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BHE= 0 — b /RO

v-process D [ IT3R
Neutral current reactions e.g., (Z,A)+v — (Z-LA-1)+Vv' +p

7\' _ Z Ly, 1 % SZGV(S)dS
" e 42 F3(vo)(KTvo)* ) o exXpe/kTvamva)+1

Charged current reactions e.g., (Z,A) + v, = (Z+1,A) + e

A= L. 1 * €2P o(r3€)Ove(e)ds
e 4t F3(Myva)(kTvo)* || ) eXp(e/kTvo-1va)+1

Neutrino luminosity

L..(¥) = % IEVV exp (- t-a/c )@(t-r/c)
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® 1,: neutrino luminosity )i 955 1 L AT —)U
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v-Process|C & DB ITTZ=H

o XITREEN D
16.2 Mo BHTE (SN 1987A) Ev=3x10> ergs, Tvu=6 MeV
(Yoshida et al. 2008, ApJ 686, 448)
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Charged-current reactions
“*He(ve,e'p)®He, ?C(ve,ep)''C *He(Ve,e™n)3H, 12C(ve,etn)!'B
® N(Li)/N(MB)HMRE)/ T X — 5T N D[R & 73 % I gENE

HRE) 7 Z = U fov-Process

N/ IREDIC K o CIEAM

(Yoshida et al. 2006, PRL 96, 091101; Yoshida et al. 2008, ApJ 686, 448)
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HRIETCRICE 1T Dv-Process
® 15 M, Pop I i BFTE (CH [T S v-process

(Yoshida, Umeda, & Nomoto 2008, ApJ 686, 448)
3 15 M Z 0, E,=1 w1th neutrlnos

B IIII II
_HeBeC 0 NeMgSIS

[ ' I [T
Ar Ca Tl Cr Fe N1 Zn i EV=3X1054 erg
[Fe/H] =-3.0 (Cayrel et al. 2004)
M_,=1.71 My, M ,,=0.07 M,

] Ev=9><1()53 erg
: Ev=3><1053 erg

1 No Neutrinos

| (Ev=3x10 erg
1 T« =8 MeV)

[X/Fe]

Z
® Minm» 56Ni(v,vap)55co(ﬁ+) 55Fe(ﬁ+) 55Mn
® Ev<9x10™
=) EMP star COMnFEE Z =
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vp-Process
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(Brown et al. 2002, PRC 65, 045802)
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vp-Process

FEFT Eejectaﬂaifgﬁﬁ‘lg (Ye> 0.5)
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Vp-process

A > 64 nuclei
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(Frohlich et al. 2006a, PRL 96, 142502)
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vp-Process
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vp-Process

B S T Model A40 ] (Frohlich et al. 2006a, PRL 96, 142502;
10k oo 1 Frohlich et al. 2006b, ApJ 637, 415
[l ‘ I'. . Pruet et al. 2006, ApJ 644, 1028;
20F i ' }F‘.:T e I Wanajo 2006, ApJ 647, 1323)
: 1{]3-%— . ] ; H': ‘# I| ;
>~4 191; P ff iﬁ‘ |
m:.;I H A A I %ﬁ ‘T‘» From Frohlich et al. 2006a
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Neutrinos from Collapsing Stars

Neutrinos from a BH forming collapse
(Sumiyoshi et al. 2006, PRL 97, 091101; 2007, ApJ 667, 382; 2008, ApJ 688, 1176)

5‘:]_ | ! ! ! ! | ! ! ! ! | ! |

sl i 40 M, progenitor
i~ : ] (Woosley & Weaver 1995, ApJS 101, 181)
2 30} .
Y 20 1 Neutrino signal
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Neutrinos from Collapsing Stars

C CJ: % Ve*ﬁ . % //\J (Nakazato et al. 2008, PRD 78, 083014)
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- Normal :
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sin® 8, sin® @,

Shen EOS =D (2.9 - 4.9)x104 events
Lattimer & Swesty EOS = (1.1 - 1.7)x104 events

m) collapsing core DIRREFIZZ [T IR

time—integrated total event number
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time—integrated total event number
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Neutrino Oscillations with vv-Interations

1.0

-0.5

( Ve
Polarization vectors at fixed snsrgy | multi-angls)
e T T T
i =
[ EZ-i24 e
E4 -
Ed=191 £3 ]
[ E4-238 i
E2 =
ES = 3.3 MeV
qol— 1 | |
' | | |
£
EZ —
= . E3
Ed4 Ed —
Ez
ES

-1.0

(Fogli et al. 2007, JCAP 12, 010)

e E2

50

100
r (km)

200

) = [UMU* + H, + H..,] (:)
u

H, : MSW effect
H,, : vv forward scattering

Pz = (nve-nyx)/(nyetnyx)
Pz = (Mye-Nyx)/ (Ryetnyx)

Inverted mass hierarchy

L.,=10°" ergs; IAm?c4=2x10-3 e V?;
sin2013=10-
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Neutrino Oscillations with vv-Interations

) = [UMU* + H, + H..,] (:)
u

H.: MSW effect H,, :vvforward scattering

Final fluxes in inverted hierarchy (multi-angle)
1.0 UL L B B e e

08F A" 1T =200 km

IIIII =
30 40 20

0.0 l..||||||||||| A AN BT A
0 10 20 30 40 20 0 10 20

E (MeV) E (MeV)
Inverted mass hierarchy
L.,=1051 ergs; IAm2c4=2x10-3 eV?2; sin2013=10-4 (Fogli et al. 2007, JCAP 12, 010)
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£ L HFER

—a2—hKY_/JCZEEE The v-process, vp-process
® v-process W) BXIT3R, $XIKTTR (T %)
Za—kMY/IREIOZNE

® vp-process =) HITR G (pX)

m) FHGERETIVEGDELITTRE K
($F ICejectadD 5z R EF)
m) Effects by vv interactions ™ r-process?
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BHE—_1—8Y /DKRT
® BH forming A7 D_a1—K "/
=) progenitor P IARE T IE TV DIKTFIE

® vv interactions

) BRETIVREFE

Effects by vv interactions?

progenitor D:ZWZ DT ETCRE S NS H

=D relic neutrinos?
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Neutrino Oscillations

d Ve r 0 W Ve
iﬁ% Vu|l={U Am221c4/28\, Ut +A(ne)} Vu
Vz \ Am23104/28\, ] |Vt
Ve €12€13 _S12613 ~os1ze™ | [V
Vu | = -S12023-012823S13€6’6 012023-S12823S13€’E.’6 $23C13 || V2
Vr $12823-C12€23513€"°  -C12823-512€23513€"°  €23€13 |\ V3
flavor eigenstate MNS matrix mass eigenstate
(Maki, Nakagawa, Sakata)
+V2Gp(fic)Y’n, 0 0
A(ne) = 0 0 0 e : electron number density
0 0 0
®Squared mass differences ® Mixing angles

2

AmzjiEmjz-mi SijESineij, CijECOSGij

® CP phase 0 0=0 (This study)

T. Yoshida, The 6th Japan-Italy Symposium on Heavy Ion Physics, November 13, 2008



Neutrino Oscillation Parameters

® Squared mass differences
=) Am?31 = +2.4%107 eVZ, Am*21 = 7.9x10™ eV?

(Based on SK 2004; SNO 2004; KamLAND 2005)
Mass hierarchy
Normal Inverted
ms3 mi3<mi<m)

ny
mi

mi < mz<m3 m Am213+Am23z+Am221=0

® Mixing angles
=) sin?2012 = 0.816, sin®2023 = 1

.« 2
SIN“2013 < 0.1 (3ased on CHOOZ 2003; SK 2004; SNO 2004; KamLAND 2005)

T. Yoshida, The 6th Japan-Italy Symposium on Heavy Ion Physics, November 13, 2008



Resonances of Neutrino Oscillations
® Flavor change occurs at resonances.

‘ °
SN 1987 A presupernova N Orlznal mass hlerarch%NVe
tAm 913¢/v3
107.,,,,,IHQ/CIHHII”HIe/N -
10 | O-rich He/C 012 __ﬁ/ V2 Vs
105 / > p
32 | A I R (T
T 50 S | K b B
% 103 .................. VINVQ

102 MSW-H k
101 \ ® Inverted mass hierarchy
100 MSW-L A A2

V2~Ve
I T e S = v
T/l ....................
.................. V3
........ VNT/

T. Yoshida, The 6th Japan-Italy Symposium on Heavy Ion Physics, November 13, 2008



Conversion Probabilities

® Normal mass hierarchy
adiabatic sin®2013 = 0.01 nonadiabatic sin®*2013 = 10

1 Ofich  OC _ HelC _ HelN 1 .. Orich _ OC __ He/C___ HeN
 vesvel| ] N
08 g . R 0.8[ ve—Ve
[ ve—>Ve l |
o 0.6;_ Qj% 0.6;_
3 0.4[ 18 04f
~ [ 1 _ Bl [ B
0.21L Vuzzve 1 p2f Vii>Ve
- vuprve {Hvr—Ve. o : VtLVe
obYr—=>ve i o7 0 of . .
2 3 4 5 6 2 3 4 5 6
MI’/M@ MF/M@
adiabatic H-resonance ev =50 MeV

m> All ve in He layer have changed from vyx.
nonadiabatic H-resonance

=) Neutrino flavors gradually change in He layer.

T. Yoshida, The 6th Japan-Italy Symposium on Heavy Ion Physics, November 13, 2008



Conversion Probabilities

®Inverted mass hierarchy
adiabatic sin?2013 = 0.01 nonadiabatic sin?2013 = 107

1 .. Qich _ OC _ HeC__HeN 1 ___ Ouich O HeC___ He
0.8[ ¥ 1 0.8[ Ve—>Ve
R 0.6;_ ;Qj% 0.6;_
8 04 VUTVE/N (] 8 04l
R : VT —>Ve RS : |
02 _ 0.2} Vu>Ve
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MI’/M@ MF/M@
adiabatic H-resonance ev =50 MeV

m> All Ve in He layer have changed from vx.
nonadiabatic H-resonance

=) Neutrino flavors gradually change in He layer.

T. Yoshida, The 6th Japan-Italy Symposium on Heavy Ion Physics, November 13, 2008



Mass Fraction Distribution of ’Li and 1B

©® Normal mass hierarchy; sin22013=0.01

1 0'6 _ O-rich Q/C He/C He/N 1 0'5 O-rich Q/C He/C He/N
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Ev=3x10 ergs, Tvi,t=6 MeV, sin?2013 = (.01
Increase in the mass fractions of ‘Be &'1C in the He layer
¢ [ncrease in the rates of 4He(\/e,e'p)3He,1ZC(\/e,e'p)11 C

e’Be & 1C yields m» Increase by factors of 2.5 & 1.4

T. Yoshida, The 6th Japan-Italy Symposium on Heavy Ion Physics, November 13, 2008
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