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26Al (τ1/2 = 7x105 yr)
~104 SNe contributing 

COMPTEL         
(20 years ago…)

Brian Metzger, 909 Pupin26Al traces the locations of young and massive stars. 



Supernovae
(e.g. Qian & Woosley 96; Mosta+14)

Neutron Star Mergers                                   
(e.g Lattimer & Schramm 74; Freiburghaus+99)

“Helmet - Streamer”Where, oh where, is the r-process?
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M ~ 0.03-0.06 M8 v ~ 0.1-0.3 c
Evidence for both light (A < 130) & 

heavy (A > 130) r-process formation

R-Process Production in GW170817

Villar+18

Light r-process

Heavy r-process



GW170817: Probably Typical in Milky Way

Margalit & Metzger 19

Galactic Double 
Neutron Stars



Galactic Neutron Star Merger Rate

Kim et al. 2014

One merger every 
<~ 3x104 years



Nuclei with X/γ decay lines: 100 yr < τ1/2 < 100 Myr

rare/short-lived

rare/ long-lived

rare

rare

2nd R-Process Peak

3rd R-Process Peak



Monte Carlo Galactic Merger Remnants

• Populate Milky Way with 
NS merger remnants
- traces stellar mass.
- add “empirical” galaxy offset
(account for NS natal kicks).

• Galactic merger rates:
– optimistic case: R = 100 Myr-1

– pessimistic case: R = 10 Myr-1

• R-Process abundances
– each merger assumed to release 0.04 M8 of 
r-process ejecta with solar system abundance ratios. 

• Measure:
– distances to mock remnants and their gamma-ray fluxes.
– present-day physical/angular size and expansion velocity of remnants 
(remnant blast wave evolution calculated using average ISM density at merger location)

Fong & Berger 13

Wu, Banerjee, BDM+19



126Sn (τ1/2 = 2x105 yr) Eγ ~ 400-700 keV
~10 Mergers Contributing 

γ cm-2 s-1

Milky Way’s Last Remnants

Many remnants outside Galactic plane



Gamma-Ray Line Flux Distribution 

Wu, Banerjee, BDM+19



126Sn

Sensitivity improvement by searching for multiple lines?

Required: Big Advance in Line Sensitivity



Required: 
energy resolution 
dE/E ~< 10-3

Required: 
angular resolution 
<~ degrees

Remnant Properties 
(126Sn flux >10-8 γ cm-2 s-1)

Wu, Bannerjee, BDM+19



Co-Production of 230Th Probes Actinide Production

Wu, Bannerjee, BDM+19

Light r-process

Heavy r-process



Searching Old Supernova Remnants
1 of every ~300 “SN remnants” could be masqurarding merger



182Hf (τ1/2 = 9x106 yr)
~100-1000 Mergers Contributing γ cm-2 s-1 rad-1

50-Year Dream: Halfnium Background



Extragalactic 
Mergers?

• Requires rapid response      
<~ hours – days to 
observe near peak.

• Requires very nearby 
< 10 Mpc mergers, which 
are extremely rare 
< 1 per decade—century 

Hotokezaka et al. 2016 

Korobkin et al. 2019



Summary
• GW170817 revealed NS mergers can be prodigious sources of r-

process nucleosynthesis.  However, open questions remain 
about the ejecta composition.

• The last NS merger in the Milky Way took place ~104 years ago.  
Its remnant could still be visible and its discovery could help 
answer these questions.  

• Gamma-ray decay lines offer a potentially unambiguous 
signpost to the last mergers and a probe of the r-process.

• The most promising lines are from 126Sn (at 415, 666, 695 keV).  
At least ~one remnant expected with F > 10-7 γ cm-2 s-1, though 
one can hope to get luckier.  

• Most promising search strategy is a survey above and below the 
Galactic plane.  Though a long shot, deep integrations on 
individual  SN remnants can proto-type the analysis.  

• Joint detection of gamma-lines from ultra-heavies (e.g. 230Th) 
would confirm third-peak r-process production in NS mergers.


