5552 % % 3 # R X % # Vol.52 No.3
2011 £ 5 A ACTA ASTRONOMICA SINICA May, 2011

FI A TALYS 1T EXPEEBE D54
oa R gym)

(1 FEBEEEE 4 IR G HR 210008)
(2 sREBEBERF R AR L5 100049)

AT KI5 K IR A R PR 25 7, SRR 5
K FEEBE A sk A1 R BB T Foe o LR P B, i AT IMFR AT R RETE, T USRI RE
WA IIEOR TR Y BB A AR R TR EEFEEFER. TALYS BFR—
ERASOV AR, XV BRI A (B REsB i, MR TALYS iHH1&
BT SEHER KRR S 2 1 SO B B0H, TR T — B i MEBE N3 S et i+ S
FF. VEARAN A T BRI ST St SR B AR AL, IR BRI T BRI D S R R, AR
AR ST R REHE A B RE T B 2R

X$2iA KBH: ¥EBE, KPH. M5t
PESES: P18  XEMRIAL: A

1 5|8

KPR MBS B R OR R4S I, = AE BT R AR R BIEa S 7 AR TR FU AR X 4%
RS, MEEMERF (WEF. o bF, EEET) SABRIN R FRiER E—R
IR, PAAEMBE %, ERT. FF. o ATUEEERAZ U, HAn@E ek
F (R, o) SEBRIN P EZ R LR, S5EZRSERR
HE, RS EHHERYANE, KFNEL, BRKEEANLOERTY 2%, BRATKZ
RN ERERY; MEEZETSEE 0., He ER™HENZLH TEZRAH
RIJANGTERE, LR ZE MG B, ELIEE A AL ORERR 20%, BBk A X
e .

Ramaty % 2 7E 1979 5T JLABR R FERM L0 ER B EEE, SRHET
VBTN 4T R AENE;  Kozlovsky %5 1B E 2002 R BB T X B0 4% ST W 8 T 404 H- Bt 51
TOREBEMNFL SR RETE . (HRE, A X BUTE SR FARAT Y SO R AR A R, R
H R TR BN S R RE TR A e . AN, XA TAGESE R A R AT
— LR PER R,

TALYS (http://www.talys.eu/) & H Bl -~ 1L+ 5% SOY B &AW RF, EMUE
& T ERE PR AR RYE, W T AR MERR R S M.

2010-10-15 W FIFHG, 2010-12-17 WeHIE s
« EFHRBEES (10773031, 10833007, 11078025) Al 973 I H (2011CB811402) ¥Ehl

T w.chen@mail.pmo.ac.cn




220 x X % # 52 %

P TALYS R EICKFHEBEMN G 4T 2+, @ X B R P3R4 T RS %X
R RS, AT T E e B ORI BT & 2k, DA R R S RAL, Bp-45
BERLTHSL T RBEMNF ST 2B R E SR . AR 2 T T TALYS BFHTA
Py 58 3 i TALYS SRR I WA 75 T 5A SRR IR BER RS 1, DA A% 52
W, PR BRI BN S 20 . B, TR RS T B S A R .

2 TALYS A48

TALYS ff Arjan Koing 5% ATE 1998 S5k, KRESCLARF] 1.2 A, ZREF
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S RE T (M PE I B A PR H , FF BB R RE SR BRI, RFIX BE REZR [W] i A L BRAE
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Fig.1 Flowchart of solar gamma-rays calculation
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Fig.2 Cross sections for the production of 4.438 MeV line by interactions of proton (a) and « (b)
projectiles with C, N, O as calculated by TALY'S
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SHRL T REREIEIEEL (s) B o/p fH, 4438 MeV LREREOK & A8 IL. FTEASTE T REIEAH
FRIZT, ARE of/p B EARFE BTSRRI, 24 o/p=0.10 B, ELAREEERA
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RN L F F 5341 4 18] T 4% ] [/ #4534 (Downward-Tsotropic, DI), AR A MEREA% [
REAE A DAL B AN [R] 25 2 OV 3 26 48 iy 2 57 (B 4). AR A A 7E H oAb (B
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PLEAE H E BT (B 4(b)), NHERILZR 7 [0, 8 B ABE LI & 32 3 Y SEAX TR 40 H
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LW R — N ERONE, BY o/p . TTEEE. S IER T8 & A2
MEEEE X, FEIOGET—% 4.438 MeV 4RI BURBER P (S B L F AR TTREM.

BIWERFTATHRTF. okF. *HeliF5C. N, O, Ne, Na, Mg,
Al, Si, S, Ca, Fe, Ar, Cr, Ni, Ti. Zn %ERIEMAERBEIER, KXHEY
5 H . He 8 mI/EFAM He-He 1 EAEF%S 5 000 2% KN B2 7= A A n3g S 28 &
IR 430 R BTRME N RA SHER. X TR R 5T AT RE I B 7E 300 keV Z|
10 MeV Z[i]. 3£ 1 51267 — B EBRREH L, WHRE LA Ramaty 5 2 5 p
B, W 12C 4.438 MeV 28, 160 6.129 MeV 2%, {HJE, AW HAGTELH
MR MR, it 5 190 6.129 MeV Zé7=Ket, BN T BT o K15 2°Ne 1l it #ExT
ZRATUER. R 1T RS EERBASLE, HAE 1 FIME 2 514 518 0 e TR
TEREHL DA B AR N30 06 F BB R BRIE L R, 28 3 B A K BB BE P Xzt F T e~ AR iy
YR, 25 4 FIRIEE 5 5150 3 R HUR SRS fin A S B R JLZ.
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IR LT BT P A Y — S LA R 59 A ST AR (B B — B S R AT /)
B REGRBRIE 1L AR), LA B SO, Pl o &5 A B AN TP A R A AN S B Al . I
HELEER RE R E BN TE 1~8 MeV Z[H].
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Bl 3 Rk C/O FJHH 0.50 if, EARFTFHE (s) M/ W of/p WERAT, BA KRR AR FREEE N E
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Fig.3 The profiles of 4.438 MeV line from different reactions for the flares with isotropic energetic
particle distribution (solid line). Four reactions are also shown (dotted line: p + 12C — p + 12C* + ~;
dashed line: p + 160 — X 4 12C* + ~; dot-dashed line: a + 12C — a + 2C* + ~; dot-dot-dashed line:
a+ 160 — X 4+ 12C* + 4). [C]/[0]=0.50 is assumed in the calculation
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Fig.4 The 4.438 MeV line profiles (solid line) produced by accelerated particles with a DI distribution
from different locations of flares interacting with solar atmosphere. Vertical dashed line labels the position

of line center. The definitions of other lines are the same to Fig. 3

3.2.1 FRHTEK

WEE N SHRTFRER AN, R FRESKEE T SR, AHEZET, T
HMASREEENE, REEN HEERESHE A KN AR e R T, 4k
S Z RIS LR. W X5 & SR AT /D, I HLON BT R i A 1 R (E th 4K
w, AT ATEMEBENN A SRR A b, X ISR H R AEMASTLZ T, DL 100 MeV JF&
T4 "OFe f1 > Mg fEF A, ML 5 RATATLALBL, p+Fe ERMZLEHEE 2 000
%%, FFHARZHERER/NT 4 MeV, BBV T B 2% S sE 0y, X E55 % 5
LR EAMAHESE, FILRINPEHYESE, X T p+Mg WY, PAERZEEHEZED
—8, FHEEEMARET —%, X5EANFE TALYS HIEERH N HHR (N=25). B
RXTT Fe JiF, 5525 MRERMAER K 4.301 MeV, A7~ A % £ RE AR AR T X ME
(i IZRE A A% 40k B AT AL A TTBK, 40 S*Fe f 4.579 MeV | 52Cr §J 4.816
MeV £8). TixtT Mg T, 5 25 RERAYAETE A 9.516 MeV, [H I T ™ HE A% £ /3 A VU
WHE". AR TE N RBR U LR EDEIE N R A OV i 4EE.
3.2.2 B A AT N

HATAERTE RS, TALYS R TIER T8 Ny BRI R BROENE NS S8 & 4T, X
b ST G B AE G A1 BRI B 4 & 5t L K R B S S B IR RE R B IE & . TALYSS
WL SR B bR B A X AR A Y 7 A e 0 FE St R S 0 A3 A R SR

WA, FEFZHR N, & IERFISOHH T2 A T BT 455 STo B, MRty
R RRER MAE R Z MIRBRIE, IRk s e H e PR ERER. TALYS Wit Tk
B ELLIE AT R, R BRI, & 6 SR A SR TP Y LA K% &
N5 &SRB R. FEELL 100 MeV JTF5 Fe Ml 24Mg & K14,
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Table 1 Line center energy, nuclear reaction, mean life and branch ratio of excited

level of explicit gamma-ray lines from solar flare

Energy(MeV) Transition Reaction Mean life(10712 s) Branch ratio
0.429 TBe*0:429 _, g5, “He(a, x)"Be 0.133 100
0.440 23Na*0-440 _ g5, 24Mg(p, x)?3Na 1.11 100
0.478 TLi*0-478 g5, 4He(a, x)"Li 0.073 100
0.718 10B*0.718 _, o g, 2¢(p, x)10 707 100

160(p, x)lOB
0.844 2TA1X0-844 g g, 28Si(p, x)27Al 35 100
0.847 560847 _, o g 56Fe(p, x)%%Fe 6.07 100
56Fe(a, x)%0Fe
1.369 24Mg*1-369 g, 24Mg(p, x)**Mg 1.35 100
24Mg( X)24Mg
1.634 20Ne*1.634 _, g5 20Ne(p, x)?°Ne 0.73 100
20Ne(a, x)?°Ne
24Mg(p, x)?°Ne
1.779 28Gi*1.779 _, g5, 28Si(p, x)28Si 0.48 100
28Si(a, x)288i
st(p )2881
2.000 11 C*2.000 _, o g 2¢(p, x)11C 0.007 100
2.230 328%2.230 _, o5, 323(p, x)328 0.17 100
328(a X)azs
3.737 00a*3-737 g, 40Ca(p, x)*0Ca 42 100
40Ca(a, x)40Ca
4.438 120*4439 _, g5, 2¢(p, x)12C 0.061 100
120( X)12C
14N(p, )120
14N(a X)IQC
160(p )120
160( X)12
4.444 Lp*4.445 _, o5 20(p, x)!'B 100
120( X)l
5.105 1AN*5.106 _, o g MN(p, x)1*N 4.35 100
14N( x)14N
160( )14N
160(a X)14N
5.240 150%5.241 _, g5, 60(p, x)*0 2.25 100
160( x)l O
5.269 15N*5:270 _, o g, 160(p, x)1°N 1.79 100
160(a X)15N
6.129 160*6.129 _, g5, 160(p, x)160 0.018 100
160( x)lGO
QONC(p )160
20Ne(a, x)160
7.115 60*7117 _, g5, 160(p, x)160 0.008 99.9

160(04, X)16O
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Fig.5 Cross sections for weak lines from 100 MeV proton projectiles interacting with 56Fe (a) and 24Mg

(b) as calculated by TALYS
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TEY, AERTERWIRINTE. TEMI N LEEIE T, SRUTELRNBIMMAN T —%
HELEE. BSEARNTHRRIRR R N LR, T B TR R B O B B LA R B
.
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Fig.6 Cross sections for continua (solid line), including weak lines, the compound continua (dashed line)
and the pre-equilibrium continua (dotted line) from 100 MeV proton projectiles interacting with *6Fe (a)

and 2*Mg (b), respectively
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Fig.7 Cross sections for unresolved-line continua (solid line) from 100 MeV proton projectiles interacting

with 56Fe (a) and ?4Mg (b), respectively. Dashed lines represent the contribution from compound continua
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Fig.8 Cross sections for unresolved-line continua from 10 MeV, 50 MeV and 100 MeV proton projectiles

interacting with >6Fe

FRE T R
N(E) = NgE™*. (2)

REEPURFE dE/dx H5 ALK BE PR FH P B RE 1, S BA ORIk 7 9 B 1k
A, EEEMASEHARS O —RECRERLK, “REZMERJK. SRIM (Stopping
and Range of lons in Matter) 27 '8 fi| T % ikt BB T 5 R TR A, B
TP R PR BRI, R TExd SRIM 8k 776 K H XS i A
WK (& 9). FEREBEMNIG G, A% B F i gk P2 AE K T 1 MeV. 40
B9 s, Z40 FRORE R TE MR ORI, AR 2R AR, W RE
BT T LA AR S B T R, IR ATFE TSI Bethe A U7 SRk fE
B dE dr nz?, €2 2mec? 32

B e mCCQW(MeO)z[n(I(le—ﬂ?))_ﬁz]’ (3)
Het me RHETEILFRE, 8 2 SRR FRBEER B, o VESMEEE, 1
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Fig.9 SRIM calculation of the stopping power for ions in the solar atmosphere, which is composed by a
mixture of 90% H and 10% He. Dotted and dashed lines represent the contributions from Coulomb

collision loss and nuclear collision loss, respectively
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Fig.10 Total solar gamma-ray spectra (solid line) from isotropic accelerated ions interacting with solar
atmosphere ambient medium. The composition of accelerated ions and the abundances of ambient solar

atmosphere refer to Reames(!8]. Dashed lines represent the contribution from broad lines
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The Calculation of Solar Gamma-rays by TALYS

CHEN Weil+2 GAN Wei-qun'!

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008)
(2 Graduate University of Chinese Academy of Sciences, Beijing 100049)

ABsTRACT Solar gamma-ray lines, produced from nuclear reactions of accelerated parti-
cles interacting with solar atmosphere ambient medium, are the most direct diagnosis about
the acceleration and transport of electrons and ions in solar flares. Analysis of gamma-ray
line spectrum in solar flare has provided information about composition, spectrum and an-
gular distribution of the accelerated ions, as well as elemental abundance of the ambient
solar atmosphere. A new gamma-ray calculation program was developed by using an effi-
cient nuclear code — TALYS. The theory of gamma-ray production in solar flares is treated
in detail. In addition, the characteristics of gamma-ray spectrum are also presented.
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