
Introduction
• Neutron-star mergers (NSM) are thought to be primary sites for r-process.

• However, NSM scenarios face challenges in explaining the observed [Eu/Fe] and 
[Fe/H] relationship in very metal stars in the Milky Way due to their long merging 
timescales (C. Kobayashi 2023).

• magneto-rotationally driven jet supernovae (MRDSN) and collapsar are also candidates 
for r-process site.

• Very-metal Poor (VMP) star ([Fe/H] < -2.0, which means [Fe/H] < [Fe/H]⊙/100)
• considered to be the oldest objects in the Universe.
• preserves the chemical signatures at their formation 

→ possible to trace r-process events
• Gaia-Sausage-Enceladus (GSE) : substructure of Milky Way, which used to be the dwarf galaxy 

in the past
• “Actinide-boost” phenomenon 

• one-third of r-process-enhanced metal-poor stars exhibit log 𝜖 (𝑇ℎ/𝐸𝑢) are roughly 
0.4dex higher than those of other r-process-enhanced stars.

• log 𝜖 = log[𝑁(𝑋)/𝑁(𝐻)] + 12
• The cause remains unidentified.

• J0804+5740 VMP star was identified to be the actinide-boost star.

Observations and Data analysis
• Subaru/HDS observation

• spectra covering 4030-6800Å with R ~ 36000 → elevated [Eu/Fe] → identified as an 
r-II VMP star (pre-work)

• spectra covering 3550-5210Å with R ~ 60000 for further investigations (this work)

• 𝑇𝑒𝑓𝑓 and log g (surface gravity) are determined photometrically (H. Li et al. 2022).

• They adopt color (𝑉 − 𝐾𝑠)- 𝑇𝑒𝑓𝑓-[Fe/H] relationship for 𝑇𝑒𝑓𝑓 from I. Ramírez & 

J.Meléndez (2005).
• Parallax measurements from Gaia DR3
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r-process-enhanced stars
r-I : 0.3<[Eu/Fe]<1.0 and [Eu/Ba]<0
r-II : [Eu/Fe] > 1.0 and [Eu/Ba]<0
r-III : [Eu/Fe]>2.0 and [Eu/Ba]<0

Element Abundance
• Measure equivalent widths (EW) for over 600 lines and drive the abundances for 48 species.

• derived by EW measurements or spectral synthesis (Figure 1).
• adopt the 1D plane-parallel hydrostatic model atmosphere from the ATLAS NEWODF grid 

by F. Castelli & R. L. Kurucz (2003)

Light elements heavy elements actinides

Discussion
1. Abundance pattern

• The heavy elements abundance pattern accounts for 78% solar r-process + 22% s-
process (Figure 2, left)

• no significant he radial velocity variation within 2𝜎 → unlikely to be part of a binary system
• No significant carbon enrichment ([C/Fe]=0.15)

→ J0804+5740 VMP star may not originate from a mass transfer event involving an 
asymptotic giant branch (AGB) companion star. Rather, the birth gas cloud of this star has 
been contaminated by the s-process

• Theoretical three models of NSM, MRDSN, and collapsar
• MRDSN (r-process) + AGB (s-process) model fits best for heavy and actinides 

elements abundance pattern (Figure 2, right).
• Poor fits for light elements

→ contributions from s-process, weak r-process and the light-element primary process are 
considered. 

2. Kinematics
• employ deep-learning methodologies to distinguish between ex situ stars (originating from 

accreted dwarf galaxies) and in situ stars (formed within the Milky way) in the r-process enhanced 
metal-poor star with measurable Th sample (Z. Li et al. 2024) by Gaia DR3 data.

→ 6 ex situ stars and 3 in situ stars 
→ Actinide-boost stars are more likely to originate from dwarf galaxies that were accreted by the 

Milky Way.

https://arxiv.org/abs/2505.07281






C-enrichment model by mass transfer from 
AGB star

(青木和光 夏の学校2022)
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