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Neutrino matter interaction
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Astrophysical scenarios
B -

» CCSN supernovae

» 'S have a crucial role and can potentially trigger
explosion

» effective spherically symmetric model for CCSN
explosions: PUSH

Perego, Hempel, Frélich, Ebinger, Eichler, Casanova, Liebenddrfer, Thielemann

arxXivl50102845P

#» Binary NS mergers
s V'S can trigger matter ejection

s 3D model of v-driven wind in binary NS merger
aftermath

Perego, Rosswog, Cabezon, Korobkin, Kappeli, Arcones, Liebendrfer

MNRAS, V. 443, p. 3134-3156
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CCSN: abrief overview
=

CCSNe: end of the life of massive stars (M 2> 8M)

-

e.g., Bethe 90

# enrich the host galaxy with
nucleosynthetic yields

Bliss’, Wu's, Sievering’s talks

® inject By, ~ 10°lerg/event in the
Interstellar medium

#® produce compact remnants
(NS or BH)

# present large variety of properties
(connections with progenitor prop-
erties?)
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CCSN modeling

e.g. Burrows 13, Janka 12, Fischer's talk

robust basic picture

intense v emission (L < 10°3erg/s)

L I I

still uncertainties in the explosion
mechanism

® plausible mechanism:
a s ; delayed v-driven explosion  Wilson 85

Core Collapse scenario by R.J. Hall, Wikipedia
® spherically symmetric (1D) models with detailed
v-transport fail (in general) to explode
Liebendorfer+04, Thompson+03, Rampp & Janka 02

® multi-D hydro instabilities can play a crucial role,
enhancing v heating
Nordhaus+10,Hanke+12,Couch+13,Dolence+13, ...

® however, no consensus (so far) on multi-D results

® multi-D + detailed v-transport increase computa-
. www.rzg.mpg.de
tional costs
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CCSN modeling

e.g. Burrows 13, Janka 12, Fischer's talk

Infalling ¢ Stellar Gas ) )
®» robust basic picture
-~ o ® intense v emission (L < 10%3erg/s)
® still uncertainties in the explosion
mechanism
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PUSH basicidea
» -

Our goal: To provide a 1D model to trigger CCSN
explosions, following v-driven explosion paradigm and
employing v., 7, transport + nuclear EoS

Basic idea:
To tap a fraction of the v, - luminosity inside the gain region

to enhance neutrino absorption

What's it good for?

# to perform broad parameter studies (e.g., progenitor
masses and metallicity)

# to study explosive nucleosynthesis, based on detailed v
transport

L’ to explore explosion properties and their connection J
with progenitor properties
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Energy rate [B s'l]

PUSH at work

free parameters:
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® top = 1sec > texpl

| :
| | time() g kpush ~ 1
tbouzo ton (ton + trise) to (t0ﬁ+ t. )

N
o

=
o

ff rise
® S50ms S trige S 250ms
40 " T T T TT T B T | T T T T
i P g : d Ejgefdlt - - 4 3 - shock radius — (b)
...95 :: : d Epugq/dt == 107 ¢ galn rad?us === =
0 1 E‘_,Si E d (EjgsatEpusn)/dt — ‘ PNSradius -_-
: . = RN
j HC.. 19.2 g ‘
LC: 20.0 7 108 | ]
=) 19.2 w PUSH
-08,; 19.2 w/o PUSH
% ‘ 20.0 w PUSH
% 102 J s : . 20.0 w/o PUSH
e, SN s ettt ._,,.,
0 . f by 101 : 1 [ 1 1 1 1 1
0 0.1 0.2 0 3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

Time post bounce [9] Time post bounce [s]

|

v-matter interaction in CCSN and BNS mergers - NAVI meeting @ GSI, Darmstadt, 26 February 2015 — p. 7/48



Calibration strategy
- -

Eeoxpl (1.1 4+ 0.3) x 10°! erg
search for (kpush, trise) aNd Mprog [ a1, 18 — 21Mg
that reproduces SN1987A ob-| m(*°N) |  (0.071 £ 0.003) Mg
servables m( °7Ni) (0.0041 £ 0.0018) M

m( °®Ni) 0.006 M
Blinnikov+00,Seitenzahl+14,Fransson & Kozma 02 m( 44T (0.55 + 0.17) x 10~ ° Mg,

T e e exploration of 16 progenitors

1o - boures e+, 1 (18-21 My), at solar metallicity
o8 P st WHW 02
e os b X xX + % ] compactness parameter:
G Ly % X

TR R T (o 1.75

2| LC ] b7 T R(1.75M5) /1000 km

175 180 185 190 195 200 205 210 215

Mzans Mol O’Connor & Ott 11
Eexpl 2 1.0 x 10°! erg for £1.75 > 0.4 (HC)

o |
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Results without fallback

4 HC progenitors (18.0,19.2,19.4,20.6)

Ni56 mass (without fallback)
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Results with fallback

4 HC progenitors (18.0,19.2,19.4,20.6) + 0.1 M, of late fallback

Abundances: Post-processing of innermost ejecta with WinNet (full nuclear network)
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-

Calibration discussion

Fallback

Mtaiback =~ 0.1 M, in agreement with

X

X

long term simulations of 1D
explosions Ugliano+12

requirement of a large fallback to sub-
merge the B field and hide the NS
Chevalier98

S7-58Nj abundances

significant production of 27 —58Nj
requires slightly n-rich ejecta

this requires mass-cut inside the Si
shell

possible constraint on progenitors
and texpl

-

Compact remnant
Mremn,grav - 150M@

Mremn,bar — 166M®
< Mmax,DDQ — 2'92M®

o

$® BH formation would require ~ 1.3Mg
additional fallback

4“4Ti abundance

All models with fallback underproduce 44Ti.
Uncertainties in

® ejecta mixing

® nuclear physics ( “4Ti(a, p) 47V)

can increase abundance up to x4, reducing

the discrepancy
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let's assume that two CCSNe explode in a stellar binary
system, leaving behind 2 NSs in a binary system . ..

|
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BNS mergersand ther aftermaths
f e.g. Rosswog 15, Bauswein’s talk—‘

Final stage of a binary NS (BNS) system evolution:
#® double BNS systems do exist

N AR AR AR AR AR AR AR RS PSR P Py asini e w M Taw
r Line of zero orbital decay ] ms days It-s deg yr—l My Gyr
SE ] Double neutron star binaries
b E B1913+16 59.0 0.323 2.34 0.617 4.227 2.83 0.31
i B1534+12 37.9 0.421 3.73 0.274 1.756 275 2.69
s E B2127+11C 30.5 0.335 252 0.681 4.457 271  0.22
—eof ] J1518+4904 40.9 8.634 20.04 0.249 0.011 2.62 9600

J1811—-1736 104.2 18.779 34.78 0.828 0.009 2.6 1700
J0737—-3039A 22.7 0.102 142 0.088 16.88 2.58 0.087

Cumulative shift of periastron time (s)

—snf— General Relativity prediction .~ - J0737—-3039B 2773.5 0.102 1.51 0.088 . 258 0.087
] J1829+2456 41.0 1.17 724 014 0.28 2.53 60
3 E J1756—2251 285 0319 275 018 259 257 1.7
Ty ] Neutron star—white dwarf binaries
b . | | | . . . ] B2303+46 1066.4 12.34 32.69 0.66 0.010 2.53 4500
1975 1es0  1e85 i\gzi;r' “los5 2000 2005 J1141—-6545 393.9 0.20 1.86 0.17 5.33 2.30 0.59
PSR1913+16 periastron shift millisecond pulsars in relativistic binaries

Credit: Weisberg+2010, Lorimer
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BNS mergersand ther aftermaths
f e.g. Rosswog 15, Bauswein’s talk—‘

Final stage of a binary NS (BNS) system evolution:
#® double BNS systems do exist
# inspiral phase, driven by GW emission

T MO\ —2/3 —1 B
tinsp & 107yr ( b) <—> <L> (1—e2)" 72,
1h ) \ Mg Mg

(see, e.g., Lorimer 2005)

T, orbital period
M total mass

u reduced mass

e o 0 0

e eccentricity

o |
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BNS mergersand ther aftermaths
f e.g. Rosswog 15, Bauswein’s talk—‘

Final stage of a binary NS (BNS) system evolution:
#® double BNS systems do exist

# inspiral phase, driven by GW emission

#® coalescence phase

log |B| [G]

B field from a SPH simulations of
BNS merger (2 x 1.4M¢)

Credit: Price&Rosswog 2006

o |
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BNS mergersand ther aftermaths

e.g. Rosswog 15, Bauswein’s talk

Final stage of a binary NS (BNS) system evolution:
#® double BNS systems do exist

# inspiral phase, driven by GW emission

#® coalescence phase

#® NS merger aftermath

Log, , p [g/om”]

250
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50

® Hyper Massive NS (— BH)
~ 2.6Mg,p > 1012gcm 3

z [km]

#® thick accreting disk
o ~ 0.156Mg, Y < 0.05
-150
-200

-250

® intense v emission
Ly tot ~ 1053erg s—1

-300 -200 -100 0 100 200 300
x [km]
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Nuclear & Astro relevance

o N

dynamical encounter of neutron-rich, stellar compact object

» intense emitter of gravitational waves # possible short gamma-ray burst

and neutrinos e.g. Read+13 progenitors e.g. Paczynski86
® ejecta and heavy elements ® clectromagnetic counterpart from ejecta
nucleosynthesis Lattimer&Schramm?74 radioactive decay Li&Paczynskio8

® significant dependence on nuclear # ejecta properties depends on v-matter
EoS properties e.g. Bauswein+14 interaction e.g. Wanajo+14

(@) A02:t=0.01s (b) AO3:t=10.01s (c) A04:t=0.01s

www.ligo.caltech.edu I s
Aon+05J
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dynamical encounter of neutron-rich, stellar compact object

K

9

Nuclear & Astro relevance

intense emitter of gravitational waves
and neutrinos e.g. Read+13

ejecta and heavy elements
nucleosynthesis Lattimer&Schramm?74

significant dependence on nuclear
EoS properties e.g. Bauswein+14

ultra-relativistic
outflow, I' > 100

interaction region
/ jet-wind, I" ~ few (?)

neutrino-driven winds
(v)=0.1c

= dynamic ejecta

(v)=0.1c

Rosswog 12

-matter interaction in CCSN and BNS mergers - NAVI meeting @ GSI, Darmstadt, 26

9

9

¥

-

possible short gamma-ray burst
progenitors e.g. Paczynskig86

electromagnetic counterpart from ejecta
radioactive decay Li&Paczynskio8

ejecta properties depends on r-matter
interaction e.g. Wanajo+14

Time since GRB 130603B (days)

1 10
T T T

" Ji1on
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4 10-12

AB-magnitude
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S}
T

4 10-13

X-ray flux (ergs s™! cm™2)

4 10-14

104 I I‘H”iof’ I Y I ‘
Time since GRB 130603B (s)
Tanvir+13, BengDer+13
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Neutrino-driven wind

fPhysical origin of the v-driven wind:

¥

>

HMNS (— BH) | | s
® intense neutrino (v) emission
~ 2.60Mg
Ly tot ~ 1053erg s—1
thick accreting disk P disk int ion: wind f i
~ 0.17Meo, Yo < 0.05 v-disk interaction: wind formation
— Ep Y —_—

accreting
matter

VISCOUS

~ evaporation” '\ /
M€ = v absorption \

accretion disc hot HMNS  ,_griven wind

|
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Goals of thisstudy
-

® to characterize the neutrino emission
# to study the wind development

# to analyze the ejecta and to perform nucleosynthesis
calculations Martin's talk

# to compute electromagnetic counterparts

see also Dessart+09,Metzger&Fernandez14,Just+14,Sekiguchi+15

what’s new/different:

# first wind study in 3D

# disc and wind evolution over a few 100 ms
# high spatial resolution in the wind

Perego et al, MNRAS 2014, Martin et al, in preparation
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Log10 density [g/cms]

Disc and wind dynamics
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Log - density [g/cm3]
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Log i density [g/cm’]
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Disc and wind dynamics
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o

o0 0

Wind g ecta

14 .
El 190 ms
Bl 180 ms
12 o 170 ms
B 160 ms
10| 150 ms
non-equatorial emission: 6 < 60° S ||== l40ms
s gl [ 130ms
(t ~~ ~ -3 T 3 120ms
Mej(t = 200ms) ~ 9.6 x 1073My  § 6f{m= 100ms
= B 90 ms
0.2 < Ye < 0.4, increasing with time 4||EER 80 ms
B 70 ms
s: 15-20 kg /baryon BN 60 ms
B/ Y 2@l 50 ms
vr: 0.06-0.09 ¢
8.0 0.1 0.2 0.3 0.4 0.5

Electron fraction

ejected mass: cumulative histogram
Preliminary, courtesy of D. Martin

|
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Nucleosynthesis from the wind

Postprocessing of ejected tracers:

X
>

W nnet nuclear network
weak r-process

complementary to robust
r-process
nucleosynthesis from
dynamical ejecta

possible differences Dbe-
tween high and low Iati-
tude ejecta

-

our wind ejecta + dynamical ejecta

(mayn = 1072 Mg ) from Korobkin+12

Zyim [107*Mo]

10"
10°
10|
102
102}
10}
107 F
10|
107 [
10°®

10—9 H |

T
o solar (scaled)| o5

F|—— nsl.4-nsl4 |

50 100 150 200
A

Preliminary, courtesy of D. Martin
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AB magnitude

AB magnitude

T
14 +

13 +
12
11 F

-10 +

Electromagnetic transient

-
,,,,,,,,,,,,,,,,,,,,,
‘‘‘‘‘

R W

-

photon emission powered
by radioactive material in
the wind

different from emission
coming from dynamical and

VISCOUS ejecta

® earlier and bluer

#® |ess contaminated by lanthanides and
actinides

possible dependence from
viewing angle

|
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L I

Conclusions

binary NS merger aftermath

r 150

® genuine v-driven wind from v

Electron fraction [-]

e g heating in the disk
s i ® wind contributes substantially to
BNS merger ejecta
® weak r-process nucleosynthesis
® wind electromagnetic transient
x [100 km]
Ni56 mass (with fallback)
. 0.12 T T T T T T T T
v-driven CCSNe e
0.1 LA k=3.0, ;=150 + +
. . Dl o550 X X
PUSH, effective and efficient 1D, — o8} + AL 9
v-driven explosion models 30.%- %3 =
3]
. . =
calibrated with SN1987A 0.04
. . 0.02 | pred
inclusion of spectral v-transport S5
0.0 ' ! ! ! ! ! ! ' -
. . 00 02 04 06 08 10 12 14 16 18 20
suitable to study explosion proper- oy [10% erg]
ties and nucleosynthesis
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PUSH: the basic idea
5

Basic PUSH'’s idea:

To tap a fraction of the v, - luminosity inside the gain region
to enhance neutrino absorption

-

. oo E \?/ 1 dL
+ Y,
Epush(t, T) X </o o0 (meCQ) (47W2 5 ) dE) Gg(t)
® spectral v, energy flux
» typical neutrino cross section ® temporal function

X A G0 e e
® outside the v, neutrinosphere
® Fy,wp. >0
® ds/dr < 0 (convection)

ton = 80 ms toff = 1sec > texpl Epush ~ 1 50ms < trise S 250 ms

o |
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|mplementation & Strategy

Hydro: AGILE (spherically symmetric, GR Lagrangian) Liebendorfer+02
® .. i transport: IDSA Liebendérfer+09
(with mean-field interaction effects) Reddy+98,Roberts+12,Martinez-Pinedo+12,Hempel 14
® ,, ; treatment: ASL Perego+2014
®» NSE EOS: HS EOS, with DD2 parametrization Hempel & Schaffner-Bielich 10, Fischer+14
® non-NSE EOS: ideal gas (25 nuclei, e*, ~)
® calibration of PUSH using SN1987A observables
Strategy:
exploration of 16 progenitors (18-21 M), at solar metallicity WHW 02
€1.75 = R(1.75Mlé7)5/1000 — O'Connor & Ott 11
Eexp (1.1 + 0.3) x 10°! erg "*[X onset of coliapse
1.0 Lt bounce
Mprog 18 — 21 Mg _ HC  +.
m( °°Ni) (0.071 £ 0.003) M o8y +oa X 5 +
m(57Ni) | (0.0041 + 0.0018) Mg Eoey XXX g
m( °®Ni) 0.006 M 0.4 ——-j(-f--sﬁ ————— R
m( 4T | (0.55+0.17) x 10-° Mg 0z | A T
Blinnikov+00,Seitenzahl+14,Fransson & Kozma 02 0_0' L L

1
1756 180 185 180 195 200 205 210 215

. . Meays [Mol
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Previous models

h_arge variety of triggered explosions in 1D models: —‘
9o piston e.g. Woosley & Weaver 95, Limongi & Chieffi 13
® thermabomb e.g. Umeda & Nomoto 08
® light-bulb method (LBM) e.g. Yamamoto+13
® core-contraction method (CCM) Ugliano+12
® modified v-transport (MvT) e.g. Frolich+06, Fischer+10

Piston | Bombs | LBM MvT | CCM | PUSH

v-driven explosion X X
E and lepton number conservation X X X
PNS self-consistent evolution X X X X
tunable explosion observables X
Ve, Ve Spectral transport X X X X

X
X
X

Preserve v CC reactions

nucleon mean field interaction X X X X X
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o

Eexpl [1051 erg]

Mrem [MO]
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15

Correlations

Full 18-21 M sample with calibration set

Hints for a possible correlation with &1 75

T T T T T T T T T 05 T T T T T T T
[ + LC models i o5 [ T LC models
L X HC models : " | X HC models
" A Best fit SN1987A i 04 A Best fit SN1987A
- ><><>< ] 0.35
- 1 =025}
- + : ]2 02| ¥ _Fﬁt
+ X ] 1
- + T . 0.15
- + + b 0.1r
- - 0.05 |
1 1 L 1 1 1 1 1 1 1 00 1 1 1 1
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51.75 I:l
+ LIC fnoltjeis | | | | | | |
- X HC models i
| A Best fit SN1987A >2< i
I P |
X
_ X i
+F o A
[ + Warning: limited sample!

1.4

1.3

1.2

0.

0O 01 02 03 04

05 06 07 08 09 10

€175 [1

|
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Free parameter analysis

1.0
3-5 T T T T T T T T T T T I T T T T T
[ |
Koush=1.5 I 09}k Kpush=1.5 : i
30 X Kpush=2.0 | i 0.8 _>< Koush=2.0 ! ]
25 L X kpush=3-0 : . 0.7 X kpush=3-0 I
£ r X I(push=4’-0 I L X kpush=4-0 1
s 20F i i — o6} I b % 1
% s) L X 2 05| |
o 15F | 4 3 05 -
trise = 150 ms = O I xX 3K St ! ]
N7 SN - RGN 9 o X
kowen = 1.5 —4.0 | XX ! | 355 S % ]
push — 4.9 — & 05T ; K 1 0.2 b ! K 1
00 i . 01l : ]
0.5 _._l_._l_._J__.>§_>?§ 3 5% 1N I 1 0.0 I 1 I | 1 1 L I I
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& 75l &5l
35 T T T T T T T T T 10 T T T T T T T T T
Kpush=2.2, tise= 50ms 09 + kPUSh:2'2’ tise= S0Ms 4
30T Kyueh=2.5, tise=100ms 1 og L Kpush=2.5, Lise=100ms ;
25 Kpush=3.0, tise=150ms 4 + Kpush=3.0, tise=150ms Eex 1 ~ const.
> + Koush=3-5, tiise=200ms 0.7 r+ Kpush=3.5, tiise=200ms ] p
L 20T+ Kpush=3-8, tise=250ms 7 @ 0.6 1 Kpush=3.8, tise=250ms b (l{j ey )
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E‘ 1.0 F ++ * + ] Tooar ]
LIJQJ =|=_|= 03 $;|; ;F Ek h trise — 50 - 250 ms
05 - + - E‘E$#
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Model ingredients

initial conditions:
s final stage of 1.4-1.4 M no-spin NS merger
» high resolution Newtonian SPH simulation,

Including v cooling and nuclear EoS Rosswog&Price 06
Hydrodynamics:
FI SH 3D Newtonian Cartesian code Kappeli+11

v treatment:
AS L SChe me Perego+14

Nuclear equation of state:
HS EOS, with TM1 parametrization Hempel & Schaffner-Bielich 12

|
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Astrophysical relevance

-

BNS mergers (together with BH-NS mergers) are . ..

-

#» ...primary target of ground based GW detectors
s aLIGO (neXt year!), VIRGO e.g. Acernese+08, Abbott+09

s calculation of GW signal from
Inspiral/merger/post-merger phases e.g. Read+13

o constraint on nuclear EoS e.g. Bauswein+14

t (Miot)
02 —700 —600 —500 —400 —300 —200 —100 0 100 200

QAAAAAAAA
AR

R=1161km, A'"* =335
-02 s
Z10 8 -6 -4 -2 0

—-700 -600 -500 -400 -300 -200 -100 O 100 200
T T T T T T T 50.7

7000 -
10.5
5000+
------ HB SACRA R219 1188 0.3
< 3000l ———- HBSACRAR194I188 W7 0-
N I —— HBSACRAR1751188 " .
- ——- HB SACRA R211 1221 g 102 3

= 20001 77 BB Whisky R177 1188 1015 =
O 1500} ---- HB Whisky R177 1221

0.1

o

h, D/ Mot

m%§§_

10.1

1000+ . J
www.ligo.caltech.edu 700 e loos
~10 —I8 —|6 —I4 —I2 0 2 Read+ 13
t (ms)
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Astrophysical relevance

-

. promising progenitors of short/hard GRBs
s compatibility with observation constraints  e.q. serger 14
» mass accretion on BH/NS: large energy reservoir
v's and B field: intense energy deposition rates

(a) A02:t=0.01s (b) AD3:t=0.01s (c) AD4:t=001s

22
20r
1 8 [ 5
16r 5
147
Zzf g
5 10 Redshift | k3
87 m— Shott GRBS
6 ((z) = 0.5) |
Long GRBs
4 (@=20)
2 i
% 5 6 7 8 9 10
Redshift
o0k . !
;’. 0 0.450 0.000 0.450 0. 0.450 A|0y+05
B e rg e r2 0 14 max: :xg:?! rﬁ:iﬂ.ﬂm max: 2"0;2; rE;:]O 000 max: rﬂxﬂl: rE:?::]CI.DOD
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Astrophysical relevance

. Site for heavy-elements (r-process) production
Lattimer&Schramm 74, Eichler+ 89

n-rich matter + L, > L,_ + fastexpansions
different ejection channels:

dynamical ejecta e.g., Korobkin+12, Bauswein+13, Hotokezaka+13
ViSCOous ejecta e.g., Fernandez&Metzger 13, Just+14
v-driven wind e.g. Dessart+09, Metzger&Fernandez 14, Perego+14, Just+14

ultra-relativistic
outflow, I > 100

interaction region
/ jet-wind, I' ~ few (?)

neutrino-driven winds
(V)=0.1c

Kodama-Takahashi -------

= dynamic ejecta

10'8 E ] ] ] ] ]

(V)= 0.1c 120 140 160 180 200
Mass number A

Rosswo0g2012 :
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Astrophysical relevance

-

-

e.g. Li&Paczynskio8

# e.m. counterparts associated with short GRBs
» radioactively-powered transient

o first kilo/macro-nova observation, associated with
GRB130603B

Jet—ISM Shock (Afterglow)
Optical (hours—days)

Ejecta—ISM Shock

AB—magnitude

Metzger&Berger 12

GRB 130603B (days)

e since
1 10

[\
[$))

T T ]
*X-ray ]

®
s7! em

ay flux (ergs

X-r

108
GRB 130603B (s)

Tanvir+13, Berger+13

ime since

-matter interaction in CCSN and BNS mergers - NAVI meeting @ GSI, Darmstadt, 26 February 2015 — p. 32/48



Relevant time scales

-

o disk lifetime: T

. L (HNTP a \=1 (H/R\ 2 [ Raisx \*? ([ Mns \ /2
disk ™~ & — Kk 0.31s | —— —
R 0.05 1/3 100 km 2.5 Mg

o viscosity coefficient

Rgisk: disk typical radius
H/R: disk aspect ratio

Q. Keplerian angular velocity

M,s: HMNS mass

o |
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Relevant time scales

B B

o disk lifetime: t4;. ~ 0315 (L)_l (%)_2 (M)?’/2 ( My )—1/2

0.05 100 km 2.5 MQ
o disk L:

AFEsy M, 3/2 1 My R —3/2
Ly qisk ~ 89V~ 8.35 x 10°? erg s~ ! S disk disk
| 2 Ldisk 2.5 Mg 0.2 Mg /) \ 100 km

(o) (e ) (2’

AFEgrav: gravitational energy released during accretion

- B
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o o

Relevant time scales

disk lifetime: . ~ 0315 (525) ™" (242) > (Laee )/ ()

0.05 100 km
. . 3/2 .
d|Sk L: L, disk ~ 8.35 X 1052 ergs—1 (%) (M)

HMNS L:

Ly ns ~ > ~ 1.86 x 10°% ergs™! ( 582 ) ( i )
tcool,ns 3.5 X 10°“ erg 25 km

Pns o kBTns -
A FEyng: thermal energy

tns,cool ~ 3Tv,ns/ (Rnsc): diffusion time scale

Tv ns. v optical depth in HMNS

|
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© o o o

Relevant time scales

disk lifetime: . ~ 0315 (525) ™" (242) > (Laee )/ ()

0.05 100 km
- : 3/2 1 ar.
disk L: L, gisk ~ 8.35 x 10°2 ergs™1 (2_24]?;@) (—O.Qdﬁé)

—2
HMNS L: L, . ~ 1.86 x 1052 ergs—l( ALy ) ( Bis )

3.5xX10°2 erg 25 km

wind time:

bwind ~ 220~ 0.072s Mo Raisie \ (_Bv \7°
Wi Eheat 2.5 Mg 100 km 15 MeV

Ly, -
4.5 x 10°2 ergs—1

egrav. SPecific gravitational energy
€heat. Specific heating rate

€L, : isotropized v luminosity at 0 ~ 7 /4, £ ~ 1.5and Ly, ~ (Lns + Lqisk)/3

|
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© o o o

Relevant time scales

disk lifetime: sy ~ 0315 ()~ (22) 72 (s ) (23

0.05

1 . 3/2 M q-
d|Sk L: Ly qisk ~ 8.35 X 1052 ergs—1 ( Mns ) (ﬁ)

2.5 Mg

_2
HMNS L L0 ~1.86 x 1072 ergs ™ (3528 ) ()

wind: ¢,..q ~ 0.072s (

Mns

3.5x10°2 erg

2.5Mg,

—92 —1
Raisk Ey 5LVe
100 km 15 MeV 4.5%1052 ergs—1

twind < tdisk

|
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Relevant time scales

disk lifetime: . ~ 0315 (525) ™" (242) > (Laee )/ ()

0.05 100 km

i _ 3/2 .
d|Sk L: L, disk ~ 8.35 X 1052 ergs—1 ( Mns ) (M)

2.5 Mg 0.2 Mg

—2
HMNS L: L, . ~ 1.86 x 1052 ergs—l( ALy ) ( Bis )

wind: ¢,..q ~ 0.072s (

Mns

3.5xX10°2 erg 25 km

2.5Mg,

—92 —1
Raisk Ey 5LVe
100 km 15 MeV 4.5%1052 ergs—1

twind < tdisk

HMNS — BH: EoS, Mys, Bns, ang. mom. transport, etc.

tbh ~ 0.01 — 10s

our assumption: «,, > 0.1 —0.2s

|
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°

ASL: overview

-

based on previous grey leakage schemes
(Ruffert et al. 1997, Rosswog & Liebenddrfer 2003)

spectral scheme (12 bins, 2 — 200 MeV)
3 flavors: ve,ve, vy r (Vpr = vy, Vr, Uy, Ur)

v reactions: (v = ve, v, Vr, Ue, Uy, Ur)

e +p—n+re OTP || (A Z2)+v— (A Z)+v O
et +n—p+ e OTP || et +e” v +7v TP
e+ (A Z) s ve+ (A Z—1) T,P N+N-—->N+N+v+v | TP
N+v—N+v O

major roles: O — opacity, T — thermalization, P — production
Bruenn 1985, Mezzacappa & Bruenn 1993, Hannestad & Raffelt 1998

treatment developed and tested in Core Collapse
Supernova context J
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v optical depth
=

# optical depth: average number of interactions for a v,
before leaving the system

1 1
TV:/—dS A= x 2
gl

A Ntarget Ov—target

# scattering optical depth, 7, &:
o A1 = 2l + A, (all possible reactions)

s 7,5 > 1. diffusive regime
# energy optical depths, 7, ¢

o N1 = \/ (Asent + A ) Anpe (geometrical mean)

abs
® Tpe < Ty,s

L s 7,0 > 1: diffusive regime & thermal equilibrium J
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ASL : basics

o effective scheme: ASL mimics known solutions of
radiative transfert

# cooling part:

» smooth interpolation between diffusion and
production (spectral) rates

» reproduction of the correct limits: diffusive (7, > 1)
and free streaming (7, < 1)
(7, neutrino optical depth)
# heating part (for r, < 1).

s n, (neutrino density) calculated by ray-tracing
algorithm; input: emission rates at v-surfaces

® Theat X Xab * My (xab absorptivity)

o |

-matter interaction in CCSN and BNS mergers - NAVI meeting @ GSI, Darmstadt, 26 February 2015 — p. 36/48



| nitial conditions

- N

# 3D SPH data mapped on 3D FI SH grid
# 1 km resolution: HMNS treated as stationary object
# data relaxation: At =~ 10ms, hydro + » emission

3 1 05 3 R
0.9 045 44
2 2 2
0.8 04
12F o
<07 1 035F - g
—_ 3 1 <05
(2] | —_— o
g M g = 3
g 06 @ = 03 3
_— L 'E‘ o (= 'E‘ o
> 10 E s £ E ®
s g c & 025(- g0 -0 g
[ 9F = o, = = =
T N = g 0 (]
=) S B 02 =
2 s8¢ - o &
— o W -1 -1 —
0.15
05
0.1
2 -2
0.05
-3 - 0 -3 -3 -
-15 -1 -05 0 0.5 1 1.5 -15 -1 -05 0 05 1 1.5
x [100 km] x [100 km]

density, velocity, Y., temperature
2D slice of 3D domain, at¢t =0
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T]/:2/3

z [km]

z [km]

Neutrino Surfaces

= v surfaces, for £, = 4.6,10.6,16.2,24.6,57.0 MeV, at 40 ms

Ve 14 e ]/,Ll, y T
Log10 p [g/cma], t=40ms Log10 p [g/cma], t=40ms Log10 P [g/cmsl, t=40 ms

14
13
1z

£ £

i~ X

— — 10

N N
3
g
7
3]

0 0 100 150 200 0 50 100 150 200 0 50 100 150 200
R_, [km] R_, [km] R_, [km]
oyl cyl cyl
Log,, P [g/cms], t=40ms Log,, P [g/cma], t=40ms Log,, P [g/cma], t=40 ms

14
13
1z

— — 11

£ £

X X

— — 10

N N

o
=3

100 150 200 5 100 150 200 5 100 150 200
R_ [km] R_ [km] R_ [km]
cyl cyl cyl

o
o
o
o
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Neutrino luminosities

dependence on time

60 T . T T T
— Vs net —_— antl—ve, net Vu,r‘ cooling
— =V, COOlING — — anti-v_, cooling —— Vo HMNS
= = 2 V., HUNS - — .. anti-v_, HVUNS
50_ e e -
%)
S~
(@]
-
(0]
5 40 7
o
=
>
=
8 3ot i
g
S
=] b
o \.
£ 20 N\, 1
= ~_.____________________-
= e R T
(]
Z M~
10_\- .-—-—-—-—-—-—I—-—-—-—-—-—-—-—
0 10 20 30 40 50 60 70 80 90

Time [ms]

H HMNS (p > 5 x 101 gem™3)
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Neutrino luminosities

-

dependence on time T

60 T . T T T
e Vo NE anti-v,, net Voo cooling
I cooling — — anti-v, cooling eV HMNS
= w2 V., HMNS v — .. anti-v_, HMNS

50 H € €

— — —
— —
— —
— —
T —— —
— —
— —
— —
— — —

30

Neutrino luminosity [1051 erg/s]

\~
20 N\, .
.\.
1ok .-—-—-—-—-—-—I—-—-—-—-—-—-—-—
0 . . . . . . . . .
0 10 20 30 40 50 60 70 80 90

Time [ms]

H HMNS (p > 5 x 101 gem—3) + disk

o |

-matter interaction in CCSN and BNS mergers - NAVI meeting @ GSI, Darmstadt, 26 February 2015 — p. 39/48



Neutrino luminosities

f dependence on time T

60

T T T T T T T T
e Vo NE anti—ve, net

T
Vu,r‘ cooling
I cooling — — anti-v, cooling eV HMNS
= = 2 V., HUNS w — .. anti-v_, HMNS
50 | e e -

Neutrino luminosity [1051 erg/s]

Il Il Il Il Il Il Il Il Il
0 10 20 30 40 50 60 70 80 90
Time [ms]

HMNS (p > 5 x 101 gem™—3) + disk

o

luminosity hierarchy:
LDe > LV@ > LV/J,,T

® disk luminosity powered by accretion:

M ~ 0.6—0.4 Mg s~ & anum ~ 0.05
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Neutrino luminosities

-

dependence on time dependence on 4 (¢t = 40ms)

60

— l/e, net ‘ ‘ ; anti—vei net ‘ ‘ \LM, coolin;; 120
S cooling — anti—ve, cooling '_'_VM’ HMNS 701 Lcool’ Ve — — <Ecoo|>’ Ve
sl = =" MMNS r - 2NV, FMINS T Lo, Anti-v_ _ _ <E__> Anti-v_
g g 60 18
o 50 S
) — 50 [0}
= > 162
= 3 407 S
o £ Qo
£ = S
E 3 30} 14 ¢
2 g 2
'% %_ o0 =
2 5 12
2 10F
0 : : : : : : : 10
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 0 225 45 675 90 1125 135 1575 180
0 10 20 30 40 50 60 70 80 90 Colatitude [deg]
Time [ms]
® HMNS (p>5x 10llgem™3) +disk 8 mean energy hierarchy:
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Disc and wind dynamics
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Click here for the video
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Wind properties
f.p 2D mass-histograms of (p, Y.) and (p, s) T
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Disc & wind composition
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# Relevant changes in nuclear composition:
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Wind g ecta
-
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® nuclear recombination energy included
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Nucleosynthels from wind
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Integrated nucleosynthesis @ 190ms

Selected angular sections

Martin+, in preparation
® tracers post-processed with winNet e.g. Winteler+2012
® no robust r-process, but weak r-process

® possible differences between high and low latitude ejecta

-matter interaction in CCSN and BNS mergers - NAVI meeting @ GSI, Darmstadt, 26 February 2015 — p. 45/48



Dynamical + wind nucleosynthels
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Combination of dynamical and wind nucleosynthesis
(missing viscous component)
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e.m. transient: the model

-

L., powered by radioactive material in the wind

spherically symmetric model with
Mej R 2 X 10_3M@, Vej ~ 0.08 ¢

Kulkarni 05, see also Tanaka&Hotokezaka 13, Grossmann+14

10 representative tracers S
h|gh (H) and IOW (L) Iﬂ; 0.213 12.46 118.0 46.2 0.04

0.232 11.84 107.1 42.5 0.009
. L3 0.253 12.68 98.0 39.2 7-1075
IatltUdeS traCerS L4 0.275 12.73 90.2 36.4 1-107
L5 0.315 13.68 81.7 33.0 3.10712
" 1f\ 7" H1 0.273 13.57 93.0 37.4 8-10~7
unlform grey OpaCIty H2 0.308 14.69 83.3 33.7 6-10-11
2 1 H3 0.338 15.36 79.4 32.1 <1012
/{H p— 1 CIn g , H4 0.353 16.40 78.4 31.7 < 10712
H5 0.373 18.35 76.8 31.0 < 10712

1

Kk = 10cm? g~
computation of bolometric luminosities and broadband
lightcurves J
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e.m. trangent: theresults
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AB magnitude

e.m. trangent: theresults

broadband lightcurves
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