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Nova models for heavy element production

• Performed multi-zone post-processing nucleosynthesis simulations (NuGrid
MPPNP) on five Modules for Experiments in Stellar Astrophysics (MESA) 
nova models

• Gathered abundances from nine observed novae that report Ca abundance

Table 1: MESA nova model parameters, similar to Denissenkov+ 14

The hotter and more 
extreme the nova, the  
greater the production of 
heavy elements!

Preliminary!



[Xi/XH] = log10(Xi/XH)nova – log10(Xi/XH)☉

Ca overabundance in observed novae
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What causes this discrepancy?
• Could it be the nuclear physics uncertainties in our models? 

• Certain reactions are not well studied thus the uncertainties in their rates are large

• Performed Monte Carlo (MC) simulations of single-zone post-processing 
(NuGrid PPN) nucleosynthesis that vary nuclear reaction rates by a factor of 
10 up and down
• (p, 𝛾), (p, 𝛼), (𝛼, 𝛾), (𝛼, p)
• 33Cl to 41Cl and up to 38Ti to 46Ti 

Z

N

• Calculate Pearson correlation coefficients 
to get the important reactions for element 
production



NUCLEAR PHYSICS UNCERTAINTIES CANNOT ACCOUNT FOR THIS DISCREPANCY

• 39K(p, 𝛾)40Ca rate increased by a factor of 13 (Fox+ 24)

• Changed only reaction rate of 39K(p, 𝛾)40Ca by a factor of 10 for our hottest 
nova model à minimal increase in Ca

Impact of varied nuclear reaction 
rates on Ca production

• 39K(p, 𝛾)40Ca and 38K(p, 𝛾 )39Ca identified as the most correlated to the 
production of Ca in all nova models



Max Planck Institute for Chemistry



Can we identify presolar grains as coming from an i or n-
process site?

B. Cropmvoets 2021
i-process

Rapidly Accreting White Dwarfs:

12C(p, γ)13N à 13N(β +)13C 
à13C(α, n)16O

(Denissenkov + 2019)

n-process

Core Collapse Supernovae: 22Ne(α,n)25Mg

(Pignatari + 2018)



Neutrons



• 9 grains were identified 
• B. Crompvoets 2021

• Used Zr and Mo à “first peak” 
elements that are assumed to be 
produced in the i-process

• Grains are usually diluted 99% to 
1% solar material to pre-solar 
origins

SiC grains showing i-process signatures



• MC sims varying the (n, 𝛾) reaction rates for constant neutron density PPN runs

• Variation factors were calculated using Hauser-Feshbach computations 
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Create 𝜒2 maps à by finding the smallest value of 𝜒2 between model and observation 
for a given neutron density and dilution coefficient

Finding the best fit between observations 
and models Preliminary: mkloria@uvic.ca
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