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Type of Core-collapse SNe (CCSNe)

H.,He
Hydrogen ’ |
Iz Type Il SN 1999em (t=+19)]
8
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P
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.g Helium|
s |
[}
x
ype Ib 'SN 2005bf
(maximum)
Type Ic SN 1994| (maximum)
3000 4000 5000 6000 7000 800C

Rest wavelength (A)
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&

C,O
He
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¥

Type Il (with H line)
o« SN 1987A, 99em
e« v~ 1,000 km/s

Type Ib(c) (w/o H(He) line)
SN 1984L (Ib); 98bw (Ic)
e v>10,000 km/s
o associated with GRB/HN




Neutrino-induced Nucleosynthesis

« Huge number of neutrinos (>10%81)

e Ve, Vey Vir = (Vi Vry Vyis V)
Eve < <Ever < Evp

« Some interact with materials and induce
v, 7  nucleosynthesis

=> The v-process (Woosley+ 1990)
« 'Li in He layer & 1B in C layer

> The v-process

+ Neutral current reaction: + Boron production
(Za A) Tv— (Z'19 A'l) +v’ +p IZC(Va V’n)llca IZC(Va V,p)llB
(Z,A)+v— (Z,A-1) +V’ +n RC(v,, ep)''C, 2C(v,, e'n)''B
+ Charged current reaction: \L
(Za A) + Ve — (Z+1’ A) Te 1B in 20 min.

(Z, A)+V, — (Z-1, A) + &*




Production Sites of ’Li, °Be, 10.11B
> Big Bang Nucleosynthesis (BBN)

¢ Universal 7L

Descouvemont et al. (2003) (S p Ite p I atea u )
Others (theory)
Kavanagh (1960)
| T L T T
L ]
~ ®
- Li i
T ~
: :
@n) (@) @ - ®
w r |
3 ]
B K D,QO —
ra a
0— . N ]
o O ‘
o
L ? QOO Be _
1 P@ N
1 I L1 |
-3 2 -1 0

Duncan et al. (1992) [Fe/H]



Production Sites of 7Li, °Be, 19.11B

> AGB stars

stellar winds \

H-burning shell

e e | Cameron (1955)

. Be transport mechanism
v

"Be (e,v,) "Li(a, ) U8B

I | T I‘F‘ T T 17T r
0.8M®<M<8M® i ]
(AM@<M<6M®) 3 .

< x X > I ]
H-rich He C/O L .
g B
» Core-collapse SNe i |
- ®
+ the neutrino-process ° L | _
- [ B . o ]
*He(v, v’p)*H(o, 7) "Li oA ]
- o ,
- Be |
20T, etn) i § 9 :
e ]
V, 17 _LI | | I 1 | | ] | I S }—
3 -2 -1 0

Duncan et al. (1992) [Fe/H]



Production Sites of ¢7Li, °Be, 19.11B

> Cosmic-ray (CR) interactions SN/Stellar wind

Spallation reactions SN Remnant
s (Fermi acceleration) f

H,He + C’N,O — (),’]Li)?Be’lU,l.lB + fragiles * hlgh'energy H/H@
@) \ interstellar CNO

* [
O / \ @ i T T rt' [ r_
’._ _
3 . . —
emcgeopiclinucicon quadratic relation |
2 = . -
10 b : [Fe/H] and (I_I)BGBJ
C ' i ©
;EI§ - ,’ ! 3;, 1 t_ Il/ ;1
----- Heite | £ | i - B /o s 1
—He+C | p Il ' pe /N_,.."A
——-He+N 1 L /7
—--He+O || ,l 0l— . .."t._.- A —
iy -
- i - 96/ Be
0.1 L1 .:‘.'.llll .Il l' ol AN EET i L_‘Ej ,[I, N
1 10 100 1000 i o I"II I | | | | | | L } |
e [MeV/A] 3 2 -1 0

Cross sections (Read & Viola 1984; Mercer+ 2001) Duncan et al. (1992) [Fe/H]



LiBeB production infaround CCSNe
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T I L
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¥ gEtion infaround CCSNe
2 . . j

- - ] (neutrino process)
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¥
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e SN 1987A, 99em
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(spallation reactions)
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e v>10,000 km/s
o associated with GRB/HN




Calculations: SN Ic Explosion

« Progenitor model:
- SN 1998bw model (Nakamura+ 01)
WR type (C/O) star
M=15M®, Eex=3%10° erg

« Numerical code:

- 1-dimensional hydrodynamic code

- effects of special relativity
(KN & Shigeyama 2004)

« Equations:
- Relativistic hydrodynamic eq.

o'?u(pv’“‘) =0
9,1 =0
- EOS

velocity [/c]

e




Calculations: the v-process

+ Neutrino luminosity (Woosley+ 90) :
E o

L(1) "eXp(—t r/c)
T T

v v

Vi . Vem’ Veut

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

+ Energy spectra: Fermi-Dirac distribution
(kTve, kTVe, kTvur) =
(3.2,5,6 ) MeV <« normal Tvuc
(3.2,5,8)MeV « high Tvu

+ Using nuclear reaction network
consisting of 291 species of nuclei

Mass fraction of LiBeB

RC(v,, etn)"'B

C,O

6
10 ! TLi | LI B | |

P R TBe
107 & |—10B

|—usl

10% L e s
10° '
10_10
10—11

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



Calculations: Spallation Reactions

— 6779 10511
ex.) O+H _ Be H,He + C,O Li’Be,'>"'B
0f RC(v,, e'n)'B
—H+C -
—-—-H+N =
T---E;QHe —g
——He+C o)
——-He+N 1
—--He+O
Cross sections
(Read & Viola 1984; Mercer+2001) ™' T 0 oo 1000
€ [MeV/A]
dN a ~F, (E.,t)
be = ny, [[0™on(E)=2—"2v,(E) dE
dt A,m,,
= 1B oo _
number density of number of ejecta (O) with g oor F g
target (H) in ISM energy E~E+dE at time ¢ ;50_0001 S, i
é 10° | _
Transport equation ERprein §
2 F-----TTTTTos g
FED _ A (EVFED_FED gy & :
ot 0"E ! @ F SN 1998bw model _
e s 107 - ng=1 cm> (ISM) .
@, : energy loss rate (ionization) A S R ETR.
1 10 100 1000 10*

/A :loss length (spallation & escape) Energy [MeV/nucleon]



« LiBeB from the v-process HHe + C,0 > o/Li) Be, g
- 1B production in C-rich layers 2¢C(v,, e'n)''B
- ... and in the innermost region (incl. 7Li !)

- more LiBeB in high 7v,. model

o LiBeB from spallations
- 0.04M® of ejecta attain ¢ > 10 MeV/A

- plenty of LiBeB
- predominantly from O spallation

LIGHT ELEMENT YIELDS FROM SN Ic MODEL
[an]

Species Normal T, | High T, | Spallation -

(M) (M) (M) =
6Li 167 x 10°11 591 %1011 238 x 1077 &
"Li 741x 1077 250x107°  3.31x 1077 2
"Be 449 x 107 1.08 x 1071Y 9.99 x 107
10B 1.29 x 109 278 x 1079 438 x 107 - b i
LB 269x 1077 546 x 1077  1.34 x 106 2 4 6 8 10 12 14 16

Mass [/Msun]



Results - compared with observation

ISOLOPE ratios

o (mb)

100

. 1 LIGHT ELEMENT YIELDS FROM SN Ic MobDEL
» b
. Species  Normal T}, High T, | Spallation
- 4.05 = 0.05 (meteorites) (M) (Mz) (Mg)
- N -
3 (spallations) SLi 167 x 10711 591 x 10711 238 x 10
- ~200 (the v-process) "Li 741 x 1079 250x 1078 3.31 x 10”7
- 3.66-4.28 (spallation+v) "Be 149 x 1071 1.08 x 1071Y 9.99 x 103
10B 1.29 x 109 278 x 1079 438 x 107
11p 2.69 x 107 546 x 10-7  1.34 x 106
1 T | IR B RRAL \ | B ARAI T T
— T -
Y
— l -
§ . [
— I 3
— T MICHIGAN STATE UNIVERSITY b
- © UNIVERSITY OF MARYLAND -
— O ORSAY ]
:‘ }1 O LAWRENCE BERKELEY L ABORATORY _
i {7} i
0 210 / :Ol llllléo 2éo 14301 l“IQOO 20'00 l":OLOl “laééoo 20(;00l CrOSS SeCtlonS Of p+O reaCtlon

Energy (MeV)

(Read & Viola 1984)



Results - compared with observation

log e(Li)

= Ia\/ some |mnnr’r2 nt role.in low Z
C CMB+BBNS
25 .
7]—11 A A . ﬁb - 1
20 & e
T L
Tz » - /// -
e -
151 °Li e d T
/ . ///// @/
I A % J \ L ) g
B Yo . ‘ / f |
05 .o i . .
e 4 ’ /
//j. Ll
00 ///
P O A Lo oo | Lo \ L
~30 -25 -20 -15 -10 -05 0.0

ISOLOPE ratios
- 4.05 £ 0.05 (meteorites)

- ~3 (spallations)

- ~200 (the v-process)
- 3.66-4.28 (spallation+v)

e Its contribution is ...
« SNe Ic might

LIGHT ELEMENT YIELDS FROM SN I¢c MODEL
Species  Normal T}, , High T, , Spallation
(Ms) (M=) (Ms)
°Li 1.67 x 10~ 591 x 10711 238 x 107
"Li 741 x 1077 250x107%  3.31 x 10~
“Be 149 x 1071 1.08 x 1071Y 9.99 x 103
108 1.29 x 109 278 x 1079 438 x 107

low ( ~ 10/0 ) 2.69 x 107

-11

12

13

~14

2.
5

5.46 x 107

1.34 x 10°°

- make some anomalous stars

HD 106038
(Smiljanic+ 08)

A H
i m—"




SNe Ic : a class of CCSNe —> Type Il

We investigated LiBeB production via the CO S0 SN
v-process and spallations in SNe Ic. He
The v-process synthesizes ''B in C/O layer H.He

' Ejection by stellar wind

(& innermost layer). o M e

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

6711, °Be, 19-11B via spallation reactions. —>Type Ib
HB/10B (v-process +spallations) = 3.67-4.28 supernova
Dense CSM — localized LiBeB production
and star formation — anomalous star
How about SNe Ib ?
— the.v-proce§s produces .7Li in the He layer :>Type Ic
— fusion reaction of a-particles produces Li supernova

isotopes

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

CO  2C(v,e'n)'B

H.He + C,0 — 57Li,’Be, !B
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How to produce outflow ?

—

VIHD)

Proga et al. (2003); Mizuno: et al (2006); Eujimote et al (2006);
Nagataki et al. (2007); Nagataki

(2009); Harikae et al(2009 a)

MR MR

~

W N enieing (paie aaainikirton)
Oy Ruittert et al. (1997); Rufitert & Janka (1998), Asano&Eukunaga
(2002001, Nagataki et al. (2007), Birkl et al(2003)
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Intro
Our study

Harikae et al. 2009b (submitted to ApJ)
Harikae et al. 2009c (submitted to ApJL)
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Harikae et al. 2009b (submitte
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Harlkae et al. 2009b (submitte
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Birkl et al.(2008)
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Harikae et al. 2009b (submitte
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¢ Time step At ~100 ps {(EXL Tt ~10ms 72D T, {57
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Numerical methods

HD simulation
Harikae et al. 2009b (submitte
Harikae et al. 2009c¢ (submitte

Special relativistic MHD code (Takiwaki et al 2009)

Neutrino heating 1s calculated by ray-tracing in flat timespace.
Realistic EOS of Shen et al (1998) 1s implemented.

Initial data 1s taken from 350C model (Woosley&Heger 2006)

¢ C(alculated by 256 nodes(@ XT4

& AT DIEL:
{7'7 N7 O—A 1725, Neutrino-driven




2 step for simulation
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Disk formation

Harikae et al. 2009b (submitte
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Neutrino luminosity

Harikae et al. 2009c¢ (submitte
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Pair annihilation

Harikae et al. 2009b (submitte
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Neutrino-driven outflow

Harikae et al. 2009c (submitte

SInce the idea of «
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by WO()Sley (1993)
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Properties of outflow

Harikae et al. 2009c¢c, submitted
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(Suzuki+ 10, in prep.)
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Supernova Relic Neutrinos (SRN)

'Iﬁ,llﬁ (10kt0n ff‘& @tjﬁﬁ) : <’§5I1|E|/yr (Horiuchi et al.2009)
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2 FlE
SRN@ Number Flux

Eq.(3):Differential Number Flux of SRNs
(%hﬁ%ﬁ BRATRIILF—iEdHT=YSRNAGE)

= = SA,

(1) :FHEBETI (2) . (3)
(2)

(3) (4). (5)
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dF, ¢
dE, -

(1)

Ando (2004)
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Log SFR(Me/Mpc"3/Yr)

1

p+(2) = po

(1+2)7 + (1;z>‘6"+ (12;;)%:]1/17’
(1)

Horiuchi et al.
0,:1.04x102  (2009)
p+:2.08x102
p-:5.90%x103
a:4.22
B:-0.207
y:-11.3
B:2.7x106
C:6.37

SFR [Mg,,/yr/Mpc’]

7= :infrared
H :optical

E> % :ultra violet
JKE : X-ray,y-ray
#% :radio
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