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Background
• What is a classical nova?

• They are partially responsible for the 
galactic synthesis of various nuclides 

• The structure of these novae are 
relatively well understood

• There are discrepancies between 
calculated and observed abundances

• Specifically, Ar and Ca
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Goal
• !"𝐾(𝑝, 𝛾)!#𝐶𝑎 could account for these discrepancies

• Significant influence on Ar, Ca and K production

• Update the reaction rate using nucleosynthesis simulations and a new resonance, 
measured by Liang et al.

• The new resonance was measured at MLL in Munich and TUNL

• Observe the implications of this ‘new’ reaction rate
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Classical Novae 
Nucleosynthesis

• Nucleosynthesis pathway, endpoint
A~40

• Ca-39 decays into K-39 through 𝛽$ 
decay

• Which can affect Ca-40 through 
!#𝐾(𝑝, 𝛾)%&𝐶𝑎 

• K-38 decays into Ar-38 through 𝛽$ decay
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Importance of 𝟑𝟖𝑲(𝒑, 𝜸)𝟑𝟗𝑪𝒂 
• !"𝐾(𝑝, 𝛾)!#𝐶𝑎 can affect Ar-38 by a factor of 25, K-39 by a factor of 136, Ca-40 by a factor of 58

• Could account for 1/3 of nova-produced Ar

• Could account for all nova-produced Ca
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Previous Research
• 𝐸' refers to the excitation energy

• Energy required to transition an atom from 
its ground state to an excited state

• 𝐸( refers to the resonance energy

• The energy at which a reaction is most 
likely to occur

• 𝜔𝛾 refers to resonance strength

• The measure of the probability of a 
specific nuclear reaction occurring at a 
particular energy level
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Updates
• A new resonance with 𝐸( = 675 keV with 

an unknown resonance strength

• 5 different cases to see the effect of this 
new resonance

• Christian et al. and Setoodehnia et al. 
both used DRAGON

• Hall et al. used unobserved 𝛾-ray 

transitions for %&𝐶𝑎( !𝐻𝑒, 𝛼𝛾)!#𝐶𝑎 
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Methods
• Find the Gamow window and peak

• Use Quantum Mechanical Selection 
Rules to find spin parities

• Calculate the reaction rate

• Use the CaNPAN simulations to observe 
elemental abundances
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Nova Cygni 1992
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𝟑𝟗𝑪𝒂 Energy Levels
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Gamow Window is 
Approx. 6.0 - 6.4 MeV 

5/2+
6286(10) keV

5/2+
6451(2) keV

5/2-
6472(24) keV

5/2+
6157(10) keV

5/2+
6460(2) keV



Results 
• The reaction rate was calculated using 

the formula: 𝑁)0𝜎 ⟩𝑣 ( =
*.,!##	×	*&!!

/0"
#/% ×

∑1 𝜔𝛾 1	 exp
2**.3&,4&

0"

• Simulations used an oxygen-neon nova 
model

• White dwarf has a mass of 1.3𝑀⨀, with 
initial central temp. of 7 MK

• Peak temperature around 436 MK
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Elemental 
Abundances
• Case 1 has the highest impact on Ca-40 

and K-39 abundances

• Ca-40 differs by a factor of 5.4

• K-39 differs by a factor of 9.2

• Case 5 has the highest impact on Ar-38 
abundances

• Ar-38 differs by a factor of 3.7

• But the lowest on Ca-40 and K-39
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Conclusion 
• There are significant discrepancies between observed and predictions for Ca and Ar in Nova 

ejecta

• An updated reaction rate for !"𝐾(𝑝, 𝛾)!#𝐶𝑎 could account for these discrepancies over the nova 
temperature ~0.1-0.4 GK

• More experiments on the !"𝐾(𝑝, 𝛾)!#𝐶𝑎 reaction rate are needed, specifically at DRAGON

• Studying these reaction rates sheds light on the formation of elements, energy production in 
stars, and serves as a basis for comprehending the intricate processes of stellar evolution
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