
• to determine M* and 
SFRs, Code 
Prospector was used.

• The redshift 
dependent relation 
defined M*-Mh by 
UniverseMachine was 
used
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Introduction
• Neutron Star (NS) mergers are the only observed evidence of r-process production in the 

Universe.  (r-process : one of  the origins of heavier elements than Fe)
• They explore the extent to which NS merger location and host galaxy properties affect 

the incorporation of r-process elements into star-formation gas
• They quantify an “enrichment” timescale to account for this process. 

• “enrichment” timescale : the delay between r-process events and the 
redistribution of the metals into star-forming gas

Sample
• 12 Gamma Ray Bursts (GRB) with probable kilonovae (KNe)

• Confident host galaxy associations
• Confirmed spectroscopic redshifts from their hosts

Two scenarios of transportation of r-process metal
• how to quantify the enrichment timescale

1.free-fall & cooling scenario
• gravity vs thermal pressure

• 𝑡𝑐𝑜𝑜𝑙 < 𝑡𝑓𝑓 → halo gas is not enough to support the r-process 

metals against gravitational free-fall.
• enrichment timescale = max (𝑡𝑓𝑓 , 𝑡𝑐𝑜𝑜𝑙)

2.Diffusion scenario
• r-process metal transport in turbulent gas
• Using cosmological zoom-in simulations by Shah et al.(2024)
• enrichment timescale = 𝑡𝑑𝑖𝑓𝑓

Disuccsion&Conculsion
• 𝑝𝑒𝑛𝑟𝑖𝑐ℎ : the percentage of enriched host stellar mass within KN host sample (Menrich/M*) , 

projected forward in time, assuming hosts have constant SFR after zGRB

• Between  z = zGRB and z = 0
• following 5Gyr after zenrich

• 5 GRB-KN hosts  have very little capacity for enrichment 𝑝𝑒𝑛𝑟𝑖𝑐ℎ < 1%, 3 GRB-KN hosts have high 
𝑝𝑒𝑛𝑟𝑖𝑐ℎ > 50%

• Not all NS mergers environments have the capacity to be significantly enriched with r-
process material.

• a substantial fraction of r-process mass from NS mergers will be lost to the CGM or IGM.

• 𝑝𝑒𝑛𝑟𝑖𝑐ℎ is little affected by host stellar mass or physical offset and more influenced by sSFR.

Short GRB

Long GRB

confirmed KN

• 74 short GRBs 
without claimed KNe

Results
• The enrichment timescale : min(tdiff, max(tff, tcool))

• GRB-KNe : 28-449Myr , median 
• Full short GRBs : 7Myr-1.6Gyr, median 

• Environment enrichment is significantly delayed form the merger
• Host properties and merger location dictate the length of the enrichment timescale

Merger > galaxy enrich まで時間がかかる(7Myr-1.6Gyr)

offset is < 1kpcOffset and halo mass are very large

Diffusion

Free-fall

cooling

https://doi.org/10.48550/arXiv.2410.00095

	Slide 1

