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The Supernova Mechanism

R fk] Initial Phase of Collapse
t~0)

Neutrino Trapping
(t-0.1s, 0.~10% glem?)

The biggest roles in SN mechanisms
are played by
@ active neutrinos
@ standing accretion shock
T insta bilijcy (SASI)
. @ convection
@ in some cases magnetic fields
(MRI)
@ sterile neutrinos??
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Fuller et al. 2009 sterile neutrino model

@ sterile neutrino mass: m, = 145-250 MeV

e dominant production channels (via W,Z bosons) v, +v7/,, = Vh + Ve yp
etc ...

- 2 7.2 2
%) Tkg mpcC erg
~3.10% [ =5 -
Qricp (5 108 ) \35Mev) TP\ Ths ) cmds’

where sin’ 6§ = 1078-10""

e main decay channel v, — v, 70 — v, 7Y

Th%65ms(

sin® 6

5.1078\ (200 (2002 — 135%) MeV*
mp (m? — m2) c®

@ no other interactions with “normal matter”
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Albertus et al. 2015 sterile neutrino model

@ sterile neutrino mass: m;, = 50-80 MeV
@ dominant production channel (electromagnetic) eTe™ — Dyvy,

2 7.4
Tkg mpc® + erg

~ 1.5.10% K - e
Qamp ~ 1.5-10 <106 Gev—l) (25 MeV> exP( 3Tk ) cmds

@ main decay mode (also electromagnetic) v — v, 7.

10-8 GeV_1)2 (50 MeV)

Th ~ 2.6 ms ( >
Mtr mucC

. . . N 4o 2
o elastic scattering with protons o5 ~ 7.5 - 10~*? em? (r=slo=) " -

@ capture through inelastic collisions with charged particles: v, X — v, - X,
_ , 2
o3 = ax 107 em?® (G=sgig=)"
with a, = 0.9 and a. = 2.1 for proton and electron, respectively.
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Sterine neutrino models

Fuller et al. 2009 (FKPQ9)

@ mass: my = 145-250 MeV
@ production rate (cooling)

2
QFKP ~ 3. 1034 ( STO 08) X
Tkg 7.2 . mpc? erg
(mwzv) ~exp Tks ) cms

o lifetime 7, ~

65 ms (5.10—a> (200(2002—1352)M6V3

2 2 2 )6
sin® 0 mh(mh—mw)c

).
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Albertus et al. 2015 (AMP15)

@ mass: my = 50-80 MeV
@ production rate (cooling)

2
Qanie ~ 15-10% (rrogtior=r)” x

( Tkg )7"4 ex o m;,|:2+/iE erg
25 MeV ¥ 3Tks cms

o lifetime 7, ~

2
-8 =il
2.6 ms (10 GeV ) (501\/13\/
mpcC

Htr

)
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log, (x [1/cm] )

Neutrino opacities

K=K+ ks [cm™] We approximate v, =~ ¢ and 738 = 1.
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Numerical code

finite-volume Eulerian relativistic (M)HD code AENUS (Obergaulinger 2008)
TOV gravity

M1 transport for active neutrinos

@ M1 transport for sterile neutrinos (grey approximation)
@ HLL Riemann solvers

@ MP5 reconstruction (Suresh & Huynh 1997)

@ RK3 time integration
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Two-moment neutrino transport

e 0" moment: conservation law for neutrino energy:

O:E + Vj(Fj + vjE) + Vo + Go = C°.

@ 15t moment: and for neutrino momentum

OF + SV (PT+ VF) + V] +G; =C.

P, the neutrino pressure tensor, is a local function of E and ﬁ which
interpolates between the limits of diffusion, P = 1/3E diag(1,1,1), and free
streaming, P/ = E F'FJ/F2.

@ V, G are the velocity and gravity terms coupling neutrino energy bins

@ C are the neutrino-matter interaction terms: emission, absorption, scattering
(potentially quite stiff).

T. Rembiasz (UV) Sterile neutrinos in CC-SNe 26th October 2017 8 /18



Simulation setup

15 Mg progenitor with solar metalicity of Woosley, Heger & Weaver (2002)
e LS220 EOS

spherical symmetry (1D)

box length of 10® km resolved with 608 zones

16 energy bins for active neutrinos

@ simulations run for 1 s post-bounce (if possible)
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List of models

myc? ()2 Thie [lexpl | Texpl | Mc | Eoxpl Tend

(MeV]] 7 [[10%Gev~"]| [km] |[ms]| [km] |[Mo]| f[erg] | [ms]
R| - | - - — [ = 1 =1 = T1o00
Al| 50 | 1 10 79 | - | = [ = = 1000
A2l 50 |1 5 32 193] 25 |136(44-10%| 405
A3| 50 |1 1 79 | 36| 40 |126(42-10%| 168
A4l 50 |1 05 3200 |38 | 50 |130(4.4-102| 132
As| 50 | 1 01 [79-10° 65 | 1700 |1.49|1.8-10%| 288
A6| 50 | 1 005 |3.2-10°| 90 | 3600 |1.63[9.9-10%| 499
A7| 50 |01 1 790 | 68| 43 |132(4.5-10%2| 229
A8| 50 |10 1 790 |132| 57 |140(13-10%| 246
A9| 50 |10 1 79 |230| 62 [147|27-10%| 323
A10| 50 |10 1 79 | - | - | - | - |es7+
All| 50 |02 2 200 | 67| 34 |127]19-10%| 284
AL2| 80 | 1 1 190 |73 | 41 |126[1.9-102] 227
F1| 150 |02 — |66-10°/870 |2.6 - 10*| 255 |6.6 - 10| 1000
F2| 150 | 1 —  |13-105/464| 6300 |1.85/3.0-10%| 1000
F3| 200 | 1 —  |20-10%|582| 4600 |1.75|1.3-10°%| 1000
F4| 250 | 1 - 700 | - | - | - | - [1000
F5| 250 | 2 - 3800 [761| 860 |1.62[2.6-10°| 820
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Simulation results
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Simulation results

Reference model (R) FKP with default pars (F3)
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Simulation results

2‘0\\|\\|\\|\\|\\|7 A‘Oﬁjlkl“l“l“l“
B — 52
— ] = 10 /
= 1.5 [
= | — 109 ]
o 1 )
g ] g | /
] ©
E 10 5 10%
- ]
2 1 c
=] 1 <9 43
2 P 1 g v
c a5 =
/ ] 510"
0.0 1 10%
O 200 400 600 840 1000 G 200 400 &00 800 100C
t [ms] t [ms]
neutrino cooling,/heating
.‘055 1055
1054 i 1054
AN ‘.-‘"-‘:—_
1053 1053

105 Mu. | 105
1051 ‘l '\lh J '—r‘ 105‘

;

!
1 OECI 1 050 l’ /

/

1g% g% :'
10% 10% /
Q 50 100 120 Q200 400 600 200 1000

neutrino coaling/heating [erg/s]

T. Rembiasz (UV) Sterile neutrinos in CC-SNe 26th October 2017 13 /18



List of models
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Simulation results

Reference model (R) AMP g = 1le — 3 (A9)
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Simulation results

Reference model (R) AMP i, = 10 (A1)
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Summary & outlook

@ succesful explosions in 1D (good news! we don't need multi-D simulations
anymore) for both sterile neutrino models

o different explosion mechanisms
@ some explosions too energetic! (constraints on sterile neutrino models)
@ influence on convection t.b.d.

@ nucleosynthesis imprint t.b.d.
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Thank you for your attention!
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