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r-process abundance of metal-poor stars
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Stellar abundances and evolution

Stellar abundances are invaluable indicators of birth environments.

* Main sequence (e.g., Sun)
* Keep initial elemental abundance in the atmosphere.

 Evolved stars (e.g., AGB)

» Synthesized elements (e.g., C) inside the stars are carried to the
surface by convection (e.g., Dredge up).

* Binary system
» Affected by pollution from the binary companion (mass transfer).
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e Stellar abundance is
compared with the Sun.

* Cosmic abundance = Solar
abundance

* The solar abundances show
some evidences for
nucleosynthesis processes.

* Neutron-capture process
* s-process : AGB (Ba, Pb)

* r-process : NSM and/or SNe ?
(Eu, Pt, Th)

NSM : Neutron-Star Merger



Abundances of metal-poor stars

* The chemical compositions are fossil records of the
nucleosynthesis of single (or a few) process.

* They hold the situation of early epochs of galaxy formation.
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Observations of metal-poor stars
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r-process enhanced stars

* It will reflect the pure r-process.
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abundance patterns of n-capture rich stars
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r-1l stars show similar

abundance pattern of the

solar r-process pattern.
(total —s=r)

Th (half life 14Gyr) is detected.
Age estimation by
chronometry.



Abundance pattern of r-process

weak r-process ? Universality Pb? Actinide boost ?

* Abundance patterns of r-ll
stars are very similar with the
solar r-pattern.

Universality (56 <Z2<727?)

* Observed differences in the
patterns of actinides (Th, U)
In some r-|l stars.

1/3 of r-1l are actinide boost
stars ?

But having a low Pb in CS31082-
001.

e weak r-process in r-ll star ?

Relative log €

Alog €

Alog €

=11 = Average abundance offsets with respect to Arlandini et al. (1999) “stellar model” —

I | J 1 I 1 l 1 I 1 ] L l
30 40 50 60 70 80 90

Atomic number Sneden et al. 2008



r-1l star CS 31082-001
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* Compared to other stars C531082-001 has higher abundances of the actinides, but a very low Pb abundance.

* estimating the age from U/Th # Th/Eu
* actinide boost star



-process poor stars
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Light n-capture elements show a large
deviation from the solar system r-process
abundance pattern in some objects.

— Existence of another process ?

LEPP (Travaglio et al. 2004)
weak r-process (Wanajo et al. 2006)



@ C522892-052 HD 122563 has a

i @ HD122563 significantly different
| | | | | | abundance pattern from
P _ that of the solar system r-
- 5 bund tt
oL ey = WY | process abundance pattern.
[ @
N %
i =gn )@ | LEPP (lighter element
1 @ L 4 IC - primary process) ?
§ D |/ e.g., Travaglio et al. 2004
¢
-2 % ¢ 1 weak r-process ?
i i | e.g., Wanajo & Ishimaru 2006
¢ 3 iii
-3p 1 1 1 1 1 1 1 1 1 1 L Faild -process ?
40 50 60 70 80 90 Wanajo et al. 2007
Z

Honda et al. 2006,



T T T 'I T T T T I T T T | T I Ll T T T I
15 w—1.5 =
HD107752 ~—e— (b) HD110184 —s— 0 i
1 solar-r S solar-r Q
05 [Feije-2tb 05 { [Paikip-2.52 8 STAR [Sr/Fe] [Eu/Fe]
Zr
ot ¥ lif 0 { a i O HE 1523-0901 +0.8 +1.8
§’ 0.5 2 -05 | [ O CS31082-001 +0.8 +1.7 |
T4 B8 Co g - R = =&.0 [ A CS22892-052 +0.8 +1.8 |
15t 1.5 0 i O HE 1219-0312 +0.4 +15
oL 2 n i O CS31078-018 +0.3 +1.2
25 - £ 25 ~ [ A BD+173248  +0.3 +0.9 |
3 40 45 50 55 60 65 35 40 45 50 55 60 65 w i O HD 221170 +0.1 +0.8 7
Atomic Number Atomic Number N—-2.5 [ O HD 115444 +0.3 +0.7 ]
5 5 - i A HD 175305 +0.1 +0.4
(c) BD+6 648 —e— (d) HD23798 —e— | [ O BD+102485  -0.1 +0.1 ]
15 ¢ solar-r 1.5 solar-r L o
il Tz [Fe/H)= -2.11 il vz [Fe/H]= -2.26 - O €S22891-209 +0.1 -0.1
t { . " t { 8 [ A HD 13979 -02 -0.2
F a - —
L 05F Y w i o BN W Ba o —a.0 O CS22873-166 +0.1 -0.3
- L -
g ° Go N g 0 . O HD 88609 -0.1 -03
05 i 05 Pd e Nd w L ]
{ Lof a0 A HD 122563 -0.3 -0.5
At 3 = ke F O CS22049-037 +0.3 <+0.0 ]
15 | b 1.5 B : i
U
S Y S = >-35 | y
3 40 45 50 55 60 65 35 40 45 50 55 60 65 e ! 4
Atomic Number Atomic Number E ) j
2 ! i
1 (e) ' ' ' HDeé773 —— 0.5 (f) ' ' CéHD122563 ';'— PO U (N TN T TN T Y SN WO W TN NN TN TN W TN NN SN WO TN SN NN TN SN WA U N1 PO W (N TR NN T T NN TN W SN |
i solar-r 22892-052 —e—
05} | [Fe/H]= -2.62 0 % ; solar-r —— 40 50 60 70 80 90 100 110 120
ol } 051 Mz Atomic Number
w w -1+ g
-0.5
g | g s
15 | bl |
a2t 25 Roederer et al. 2010
25t -
35 40 45 50 55 60 65 35 40 45 50 55 60 65
Atomic Number Atomic Number

M.Aoki et al. 2017



r-process models compared with the abundance pattern
of the r-process of solar system and metal-poor stars.

0L ®
10 o °°

=
L)
8%
=
[ ]

>< )
: b )
510
—
2 3
c3::10 3 \\J\
wn
EER
104 b
= k)\
=
10 \ Ne=02,v=0.1 —
Ye=0.3,v=0.2
- Ye=04. v=02
. : . . \ . S()l‘(ll' I'-process L
40 60 80 100 120 140 160 180 200

Mass number A

Neutron star mergers (NSM)
Rosswog et al. 2017

Abundance, log €

1.0

0.0 .
-1.0 -
2.0 I
-3.0 -
L| i-model(-)

-4.0

-50

h-model

i-model

| i-model(+) ... : .
m-model c— \ - =
1 | 1 1 N |
40 50 60 70 80

Atomic number, Z

Core-collapse SNe (CCSN)

driven by the magneto-rotational instability
Nishimura et al. 2016



[Eu/Fe]

Models of galactic chemical evolution

— 2f  CCSN —
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[

Argast et al. 2004 [Fe/H]
Vangioni et al. 2017

NSM could not reproduce large dispersion of Eu in very low metal stars.
Very short merger time of NSM are needed.



Chemical evolution models of r-process by NSM
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solves the problem. Tl K omiya & Shigeyama 2016




Chemical composition of the star in the dwart galaxies
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* Chemical abundance trend of “luminous” (“metal-rich”)
dwarf spheroidal galaxies is different from MW halo.



Neutron-capture elements in EMP stars in faint dwarf galaxies
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No r-process enhanced EMP
star was found in dwarf
galaxies and ultra-faint dwarf

galaxies.

5% ~ r-II star in MW
Barklem et al. 2005

This trend supports the NSM.
c.f. Tsujimoto & Shigeyama 2014
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Discovery of the r-process-rich dwarf galaxy Reticulum Il
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Survey of ultra metal-poor stars ([Fe/H] < -4)

* Survey projects

* HK survey and Hamburg/ESO Survey
SDSS/SEGUE, APOGEE, RAVE
Photometric survey with SkyMapper
GAIA/ESO

LAMOST
* etc. Skymapper

l - refining the target by 2-4m telescope

* Follow-up with high-resolution spectroscopy
e 8-10m class telescopes

* Next generation large telescopes
e 2025~
* TMT, GMT, E-ELT

Subaru, Keck, GMT etc.

T™MT



Subaru/HDS follow-up spectroscopy for a large sample of
candidate EMP stars found with LAMOST

* More than 500 metal-poor
1500 rogxscmny 3 candidates have been
3000 gt =l selected from LAMOST

l'i{ll . .
20001 ‘ medium resolution spectra

J1313-0552
=4.17

\ 4

high-resolution spectroscopy

0.5 | * Follow-up for ~200 stars
: with three Subaru/HDS runs.
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[o/Fe]

[Sr/Fe]

[Ba/Fe]

Neutron-ca th re elements
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Large survey for r-process enhanced star is ongoing.

c.f., Sakari et al. 2018
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Actinide boost stars are common ?
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summary

* The origin of r-process is likely to be neutron star mergers.
* CCSNe may also be the origin of r-process.

* Eu (r-process element) detections in EMP ([Fe/H] < -3.5) stars are
Important.

* The origin of actinide boost stars is still unknown.

* The origin of r-process will be clarified by survey of metal-poor stars
and follow-up high-dispersion spectroscopy.



