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EERMYEFES: r-process site

neutron radioactive decay -
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2 - low Ye: heavy elements
- high Ye: lighter elements

Massive neutron star
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GW170817/ Kilonova

Day 1.17-1.70

Which and how much elements?
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: Mej = 0.03 Msun
:v=0.05-0.3cC

#3&: 1D simple power law (p o r—3)
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- TTREAL : a multi-components free expansion model

- Line strength of bound-bound transitions

71'62

T = — fin; 4

e

- Line list : VALD (the Vienna Atomic Line Database)
*based on atomic experiments
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- JTLXRMEEL : a multi-component free expansion model  Wanajo 2018
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Results: synthetic spectrum

p~6%x107° gcm™, T~ 5200 K at v ~ 0.2¢
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Sr Il/Ca Il triplet

They have a similar atomic structure and transitions.
3d ‘D
4d “D

Ca Il triplet
Sr |l triplet
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11 %s,,[12 s, Rydberg enen
N a M g Newtonian col
gravitation
Sodium Magnesium
22.990 24.305 3 4
2
[Ne]3s [Ne]3s
5.1391 7.6462 ”IB IVB
19 %5,,[20 5|21 *0,[22_ ¥,
Ca| Sc | Ti
Potassium Calcium Scandium Titanium
39.098 40.078 44.956 47.867
[Ar}4s [Arjas’ [Arj3dds® | [Ar]3d%4s’
4.3407 6.1132 6.5615 6.8281
2 1 2 3
37 Sir 388 S, 39 Da, 40 F,
Rubidium Strontium Yttrium Zirconium
85.468 87.62 88.906 91.224
[Kr]5s [Kr]5s° (Krj4dss® | [Krjdd’ss?
41771 5.6949 6.2173 6.6341

https://www.nist.gov/pml/

periodic-table-elements
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For GW170817

Sobolev optical depth
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Mass fraction X(Ca)

Physical conditions

color: v=0.2c & different entropies
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X(Ca)/X(Sr) < 0.002
—Velocity and entropy of high-Ye component is relatively high
for GW170817.



ETRARIC E 1T B IR

In the A < 10000 A: 23] N
-Srll&ECa i WIRINEEEZIED S5 % /.

'
(high-Ye tracer) 2.0 W'M Moals

— GW1701817\#lfR

1.5;

Flux

IRNRDRGRZRIE TCESD? 10

*Problem:
lack of accurate atomic data 0.5

- Spectral features must be affected

by accurate atomic data 0.0 . . , ,
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Summary

e The origin of elements, physics of NS mergers

 |dentification in spectra is
direct way to find synthesized elements.

 Which elements can produce absorption features?

- Not only Sr Il but also Ca Il lines also appear in the spectra
If including less heavy elements (high-Ye tracer).

- We can directly obtain the evidence of
synthesized heavy elements like lanthanides.

- NIR lines are important for understanding of NSM.

e Observational properties of high energy explosion
is determined by (micro) atomic physics.



