
Study of proton capture rates : 96Ru,98Ru

Awanish Bajpeyi1,∗ A. Shukla1, and A. J. Koning2
1Rajiv Gandhi Institute of Petroleum Technology, Raebareli - 229316, INDIA and
2Nuclear Research and Consultancy Group NRG, Petten, THE NETHERLENDS

Introduction

Most of the nuclei heavier than iron are
synthesized mainly by the rapid neutron cap-
ture process (r-process) and slow neutron cap-
ture process (s-process). However, there ex-
ist about 35 nuclei in the nuclear landscape
chart which can not be synthesized by s-
and r-process. These nuclei are supposed to
be formed by the proton capture process (p-
process) referred as p-nuclei. Natural abun-
dance of these p-nuclei are very less (order of
0.01% to 1%) in comparison to the nuclei syn-
thesized by neutron capture processes[1].

The p-process exists in the environment of
the combination of photodisintegration reac-
tions, (γ,n), (γ,p), and (γ,α) with the heavy
s and r seeds in the temperature range of 2-
3 GK but the possible sites and scenarios for
the formation of p-nuclei are still under dis-
cussion. A large reaction network of thousand
of reactions rates involving proton-rich nuclei
is required to describe the detailed modelling
of the p-process nucleosynthesis. There are
number of experimental and theoretical ap-
proaches to study the proton capture reac-
tions. In the recent past, there have been fo-
cussed attempts to measure the proton cap-
ture rates using advanced techniques via acti-
vation method, In-beam method(angular dis-
tribution method and γ-summing technique)
and techniques in Inverse kinematics. Still,
there exist very less amount of experimen-
tal data due to experimental limitations. In
the laboratory environment target nucleus al-
ways in ground state under stellar conditions.
Therefore, theoretical approaches are very im-
portant to predict the reaction rates for the
collection of nuclear reaction data.
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Mathematical Formalism

In the theoretical framework, nuclear reac-
tion studies for p-process are based mostly
on Hauser-Feshbach statistical models for cal-
culating the reaction rates. The calculation
of nuclear reaction rates also requires nuclear
density input. Hence, a reliable nuclear struc-
ture input would further enhance the reliabil-
ity of nuclear reaction calculations. Relativis-
tic mean field (RMF) model which contain
the spin-orbit naturally, has been successfully
used to understand and explain many features
of nuclei such as binding energy of ground
states, various excited states, charge radii, etc.
Here, NL3* parameter set has been used for
solving the standard RMF Lagrangian[2] and
further these RMF nuclear densities have been
used to calculate the reaction rates with the
help of Talys 1.6.

Results and Discussion

In order to ensure the model prediction re-
liability regarding shape and density, we have
studied ground state properties, (binding en-
ergy, and rms charge radii), coherently with
nuclear reaction rates. In Table 1, we have
presented the calculated values along with ex-
perimental values.

Table 1. Comparison of calculated ground
state properties for nuclei.

Nucleus B.E./A (in MeV) rcharge(in fm)
Calc. Expt. Calc. Expt.

96Ru -8.595 -8.609 4.375 4.393
98Ru -8.597 -8.620 4.412 4.423
97Rh -8.567 -8.560 4.396 -
99Rh -8.579 -8.580 4.431 -

In the present work, we have calculated pro-
ton capture rates for 96Ru and 98Ru using
the microscopic JLM potential with relativis-
tic mean field densities through TALYS [3].
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FIG. 1: Comparison of reaction rates(as function
of temperature) for 96Ru(p,γ) reaction.

0.001

0.01

0.1

1

10

100

1000

1 2 3 4 5

EXPERIMENT

THEORY

PRESENT WORK

98Ru(p,γ)99Rh

TEMPERATURE (109 K)

R
E

A
C

T
IO

N
 R

A
T

E
 (

cm
3

/ 
se

c 
m

o
l)

FIG. 2: Same as Fig. 1, but for 98Ru.

These nuclear densities were added to TALYS
source files manually for calculating the po-
tential and reaction rates.

In Fig.1 and Fig.2, we have shown the re-
sults of our calculations and compared with
experimentally available values for reaction
rates. Experimental results of reaction rates
for 96Ru and 98Ru have been taken from [4].
To have a qualitative check on our results, we
have also compared the same with the reac-
tion rates available from theoretical (NON-
SMOKER) results.

Conclusion

Reaction rates are crucial for understanding
nucleosynthesis and energy generation in stars
and stellar explosions in the field of nuclear as-
trophysics. In the present work, reaction rates
of (p,γ) reactions for 96Ru and 98Ru have been
calculated and obtained results are fairly con-
sistent with the experimental results as well
as with other theoretical (NON-SMOKER) re-
sults. Nuclear reaction studies related to p-
nuclei are very crucial to enhance the exist-
ing knowledge of (p,γ) reactions of Ruthenium
isotopes and also such studies based on reli-
able nuclear structure input may be helpful in
reducing the uncertanity in nuclear reaction
calculations.
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