EMMI + IReNA workshop 2022, GSI

: of the highly ionized heavy elements
’ and
the effect on the early kilonova

Smaranika Banerjee

In collaboration with
Masaomi Tanaka (Tohoku U.), Kyohei Kawaguchi (ICRR),
Daiji Kato (NIFS), Gediminas Gaigalas (Vilnius U.)

Banerjee, Tanaka, Kawaguchi, et al. 2020, ApJ, 901, 29
Banerjee, Tanaka, Kato, et al. 2022, ApJ, 934, 117




EMMI+IReNA Workshop "Remnants of neutron-star
mergers — Connecting hydrodynamics models to nuclear,

neutrino, and kilonova physics”
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Early kilonova
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What do we need?

Realifitealight digiveauocteiraddedrly time
<= Detail & typlecitypdabrly time?
- S ‘
Radioactive decay L | S H
=> thermal emission 6 o\
\f\ g :. /4
= t<1day
M. < [Early kilonov
Liit = R Lexp
Arcvt -12 lon ~V - Xl
‘ VW\r ‘ o Days af:er the merger ®
W
Bound-Bound <:| Atomic data
(most dominant) (Highly ionized heavy elements)



Challenges in atomic calculation

Atomic energy levels and transition rates
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Challenges in atomic calculation

Atomic energy IeXﬁnd transition rates
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Challenges in atomic calculation
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Early kilonova (t < 1 day)

1

Opacity calculation

All r-process (Z = 20 - 88), ion up to = Xl

A

Atomic calculation

- Atomic energy levels and transition rates?

- Ground configurations?




Energy level

Code: HULLAC (Hebrew University Lawrence Livermore Atomic Code)
Bar-Shalom et al. 2001

We developed a methodology to systematically
find the ground states
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Transitions

All r-process elements including Lanthanides (Z = 20 - 88),
maximum ionization = XI (10th)

=> suitable for ejecta condition att ~ 0.1 day 2L

1010 IR (ZI )I I I I 1 I I I I E

uZ=44) —— ;

9L New ) 1

10°F  Eu@z=63 —— Lanthanide

108 F

s 107} Open f-shell +

-‘% 10° k open p-shell

= 5[ _

5 10

2 10* k 3

E ;

= 103 3 1

10° F

| Non-lanthanide ]

10 ¥ Open d-shell
100 1 1 1 1 1 1 1 1 1 1 1

| Il m v v VI vl VIII IX X Xl
lonization

Temperature



Early opacity
Atomic data Expansion opacity

Kexp(4)
+ Energy levels
« Transitions Sobolev 1960; Karp et al. 1977;

Eastmann and Pinto 1993
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Early opacity
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This work provides the foundation to assess
kilonova in early time



Calculations between different atomic calculations matches well
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Early kilonova (t <1 day) >
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Opacity calculation J N

All r-process (Z = 20 - 88), ion up to = Xl

A

Atomic calculation

v

- Atomic energy levels and transition rates?

- Ground configurations? j




- 1D spherical ejecta model Z (km) Banerijee et al. 2020,
A ApJ, 901, 29
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Lanthanide-free kilonova
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Application to GW170817
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- 1D spherical ejecta model Z (km)
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Lanthanide-rich kilonova
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Apparent magnitude
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Lanthanide-rich kilonova
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Apparent magnitude
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Future prospects
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Multiple upcoming UV missions: ULTRASAT, Dorado, UVEX

Our model predicts detectable early bright UV emission



Early kilonova (t < 1 day) / >
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Opacity calculation J N

All r-process (Z = 20 - 88), ion up to = Xl

A

Atomic calculation

v

- Atomic energy levels and transition rates?

- Ground configurations? j




First systematic atomic opacity suitable for early time

- For all r-process elements including lanthanides
(Z = 20 - 88) for ionization up to 10th

- Lanthanide opacity is order of magnitude high
First radiative transfer simulation with detailed opacity

(1) light r-process abundance => equivalent to polar kilonova

 Explains kilonova observation of GW170817
(2) lanthanide abundance => equivalent to equatorial kilonova
« Strong suppression of luminosity in early time

Predicts bright UV emission detectable by future UV satellites

This work provides the foundation to assess
early kilonova from future observations



