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Outline

PACE meeting 2022

● Why are compact object CEs of interest to nuclear astrophysics 

● P-nuclides as an example of important nucleosynthesis in CEs

● What we need from theory/observations



Accreting neutron star in CE - 
of interest to nuclear physics
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● Binary system with massive stars 

○ NS with companion that enters RGB phase

● Of interest for nucleosynthesis because:

○ High densities and temperatures -> interesting nucleosynthesis

○ Material accreted may be ejected into ISM -> contribute to GCE

● Keegans et. al (2019) showed that isotopes produced in common envelopes 
are potentially important to galactic chemical evolution



P-nuclides 
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● Set of proton rich isotopes which exist on the “left hand side” of the stable 
isotopes on the nuclide charts 

● Cannot be produced by s-process or r-process

● Not yet confirmed WHERE 
p-nuclides made or WHAT 
process makes them





P-nuclides cont.
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● Range from 74Se to 196Hg 

● Underproduced by factor of four 
compared to solar system 
abundances in current models 
(Pignatari et al. 2016) [3].

● In particular, 92Mo, 96Ru and 
98Ru are underproduced by an 
additional order of magnitude 
compared to other p-nuclides.

Taken from Battino et al. 2020



Modelling CE accretion disk
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● Trajectories from LANL for temperature and density
○ Vary accretion rate 

● Run through PRISM 
(Mumpower & Sprouse at LANL)

● Input: 
○ Trajectory 
○ Nuclear data (NuBase, 

NDI, Reaclib)
○ Initial mass fraction 

● Output: 
○ Final mass fractions

Abrahams et al. 2022 (in prep)
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● High final mass 
fractions of several 
p-nuclides found 
○ Higher the 

accretion rate 
around the 
neutron star the 
more p-nuclides 
produced

● Results from PRISM 
compared to NuGrid 
○ Similar results

High production of p-nuclides

Abrahams et al. 2022 (in prep)



Comparison to SNIa (Battino 
et al. 2020)
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Comparison table for mass fractions ratios from our common envelope 
model and mass fraction ratios from Battino et al.’s model of a type Ia 
supernova [5]. 

Abrahams et al. 2022 (in prep)



Ongoing questions
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● How much material outflows? 

○ How does accretion disk blow off?

○ How much accretion can take place before this happens?

○ Can blown off material enter companion and then enter ISM?

● How deep can neutron star go into companion? 

○ Deeper into the star, more He rich, changes nucleosynthesis

● How often do NS-RBG type CE events occur? 

○ Impacts how much CEs could impact ISM and GCE
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