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Numeral Simulation for Iron Core Supernova Explosion
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Abstract:[Objective] The equation of state (EOS) obviously causes influence on the iron-core
collapse,the generation and propagation of shock waves in iron core supernova explosion. To
seek reasonable EOS for understanding the mechanism about supernova explosion, the effects
of two kinds of EOS on iron core supernova explosions are analyzed. [MethodsJWith the input
data of progenitor stars,the iron core supernova explosions of different mass are numerical sim-
ulated by the EOS from Lattimer and Swesty group (LS EOS) or from Wang Yi-ren group (W
EOS). And the results are discussed by comparison. [Results]The density of stellar center only
reaches to 1.5 times than nuclear density at the end of iron core collapse with the LS EOS. The
inner core is smaller and the energy loss of neutrino is larger than that with the W EOS,indica-
ting that there is more energy loss in outward propagation of shock wave with the LS EOS,
which is not good for a successful supernova
explosion. [Conclusion] The W EOS is better to

explain a supernova explosion reasonably.

s B H#5:2015-03-25
&8 B #5:2015-04-30

EHERE N2 Z 1986, &, M+, 5 B F A K AR Y B B G
Wi, of iron core,shock wave,star

Key words: supernova, equation of state, collapse

* E R HRBIEFEETH (11065004) % .
x B IRAVE R RIS 19745 Lo B . E BB R IR K

HEWF 5T , E-mail : zhangmiaojing@sina. com,

FEASE 2015458 A H22K5% 4

411



0 3

C# 532 2 SO 0T AL 0k R L — 2 KAk 4y 2
MBI AR Z — iz ) AR E ST 80 A4 (HARKAR
FAEVFZ 58 . A 2 0T 5 AT DA G 8 A 4 e HL
AR BN ASE U0 2 e AN A [ {ELSE o R 2 B 1B W) S 5
FE 55 AR EAE IR T SO I8 | b T s g 1 2 A
R, Hih s RN E RS B A
FIR) R T B (R T B AR o 2 — A AT A A e i e IR
DU E R PO BRSO . L IRRES
B 28507 RE XS T BT R AR R LR Y BF 5T B A
B, [(AIARRERDLER DA RES TRZ
A T #9000 D7 3 ke A LR BT R R k. R TR
SFUT 20 thAD 80 AR AR IF AR X B AX 45 i B R L
PR AN, Al A TR 1993 4E Woosley 255 #2 1 #y
T R T B AR Y, T R T fortran77 I
9 SN IT-WLY W89 57 A2 4 ke KB B AR 7 X 11
Mo ~40 Mo B85 11 B AR AT T 8UE 5.
H T e 2 W) 25 07 7292 56 [ Lattimer F1 Sw-
esty(TiiF% LS WIS A S Y . kW 507 2 LAz ]
JE VR A2 Sy RE A L AR 1AL TE R R AL AR X —
MRS R IME T o KL DL OE B
XEE B . CA®E VI S YL R OR [
WA T5 RE O UI A RO B A B 4 B0 BT B2 %) 48 & BIL Al
AT, CBRRM R B MYV, £ 595 1Y
S NII-WLYWS89 B{ 5 78 Jy oy S it 4 H A 25705
RN LS YA TR, FEH{# F Woosley 5 Weav-
er T 2008 4F f H A9 B H B B2 AR R B0 HE A O i A =
i, N [ S5 A P R A 1 A R BT R ) 4 o R AT
BB IR R B4R S TR 55 245 R kAT
X,

1 AHOSTENESR

LS Y3577 FE AR AL T8 B R AL 461X — = i
WAL AR EA IME T o R DL RIE B X AR
PiB e . He, B o b AR, LA H A
PR 2 B A A9 Ak 21 77 305 Al 4 245 07 e 19 22
AR,

EWAFR ST (R W ST 1) 5 LS
Y2507 8 09 22 BIAE TR H G A T A T
a KL~ HEAZIX 4 ZEW) B A R AL B, 5 2 UK il
Bir A E T AES B, BT R 22
S EEAHAE A A X R RE A% B o Y PR BLRE L 2 T
BE P C BE LA RAE BE R A TR A b dnEE A TR ]
AER : (LU F RIS T WS,

412

il

Sfonsx, T) =—B+S, (1 —2x) z 4+

K, (1—’ij“—avT2—Ax,
n

13 (1. D

S == B+ S, =22 + (L 1np
%%T%
Kb, B RS PR Y BT 45 G HE s S, Rom 4R
e m; o BAGBRMB SR BN Z/A; K
(KORRIEHEE; 0 RREEERSGH T, 0=
po /0, () S o (&) JRTE—E TN MR %
T oo SETPRAIR L s n RORYTE I, n, TR
B s a, BNBEREES B a/ A NFKRFIREES
HESE, ARRPFESRTFREZZE. H4ERE
H,— Bk AR SRR R — BT Rk L
(1.3) . (1. O 24 LR P A P28 7 B b i R T e
ECREH ¥ .

F.+F =8 [cuw)s (u)']" =BG .p=
(48. 6’ e* xini) V7,

Gu)y=ull—u) X
(—w) [8) ] +u[g(1—u)]""

1 — (1.2

Wt (I—u)?+0.6u" (1—u)’ (1.3
F' +F =08 (00"G (w,
B () =75 42" (1 —x)g ",
G = —w [g" @ + g7 1—w].
(1.9

Hp

gw)=1—/2)u"” +{1/Du,

o=p,(2)/0.16 =1—3(0.5— )",
u KR53 8 s o R IK T REG /2 B
SR KRR B 5 B T LA Ry AR X 1Y 48 SR THTRE L
CHEZ ., IS RENELZXBIET Gl X
— I, ERRIE PR SR B, H2A. HOXA
W T B AL AR T R B s

KT HHAZRE » I AIE T A DA R ] 28 M SR 1
T H M BERBR

— 2mk®\ Y% 17
fm,.—T{ln[[MTj V} i

2 MR R 6 R RLF 1 BT 4k, Ve Skl R R 119 44
AR 5 2 (1 G S B = W e N (S
JE Tt Ve I A% I3 [ f  FH OE R A KRR R (1. 5)
AR B0 I8 SAL B B iR (9 B0 328 3l X AN
KA, T B HOE S5 1E. LS H B X R & 1E 28
(1. 6) . 1 EAR A gk 2t iy 2 M R 3h X (1. 7
Fo=u(l—u)yn;/A, X (up — TYR(T),
Guangxi Sciences, Vol. 22 No. 4, August 2015

(1.5



1*674(17:2)2 T
(< ) :7< B —U,
h(z) —— P T(\lh(z) 0,2 >
1, (1.6)
F::Xh(o//\X(/Jff—T), (1.7

AH A U SCEk[ 2]/ 4 ],
2 HEBE545Hm

AR AT B 2R 11 Mo, 12 Mg, 13
Mo s 14 Mo s 15 Mo [ 85 4% 55 45 7088 B B2 09 48 ki
B, BEhrEgSE K BIE N 220 MV K F R
ZH S, WEN 29.3 MeV, % & 4R 22 SC ik # 12 B
15 Mo R RS HEAT 3BT, DL R R AL LL 15 Mo B9 AH G
RS RT3 .

1 RR 15 Mo BB B BUE B LS & b LA ¢
S () s o L PR T R R R R . L, 21 AR
2 1 I 221 %68 I TR 2R — UK 5 SN A B A AR
2 ARFR XS I FH AL 0 B IR )10 g/em® (BT %
¢3 AR FRAE B vt I IR 250 A W IR 1 B 20 5 24 AR
Fe e AL b0 5 BE I8 B A S (E Y B 20 505 AR 3Rk 3
ik 0.8 Mo i ARy 21 5 16 AR B )3k 0. 9 Mo i1
TRt %,
®1 FEMZIXMEHEEROHEEMER

Table 1 The density and pressure of stellar center in different

time
o , o oL
@‘(’E(z?i T ET%U 9 Central density Central pressure
b rmetms (g/cm?®) (erg/cm?)

LS t1 (0.5014) 6.6157X10° 5.4378X10°
t2 (165.5298) 1.0002X10"? 3.3803X10'
t3 (170.7616) 2.4093X 10" 8.4371X10%
t4 (170. 9846) 4.4422X 10" 2.8148 X101
t5 (171.1696) 3.4914X 10" 1. 5499 X 10!
t6 (171.6146) 3.4272X 10 1. 4818 X 10'°

W t1 (0.4960) 6.6152X10° 5.5670X10°
t2 (271.9782) 1.0058 X 10"? 3.6015X 10"
t3 (277.6599) 2.4318X 10" 6.3940X 10"
t4 (277.9668) 1.0993X 10" 9.4160X 1016
t5 (278.0183) 1.0299X 10" 8.4240X 101
t6 (278.3165) 4.1940X 10 1. 7940 X 10'0
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Fig.1 The density variation of stellar center from ¢3 to
t5 based on LS EOS
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Table 3 The energy in inner core of iron core
11 I 2 (Time at £1) ¢4 T2 (Time at ¢4 )
%ﬁbﬁ(E()S) H H H H H H H H AE
EL' EI E(i EH Elz El E(; EH
LS 0.0996 —23.68 —123.63 —147.22 4.24 —720. 38 675.05 —41.09 —106.13
w 0.0996 —23.70 —117. 94 —141. 54 8. 87 —1187.70 1098. 35 —80. 48 —61.06
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Table 4 The energy of shock wave in special time based on LS

EOS

AT
Spejiﬂ;‘llﬁtiunt)ezyms) E;p (0.1 foe)

t1 (0.5014) 0

12 (165.53) 0

13 (170.78) 0

t4 (170.98) 0

t5 (171.16) 7.746

16 (171.61) 8.503

t7 (172.57) 0

18 (180.79) 0
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Table S The energy of shock wave in special time based on W
EOS

t (ms) E., (0.1 foe) t (ms) E., (0.1 foe)
101. 08 0 280. 83 7.61271
177.92 0 281.18 7.77355
235.39 0 281.54 7.86458
267.95 0 281. 89 7.76371
277.2 0 282.24 7.29647
277.91 0 282.52 7.24582
277.97 0 282.59 7.12853
278.02 0 282.94 6.94492
278.12 0 283.29 6.42309
278.32 1.10273 283.65 6.46551
278.43 0.25524 284 5.99983
278.74 3.96727 284. 35 6.15147
278. 86 4. 8468 284.7 5.85914
279.07 6.69764 285.05 5. 90564
279.43 7.07922 285. 41 5.76342
279.78 6.34338 285.76 5. 48953
279.94 6.36789 286.11 5.65911
280.13 5.95926 286. 4 5.53759
280. 48 7.18535
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Table 6 The position of neutrino ball

PIF IR ] XN 5 2
Wy 2597 i (EOS) The Jth shell of The corresponding
neutrino trapping shell in mass
LS 43 0.80 Mo
45 0.84 Mg
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