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Core-collapse supernovae




Current efforts in Princeton™

Explosion mechanism: crucial physical dependencies
[Burrows, Vartanyan, ..., DR 2018 — Vartanyan, Burrows, DR et al., 2018]

Low-mass progenitors: electron-capture vs regular CCSNe
[DR, Burrows, et al. 2017]

Neutrinos: synthetic signals for galactic events
[Seadrow, ... DR et al., in prep 2018]

(GGravitational waves: what can we learn?
[Morozova, DR et al. 2018]

Stay tuned for 3D results!

* and collaborators at LANL, LLNL
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A new CCSN code
Spherical dendritic grid

Multi-dimensional M1
neutrino O(v/c) transport

Newtonian with effective
GR potential

1D, 2D, and 3D

Dolence, Skinner, ... DR in prep 2018
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 Newtonian with effective
GR potential

- 1D, 2D, and 3D
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See also Just’s talk Dolence, Skinner, ... DR in prep 2018
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Many-body effects

t=-0.050s
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Many-body effects
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Many-body effects
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Many-body effects

100
- — Baseline 2D
fys ‘\\ — — ManyBody 2D
80 i ™ \\ ------- Baseline Perturb 2D
) \\

o Ry N\ M Ve
4, 60 ﬁ Som — 2 XV,
A Rl
2 i ~ \\.\v“\‘*
-:I- 40 , e \""'NN
3 *X)

20 a ‘ ’«.,' ) AAK . o

O | | | |
0.0 0.2 0.4 0.6 0.8 1.0
t — thounce [S]
s9.0-LS220 DR, Burrows, et al 2017

Burrows, ... DR 2018



Many-body effects
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Protoneutron star convection
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Protoneutron star convection
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Protoneutron star convection
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Protoneutron star convection
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utrino signals
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Neutrino “light” curves

60 T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T T T [ T T 11
- r = 10,000 km Ve 7
T 50k 7o
0 - i
b0 = V. -
= [ Ho
P 40 =
o i i
S =N ]
=, I *, 3
g e 05 Ly 3
"% i ﬂi,;““.”. .
.g 20 ' N ....'.l-n-..uu S E
= OH T s ey, s
: 10 Hfre 1D 3
— 2D .
0 A
> 20F e PN ’
§ (A Laaesssseaneril ‘;-llﬁi ---------------- pwsfivasusnsnannan CETlaENmEEREYEeman o
2 )
‘B _
z ]
- i
Q
" i
E _
< —
= i
o AR R B N B BN A B A B S AN i BN A I A A
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7

Retarded time after bounce [s]

s11.0-LS220 DR, Burrows, et al 2017



Neutrino “light” curves
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Neutrino “light” curves

=S=00n0 v v v v
IBD, Super-K, D =10 kpc
—  11M.2D
— 11M.1D
00000 ]
—  1IM.2D NH
e
7\ — 11M.1D NH
11M.2D H
250000 | |
'.| — 11M.1D IH
I|||‘
Tvz 200000 | //\\ \
% TS \’b
: N
4+
: AN
o 150000 . e \
Lf.l \ !' |"‘~‘\
N N YA
h R\\J\,f\//“‘ h
100000 | ~ %
500200 |
0.0 Oll 0.2 0,1 3 0,14 0,15 0,16 0,1 7 (8
Time after bounce [s]
s11.0-LS220

Seadrow, ..., DR et al., in prep 2018



Gravitational waves
from CCSNe
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Gravitational-wave spectrum
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Morozova, DR, Burrows, Vartanyan, arXiv:1801.01914



Gravitational-wave spectrum
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From Morozova, DR, Burrows, Vartanyan, arXiv:1801.01914



Gravitational-wave spectrum
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Amplitude and frequency

Frequency Amplitude
IS defined by the structure IS defined by the character
of the proto-neutron star of the excitation
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Effect of rotation
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* The bounce signal is stronger, because the collapse is not symmetric
* The dominant frequency is nearly the same
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Protoneutron star seismology
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« GW signal: I=2, m=0; f-mode
of the PNS

« Infer PNS radius

 Accretion history is encoded
In the neutrino signal

« Learn about EOS and
transport properties of warm
nuclear matter

Morozova, DR, Burrows, Vartanyan, arXiv:1801.01914



Neutron star mergers
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Parameter estimation
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Tidal effects in NS mergers

- Part of the orbital energy

goes into tidal deformation

» Accelerated inspiral

 Imprinted on the

gravitational waves

« (Constrains dimensionless

tidal parameter




Constraints from GW170817
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GW170817 GW170817
DECam observation DECam observation
(0.5-1.5 days post merger) (>14 days post merger)

From Soares-Santos et al., ApJL 848:L16 (2017)




Multiple components!
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Multiple components!
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WhiskyTHC

http://www.astro.princeton.edu/~dradice/whiskythc.html
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Strong and weak r-process
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Neutron rich outflows
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Dynamic ejecta: role of neutrinos

SFHo: (1.4 + 1.2) My; v cooling only
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Dynamic ejecta: role of neutrinos

SFHo: (1.4 4+ 1.2) My; v cooling and heating
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Neutron rich outflows: model
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Perego, DR, Bernuzzi, arXiv:1711.03982



Kilonova modeling (I)

_ 18— Light curves for best fits: visible bands
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See also: Chornock et al. 2017; Cowperthwaite et al. 2017;
Drout et al. 2017; Nicholl et al. 2017; Rosswog et al. 2017;
Tanaka et al. 2017; Tanvir et al. 2017; Villar et al. 2017 Perego, DR, Bernuzzi, arXiv:1711.03982



Kilonova modeling (l)

_18 Light curves for best fits: near-IR bands

I
o
@)

A

I
e
H>

I
p—
-

AB magnitude @ 10 pc [-]
L
O

I
Cco

OH A TN

4 § 8 10 12 14
Time [days]

See also: Chornock et al. 2017; Cowperthwaite et al. 2017;
Drout et al. 2017; Nicholl et al. 2017; Rosswog et al. 2017;
Tanaka et al. 2017; Tanvir et al. 2017; Villar et al. 2017 Perego, DR, Bernuzzi, arXiv:1711.03982



Kilonova modeling (l)

_18 Light curves for best fits: near-IR bands
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See also: Chornock et al. 2017; Cowperthwaite et al. 2017;
Drout et al. 2017; Nicholl et al. 2017; Rosswog et al. 2017;
Tanaka et al. 2017; Tanvir et al. 2017; Villar et al. 2017 Perego, DR, Bernuzzi, arXiv:1711.03982



Prompt collapse?
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Constraining the nuclear EOS
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See also Bauswein+ 2017 ApJL 850:L34 DR, Perego, Zappa, ApJL 852:L.29 (2018)



Constraining the nuclear EOS
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See also:
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Conclusions

Core-collapse supernovae

 Sensitivity to microphysics

* Protoneutron star convection is important
* Neutrino and GW signatures

Neutron star mergers

» Neutrinos play important role for EM counterparts
» Prompt collapse excluded for GW170817
- Complementary constrain on A



