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FEE i 5 ASASSN- 151N 1 4 L 1 — B0 75 il 28 26 10 1 Ta ! B8 97 A2 (SN Ta) 1)
BB 2 (Super Luminous SuperNovae, SLSNe). SSNiff ZEARR ML SN Tal@ 4 1L #5
R BB G, B A B R WO RE, VRN VHE T T ASASSN-151h I JEI BE
SO NI ZEAR P A B B Ak A H BT 7 PO NG B i 31,32 M, 5 ML BT A3 e AR ih 2k 45
HIASASSN-151hIT 5P Ni > 30 Mo MG THARSE. M ASASSN-151h ¥ & ML 25 4>
WAEG Rz H, THE R 3 — DO B2 B HT & R AL 2%

XKipin EIE: L@, B2 M5 ASASSN-15h, &L, 1E2: R

MESHES: P145;  LEEFIRE: A

1 3l&

S B AL (Super Luminous SuperNovae, SLSNe) ¥ B Hz w1, & 1A EHLTI AT #E
5522 00 Br R IR AN [R], P 2 Bk /iy B ST R B AR B ASASSN-151hE 24
R R ) R s R R AR, HORAR 26 M iR 2 Ak AR gz . 20164 Dong 2%
AR, #5028 il 2k 2 tO N J 1, I8 4 0 % 19PONT > 30 Mo M; A4, Daid A th
X 8 58 B BT SR AS ASSN-15I BT 5 FPONG ) Bt FE EAT 1 A 550, &5 R 20 260 Mo, IXAN i
T8 KT O 0 TE R M SO 7 o, IR G A AT T TA A L BE AN 2 i SON ) 3 AR 3 ik
1), FF H K 47 ASASSN-151hF) g R Y 2 A S vl e — B 5 1 5 o
A6 Woosley %5 A 20164 7E 5 T e ra B BT AL K S 1A ASASSN-151h 2 TR 52
B (SLSNe-1), FF & his AT, Chatzopoulos®s A fE20164E 4 H e A& B — M40 M i
HH 4 (0 AP 2 1E R 5520 Mo [ 33 5056 )2 20 B VR G B 2R, G 28 R o IR P — A 5
R AR AL BE AN A2 IR Bl A5, REAR U Hb A B ASASSN-15IW 1 B 52 6 BB TfiLeloudas® A 42
H ASASSN-15Th 1) 6 B nJ G A 5T 2 3 ¥ BUAREAELAE 1 =k o R A e R 10— 1 4
T2 A I IE 5 SN Ta, JLT-#B AT PSS NiK MRS, T ASASSN-151h G AR i 4 S8 AL
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TSN Ta, BIHFIT A 518 26 A8 B 1K) & FH OO NI AR 48 th 2k 1 e [N {H 55 NigE AR
T R R 1 s N T I R IR BB 5 R B DIAH O, T8 (1) Ak 55 28 T A% R BRIT, H%
J& T BIAZ LSBT B TR SE S I R T BUSCH IR . AR SCAE B B R R R AT
ISR TR BED, 45 & ASASSN-151h e AR Hh R AT 15, #5795 Ni & 5 i ASASSN-
15175 i 2 1 3 D], AR 5 B 32 R YR oS NI 3 AR g i, AR 9 59 AH BLVE FH BEE, F&
AT S8 T 2 B R st —ANPS NG AR e 1, AR5 -5 I £ s 1 ASASSN-151hiH
SR R A L, BT A5 2 FT IS Ni T . Tk oA i (R REML I 260 PR iz i
o HI A PO N T B F R

FEARSC, SE2ER 28 Tk, SR3T A R v A RS S5 AT, B4 e ok
THERMte.

2 A&
2.1 ASASSN-151hiE5TRERYITE

MR A Dong 25 M6 AR #h 2k, FoAlTLLR 8] 4 4% ) Lk AT A4y, #59 HH ASASSN-151hiH
PR AE R Qror = 8.09 x 10°" erg. HaM S HE A HE K F BT 2 ARV I I rhoCa 45T 1) 22
PREE ST e B OONITE AR I A e . i oSN R K20 27 d, K ASASSN-151h#
RO (6} T ASASSN-15ThIE A T2 d) I fE A oK 1B 2 e v ) S A s B o
5. WASASSN-151hitE B 2 5t 8 2B R, BRI B fe 8 N Qpp, A ARXWITT:

4 ;
QBB = gTrR%BPBB(T)» (1)

peB(T) = aTgg, (2)

Horpppp(T) N BAKIES B IE, a = 7.57 x 10" erg - em ™3 - K~ BAKIRS H 5, Tes N
AR SR B, Rpp i BB AKERE S 2E 42, iDongZ MK E3H 41: Ths = 2.75 x 10* K,
Rig = 2.16 x 10'® cm, MQpp = 1.82 x 10° erg. Kk, HOONiZEA AL I HERE N Q:

Q = Qrot — Qg = 7.91 x 10°* erg . (3)

2.2 SNIiRTREMITE

BT AR e B TR) 2 7 AR KR R BT T e 250N OSSN ik H 4 3K A 10 Co,
S Co e, o AR Fe, T — 455 Ni—6Co—CFe ) AR FEN2. T FErp A K
B ST R P=E IK Mey B 2 d 2 S RBE RN AL A e~ 5

R Suzuki 13 5 Zhang M (1 25 L, 26 18 FAZ R UK RS J5 10T H 5 LA 3R s M I Tl

_ In2(2J; 4 1)eFi/*eT8e) Mo, (ppp, Tes, Ye, Qij)
Ee=) >, : J “AE;, (4)

e G(Z, A, Tap)\

M = Mgzl /10 + | Mel;; /1077, (5)
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@ij(pBByTBB; Y., Qij) = / wQ(QZ—j—f—w)QG(Z,w)fedw, (6)
!

2 2

(2J; + 1)e~Fi/(kaTes) [Marl;;  [Mel;
A= anZ GZ. A Tog) Z 103_59] + 103_79] ©ij(peB,s IBB, Ye, Qi) , (7)

i b) b) J

Qij = (my —ma)é® + E; — Ej (8)
Je = {1+ exp[(w — pe)/(ksTer)]} ", 9)

Hrh, B2 — N TR UK RE, By N BRSBTS R BUK RE,
wik BT R K AR B (1 E TR, G(Z, w) 2 AR E BT, my Flma 23 31 BER AT T
IR, ECNBER AR, JoN B, B TR BE, G(Z, A, T) AL 7 5 5L,
| Mo ;R M, 53 512 GTIRIE A BE TR IOR BRIT HFE TG, o A2 ALY, Yo i T
[ BERE, ARORHLTARIRE. MQiy = 1IN, 1 = 1; MQy; < —1I, 1 = |Qyj. fIEHT
1 9 KK b e o3 A 7, IR LR P A A AN S g R A 00 et LT AR
kg KPR 25 S, Tl S 3 e TR T T BB S AR ) 2 8 .

FAT K FHNabi%s N A A4 [1I5Ni 56 ColJGT (Gamow-Teller) 5 5 43 #ii £ 41161 Hy
NNDC (National Nuclear Data Center) ) SZ56 504 5 BIRHZ A AE S o0 A 12 k1R,

F1 Ni, °CoFn*Felhesh 57 1?
Table 1 The energy level distribution of °°Ni, **Co, and 56 pelt?]

Element Energy and angular momentum
S0 E; /MeV 0 2.7 3.925 4935 5481 5988 6431 6.588
Ji 0 2 4 3 4 3 4 3
5601 E;/MeV 0 0.158 0.576 0.970 1.72
Ji 4 3 5 2 1
E;/MeV  2.058 2959 3.122 3.370 3.445 3.856 4.4048 4.100
567, Ji 8.62 9.97 7642 10.1 6974 6.692 7.057 6.446
E;/MeV 4119 4.298 4.394 4.447 4.458
Ji 6.443 6.495 7.285 8.146 6.864

2.3 BHERTHEE
FATE Al R R P R B, AR IR SR

M
== 10
p=3 (10)
4 3
Vzgﬂ'RBB, (].].)

X HMJE 8 B FEASASSN-151hf it f. Chatzopouloss A 7E20164F 42 H i 8 3 &
ASASSN-151h ) 8 & B8 78 45 H 2% 88 A2 (1 5 & 7T RE 260 Mo, BIM = 60 M[®,
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Wp=2.8 x 10712 g/cm®. M T-HHELENEIG, BRI AR, HHT A I 5 3 T AR,
DRL AP AP T S ) D B 1 R 1 L B Fuller 5 A AE SCHR[17] 7 1) B 145 i 2
FIEAURIOTEOU T, po = 0. T BB R BN T101 g/em®, 3T pe ~ 0. IELAT)
GRE N BA T T B 45 A WP R AT 52 ).

3 HREQH

ASASSN-151hitH 52 kB 2 1 SR S BE R N Qo = 8.09 x 10%! erg, R ARHRE I fig 5
HQpp = 1.82 x 10 erg, MASNIEALAHHHMEEEQ = Qror — Qps = 7.91 x 10°! erg.
e, BAVFHN T 8 v A7 SRR R 3 T B R O B R RE T 4
R, DL BB OK B S CT BE R K IR T R B e S 6 ANOON:
SNi—CColl ¥k it T E, =3.35 MeV, Xt tb T-56Ni—56 Colf it & 75 51 (Bl i — /NS Nif)
KL IRAT BP0 Co I RS TR K e 1) 41,62 MeV, X HL1.62 MeVIXH % e i 1 fE &
AR, DR 2 i 5 BOBCAE ) B, (2 FRAT TS 5 o KT e 5 30, X2
PR IAEE T, AR Cokb TR B IMBUER %, 2% FEIR IR fe 2 2 2L (1)
56 Co— CFe Xt A fit & Fy=4.03 MeV, I H i 7 i 44.05 MeV, LT 455K, Ui lI7E
IR EE R A2 5 S Fed A AL T 2625, M4 fg i s, FRATMG B T 5ONiZ ik — IR SE 1)
ARG TP E I e R 2 MeV. B T-5SNIFT A ()85 B Ik T i1 (1 A
AR R A O TP AT LT 33 B 1R, b s HP R R Ak e RE A DR,

x2 BREAEMITEERSRESH

Table 2 The result of the de-excitation energy and the loss of mass

Mass loss/MeV Real released energy/MeV

Nuclear reaction
(without de-excitation energy  (with back excitation energy

and neutrino energy loss) and neutrino energy loss)
®Ni — *%Co 1.62 3.35
%Co — "Fe 4.05 4.03

HI DL S5 A g, il — R B AR B, BIUM A B/ NE = By + By =
7.38 MeV. J84 T IIPONiff A Hn = X101 — 6,70 x 106, JU {7 75 Niff) it
Bm=6.23x103" kg, Mlm = 31.32 M.

K H Seitenzahl % A )5 1E20 ) i Him = 31.32 Mo, FIPSNiff i AE 28, JF 5 Dong %5
e 2k Lk, W 1R,

MR LA e ZEWEE L5 d, vh50 H i B8 & LLBLI 2 1 e &, fEk 2 5, ot
S PR B LU 1) B R AIG, X el T FRA T AT 2 R T A A e S s A T
WA )60 d, PI#REAR—30, HUF S0 5 RE i L WA 21 1) B R R AR 45
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Fig.1 The comparison of the *°Ni decay light curve and the observed data. A is the energy release by
31.32 Mg °°Ni, B is the observed data of Dong et all*).

0 R T LR T A R R v A DA A SR R T R L T AR ST R
TOONIFEAR 2 i IR JR A AR S R, Xt 3 BT VS APONT S R K. H T R ) SR A
B SR B AR (LB RE RN — M), T LI et 2 6] T 545 AL AR S ey vl LA 208

Dong2% 1% i ASASSN-151h 85T BN (1.1 £ 0.2) x 10°2 erg, #F ASASSN-151h
AR it 2 e HPONIE F 1Y), A8 4 BT 5 (RSO N BT i > 30 Mo, T A SCil id X Dong %5 A 47
H IR e AR i 2R AR 23 45 Y ST RE B N8.09 x 107 erg; H 55 AH L A4 I 45 HIPON [ 52 AR
RE &, MR H BT T AUSONIR i B 2 4 31.32 M), 5 Dong®5EMAL - B (E A AF, iz
TDai% P Pl 51260 M. Dai%:R15 | T Sutherland 2P 45 Gt JFOR ) 45 B 205 T
RO BE. T RRATIE TSR AN T A R A (EE B AR R L A B PONTR
ZAET IR, FEERA T F BN A FARE & LA =, AR PO NI 7 SRk /b

4 #ig

T S R BT A AW i e Y P T A B 5 M AT T AU A 2 —. ASASSN-151hJE T
SLEEEE, H2E A R — i i B 2. Dai%s N A JASASSN-151h# )6
260 Mg [FIPONiZEAR, [H It Dai%s A 5e A HERR T oNiffE A HAE S RIE I T fgl2. 1A 3¢
[R5 45 SR 831,32 Mo (110N, 5 Dong 2 ML A FF, 1% U6 W 76 V15 b 5 8B WK g
Je R E .

ST HBHAET S, 2RI AERENLH] = 24T NI AR AtaE. R, %
72 42 DL K Chatzopoulos® A\ $2 Hi FTR A 54181 8 A ASASSN-151h K H At R 52 8 3 A2
AR [ £ P 8 DR RN A LA 75 ZE 83— 2D 9. SSNiR] LAAE SN Taff) fig i KU, K ULAF
FUPONI ) SEBR B AR RESN Tasli AL TSN TaJt A% i 45 (1) e A2 A 2 U,
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Estimation of °°Ni Needed in the Explosion Process
of the Super Luminous Supernova ASASSN-151h

FENG Dan-dan! LIU Men-quan! LUO Xia? LUO Zhi-quan’ FENG Zhong-wen'!
TANG De-lin!

(1 Department of Astronomy, China West Normal University, Nanchong 637002)
(2 Department of Astronomy, Beijing Normal University, Beijing 100875)

AssTracT ASASSN-151h is a super luminous supernova, whose light curve is similar
to the type Ia supernova (SN Ia). Since the luminosity of SN Ia is directly related to
the decay of °°Ni, in this paper, we consider the de-excitation energy of the new nuclei
and calculate the energy generated by the decay of °6Ni in the explosive environment
of ASASSN-15lh. The calculated °Ni mass needed by the ASASSN-15lh explosion is
31.32 M. This result agrees with the estimation of the mass of 5Ni > 30 M, derived
from the observed light curve of ASASSN-15lh. No agreement has reached for the
explosion mechanism of supernova ASASSN-151h so far. The calculation in this paper
provides a reference for the further study on the progenitor and the mechanism of the
supernova, ASASSN-151h.

Key words supernovae: general, supernovae: individual: ASASSN-15lh, nuclear reac-
tions, stars: evolution
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