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Type of core-collapse SNe

H,He

Type Il (with H line)
' o« SN 1987A
e v~ afew x 1,000 km/s

|| Type Ib/lc (without H/He line)

’ o SN 1984L (Ib); 941, 98bw (Ic)
(Mazzali) e v>10,000 km/s

o associated with GRB/HN

Hyper <
novae |




Neutrinos

V.7 o carry away almost all (99%) energy

Neutrino - material interactions

« Simulations have failed to
explode SNe

« Neutrinos may supply energy
with stalled shock

o« AND...

time [s]

Arcones, Janka, & Scheck, 2007



Neutrino-induced nucleosynthesis

v,7 e ’Liin He layer & ''B in C layer

» The v-process

+ Neutral current reaction: + Boron production
(Z, A) +v — (Z-l, A-l) + v’ +p IZC('V, v’n)“C, IZC('V, 'V’p)llB
Z,A+v—>(Z,A-1)+V’ +n 2C(v,, ep)!'C, 12C(V,, e'n)''B
+ Charged current reaction: i
(Z,4)+v, = (Z+],4) + e 1B in 20 min.

(Z, A) +V, = (Z-1, A) + ¢*




Spallation reactions around CCSNe

e Fields+ 96,02 ; KN+ 04,06

o This mechanism does not conflict with
observational trends of Be and B.

(ISM) (ejecta) g
H,He + C,0 — %’Lj,’Be,!%!'B

Duncan et al. (1992)
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Calculations: SN Ic explosion

- 1-dimensional hydrodynamic
code

- effects of special relativity
= q %@})I ons: (KN & Shigeyama 000:
- Relativistic hydrodynamic eq. ..}
uy _ 50.025-
ﬁu(pv ) =0 g o /
0’)‘uTVM = O § 0.015 | /
q>) 0,01 F
B EOS 0, L \
koT
p=Srt P ———————
3 ‘le H 0008 0 5e.+07 1e.+03 1.5.e+03 2e.+03 2,5e+04

radius [cm



Calculations: the v-process

+ decay time: t,=3s
« total neutrino energy: E, = 3x 10> ergs

+ Energy spectra:

(kTve, kTVe, kTVur) =
(3.2,5,6)MeV <=normal Tvix 3
(3.2,5,8)MeV <= high Tvyr i
:;3 10°
+ Using nuclear reaction network z
consisting of 291 species of nuclei S 1071
10"

100 &

107 =

108 L

’-"

4 6 8 10 12 14 16
Mass [/Msun]



Calculations: spallation reactions

(Read &
¢ [MeV/A]

Woe n,, [o™on(E) 2D (B dE

dt A,my,
€\ 1B I ot I ]
number density of number of ejecta (O) with S o[ 7
target (H) in ISM energy E~~E+dE at time ¢ 50_0001 S §
S ol i
Transport equation é o b §
oF,(E,t) Jdw(E)F(E,N)] F/(E,t) s OUFTT )
= - le(E) 2 10?2 |- -
" I9E SRl
(v; : energy loss rate (ionization) = ol TN

10 100 1000 10*
Energy [MeV/nucleon]

—_—

/A :loss length (spallation & escape)



Results

Including "Li !

- more LiBeB in high 7v, model

10° g
LiGHT ELEMENT YIELDS FROM SN Ic MODEL F

m 107 L

2 :
Species  Normal T, High T, , , Spallation - Y i p— .

(Mg) (Mg) (Mg) = : 7/

6Li 1.67 x 1011 591 x 101! 238 x10-7 & 10°
"Li 741 x 1077 250x107% 331 x10°7 c; o0
Be 449 x 107 1.08 x1071Y 999 x 10°%
108 1.20 x 109 2.78 x 109 4.38 x 107 Lot edert b sl o
1B 2.69 x 107 546 x 107 1.34 x 106 2 4 6 8 10 12 14 16

Mass [/Msun]



Results

- cross sections determine the ratios.

—~ 100

LicHT ELEMENT YIELDS FROM SN Ic MoODEL

Species Normal T,,“_, High T,,“., Spallation 5 10 %
(Mg) (Mg) (Mg) g s

611 1.67 x 1071 591 x10°11 238 x107

Li 7.41 x 107 250x 10°% 331 x10°7

‘Be 449 x 107 1.08x 1071 999 x 108

108 1.20x 1079 278 x 1079 438 x 107 T

11 2.69 x 107 5.46 x 107 1.34 x 10—6 e [MeV/A]




Summary/Discussion

Ejection by stellar wind
Iayer' ‘ or binary effect

« The outermost C/O nuclei accelerated by
explosion interact with ISM and produce

6.7i, °Be, 10.1'B via spallation reactions. —>Type Ib
o UHB/OB (y-process +spallations) = 3.67-4.28 supernova
 Dense CSM => localized LiBeB production
and star formation => anomalous star
 How about SNe |Ib ?
— the.v-proceés produces .7Li in the He layer :>Typ 5
— fusion reaction of a-particles produces Li supernova

isotopes

— nitrogen may be included if low-Z and rapidly
rotating, leading to rich LiBeB production

IZC('Ve, e+n)11B

H,He + C,0 — $7Li,"Be,!*1'B




o case 2: (T've, Tve, Tvur) =

M(SLi) (35'291;?17’15 M AR BEEE i [/MIO ] s
- : - ass [/Msun

M('Li+'Be)= 2.50E-08 B TR

M(®Be)= 1.08E-10

M(1'B)= 2.79E-09 2

M("B+!'C)= 5.46E-07 =

:

> Spallation reactions (kN & shigeyama 04) E

M(°Li)= 2.38E-07 P

M(Li+'Be)= 3.31E-07 =

M(®Be)= 1.00E-07

M('B)= 4.38E-07 -16

MUB+1C)= 1.34E-06 Mass [/Msun]



Neutrino-induced nucleosynthesis(v-process)

L 0@)~10s

Neutrino gactlons
‘ Ov ~ 10

® Ovdt ~ N, J4mu? ~ 10°°/47(10°cm)” ~ 1037 cm?2
> Nproduct/ NVtarget ~ OvOvdt ~ 10°

=" production of rare elements




Neutrino-induced nucleosynthesis(v-process)

argea current reacuons
(Z, A)+v, — (Z+1,A) + &

(Z,A)+v,— (Z-1,A) + e*
" 7Li, 11B, 19|:, 55Mn, 138|_a, 180T

B production
= 2C(v, v’n)!'C, 2C(v, v’p)''B
2C(v,, ep)'C, 12C(v,, e'n)''B
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Neutrino energy spectra
© Fermi dstnbution: n, = Ww/kT,=0
(kTve, kTve, kTvut) = (3.2 MeV, 5 MeV, 6 MeV)

(e.g., Yoshida et al. 2005, 2006, 2008)

(3.2 MeV, 5 MeV, 8 MeV)
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[Fe/H]

Duncan et al. (1992)
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