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BEAT TR,

AR, & B WS ERE =2 008l RS E S, S00 B RE B
WEACRGH, RIS FE R, HAEAREEE Xray SHT B 2I AR
FHIE. SR EREEREZ, FOABIKh BAW Y HAR S RE I g St = BT
FoIR T Rt RA W B SR A, FOBA SRR ERE R, U AR A RHAT HH B9
RS B A EAR AT R, W L, HAES i B R A RE T 2 B R AR AR, E ATRT
KB B BE AR R TR, G AL R sl B S0 D R e R LB X A
&, BERATHRIEGERARARER, BWRAMMNYITS BB E R R SR, &
SR EESRSTRAR R RUE, 5 P R oy 5 R A B Rl . o R E
HRUET B Y 2 B A, ROCERCRM S — B\ WA 71 R 2 R AL
1] REAB AR - AR A8 08 4 S5 v, I8 BRI AR i IR Y X-vay Y B AR RN 3, TT  SpPERA T AR I W]
RESME H T FL A B SO T B AR BB o, T REVR TR BB T19 p-p AHEAR I A A2 R
RN TR, SCERAEHE 5 H B PO T il B WO . A RAEE R + Sk
H, BTHTIERGE £S, WARIZSEOy R TERE, KZNVERTER. B e fgee
e %o e RE AR AR PP ) — S RGHAT IR 2, DR T RAAC L S a3 T 5 38 TEAA AR < e e
HIEARA L] 26 2 BEUA R Rl 2 BOR AT AR, JRE R PRI 2 i Y R il &2
W BR S RAL, 55 3 BA H ETEUT BB WU BERR, R B 2 i Be s S B Y A
B 4 B ELE L, RRSER G L, BR —ER B SR,

2 FoALER Rl pY 2 BOE AR S Y B O 5T

AT L Y 2 U B B B B R AR K BT A WA A B, RS
BRI, BB T S R S B T 1T SRR B, MRS IR H R T SR
THMES. B, Gaisser % \TEHBIRIFRE BT « pot, SIBCIEST. 390 BE X U0 BCs Wi 7
BRI RGE S ek Y Baring 25 AR B TR TR B BGE RS AL
PO SRR, HET 50 A S0 T 0 g S P B TeV i B AR S ) | e
BB, Sturner 5N (1997) B MM MEOR T EMIAHSHE, FH48 1 TR TREES 18] 9 3804k
FrHR, FEHET 0 A o R R R IR [ B AL T3 B I e S S T S ke () (AR
SO7 BIRY) . ARG, BT (BT SR Bl RS 2 Sk, DA T
RS, FBiEet. RS, PIEE ST R R i, SO Y R T 3 B A O R R
AEtE, I 45 8 B R RLEGE L p-p A EAE & AR S OE S OB, — MR, —Jus
BT BB R AR ST A S, A BIFEZEST ] X SRR, LA RERY o AR BN
i, FLrgtELE] X SR BRSBTS S A, TIRAE v ST R R T
BB S, PRSI, YRR TS R B R R TR 0 A TR, ST
BRI —~BESH, BTRTHEE K, , SRR ESIH TeV 585 R0 TR T
R TREGRKAIIGN. Ko ERD, TeV S5 HRT M LR TRt R ET.
BR A8 R BRE E Y K, (EAERETE 10 CeV b3 1.33x10727 | {HIEH T34 54%
SR, HuBRFE B (4 R AR A 2 S e AR 8, T ELXRY AR B9 Rk e K, [ ATREAR
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—HE. SOT HMAIBREA TS R BT SR TSNS, 58 Ko, ~ 0.6, B4,
Yamazaki 8¢ A (2006) Xof =4 481 Bt il fy E RS AT T PR, R BLY BOS i J5 9 T
BE A% 7E A 7 L Bl B T T2 R AR S TeV HEGRAY + SR, M T — SR B A TE 1~10 TeV
5 2~10 keV BIREE LR RHI B Kop WIE, K Kep = 1073 AIXIUA B —E M 245 T 1R 4/
R, R ARBEETRIBR B . 7T, K, A E S IO A @5 Eile TeV 85
R TRFELEZTFREFEWESRRUAREE. X TF2EEiEmd, Bk s FE o)
M TRE 2 2| [ 2P AR AUV B, RImAEX TR i B, A8/ 20 58 5
% Wi T p-p M EAEA B REBE E, REHE TR AW LK RIFEAE. HI, XTEE
M ESGE, R TR B T 2, SeREE RS, ol ERE, X SENENER
BB = Westerlund2 R4R T R PU I TeV EHFME ) . 245 K1k, HESS BIRMEIEH 6
BT R TeV FRET 1O, 5 e DA R v BB SR S A LI R X SIe 1 8 Y A R A
FF—E BRI, HORHE 15X ok [ B BB i B AE TeV fRSHER TR &R FRIE H 2
¥ONBAHE, Fang fl Zhang (2008) 7E SO7 AR IERE_ b3k — & B T 8 5r B vl i i 5t
BIRL,  FERL T HORE AR R T L0 R0 45 R 78 4 B 4R % S AR A Bt b 01112
2.1 FEGBHERDTEL

B Bl FEY RS BB SE no , B RS ash H 2R WA, s
BB EAL T A =AM B H B A, 43 (Sedov M) . AEETAE 613 | 7R R
RIGHIVIMEE B, B i Ak b, B A 0 R 80 R B T I B e B 4 3 i bR
R, MBS EINEK, ERYREESR, BEAE. 5 Uk RiRY
JR R KT B AR A BTl i R A, R Bl e N A, R ST BUR FT R &
B, REWREESFE, Wit sk, LR HRURRE R AR, 8 Hr B sl N\ 5
F, ERHES AR, SRRERH, ZEEHERT AL, §ERYRE A —K,
HEFERBBEEEA E = 104E5] , MEVIHEE R v EN 10%m- s71) , N#E
BEBBAE t = tgea = (3E/2mmunovd)/3 & 2.1 x 102(Es1 /no)/3v, *a BH#E AN LB, 76
T =traq = 4.0 x 1045;{177159/17& HNGESH O HAp, ne = prusa, s KEBEEETH
B, n AEEIFAEANEETIANET BEEFE 10 METFHNEE—MERET) ,
my HERFRE. EULEREE, Bk as 68

(O t < tsed

t -3/5
<
’Us(t) = Yo (tSed> ) tsed <t <trad (1)

~3/5 —2/3
o(2) () e
0 )
tSed trad "

B S G WA B AT L F R (1) = / o (t)dt TiHfERS

vot t < tsed

¢\ 25
VolSed [2.5 (ts d) - 1-51 , tsed <t < trad

frad 2/5 " 1/3 foad 2/5
VolSed |3 <i> ( ) —0.5 ( e ) —1.5 , trad <1
tSed trad tSed

Ry(t) = (2)
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2.2 IEN FREE S AV SR

St 3 N Ay 7 D P AR 3 e B s AL A B bR (15160 | R R e T 4
JE¥SY, R A T AT AR Bl NI R B S RE G R R, nsnr = 4nism, Bsnr =
4Bigm O TR THIRERARB R Y 617

: Bismvg (1)
FEy =100
hock fRJ

ot Brsw A B BFR RS IRE,  vs(t) = vs(1)/10% em- ™, f o~ 10 SRAEALT- LA [H]
AR N ALY B AR, Ry~ 1 AF BRI S s I E T, & 2Bk 1)
REEPISR, NPRFIRISH BT RE R AT A= (3) X By 4E i AR 1521,
N bt BISMvz(f)
Bmaxi (t) =~ 3.15 x 109/O ;fiRj
KL T BRPIE, HIE B R REE, HEET R d sl R, AR KO o 2 i
I FE g T e S, BB R FE LRSS RS, AR R ER
At 10

MeV-s™t | (3)

MeV . (4)

Fmax2(t) = 2 x 10°(fRyBrsm) ™" Pvg(t) MeV . (5)
MEFME, W p-p MEAEAT B RERIURRAR A
tpp =~ (n0oppe) ™t 2 1.05 x 1070y ! (0pp/100mb) ™ a,

Het, opp K pp MEAEFARHERE, 1mb = 10" cm?, XFE p-p A EAEH T E M GE R
RAUHITE—BAF L T IFAEE, Bk ER i B, RERAR AR PR 8, X
ek Ry RISTRE L 1
eBISM>\maX

f )
Amax ~ 107 em 07 AKX (6) TEH, BT Enaxs(t) BRTAIBOREEREF, &
&, BTFHBRTFBETRER T AR R R

Ee, max (t) = min (Emaxl (t)a Erax2 (t); Eraxs (ﬁ)) , (7)

Ermaxs (t) = (6)

Ep, max(t) = min (Emaxl (t)7 Emax3 (t)) . (8)
AR L b i R T O N ML R Y A IR, T R TR R R AR
Q(E,t) = dAN/dVdtdE "] xR 1©

QB ) = QUG [Eu(E, + 2meet)] (B, oo (- ) (@

QE”(Ep, t) = QgG(t) [Ep(Ep + 2mpc2)] ez (Ep + myc?) exp <_EE7p(t)) - (10)
p, max
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Hp B M E, R EFRIBT- 3068, me Ml my, 2350108 B THUR TR SR, #5580 o ~20.
g DRAUEAE 8 S AR 22 BT 84 A 75 P 221 8 i B2 1o Y T 5 3R T AR L B s s TR — B G (1)
K& SCH

(11)

G(t) = [Rs(tsed)/Rs(t)] , t <traa
0 ’ t > trad -

He Q0 5 Q) FIHALET 1, e KM IRE RIBIENRH S R FIE. #HIAK
A EB BB R, A RNER T S BIREA Epar = nMeug /2, WA

trad Ee, max Ep, max
By = / dtVsnr(t) (/ dFEQ.(FE,t) +/ dEEQ,,(E,t)) , (12)
0 0 0

Vonr(t) = 4nR3(t)/3 Al Bl, X (12) 1, 5IEEFHEFR TR Ko = QY/Q) )5
A 2 LA T

TERIF 55 8 B Bt 0 ) = RE R AR B, TREE R INEN T RE R A tER. oAl F A
Ne(Ee,t) Fl np(Ep,t) REBHEFIETIE ¢t HZIWREMS BE. EEFESRTHEL, kL
THIRE AR T4 B AR Fokker-Planck 7245 i 612
1 02 Ne(Ee,t)

One(Ee,t) 9 [ ot

5 = g (B (B t)] + 5 g ID(Be One(Be, 0] + Qe(Best) = 25722 (1)
Ony(Ep,t) _ 9 ot 1 o _ np(Ep, t)

5 = g (B B t)] & 5 (D (B )] + QB t) = 22 (1)

1E (13) 5 (14) 430, BTRGERERBUL. SR B BT E, BTk,
ASCEH IR TR0 (I (13)) , HAERBIRY

E(E,Ot (Ee) = Esyn (Ee) + Ebrem(Ee) + Ecomp(Ee) + Ecoul(Ee) + Ead (Ee) ) (15)
A& MR F RS, PIECRST . BT, O -S4 B A T B R 143t
K. BERN E. W9 ETTEMGS 2 S0 R fR T R

. 4 B2
Esyn(Ee) - —gO’TCﬁS'}/g ;:R B

Het e =ve/e, ve NETEE, v NETHRCERET, or HHEARESEE. 5EE
Klein-Nishina B 1EJ7, HL T3 RGO 102 R REHIR

. 4
Ecomp(Ee) = _gaTcﬁg'Yg ZUj’f('Ye@j) ) (17)
J

(16)

Hift 0 = kT /mec?, £(7.0;) = 0c(7.0;)/lor(1 +7.0;)] HEIEHET, jREEHLTH (L
A (45)), oc(z) HEFEILRPRE = 20hv/m.c HRESIHUTHRE 19,

3 1+x{2x(1+x)

() 1+ 3x
x)=-—
o¢ 17T 1+ 2z

(1+20)2

—In(1+ 2:10)} + % In(1 + 2x) — (18)
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BB IR BT T SR R B R T R RO, HAERBUR Ry

Beon(B) =~ Sovmecnsnfs MOW(E) — /()] | (19)
o
6= 2 [ ooy (20)
V(1) = Ao/, a(t) = men/IKTL(0) LRI A1) = 30. 4IRS AL LR T2
Bua(B) =~ o 21)
X TR CT ), 5 Ry
D(Ee,t) = Deow(Ee, t) = 3ormec®nsnr e 'AOKT ()9 (1) (22)

Hef () HECHET S S FHRE. BFERTNRNETFRETEY 0O ~
445 x 10702(t) K , B THIRIEIREZ R m T /m, 13| FFHESEEE THRE, LEEY
k2 2y 1619

(memp)'2ngnrA(t)
[meTi(t) +myTe(t)*?

A (13) FHHETHEARG A8, H—AX ) A EsE, XAl T pp
MEAERFENREE T (B et Hem), B

T.(t) ~2.25 x 10713 [Ti(t) — T.(t)] K -s71 . (23)

Qe(E,t) = QP + QX (B, t) + QX°(E,t) (24)
s do(E.+, E
Seic(E, t) = 47TnSNR/dEpJp(Ep,t)M 5 (25)
dE +
Q>C(E,t) = 4wnSNR/dEpJp(Ep,t)W , (26)

Jp(Ep,t) = (cBe/Am)np(Ep, t), By = vp/c, vp ARTHE, np(Ep,t) R TIE t WA, AER
N E, BABBRNKRLTIL. o(Ee+, Ep) 5 0(Ee-, Ep) 4 pp HEAEAH ™ 5 e” PRI
PR

B2 SNR BIR/ANVEFR, BN BRL TR\ SNR 263, 2B HUS0Y, XA gom

T H LT R AR "

Tesc = TE‘) )
Hrf R4 SNR 5 K/INHT D(E) A9 HUR L X B2 1 Bohm ARFRAEIL, Bl D(E) = (1/3)(cE/eB).
HIR, ZEBIIHEE R (IR (14) , HEERER EP(E,) = Ecou(Ep) + Eaa(Ey)
HA OSBRI REMR
Ecoul,p(Ep) = _gUTmecgnSNﬁﬂp_l)‘(t) (:Ze) |:<mp> ’@[J(ﬁ) - W(t)} . (28)

P Me

(27)
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Bua(E,) = - 2= SR (29)
RE = MY B R ECh
D(Ee,t) = Deout(Ee, t) = 3ormec®nsnr 8, "At)KT.(1)(t) (30)
MR, BT p-p MEMER, FIEERERR, Hitrk ©
Toion(Ep) = [eBpnsnropp) ' (31)
opp N p-p MEAEF R BRI, FRY 20
opp(Ep) = (34.3+ 1.88L 4+ 0.25L%) |1 — (%‘)4 mb | (32)

Hift L = In(E,/1TeV), By = my + 2mn +m2/2m, Hi7E © TR, T2, 7% (14)
H, HFHREIE TN (T + Tese p(Ep, t)

fEm BT, R (13) 5 (14) @id i Crank-Nicholson R 24 ki 12,
2.3 FEFNERVTE

TEMSF] SNR HrAEmt 21 RE A A 5, ™A By AR i S 1S (8 T 1521,
2.3.1 Rl & 44

HFIERS 2 ghet, 262 00 E R S B e Lz 3, FHr-Aamar. M
KR 7 A2 e S S I AR R S, T A R R AR AR S RO R 2 R A, L REE B
AU EREAE A, MR TR FNZES RN RS ES R - MR EEY
o, MEFESENS, B PR mERMAN e, 55N IERES RS
& H NS LB X5 2R I8 B 1 A

TEEUHT Bl BB, W AR [F] 2P R S v R R R

2/3¢B /2 Be max E
Quyn (B, t) = <M>/ dosm29/ AdE.Je(E., t)F (F”) (33)

hEVmGCB 0 E¢ min c

Her B, 6T ReR, e HHTFHE, m. HEFFE, Bsvr KESNIRESRE, 5050 H £
h=h/2r=1.0546x10734J s, c NG, 0 HBETE5EHIA, J.(Ee,t) = (cB./4m)nc(E,, ),
ne(Ee,t) fAREFTE t WA, REEA E., BALRR N R TR H5h,

ﬂmzy/mwKWu>, (34)

Her y=E,/E., E.=42x10°Bsnry?sinb, Ks/5 4 5/3 BrH1&1E I TRk 4.
2.3.2 #B A4

e Bl rh, WA 5 I BT AL & AR IR, R 5 H AR I
Fek s s. WA EIBGRE N T A BT SR RE L S T T R R AR A,
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REHE I RR N

E,
oen e,max do-
Qbrem(Ewat) = 47T7’LSNRAH)c dE J (Eeu t) ( ) ’ (35)
e—e,p

Ee¢ min dE’Y
Hrf neng HBBHEETFREE, Af M AR, AFBIEAWBENT, (Af =12 K
Afye = 14), do/dE,,_, K& do/dE,,_, 7RI AT - BT-AEHE 5T - BT 6 o sl
i, i do/dE,,_, = do1/dE, KHEHE Bethe-Heitler 8 Pl

doq 47“804 1 ey Exy Ye — €~ 1
= Ll = ) (1= ) {127 -0 36
dey Ey [ " (3 Ve Ve T Ey 2 (3)

Hera~ ﬁ HREMERHEEL, ey = By /mec?, ro HEFZIER,

BT - HFRHEMERE NE L. Haug FARTFHEIIAZEFES HETEAR 2 ) |
WHATC, AR T, Fedyushin il Garibyan 45 H T JEAHI R FH R A 2223
ﬁﬁ*&fﬂ%ﬁXﬁQTE’J’AiﬁHﬂ Baier A% 2, SCREEEX B AR BT, 2 BAREREUY

2MeV Bl FXHEIEIL T,

dol doy  doy
e—e _ 401 doz A ) , 37
de, (day * d57> (&5 7e) (37)
ey 103
16(1— &, +2)In (L) o Rt
v Y
1
2
dos 20 dey — 8% —2(1 — 2¢,) In(1 — 2¢,) (E _ "
doo _ o), 1
de 3¢ S _1
! i 282 * Exy 2+457)} ’ (57 S 2)5
2 ! 2 5 1
Sll-srmneo -2 -g] (5>3)
8 (78 - 1)% 3 1/3
A(E'yul}/e) == 1 - g ’Y + 1 ’Y_'Y . (39)
FEAEAART IR T,
do®R 47"(2)04 4e 1
S Tl v 0 ~(y2 - 1). 40
de,  15¢, <7§—1>’ <ey<ze-1) (40)
322
Flo) = B(y) |17— T Clrye, )| VI=7 +
2 4 —
[1”(2_@_2” " (23I Hm”fl -. (41)
— — Ve
1 10270 56(2 — 7eBe)
B(ye) =1+ 50 —1), Clye2)=— e 2)
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WL AR B ST BCE S BUCRE R, HAE R B

. 3o
Firom(E.) = —?aTmeCSnSNR(% +1)(Inve + 0.36) . (43)

2.3.3  REW4E 4

XIS EFESRIC T FE I, STOCFMEREMEE, e hiEa, XrEpEts
FREN & R i o (R WiALS) . TEREE WS, BOFRIREE BE /D TR FIRER,
BRI RB AT, BRUEDCTRREERS I, B mEE X SRR SCEM v F2
RICFE R —FhEZ RS L.

AR T 2R N Y BUET BB T 5, AR B R A BRO6 W] R H ik S SRS (CMB)
LLHMET (IR) KAKEG (5000/10000) | 33K BRI T-37 B8 BE LA K B 1t BE 4y I8 1912.7 K|
25 K . 5000 K . 10000 K Ml Uons = 2.5 x 10-7 MeV- em=3, Uig = 2.2 x 107 MeV- em~3,
Usooo = 2.2 x 107" MeV- ecm ™2, Uigooo = 2.2 X 107" MeV- ecm™3 . TERH B30 3 8w g i
HE] 10" eV, AT A% & Klein-Nishina B 1E, U HL T30 58 5 (0 H 6 5 o R AT R K

o0 Ee,max
comp, j(E’Y7t) = 47T/ dsnj(s,r)/ dEBJB(Eevt)F(EaE’YaEB) ) (44)
0

E¢ thresh

Her, e REFOETHIRER, JARSHEETIHS, n ACTHEEE:
15Uj 62

"i(&) = R, exp(e/RT) =1 (45)
2 2\2 7.\ 1/2
Ee thresh = i s E;(mec F/e) , (46)
g 2 -
F(e,Ey, E.) = @7;02)22 2q1nq+(1+2q)(1—q)+% , (47)

FH I' =4e(E./mc?)/mc?, q=FE\/T(1—E1), By = E,/E. & 1/4(E./mc®) <q<1,
234 ppAaZAER

L T 2 8 R Y I S v RE S R B SRR, A p-p A EAERITAEIE 2K
PkiF. pp MEAERT, PAEH ot 10 17, p,n REAME —BRGRL T, X RGOk T HE
JEREAEN v, et Ve, Ve, vy, U, FhaBEHRLT

pp FHEAERAS, e FEEREN «° FAE 4, Sturner FATEHH p-p MHEAEA =AM
JeFEE R A T8 R ITKR I O 2R FRER/NT 3 GeV B, SR Stecker T4 Hif isobar
model 29 | Y RFRER KT 7 GeV B, SEH Stephens il Badhwar 25 H B 4% BE AL (scaling
model) 261 | 7E 3~7GeV [HR B & WREA A, XMAIEARR FHEmECHT &g «°
I FH R P92 Kamae AL T pp M EAEA R R E R TR
SHACAR B, R RPN . Kamae % AH) p-p A BAE FI A
RS T X RO Ay AR AR B . AT . Feynman AR EBUIR LA K A(1232)(A IL4R) i
res(1600) (RE T 7E 1600 MeV Jt 3 9 B F LR A0W) 20, {15 20 K 7EAR 52 i Ak 1t 31 B P 4 38
Fl. Zhang Fil Fang 2 4 H R I #0357 B st o Bt AL B AL o, 655 B R Ok Tl Ak 3
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RN ERE R . IR POR T A B0 BOUR B 43 A AEAIT ST (nondiffractive) | ffF 5 (diffractive)
FH BT ESY, EAR A Rd, WP TR &I fT R R K

Aonp (Esec)
Aln(Fgec)

HA oo BRI TR, 7= Fuo/GeV, Fap(e) BEFRFITHERE, Fou@) A
ARE A B B <P AR 7 5 A B

= FND (I)FND’M(I), (48)

Fxp(z) = agexp[—ay(z — a3 + az(x — a3)?)?] +
ag exp[—as(x — ag + ag(x — ag)? + ar(z — ag)*)?], (49)
I3 = ! X ! (50)
NP oD Wpa (Linin — 2)] + 1 exp [Wpn (2 — Linax)] + 1
X‘j‘ﬁ?ﬁﬁ’\g&ﬁ% Lmin = _2'67 Lmax EI‘J{EIJILA%% 1.
F 1 JETFHEREP Lo BE (BEFahEe T, BAh GeV)
i Lax WnND,1 WND,h
0.961g(Tp) 15 44
e~ 0.961g(T}) 20 45
et 0.941g(T}) 15 47
Ve 0.981g(T}) 15 42
Ve 0.981g(7Tp) 15 40
vy 0.941g(Tp) 20 45
7y 0.981g(T}) 15 40
XFRTH IR, 5 BB AR R R
AO'diiﬁf (Esec) . )
m = Fairr(z) Fa (), (51)

HAAE R, Fue(e) RIEATH SRR OYEE, Fa(r) ARIERR ISR TETS]
Nk €

Fdiff(:t) = bo exp(—bl((x — b2)/(1 + bg(I — b2)))2) +
by exp(—bs((z — bs) /(1 + br(z — bs)))?), (52)
1
F(x) = oxp Wt (@ — Do) + 1 (53)
HP Wag = 75, Linax = lg(Tp/GeV).
TE A E IR SO A B [A(1232) K res(1600)] , f#4r 8K IH A
BowesFuce) _ (1) Fa(a), (54)

Aln(Egec)
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HAF Fos(v) RIERMEE, Fa(r) SRR,
Fres(x) = coexp [(—er((z — e2) /(1 + es(x — ) + calw — 2)?))?]. (55)

TEGIAN T HIRBY G, ARIEAX GBS R -, TEMIELRIOR L —4HH T
r(Tp) » HRBALT r(Tp) WIERE LAKXFRE M SRS 3K (28] HRIMIER. 1E7
SR BBE T pp MEARHERIKRAL T, FIREIRAREN, TERJE ) 4R 2
LR FRUAHE F 210 1.45 191

3 BRIV H

3.1 G347.3-0.5

G347.3-0.5(RX J1713.7-3946) K—s2 BB B, T 1996 4 ROSAT 7E4k X 5480k
Bk K& B B0, HUWPL I i 15— T =, e NIAA wT Rk [ RX J1713.7-
3946 Ay EA HRTEIEA E R AR ST P2378 | S RX J1713.7-3946 f E: AEFEETTE 1998 4E4
CANGAROO WiE] 39 | 3 2000 & 2001 4E[f] CANGAROO-IT Xt & Hrab47 T W0, iEsz
T ok B IR R TeV Fa4 1O | FEMFESR H RX J1713.7-3946 B E R AEsE ST F2, Muraishi
S NI R TeV 48 5150 H & AE i TR R B B, 1 Enomoto %8 AR H p-p AHEAER
H w0 FEAR(ARIE — Pl A AT RE A AILA] 4O | B A v B B A LI SIE B ARG B A T R
SCHEEE HESS 1 2004 4E[EFEFTHIIEN, REETEE M 190 GeV B 40 TeV , HRH X LB
B RS R —2k, SRR T AL S AR B IR B Bk 521, FEREBE 1~ 10 GeV, Aharonian A
#4547 EGRET MHEW LR 824.9 x 107 ergs- em 2. s71 |

Slane % A F 1999 4E 3 H ] ASCA X RX J1713.7-3946 #E{F T 23L 50000 AgXRM, £53H
BREH RX J1713.7-3946 f X SRR EIRADR, FERESE £& BY | k[ #D AR
S X SIS B A 5, (BT S H 0.5 ~10 keV REERMIFASTIETE BN 2.4, SRR
B2456.6x10 %ergs- cm™2- 57!, Lazendic £ A F|H Chandra X-ray Observatory f1 Australia
Telescope Compact Array (ATCA) 8% T RX J1713.7-3946 = B B4 B0 | Hod it e ik
BHWMIAE 1.4 GHz A1 2.5 GHz [AlBF#E4T, HPEIHMAFEN (6.7 +£2.0)Jy, (5.6 £1.7)Iy(i%
SCRFHIRVIE T 2 MR ERSRk B Al ST L) .

Xt R T B % RXJ1713.7-3946 RY4ERE R BE B BB 1IR3 4 J LR B2, Wang % A (1997) 1A
FEARE I REE AD. 393 M BB AR TY), IEEZN 1 kpe. Kayama % AfRHE ASCA X-ray
B i LI e 5 HAE R 249k 1000a , BEESHR lkpe W91 Slane & NIAANH S —4F = & HII
X G347.6-0.2 i tr, BHFEE 6kpe , 4E# 10000a B | #RTi, Aharonian % AFRIEEITH
XMM K NANTEN By, % H AR 2% 1000a B2, ZSCHRIHAFR K 1600 2, FEEHN 1
kpe , PRSI ILE 1. BT G347.3-0.5 A—BFEH BT, Ry T r A
R E T ES, ST X 280K B A JERE G EBORE T RP) B PR F 25 at, m
MER TeV REBRIERRE v HERTEEE TRER TS EABAN RN pp HE/EA.
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10 T T T T T T T T T T T T T T T T T T T T T
) 7.3-0.
o° L G347.3-0.5 |
'_“w
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@]
@
ot}
=
L
5]
N
=
el
o™
53]
1015 L /| L L L L L L L L L i 1 L ,| L L L L L ‘l L
10°10"10%107 16°10° 10* 10" 10° 10° 10" 10°
TR/ MeV

B 1 G347.3-0.5 MEEEAREHHE (s P | X 4 B | EGRET RRRREERRE v 14 B)
i 1600a , HEE 1kpe, a = 2.0, Mej = 2.0Mp, Kep = 0.012, nigy = 12 cm ™3, Bigm = 13uG . ¥KBTF
(MTFERT) KK e XHBIHHRRALLKEL.

3.2 G266.2-1.2

G266.2-1.2(RX J0852.0-4622) J&—i fi ROSAT KR & IR H Bl 49 | 5k
RX J0852.0-4622 f#] Sub-TeV ¥ & & 55l CANGAROO-II £ #| 471 | HESS F 2004 4E 2 A
SR T KA RX J0852.0-4622 ) TeV $&if, AT X FHLBAM —3 8], Tev
RHTHEAE 500 GeV F| 15 TeV [H] 7] | — RSB IE, BT =21 £0.15. £0.25 , FEAE
1 TeV &b, HBSRER (2.1 £0.25at £0.655)x107H cm™2-s71 - TeV~! | Enomoto % Ak
T CANGAROO-III - 2005 4F 1 H 2 A% RX J0852.0-4622 gyl 53 | JESZT HESS
HIZE R,

Duncan il Green #f3i8 T 3K 1 RX J0852.0-4622 ¢ 5 B S BEkE 331, 3 g SF e Y00 7
1.40 GHz b4y #2355 1479, £ 1.0 GHz, 1.40 GHz, 2.42 GHz bR RER4M B H (47 £12)Jy,
(40 £10)Jy, (33+6)Jy . ROSAT K RKuIFEH X RX J0852.0-4622 Y NLMI 7=, FH X §f&wf
RN 1 KT ~ 2.5keV B RGE B —IEHEEL0H 2.6 B REALTE (491, Slane % ARIE T ASCA
Xt RX J0852.0-4622 W2 5 P11, H X S48 (0.5 ~ 10 keV) BB —, W HFAIER
N, B EEERFILEX, BHERAN 26, BHEBRAN 1 x 10 Pergs: cm™2- 571,
Iyudin % A }3E T XMM-Newton X RX J0852.0-4622 fy WM AE A, Hih T ASCA fy Wi £
F O pbAh, HESS T 2004 4F 12 H & 2005 4E 5 A 6], FRXTZBSEFT T B4y 33
BPERRI B9 SBEMMS R S EL2ER, FAESEE, N 300GeV~20TeV , 4
B T = 2.24 + 0.04gpa + 0.155¢ . Aharonian %5 A8 2~10keV REBLHY X G425
BT 537, FERIRETIETE 2~10keV REBLREAS LA HEHOH (2.7+0.2) iy 13.8 x 10~ M ergs:
em™2. 571 PR SRR IF A H R BY RX J0852.0-4622 — B4R R 1 #  E l, (HILE &K
TR PR B A R . ARYE X LRI BRI B2 44T 5 1 BT Al AR I R BE 4 B
(6804100)a, 200 pc, LFREIAEZF] 1100a, 500 pe 46561 | Tsunemi & AARHE Ca LR VLI,
i1t H HAR B TE 630~970a Z 7] P71, Bamba % AR H &/ Y Chandra TLE X #8585 75 4L
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GHIRE X ST AN, RI\BEEANEBR AR, UKFASHEFTGREE, HEHHE
FERRTE 420~1400a Z 8], HEEBSTE 0.26~0.50 kpe 2 ] [58)

ZSCIEBUAE RS 1000a , FEES 0.3kpe A SE H RX J0852.0-4622 fyJE 4B 5. St
B3] X BHZR B Ay LR B BRI R B A SR UL 2 . XHAE R A R B R
G266.2—1.2 T 5, HISR T 858 5 R FOBL T 0558 5 2%, WL 20 i 5 v & X 5T 4R B
By SR B A TR R B 85, T VHE 4 5T 827 TEfERF 5 FBE A R po
MEMER, BERTER.

107 T T T T T T T T T T T T T T T T T T T T T
8 G266.2-1.2
10° | J

“ 10° k .

o

g

@]

@

ot}

=

L

5]

=

=

k=]

Nv _

ST e,
1015(|||||||||||n.|,|||||\||

10°10"10%107 16°10° 10* 10" 10° 10° 10" 10°
TR/ MeV

B2 G266.2-1.2 MZEBAESTE (IESE P2 . X 414 B | VHE 4 #14 (ILES.S.) B9)

4 1000 a, BEE 0.3 kpc, a = 2.1, Mej = 2.0Mg, Kep = 0.002, nggn = 7 cm™3, Brgv = 30 uG . MIZRF
(BTERT) BRG e XM EH I BIHT ALK BE.
3.3 G23.3-0.3

HESS J1834-087 J& HESS Xt #R &% PN FRI KA BBy — D iR Buiy TeV JE. WE=HAE LS
SNR G23.3-0.3 (W41) —3k, K/NK 12 F4>, 200 GeV REB:LA | v S48 7t Crab Nebula i)
8% , FILFEH A 2.45+ 0.16 421 | Albert et al. F§ MAGIC X HESS J1834-087 #Ef7 T VA5 1 ~
SRR EFERX: AN/dAdtdE = (3.74£0.6) x 10~ 12(E/TeV) 25402 ¢y =2 .s=1 . TeV ! [43],

G23.3-0.3 JZ AN BR A 52 BB B, 76 1 GHz A g 3850 0.5, WA 70y (9T,
Tian 2 AF| F] VLA 1 XMM-NEWTON X} J1834-087 YE T By Wil fl 189 FF5E B G23.3-
0.3 &—NEH B B#HE, HEERAN (4+0.2) kpe, FEK LK 10% 1, XMM-Newton
HI NI 48 7 T X TR 7R B X 4R, X X SR IFER A W REM VHE + SRR,
2~10 keV Z [A] Ay X HTEIEBIN N A BB R, WEH 70x107 P ergs s -em ™2,
BEHEHCK 2.010°T 4

BARNIBIEERE 4.2 kpe , FHE 80000 a MBI Fr B 5t i G23.3-0.3 ) £ I Beid
SO R AR B R LA 3. G23.3-0.3s B — BN ESE, WKBET
FEBE AL E RS A, HRA R FHEN (AR (11)), MR FH 7 LA pp
FMHEAE R RB ™= A, BORKIE U T 08 SR A R S B A LA R B 1 o 5. 3t
HAERDRIRBETFHEHTE 01 eV~0.5 keV BRSO B THIREFH, WM
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FI| [ ST E 48 5T Ok A IR TR AR S, T VHEy 54% f S R R T 5 A B A R el e 5@ ok
p-p FHEAEH 4.

1
—_
S

T

G 23.3-0.3

12

—
=1

[N
=~

EZ(dN/dE)/ergs. em?. s
—
<

[N
[}

—
=}

S T-fR ik /MeV
B3 G23.3-0.3 MZEBAENE (IGHH, X 414 | VHE 4 §f£ %)

B a=20, Mej = 1.5 Mg, nism = 10cm ™3, Bism = TpG, Kep = 0.2, HiEs 4.2 kpe, 5t 8x 10% a. %]
BRT (BTHRT) BKEK e SEEHSBIET N LR B ELR.

3.4 G8.7-0.1

HESS J1804-216 j& HESS 7EXM4RF MK R LI 14 ASFHH TeV FHHHEZH—
TR, JEHECH 2.72£0.12 . 7E 200GeV DA LAJREE:, HFIE A Crab E=fy 25% . MWIESHE
FrEBE G8.7-0.1 JMERY TR TR FTREALED 1421 | BB E sl G8.7-0.1 WIFEES 48 6 kpc
AR 20 M4y, TE 1GHz [ A 80Jy . M4k, Cui F1 Konopelko 221 & H] Chandra X-ray
Observatory Xf TeV ~ ST £&IFHY BT 72 KIHAEAT T w0 #Fey X2, 36 11 Mz gk
P, Hrd CXOU J180351.4-213707 , H A Al g HESS J1804-216 [y X ST NNk, Je4a¥w
12455 B4,

A 3CIN R CXOU J180351.4-213707 il HESS J1804-216 5 #Hr B #t il G8.7-0.1 i th. 7E
WA AR B FRIETIE R, FFE e S A E e A, I I g% HE T Y R 25 R R R R
55, 176 X FELBEMEMTHA T EERAWMRK B TFHFRZES, W REREAH 7TRE/D
T 2. HiL, HEHE#E G8.7-0.1 LTRSS A LIE 34 R S X 5t 2 Bl i 3% 45
B1.2705 —3.

AR FIARRE 18000 a SRXF BB #EAT 3L, BB nism = 6 em ™ DME p-p HEAEF 4
By TeV F5H GO —2, W R AR S5 R ILE 4. 7E 0.5 keV fUTAL, WRPIES B FH
R T IR TR, AR B, R F7ER S TR TR FAE T S S
SREFE W RV B TR 8ES 774, Chandra XEE A X 548 33 6 o F 40 Bk ST R 25 5
VHE ~ St &06FHEER/NT 1 TeV #7855 B W9 i B BI04 5 2 = RE -1 p-p AHEAE
A, MREERKXT 1 TeV AN EBR H S REEFHY p-p M EANEH.
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-6
10 7177771 LI I R B N RN R B B |

10° F G8.7-0.1

EZ(dN/dE)/ergs. em?. st

S (3 I T T NN NN NN N T S N P2 A R T S M Y B

10° 10" 10" 10" 10" 100 10° 10°
HTHER/ MeV
B4 G870 MZWBHEAE (ISR 10202 | X g 2 . VHE y gt 1>)
B oa=20, Mej =1.5Mg, nism =6 cm ™2, Bism = 6 4G, Kep =0.15, Hig 6kpe, 4 18 000 a ., #1%

BT (BT SIT) B c* MR IR0 TR B2,
4 EEREa

T Bl — EL AR BN N SR AR T 28 T 2L T EL R . W R B sl S o — HE
VHE v ST2a0ARRERS A LIA B BT 58 B TR T 5 BERL T )™ A ML A R R
WLt #E.  Fang Ml Zhang (2008) 7 SO7 BRIy FEAb 1 Mot iy 58 L iy Bt Y e AL AR Y,
AT A T 0 T AN ] 4% ARz LT~ LA B AR R S B RE B M AR RFAIE,  ThT LBk
TARRER TR O ERR. ARYE H Ao 2L T B sl AL B SO TR LE], 7R R R
WAENESTRG, R EREANE A WI G R RGE H, ARTIT T p-p AH AR IR BEB AT
RAC, TEAR < g — BER A PRI ZRIE T L 738 o] LR TR ™ A, 3XHe,  REE B4 e
K, KGR T B SRS DA BB B B, XA A 2 0 = A S ) T o e R e 8
HAEMERFYIR T, RIA Fang 1 Zhang (2008) AR AN [l E BT 2 82 A AT IR R AL 1Y
AR TS, SR BRHEE B Rl R RIS, RGBT X AR ST 0 TTRRAR He I 2k
Rz E5. KRR R 4 BRE B, 4528 SR BT X 4 Fstl ay it
HUAESTOR AR R TR RIS, MRhE KT 1TeV) J6 TR H mRER TS5 A B B p-p
HAEM, BRARTENR, WIESE T #H Rl AR R 5w SO TR .

TEZAATH S, A S RERZIMOR T LIRS, Flana s Batl ke, R, AR
G B A U EES R, XESHWEREEEEMIT SR, e E R U R TR R
I A BB Bl iy VHE + G128, il Tk BRE 2Bl ny TeV $8 5T o] SR 9 &
A FEL T Y 200 5 T AT B e R R T ] W ORI AR P By p-p AHELVEFT, DRI E E RTX R E
FEHT R TeV §8 5 E R TREFC MR TR FE ETIES THERK FIZE, XFRENTFEE
B, BB B GLAST 2 [RRCHmHEERERTEE 30 MeV~0.3 TeV [AIEAR
RS R R R, T TR TR TREENES, 78 100MeV~0.1TeV [RERIFTE
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PR R X T a0 ) AR R S AR U SR, T A e A S 6 L B R 2 3 2 S I R S
. 7Sk, GLAST RyMLIIXH B Bt A LS, EGRET XU E] A A KR A AR IR B
[T, LA B SR TR] 2R PRy T a0 3 1 A S5 R R U A S A i 5 B
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Study and Application of a Temporal Model on the Multiwavelength

Non-thermal Emission from Shell-type Supernova Remnants

WEI Bing-tao!, FANG Jun?

(1. National Astronomical Observatories, Yunnan Observatory, Chinese Academy of Sciences, Kunming 650011,

China; 2. Department of Physics, Yunnan University, Kunming 650091, China)

Abstract: Supernova remnants (SNRs) are usually thought to be the prime candidates of the
origin of cosmic rays in the Galaxy. Increasing observational evidences especially in X-rays and
~-rays during the course of the last few years support the notion that SNRs are important cosmic-
ray sources in the Galaxy. Recently, more and more very high-energy (VHE) ~-rays from SNRs
have been detected with ground-based TeV 7-ray telescopes, such as HEGRA, HESS, CANGA-
ROO and MAGIC. Theoretically, those TeV 7-rays can be produced either via inverse Compton
scattering of soft photons by relativistic electrons or through proton-proton (p-p) interaction as
high-energy protons collide with the ambient matter in an SNR. Moreover, it is not clear whether

the TeV photons form SNRs have electronic origin or hadronic origin now.
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Particles (hadrons and leptons) are generally accelerated to extremely relativistic energies
through diffusive shock (also called first order Fermi) acceleration mechanism. The paper re-
viewed the time-dependent model describing multi-waveband emission from SNRs. In the model,
the non-thermal electron, proton spectra, and then multi-wavelength spectra produced by syn-
chrotron radiation, bremsstrahlung radiation, inverse Compton scattering for leptons( electrons
and positrons) and p-p interaction for protons, respectively can be calculated at different ages
of a supernova remnant.

The shell-type SNR G347.3—0.5 (RX J1713.7—3946) is a core collapse supernova exploded
in A.D. 393 at a distance of about 1 kpc. The SNR has been observed in radio, X-ray and ~-ray
band detailedly. The results show that the non-thermal emission from radio to hard X-ray band
is predominately produced via the synchrotron radiation of the electrons, whereas the observed
TeV ~-rays are mainly from the p-p collisions between the accelerated protons and the ambient
matter.

The SNR G266.2—1.2 (RX J0852.0-4622) was discovered based on the X-ray data from the
ROSAT All-sky survey. VHE ~-rays from the SNR have been detected by HESS and MAGIC.
The results for the SNR are consistent with the radio, X-ray and v-ray observations and the TeV
photons predominately have hadronic origin.

Recently, a survey of the inner part of the Galactic Plane in VHE ~-rays detected with
HESS Cherekov telescope system has been reported, and fourteen previously unknown sources
were detected. The brightest source detected in the survey is HESS J1804—216, which can be
associated with the south-western part of the shell of the SNR G8.7—0.1. The results show that:
(1) the emission from the primary electrons dominates that from the secondary e* pairs in the
entire energy band besides the narrow soft X-ray band around 0.5 keV; (2) the detected radio
emission is mainly from the synchrotron radiation of the primary electrons whereas the X-rays
observed with Chandra are primarily produced via bremsstrahlung of these electrons; and (3)
the TeV photons with energies < 1 TeV are primarily from both bremsstrahlung of the primary
electrons and the p-p interaction of the primary protons, however, those with higher energies are
mainly from the p-p interactions.

Another extended TeV source recently discovered in the HESS survey of the inner Galaxy in
VHE ~v-rays is HESS J1834—087. The observed radio and VHE ~-ray emissions can be reproduced
well by synchrotron of the primary electrons and the p-p interactions of the high-energy protons
respectively; the emission from secondary e® pairs dominates that from the primary electrons in
the energy band from about 0.1 eV to 0.5 keV.

The model is applied to explain the observed emission features of two young SNRs, G347.3—0.5
and G266.2—1.2, and two old ones, G8.7—0.1 and G23.3—0.3. The results show that the model
can explain the multi-waveband spectra of the four SNRs well.

Key words: acceleration of particles; supernova remnant; high energy cosmic-ray ; non-thermal

radiation



