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Supernova-types UNIVERSITAT
Type No H-Balmer-lines With H-Balmer-lines

thermonuclear Including Si-lines:
SN la

Gravitational collapse No Si-lines:
He-lines: no He-lines: SN I
SN Ib SN Ic
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Core-collapse supernova

Duration

7x10°¢ years
7x10° years
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6 months

1day
s !

From: astronomy.swin.edu.au
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Stabilizing effects of a star

Nonburning hydrogen o N
Initial stabilizer:

Nuclear fusion processes

Hydrogen fusion

Helium fusion

Carbon fusion

Oxygen fusion

Neon fusion

Magnesium
fusion

Silicon fusion

Iron ash

Graphic taken from: www?2.astro.psu.edu
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Stabilizing effects of a star

After fuel runs out (end of stars lifetime):

degenerate electron-gas grands pressure to the limit: Pe = Yelie

Chandrasekhar-mass: M., = 5.8 Y/ Mg

Core-mass outpaces Chandrasekhar-limit by:
- further burning processes increase core-mass
- electron capture lowers Y,

e +p—->n+vg
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The collapse
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From: Bethe, 1990
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Matter is falling into center

Density rises:
in core-region~6 x 101*8/

cm3
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From: Bethe, 1990
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Neutrino trapping

R [km]A Neutrino Trapping At densities ~10'2&/__; neutrinos

(t~0.1s, ;~10% g/cm?) getting trapped due to scattering:

Vet Neov, +N

Mean free pass:

2
~100| Ay = 10873 {(5;) X + Xy] 7 Ey 2em

[JJ: Stabilizes Y (to about 0.25-0.27):

e +tpent+vg

M, 1.0 A M(r) [M]
heavy nuclei \
Si—burning shell From: Janka
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Homologous core

‘0 L L B Il"lil R} L I B BN | L) T vV ivd

Homologous core
(inside —-v=A)
(~0.7M) :
—VXT
______ Outside the core:

—v o« r71/2

Consider: t<0

0.l 3 : 1 2 a3l 2 s 2 2 3212l 3 f 1 12124
»

0.l | 10 100
X From: Bethe, 1990
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Bounce . spitaa
A _ Core density rises up to:
R [km] Bounce and Shock Formation
R (t~0.11s, Qc= 2Q0) ~6x 1018/
radius of j /
shock / rrJ

formation

N\

|

-»Strong nucleon repulsion

-» Shockwave starts at
homologous core

‘\ M(r) [Md]

nuclear matter

(9 2> 90) nUCIeI Si_burning sheII From: inspirehep.net; Janka
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L, (10% erg/s)
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Neutrino burst

< First signature of shockwave:
Shock dissociates nuclei into free
5 L
Ve p+n
Matter becomes transparent for v
: -sBurst of the former trapped v,
O I : l | | | l it
0.15 0.2 0.25 0.3

time (S) From: Bethe, 1990
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shock

Shockwave is running from
outside the homologues core

energy-loss by:
-dissociating nuclei into
nucleons (p + n)
-neutrino-emission
(~1.7 x 10°>tergs/0.1Mg
~8MeV /nucleon)

-> Shock stalls at ~150 km

-02 -0 O Ol 02 03 04 O5 06 O7 08
TIME

From: Bethe, 1990
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Neutrino-sphere

Defined via optical depth:

T=j dr/A, = 2/3
R

\Y

1/, < p X E,

Moves from ~60km
to ~22km

10 1 - 1 1 — S c—
-02 -0 O Ol 02 03 04 05 06 Or 08
TIME

From: Bethe, 1990

06.07.2016 | Seminar Kernstruktur- und nukleare Astrophysik | Lars Kohler | Betreuer: Prof. Arcones | 14



) TECHNISCHE
=(7//=\ UNIVERSITAT
v 5 DARMSTADT

Neutrino-sphere

Shock Stagnation and v Heating, Defined via optical depth:
Explosion (t~ 0.2s)

R[km]A
j /,/// T=f:dr/xv=2/3

\Y,

eu‘c’V

SH.T 1/, % p X E,?

Rgq~ 100
Moves from ~60km

to ~22km

Ve,u,t -’Ve,u,t

PNS emits all v-types

gain layer 1.5 M(r) [Md]
COO"ng Iayer From: inspirehep.net; Janka

=
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shock-revival

Neutrino driven winds revive
the shock-wave:

v -cooling at cooling-layer:
e +p—-n+v,e
e"+n-p+9,

v -heating at gain-layer:
n+ve > e +p
p+ve » et +n

L = : _ﬁ— A
-02 -0 O Ol 02 03 04 0O5 06 O7 08

TlME From: Bethe, 1990
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Neutrino-driven shock-revival UNIVERSITAT
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> v-Luminosity v-cooling (behind shock: T o« r=1) :
B l —>  Matter Flow e”-/e*- capture rates:
Shock % = B ﬁ - 6 -6
\o.-~  Heating "~ qy XT> T
\ il V.+n—o>p+e P /
L V. +p—>n+et A
R .
w b Gaih Radius
/ % \\\ @
/ A
[ \\‘
— i—» “— —
\l "
\ 20 | & y/spheres v-heating:
o) / @\ ve-/ve- capture rates:
\\\\/ Q \ /// + 2 _o
/" k. 4 y . \ Qv X Le<Ev )T

@ T From: http://pics-about-space.com
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Neutrino-driven shock-revival

E> v-Luminosity
% l ——»  Matter Flow
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- el
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& T From: http://pics-about-space.com
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Neutrino-driven shock-revival

R[km]A j /

Shock Stagnation and v Heating, e"+p-on+v,
Explosion (t~ 0.2s)

// et +n-p+v,
// g

Vv

Ve W,T0 Ve,

e +pen—+v,
Rg~ 100 + _
e’ +nep+ v

et ﬁ
n+ve & e +p

et

_ ; A Re M A
gain layer

cooling layer

5 M() M p+V. = e"+n

From: inspirehep.net; Janka
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Neutrino-driven wind

Neutrino-driven wind
10° T T T T i Pushes away the
= mantle
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From: Bethe, 1990
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Gravitational instability
of stellar core

Sheekmevival Explcsion and
: : nucleosynthesis

Neutrino-
driven “wind”

Proto-neusron star G Proto-neutron star
From: Janka, 2012
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* Pictures from google-search: hitp://pics-about-space.com; inspirehep.net;

dingercatadventures.blogspot.com
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Questions welcome

M6, IF OV KEEP ACCRETING
CNT BISCUTS AT THAT RATE  JOU'RF

GOING TO REAH THE CHANDRASE kyAf
LYMIT  sooWN

/

From: dingercatadventures.blogspot.com
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