' Sep. 29, 2000 at ICRR
HBHEBRREEZ 1 —N) J/ .
‘ SRS
L NG e B

B EBR
Type la: HEEREZDOEBREREIZ L LBHERSE

no compact remnant
FH i D IREESGIR?
Type IbIc I EVED I T OEAEIC L 5B ERSR

HEFE - T 7y 72— NVOERK
Za—hF1) JI)N—A}
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8BMe <M<12Me’
ENEHE
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H
T7C0  M>12me
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Si
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1 EHBRENEBEHERREOSFUA

o EJJREEHIO A 7 ( Fe or O-Ne-Mg core )

Mco;e =1~ 2M@, Mi;-f:\zju > SM@- .

- Roore = 108 ~ 10°cm, Rgyar = 10" ~ 10Mcm
pe = 10° ~ 10'%g/cm’ ~ 107> oy
T.=0.1~ 1MeV, S~ O(1)

pYe
1019 /cm’

e~ A— v, A1 )\, > Reore freely escape

1/3
e = 11.1MeV ( ) > me, T : rel. deg. electrons

e Onset of core collapse

BT (electron capture) e~ A — VA, A, > Reore
5% (photodissociation) °Fe v — 13*He 4n — 125MeV

~1/2
dynamical time scale: 74y, ~ 1/4/Gp ~ 40msec (”"—p—lomg /Cms)

& Nuclear Statistical Equilibrium
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o v trapping (p > 10'° — 10*2g/cm”)
v, from e~ A — A’ ande™p — v,n
maingpacity'éource: coherent scattering veA — 1. A
- cross section o oc A%w?

BEREOETICE W
Ay < Reore: FNEBHIZ (neutrinosphere d H3)

. . . . . - 2 :
diffusion time scale of neutrinos: 745 = 3RS, /cA, > T dyn

BEPBRERIC= - M) JidaThrblTIonin
==a—FY /DL A®D (neutrino trapping)

electron capture
neutronization of nuclei

neutron drip
(e.g. Xa > 0.7 Bruenn 1985)

Ve #628 == suppression of

FA L 3AD FEIE T i

VeA —— e" A/, ven+—ep
Ve~ — vee~ (down scattering: w, \,, A\, /)
Yiup =03~ 04 |
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I e " e

AV & D B R

Pec > Pouc- ’H(ﬁléjiiiﬁ—ti)‘@ < 7:5 A (Fajj DN—F 1 7&%)
Ny ALASaT + BERTETT L9827
N VAL AT T OBRESTEERS A

Y 2
M., ~ L%wmg(g?q = 0.6 ~ 0.9M

GM?
R‘ = Y traé

>  Fgne(kinetic + radiation) ~ 10°'erg

Eaock ™~ several 10°'erg

Rshock < ‘Rvsphere

N Y AL TAER T TR AR RS
= R+ 4T £ (PNS: protoneutron star)
S. ~ O(1), T, ~ O(10)MeV, Y, ~ 0.3
¥ AS neutrinosphere % 188
B OFEBL /-EBTIE A — np, e"p — nv. DELT
o(e"A — 1.A") < o(e”p — ven)
r(shock) < r(vsphere): 2R IN7Z v, X trap SN X
r(shock) > r(v sphere): ZEH SN 7 v, BHBICHTIOR S
main opacity source 72 o 7[R FE D HEIN S
= v, DHPETF{L/S— A b (neutronization burst)

Theutronization burst ~ Tshock propagation < 10msec

53
Lueneutromzatlon burst ~. 2 10 €rg / SEC

51
/ Lueneutronization burstdt ~ 10 erg

Y, 57512 deep trough 2 TR L . BEEZ D 5,
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o SN T NOBEEO(EH
27
— ram pressure of falling matter
- BTHOXS R (BBFUE)
- BHEBFICX 28 FHE (E01ET)

- Za—-PYBICE B A VF —4RK
(Rvsphere < 1 < Rgpock)

(2T REEREE

= prompt explosion (7 ~ O(10)msec)
BEEPRIL? -
WERETY o~ #100km T

\  E(dissociation) ~ 8 - 10°'erg (MFcofgfgé‘Ji-c-)

In the shocked region (S ~ O(10))
A — np
e p—— v, etn«— Fp
e e’ «— vD

=+ +

vN — VN, ve* — ve

BKEFEORBRHFEIC, HREOEAL LR 7 OWE
PREDFED 5

MPNS = Mi.c_(N 07M@) — MNs(N 1.4M@)
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“— b
4 W///(”W@
10 V
g “a
U‘OB_ {0.64 Mgy )
3
o
o
[+ 4
10°} -
|oq 1 [ (] 1 1 L L 1 i
26 21 22 23 =24 25 26 27 =28 29

Time [msec)

Figure 10: Successful prompt explosion {Mmain sequence = 9Mg). Lines are trajectories
of selected mass zones {taken from Hillebrandt, Nomoto & Wolff 1984 [57]). The point
a’ is the boundary of the unshocked inner core. The shock wave successfully propagates
to the core surface and the material above the point ‘b’ will be blown off.
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Figure 11: Successful prompt explosion: snapshots of density profile at selected times

(1mt1al madel and shock propagating phase) Minsin sequence = IMg (taken from Hllle-
brandt, Nomoto & Wolff 1984 [57]). : ‘ _
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Stalled S/aock\ Wave
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Figure 6: Radlus versus time for selected mass zones of a 20Mg stellar
madel. Due 1o the large lron core no prompt exploslon was observed.
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Flaure 7: Snap-shots of velocities of a 20Mg model. Due to photo-
dissoclation of heavy nuclel the shock stagnates at about 1.3Mp.
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o R L - EBERDOESE
EPRTEPODO=2—}Y ) T, ~ B MeV
shocked matter (7'~ #( 100km > Rygphere) T ~ MeV

Ve —> €7P hot bubble

_ | 3
J.p — etn . S > 100, p ~ 10°g/cm
et s et heating —= f
v — e"eT delayed explosion (7 ~ O{1)sec)
BRI DT R
- A E e

— [HER
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BOUNCE.SHOCK EJECTION SHOCK "SNOW PLOW"® SHOCK

C L8
1073 5
— ] NEUTRINO p=10~, T =1/2MeV
% ] PHOTOSPHERE HOT BUBBLE
- - $>100 goaTTERING,
% 107 | HEATING
= ANNIHILATION . . ! ve
I HEATING | .
a Vit

5| 0.5 1.0

» 10 s

T T T T T T T T i ] | T T
| | 1s_t!_lr\E1§\L%ITNHG|No |T|ME (S)l 2nd NEUTRINO HEATING
The sequence of processes occurring in a type |l supernova according to Wilson and Mayle. First
a star collapses, owing to exhaustion of the fuel and emits electron neutrinos as the compres-
sing matter tu}fns into neutrons. The forming neutron star bounces producing a strong shock that
weakens owing both to the thermal decomposition of nuclear matter and the reversal of the
neutron star bounce trajectory. Subsequently, a large burst of neutrinos of all flavours heats the
infalling matter, starting an explosive shock. Yet later, mu and tau neutrino—antineutrino
annihilations in nearly opposed collisions just above the neutring photosphere generate heat
without nucleonic matter, making a hot, high-entropy (100 Boltzmann-unit) bubble, which
pushes out the ejected matter in a near 'snow plow’, that is, a thin shock, The pressure is
maintained because the high-entropy ensures a large scale height adjacent to the neutron star.

489

- PROMPT SHOCK
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R ANEE EN

Ledoux DAL E S

dp \ OhYy
3111YL S, P or

Op
Oln S Y. P

Q

dp
In YL S P

)

VA

op dln S
(BlnS)YL,P or = 0

0 (EOS % p,S,PIzk3)

cf. Shen EOS Tid. small Y, high p TIE

+=Za2—FM) 2k 3B YL,S%:@@@J%
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AR Z 2
- JBEE B NER (~ neutrinosphere PIER) T O AL E M
YL (’T’ =0) d 0.3, YL (Rysphere) S 0.].
= dYy/dr <0 lepton-driven convection (Y7 -driven)

dissipation of shock wave
= dS/dr < 0 entropy-driven convection (S-driven)

Y

SRV BEPEFERNROBLL T N 2 FATYE R
T (~ neutrinosphere) {215,
= L, /', neutrino heating in the hot bubble

EE 17 F22E: unclear/contradictory

*

Mayle and Wilson 1988, 1993

(1D with mixing length theory)

Exp(without convection) < Eexp(0bs)
convection is essential for the delayed explosion.
Burrows and Fryxell 1992 (2D without v tr.)
vigorous S-driven convection

Burrows and Fryxell 1993 (2D with radial-ray v tr.)
convectively enhanced L, — explosion
Burrows, Hayes and Fryxell 1995

(2D with radial-ray v tr.)

S-/Y1 -driven convection: weak and unimportant
Herant et al. 1994

(2D SPH + EIFLD/central light bulb v tr.)
intermittent Y7,-driven convection

Keil, Janka and Miiller 1996

(2D with radial-ray v transfer)

Y7 -driven convection evolves (whole PNS)

L, / factor2,{w,) / factor 1.1-1.2

Bruenn and Mezzacappa 1994 (1D mixing length theory +
MGFLD) '
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"heating

shock ' g'ain R R
radius " PNS v &

(convective)
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Keil et of. AT 473 (19%)

20 Cvlems) 4 g 20 vlemsl 1 b
t=0525s L= 1.047 s
15 15
. x10°
10 10 9.00
8.76
5 5 4.50
2.25
0 0 0.00
0 5 10 15 20 0 5 10 15 20
R {km] R [km]
20 - <toyas] ¢ 20 - <wo)/<te] g
t = 0526 s 1 t = 1.047 s
15 15
10 10
5 5 |
;- astilfd A ' o oo
0 0 [ . -0.26
0 5 10 15 = 20 0 ) 10 156 20
R [km] R [km]
Figure 3: '
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Mezzacappn et 2£. 77

- 61 -

ENTROPY
High
Low
L 17 ms ty= 22 ms LN 32ms
Fig. 10a.— Two-dimensional plots showing the entropy evolution of the 15 Mg model in a

simulation without neutrino transport (simulation K).

ENTROPY
High
Low
tp,=17ms tp,=22ms t,=32ms '
Fig. 1la— Two-dimensional plots showing the entropy evolution of the 15 Mg model in a

simulation with neutrino transport (simulation L).
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— 1&E ] & neutrinosphere 12 BT 5 ARNEE N

gain radius: EEWNZ=a— MY/ MEAER(==—-r1J /M
B —a—- M) EINPRRELBLEIA
1. BEETETT2WE (ET1%)
2. B HEHZ Bl (A — np)
3. o Bk ?%:—F Rhock > 1 > Rgain
(ven — €7, Dep — eTn 12 & B NER)
4. gainradius Z #8: r < Rgain
(Z2— k) IS &0 EED)
5. BT 2O RIZHEE
BEANLANVY — = Za— MR

dS/dr(Rgin < 7 < Rshock) < 0: S-driven convection
= y-driven convection
STHAT s Rgan THOLNEMEE, Za— Y JHH (x
TS THIZE o THE2ZTL T ) RICEBERNESR,
+ Herant et al. 1992-1994
(2D SPH + EIFLD/central light bulb v tr.)
large scale flow — robust explosion
high S matter: Rgain — Fshock
low S matter: Rgpock — Fgain
x Miller, Wilson and Mayle 1993
(2D + 2D EIFLD v tr.)
large scale flow, not help the explosion

x Burrows, Hayes and Fryxell 1995

(2D + radial-ray v tr.) -
turbulent flow — some models explode (not robust)
S(2D) > S(1D), pressure of buoyant plume
— Rshock(z-D ) > Rshock( 1D )
—s gravitational potential \ , accretion ram \

- — explosion

+x Janka and Miiller 1995,1996
(1D/2D + radial-ray v tr.)
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1R ?

Shimizu et al. 1994: asymmetric neutrino emission from the rotating

protoneutron star
— jet-like explosion Fgocx
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Shimizu et al. L>hot- 7%

¢ colorscale

1000 1000 g
800 800
z 600 5 600
=, =
=400 N 400
200 200
0 200 400 600 800 1000 0O 200 400 600 800 1000
x [km)] x [km]
1000 1000
500 EEEEEEEE 800
— — 800
Z 600 .
5, =,
N 400 N 400
200 200
0 200 400° 600 800 1000 0O 200 400 600 800 1000
x [km] : x [km]

rsrmB0ri10.dat © max 3:86000%niniB. 8 a0rcR-3 | S
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& IE.&SEF"I&E?E@(%H T ~ Tdiff = O(IO)SCC
Tdyn ™~ Imsec <€ 7gis: HERR RO 1L

hot lepton-rich PNS 7 ° diffuse out

cold Neutron Star
T ~ O(10)MeV T~ 0 |
Ly, ~ O(100)MeV Pp + fle — tin ~ 0
(v-less B-equilibrium)
R ~ 100km R ~ 10km
Ay (p = 1014g/0m3) = I/JWeaknbawoh |
‘ ' -2 ' W -2
1 3 ( Wy ) 7 ( v )
o\ Tomev | t0°em | To0kev
4GP
oo ~ ___F_;_ng

eTp— Ve etn«— Dp
e"et «— v plasmon «— v
YN — vN ve* — ve™T

1wz T OMEN S (BET - BTFHD% ) FRTH,
B HIEIEST: NN «—— NN’VI') PEREL DL,

o DB (8 2IR5)
a7 DBEE. BEOWNE L HRIENEE

K43, =2 — b U BH: negligible
FEiina(envelope) < 10°'erg

successful explosion (supernova explosion): 7 = hours ~ days
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2 BHE-L-—-btU/

Energetics |
- 2 2
AEg = (GMcore _ GMcore ) ~ O( 1053)erg
‘ RFe core RNS

Egn ~ O(10°M)erg (obs.)

Eua ~ O(10®)erg (obs.) |
Egw ~ O(10!)erg (simulations(slow rot.) by Stark & Piran)
%0 0(10%)erg ~ E, cf. E,(SNIa) < 10%erg
FRTOBTI T Ttk LTI ENS v, 12

MFe.core 52 MFe core (Ev )
2 E,)~12-10 =
6 e ) ‘€1 .4M, 10MeV

THN E, o ~ 0(10°)erg D 10% TL 72\,

— thermal v > BFHIEIZED v,
= Ve, e, V) DRI EHICEHS

E,, (collapse) ~ 10°lerg

E,, (neutronization burst) ~ 10°lerg

E, (shocked accreted matter) ~ 10%erg

E,,(PNScooling) ~ 10%%erg
AT A —

Oy, > ag 17; _ > Oy u
R(v.sphere) > R(D.sphere) > R(v,sphere)
T(vesphere) < T(Desphere) < T(v,sphere)

<wVe ) < (wl_’e ) < (wv,u )
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=a— k1)) o WL

Neu-ﬂ*mrmﬁ S¥
€A VeA 108gY
wA*WA

Bounce , HrB & oW (t-0)

w3
%roto Neutron%ta \l
, Ve
e 04 | < 100 km
P MIMNK-Z (C~ /Omsec)

e p-—» ven, 0@

severa |mes 109 km

17 o MR Accreﬁon (t= /OMf'V/f)

| several times 10 km 103 km

/ﬁ*é’ \?H}E}E o A

10 km 107 - 108 km
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53 ' '
1 0 . . E L] T T F I T ) - T ¥ I L) L T T I T T H T E
Suzuki model C48 ]
e-neutrino ]
2L 0 - e-antineutrino
--------- p-neutrino

1 H IIFIIII

1 051

Luminosity {erg/sec}

L IIIIIII'

1 050 L 1 i 1 | L 1 ) 1 | L ] 1 I [ L 1 1 1

0 5 10 15 20
t [sec]

Figure 28: Evolution of the neutrino luminosity at the cooling stage of the protoneutron
star (Suzuki: model C48 [113]). Solid line is v,’s, dashed is 7's and dot-dashed is ‘v’s,
respectively

20 i 1 ¥ ¥ ) I 1 1 L 1) , T T T T I ] T 1 T ]
I Suzuki model C48 ]
15 3 e-neutrino 7
o~ U e-antineutrino |
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Figure 29: Mean energy of neutrino burst at the cooling stage of the protoneutron star
(Suzuki: model C48 {113]). Solid line is v,'s, dashed is 7's and dot-dashed is ‘v,’s,
respectively
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Za— P DIZFINF— AT M |
£ R, 5 O BKES (4, = 0 @ Fermi-Dirac) A7 + )V |
~ Ry (E) 75 ® -4 Fermi-Dirac 27 M VO ERADER . Ron(E)
b DETFH Fermi-Dirac A7 M VIZEELC & A EIHIEF 7 20
TERhEhLELD

Fermi-Dirac AX 7 p )V IZ X 5 fitting

_ ¢ 5 4w EEdE,,
L, = 447T.R (ho)? /e(Ev"“)/T+1
c 47
= - 47 R? F:
1 TR (ho)? 5(77)
y
c 4 E2dE
E,) = L, / =4nR? v
( ) /4 TR (hC)3 /G(E”_“)/T‘l“l
= TFs(n)/Fa(n)
E4dE E2dE
2 2 Ay v 2
(B ) (E)” = /e(E —-u)/T 11 / / E,—p)/T 41 (Ev)”

= Fy(n)Fz(n)/F3(n)*

. * "z
Fn.(n) = /0 pr———

115




107

[T
-
[+

—y
Q
B < )

104

103

Number Luminosity Spectrum [10%°/sec MeV]

102

Jotan; et IZ $74

— i | , | | i | I 1 Y I 1 ) | | I I | 1 I 1 1 ] | =]
. v, Number Luminosity .
- 0.1 ~
SN
— N Numerical Model —=
- 056 .
=5 o — N -
_ P N Fermi-Dirac Fit 4
. ~ ~ N
" . -
2 N
I — \\ —
[~ - - -~ N =
m X N ]
. \ —
AR

u _ N _
- - i O NN -
, -~ ™~ - - ~ < NN N ;:
~ A ~ CoN ~ !
— ~ AN —
- - e —~— > ~ ~ N ~ =
= ) ~ -~ N\ ~ =
i X ™ \\ \'\ N
- - N N \\\ N -]
» . N N N -
= 15 sec after bounce S o AN
- ~ ~ N ~ -
— \\ \\\\ \\-
5 NN .
- N N\
B . \\ o
| ] | ] ] ] I 1 ] 1 | I | | | | ‘ | 1 ] 4] | N

0 10 20 30 40 o0 60

Neutrino Energy [MeV]

116




7 }-?W o

Mwa8C48 t

il

[
&
<

58

at [MeV/MeV] )
[ -1

Log( fmdL/ dE g
4 &

o
w

LONL B B T A B

L L TR i

TIII}IDII’I’IFIIIIll!l‘ll

I T W N JUN VNN SN W A R TN WA OO Y

rd
-
- .
- e
1 L ‘ 1 1 1

i1l r

52

v e bva o beaaa b

0 10 20 ao 40 50

58

o N o
n [} -2

ch
-

_III"llllIll‘l__illllllllllllll

g( S dL/dE di [MeV/MeV] vy)

Lo
n
(o]

on
fov]

E, [MeV]

MwasC48 t = 16.0

Illllllillfililllll'llll

Le

1

Trit= 248
7,7‘/'5:/175

(I IR IR SNV BT NE S A B A NS B AT B

A\

EENE RN AR AN E NN

o

Ey [MeV]

10 20 30 40 50

jf% b Rl
MWB8C4B8 t = 16.0
58IFIFIIIIIIIIIIIIIIIEIIII
[ - , i
L Ve Tht=3.4/
DT 7 -
! ﬁ't': -, /J: .
E A
=S58 -
= ]
()
= i
H55 ]
£3] i
g i
N
%54 B 4
w } >
e i
c | A
53 |- .
52 -l | | ‘ L i 1 | 1111 [ | I | l (I l-
0 i0 20 30 40 50
E, [MeV]
MW88C48 t = 16.0
58 _f L L I LI I T 111 I ISR BRI I L l_
Ve THE=3.88
~D7 -
g I 77” (-6 |
= | N ]
T . N -
=56 |~ N -
~ L . 4
5 | : -
= ¢ J
558 .
3 N
s-. [ ]
Te4 - -
=~ T N
o0 A
'3 L. -
S 7
52 .1 1t 1 I 1 111 i { I | ' 111t 1 111 l.

117

0 i0. 20 a0 40 50

E, [MeV]



(E3)/(E)?

R [km]

peﬂk Wid74 é][ eweer gent y -_7%{)(

18
15
1.4
1.3
1.2
1.1

1.0

100

80

60

40

20

MWB8C48

Ill‘h‘lil1l11'|'l—l'[l

—

llll]lIIIIIIIIIIIIII!II[IIIII

o

Time [sec]

Mwgac48

b

0

rlllllllllllllll

IIIEIII

IIIA1|IIIIIIIII_IIIII}llil

(=}

5 10 15
Time [sec]

118

n
o

L O S, P S RN




ATYEDOFE

* prompt explosion

GM2 ocM5/3 1/3 xY; 10/3 1/3

Eshock ~
Lira
Rz C. P
30m, + 26m, — mp
P € 2
Edissociation i (MFe core — Mi.c.)c
MFe
— 8. 1051€I'g MFe core — Mi.c.

0.5Mpg
Mi.C. X YL%rap

e Soft EOS is better
(Takahara and Sato, Baron ef al, Bruenn)

~ small adiabatic index v = $lof
’ high p. = F s
small imcompressibility Kg = 9 %}; = high p, ok

Pnuc

M = 14Mg O NS DIFFE — Soft BE TH 5 A

o EAFWER at p < Pprap ~ 1012g /cm®
(Veescape = YLtrap \l)

shell blocking = e-caprate \y = Yrirap .~ = Eshock ./
Bruenn 1985: N > 40 p(fr/2) — n(f5/2) is blocked.

o H Eﬁﬁﬁ%wﬁ’l—"j—:i at p < Ptrap

Je—cap (p) > Og—cap (A)
X \, = e- cap rate \, = YLtrap /‘ = Eshock /

e neutrino opacity at p < Pirap
neutrino opacity = Ypirap /= Eghock

down scattering (ve~ (degenerate) — ve™, VA — vA")

wy, ¢ = heutrino opacity \

S/( =>Xp/l >=>Eshock\l
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Imm COre  puASS

BT L s

Table |

“lron core™ masses (M) Wg@ygr X %0 ;-/(/v /?3

Model”, 12Ms; 13Mg I5Mg 20Mg 25Mg My  3ISMg  40M,

0.5S - - 1.49 - 149 - 1.78 -

108 - - 1.41 - 1.47 - 1.48 -
1.55 1.45 .44 t.64 1.48 1.62 1.73 .74 1.88
1758 1.43 1.45 1.52 1.53 - 1.60 1.86 1.94 1.78
205 1.37 1.55 1.39 1.74 1.97 2.05 2,05 215
308 - - 141 - 1.52 - 1.93 T -
05N - - 1.42 - t.44 - 1.60 -
10N - - 1.35 - 1.38 - 1.65 -
1.5 N - - 1.37 - 1.43 - 1.64 -
17N - - 1.25 1.40 1.47 1.70 1.57 1.78
20N - ' - 1.23 1.72 1.52 1.73 1.74 1.95
JON - - 1.41 - 1.61 - 2.05 -

' The number labeling each row gives the multiplier used for the '*C(a, ¥)'%O rate (relative to the value of
Caughlan and Fowler [1988]); the letter “S" indicates a model with nominal semiconvection, while the letter
“N~ indicates a model with restricted semiconvection.

(20 L2P I¥o 16/ /[/Dﬂofo F/ﬂféx‘mm‘o/ooég

(A )L
7'7’ zatment J/ Cenyeltron.
OVEr S hoo Z‘/'/?; . SEwy Convection
[ewlemb 57_%’543‘5 e FOS
electren -'ifdffwzé yzre
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* delayed explosion.
HREEEOMMRBEE L ER/T L2 - ) /T TV 7R
neutrino energy | x T,

neutrino number flux o« T3

absorption cross section oc T2

v

heating rate o« TS LT

delayed explosion model ix =2 — Y /75 v 7 AR
($l: Janka and Miiller 1993)

e Soft EOS

Fpina(NS) N = [ L,dt
p/ =T,/

e Opacity = L, (t),T,(t)
[ L, (t)dt: unchanged

M%&me@Lwh@ﬂyﬁﬁiL%ﬁ
=> small opacity is better?

e PNS A DXL |
#k < lepton-rich 2 W& % | EEIT < NER
=L, T,/
Wilson @ delayed explosion D> I 2L — 3 » T bRFEDORIR 2 E
BLZzWwE, BEOIANVF-DPRE) RV, |
FRATE ZTEDLHLVDORETBI D57

S(T)a YL(T)
( 9% ) (EOS 2 4K7F)
S,P

]
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Newnian %//;?J{Vﬁﬂ/”/tf

il T - T

i LW/Z‘:D/-‘- 2-'/'/05;/
| Ltpc) = £ 05:10%2

[ue}

log{r) [cm]

A i L " ! . 1 " L " -. A
0 0.1 0.2 - 0.3
lime [sec]

Fig. 1. Radial positions as functions of time for a sample of mass shells of
model O3c (see Table 1). The protoneutron star is sitting at the bottom of
the figure. and the position of the supernova shock can be identified at the
sharp turns of the curves. The shock exhibits an oscillatory motion and
the model does not explode.

T

_- Lyg{'ﬁé/: Z,Z/OS’Z
| Le(ted) = /P18 -10°%

| Joludt 12

— |
g D3¢ Bl

! ; . R ! . : . 1 . N . 1

o o 0e 0.4 0.6
time [sec]

Fig. 2. Radial positidns r(t) for a sample of mass shells of model O4c (see
Table 1), After about 400 ms post bounce a strong bifurcation between
protoneutron star and stellar mantle develops and the model explodes,
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Opacity: =2 — M) /RUSEOREL

e jon screening (Horowitz 1997, Bruenn and Mezzacappa 1997)

Coulomnib effect — ions in correlated states
o(vA — vA) decreases when the wave length of neutrinos > ion seper-
ation

a7 DENBIEDY I 2L — 3 3~ (Bruenn and Mezzacappa 1997)

AYLtrap = —0.015 not so drastic
(narrow w, window is affected)

YLtrap \l = Mi.c. \l (2 — 6%) = Eshock \r

effective mass, nucleon density/spin fluctuations

=> reduction of opacity

(Sawyer 1995, Miinchen group 1995-1998, Burrows and Sawyer 1998-
1999, Reddy et al. 1998-1999, Yamada and Toki 1999-2000)

BT HIE RS NN/ +— NN'vp
Suzuki and Ishizuka: One Pion Exchange model
BT A IVF—=a—} 1) /% enhance

—75 multiple scattering suppression (Raffelt and Seckel 1991) (3 {&-T.
ANWF —Za— b)) O TFREES B

(Hannestad and Raffelt, Raffelt and Seckel 1998, Shen and Suzuki, Bur-
rows et al. 2000)

ZUHEIRIIRET RN & BRI BEE
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Brueun €& Mezzacappa "7

\ Pcenter = 1011 d crm3

= Penter = 1014 gem™3

B Peenter = 1073 g cm=3

— Pcenter = 1012 gcm3

- lon screening correction as a

— function of neutrino energy at the

[ core center at selected central

densities for models S15s7b and

B - §2587b during infall

- S15s7b

- ————— S25s7b |
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logyoly, (in 10** ergs s™)

Burvows & Sawyer 7F

(N S N S s N B B R L B T
1.5 ‘ —]
o L P L L L b fiducial mode] ‘ -1
= wememeee-e-o— without accretion . -1
o e correction from 5x10° gm cm’ -
- —— correction from 10" gm cm™ -
ik
-
.5 —" .\\
0 -
3 A T O Loy oy by e e e e e by
0 500 1000 1500 2000 2500

t (in milliseconds)

FIG. 11. Logg of the electron neutrino luminosity (Ly,) in units of 10°! ergs s™1 versus time
after bounce in milliseconds, with and without accretion. For the accretion models, total opacity
suppression factors of 0.3, 0.1, and 0.05 were assumed above 5 x 10'® gm cm™2 and of 0.3 and 0.1
were assumed above 101 gm cm™3. The fiducial model is dashed, the model without accretion
is dot-dashed, the models with correction above 5 x 10'® gm cm™3 are dotted, and those with
correction above 10** gm cm™® are solid. On this plot, the models with the largest corrections

have the highest luminosities after 2500 milliseconds. The comparisons between the dashed curve
and all others are the most germane.
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o —a— V) gk
1D B BRET L)
1. I_Boltzm‘ann solver
df, ()
dt -

radial flow + Doppler shift + gravitational red shift + bending +
neutrino interaction

2. MGFLD (multigroup flux limited diffusion scheme)

dry{t.r,w)
dt h
3. EIFLD (energy-integrated flux limited diffusion scheme)
dn (1)
dt

o REEFER (EOS)

U(p, S, Ye)
P(p,S,Y.)

T(p,S,Ye)
pi(p, S, Ye)
Xz(pa S: Y;)
A(p, S, Ye)
Z(p,S,Ye)
7=n1n,p,a, A

) — hydrodynamics

— neutrino interaction rate

— XTI RIZERETH 54, IDETEO—F - 2DB3D EFEDIT &
AR, ThzEERL-D, HFEoT 5,
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—a— N JBMBEOREREE =2 — M) gk

Za— MY X BAMEE Q x u,{w?) « ;%(wﬁ)

MGFLD(Multi Group Flux Limited Diffusion) /53 |
HEOHNEEBRT (W =1L%25X)lkoTwbh,

= (u) 7 BKEF
= = a— b1 JINEER % @ /N ER .
= KLYy FRAEERE L ABEOE VIO E LE
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1-10%

5-10%

1.10%

5-10%

1-10%

Bnueb3.32.dal

Dnueb3.32BR7.dat

Pnueb3, 32LP7.dat

Dnueb3 32MW7.dat

MCnueb3.32.dat

T 1T 171

ll]l‘l 1 ] Il

llll’

l

1.4-10° 1.5-108
radius [cm]

129

[gwd /1] ©




Brnueb3.32.dat
_________ DnuebB.SéHR’?.dat
---------------- Dnueb3.32LP7.dat
----------- ' Dnueb3.32MW7.dat

MCnueb3.32.dat

1.3-108 1.4-108 1.5-108
radius [cm]
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Za— 8 JIREN O REY 7172 5o 8
e delayed explosion
p(vsphere) ~ 10*2 g/cm® > pres > p(hot bubble) ~ 10%g /cm®
1eV? < Am? < 10%eV?
Vujr 4 Ve = {wy (hb.)) A TIELEE 7 delayed explosion

e r-process in v-driven wind =
(Wie) < (wr) % B ven — pe” & Dep = ne’ HOD D Y. <05
= r-process J& 3% Ak
p(vsphere) ~ 10'2g/cm® > pres > p(v-wind) ~ 105g/cm®

1eV? < Am? < 10%eV? % 513,

Vujr ¢ Ve = (wy, (v-wind)) ~ (w,,,, (vsphere)) > (wp, (v-wind))
Y. 7 r-process \
heating rate " r-process

o HETED kick velocity
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.65% for one page

@ Stable
Unstable
— Drip line

56Fe

20 =

r-process

z Nuclear Chart 1993

by Chiharu Tanihata
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SN1987A DO ERET — %

® Vu/r Ve
o(Vy/+€" — Vp)Te") ~ %J(Vee'“ — Ve€™)
= v DHRPEFAL/N— A MBS BIHEGEL A X > b AN

KAMIKANDE-II 1st event: 18 & 18deg
FEFAL N — 2 D OETF VAL HIRF SN ABITHEL A N P < 0.1
S HEREL A X b AT 18 + 18deg 12 A HFEZER ~ 0.05 5

B OB EIZOWTOBRITEE

o Tyr ¢ T (BIZ1E LMA )

Jegerlehner et al. 1996
(wDe>obs ~ (wi}e)theory < <w17p/7.)theory

Dy 43 Do AT 5TV
ﬁE@E%ﬁE%?)DGi ((Ui‘)’i/?)theory %ﬁ%%ﬁ

BHEET NV OBEME
=2 MY ROGE, WEFENR, SFHERE. SR
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. NEUBIG, AND GEORG RAFFELT 54

15; LA R S S U B I LALLM L
& 10 —
i
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5 :
5 —
-1 TERTE BTG W RN S B S A S BT AT S N AR T 1-
1 2 3 4 5 6

FIG. 10. Best-fit values for Ty and £, and contours of constant
likelihood which correspond to 95.4% confidence regions. In each
case a joint analysis between both detectors was performed with
sin“20,=0.8 and Am?=10"> eV?. The curves are marked with
the relative v, temperature 7. The hatched region corresponds to
the theoretical predictions of Egs. (1) and (2).
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