhancement of the annihilation cross sec-
tion. (b) Feynman diagram of DM annihilation into the force-carriers

through z-channel process Yy — 2¢

lim, o0 (r) = (kr)*,
. 0(r) (34)
lim, 0 =57 = k(04 1) (kr)".
TETC 5328 s 26 A
lim ¢ (r) = Cysin (kr _ gu 54) . (35)

Hrb & R, Cp 2 H A PR AU R
2] LU I 40T € S 2R ARG 5 R 1 .

2
_ [(ZEEI)!!} . (36)

2
xe(7)
2 (r)

TEZR AR ARG AL, Bl 52 e 1 B b 1 2> Dk
I BT P 4 JO B AR T 8 R PRV KA T 2 AR I
VST AR T B, 3K S e 2 R ) 3G 5 IR R R ). gk
— 35 [RIF F 3 BH X P e 4 = B2 R R o) R b 1 28
BAMRKKR. N TREMFERB PR, ™
EHIHER 2 Yukawa 3,

Sy =lim
r—0

V(r)=— . (37)
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FARIER T H— il Rk
2no
SO(Vrel) ~ ( )
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0o =
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"y
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S E KA
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X

X R a HIBR B ZE 5. X T AR AR O, R H A

g, X AR R RO DL, A A R e
TR,

(40)

———e MO [3(F-81) (P-§2) —81 8], (41)

X T Yukawa %, EIRHBHP DAL, —~H
JRARHSIR), 453 BOA A A1 3h B i R B AR &,
BRI 3 — j fF SRR N
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T e
, 2
L2 ) (42)
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A LA LR R ANAR R BT /. X T AR R
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Figure 5 (Color online) (a) The Sommerfeld enhancement factor as a
function of DM particle mass for the case of vector mediator exchange;
(b) the Sommerfeld enhancement factor as a function of DM particle
mass for the case of scalar mediator exchange; (c) the Sommerfeld en-
hancement factor as a function of DM particle mass for the case of pesu-
doscalar mediator exchange. The allowed regions for different annihila-

tion channels are also shown.
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Yo S AR BE IR T A% N S RE. S RERT LA AL
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SR AN A BT PRI 1. 8 ek S SR 1) O B2 i R
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I H AR T DL i 2 &

4.1 BYIREBEERNEREE

X4 RE RN my, KIREYIBORL T x, S5 EAE
T AN AR Z R A R A SRR RSO I, T
AR ST RERI S BIZE R = AN /dr fERIE Sy 1344

R=Nr (::l())/dER/ md%f(v)v%. (44)
X Vmin

Hodr Ny SRR T RZ R H  po SRS I R 3
SR W RBUE N po = 0.3 GeV em?. 7E K BH &R I
I, R 166 HH ARV R IR E O vege &~ 600 km s~ 1. X}
TN WM RE Er, T 7 S 85/ B P iR 1

A
mAER
Vmin = . (45)
\ 203

Forb ma REFCREIBUE, pa = (mymy) [ (my +ma) FEHE
/RSN AN EATE A S v v B 1D ) VA BE |
SPE TR AT B0, RIS 0 S5 O I A T 2N 0K
A, 8 AR FUEUR S HEASH PR 2. 75 H 1
PEBUR 8 =0, RIPAE Er 50 RBNEH g 1)
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4.2 REYIEE SV EEHIRUN
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Hrb o iR LR, N N LHE L (HEERIE
HUER_E AR 8% 5 16 ) 5 AE AR B AR A X iE 3, e

BR W SR B (WG TR FE A e (v) KR — M
IS AR 4

Je0) = fov+ve()) . 47
IR T T 15 400 J5 22 B 1) T
ve(t) =ve +ve . (48)
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vs =~ (10,13,7) kms~'. PIIZFN |ve| ~ (233 +
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) R AN TR ] R
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JE B /NS (R RIE Fa 401 3 2
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dEg 2u2v?
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oo =E1zf,+ (4-2)1" . (52)
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Apn) = Zd: NeTR Ay, (59)
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I S .
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RS (PPC) fm 2B R E%. M EMEY i 5 86 5+
P Al f ) H B (S . I 442 d RO, W E] T
— G H T S ] 81 I e A5 m] DL B A
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Figure 6 Allowed regions and exlusion curves on the DM particle
mass and scattering cross section from various experiments [48] such as
CDMS-II-Si [49], CDMS-II-Ge [48], CDMSlite [50], XENON10 [51],
XENONT100 [52], CoGeNT(90%C.L.) [53], DAMA/LIBRA(99.7%C.L.)
[54] and CRESST(95.45%C.L.) [55].

(iii) CDMS-IT /2 {3 FH R AN 1 S ¥ A1 R
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Table 4 Values of &7 for various target nuclei

Xe Ge Si Na(l) Ca(W)O4 C,CIFs CsI  Ar

&r -0.70 —-0.79 -1.0 -0.92(-0.73) -1.0(-0.69) -0.92 -0.71 -0.82
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Figure 7 (Color online) (a) Constraints on the coupling as, as a func-
tion of asy /as, from antiproton data and DM thermal relic density and
data of DM direct detection such as DAMA, CoGeNT, XENON, CDMS
and SIMPLE. The DM particle mass is fixed at 8 GeV. (b) The same but

for operator 0.
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Astrophysical observations have indicated that dark matter contributes to 85% of the energy budeget of the Universe, but its
nature is still largely unknown. Understanding the nature of dark matter requires new physics beyond the current standard
models of particle physics. This article briefly reviews the evidence, origins of relic aboundance and candidates of dark
matter, with the focus on the indirect and direct detection of dark matter particles. The recent experimental progresses are
briefly discussed. Some mechanisims and models such as the Sommerfeld enhancements, effective operator approach and
the isospin violating dark matter are discussed.
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