
Surrogate Reactions
The surrogate reaction method populates the same compound 
nucleus as the desired (n,f) reaction through a more accessible 
pathway, such as (d,p). The measured fission probability can then 
be combined with calculated neutron-induced compound-nucleus 
formation cross sections to determine the desired fission cross 
section [1]. Using inverse kinematics extends this approach to 
rare isotopes available only as radioactive beams.
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Introduction
Neutron-induced fission cross sections of short-lived radioactive 
nuclei are important for national security, nuclear energy, and 
astrophysics [1], but they are often difficult or impossible to 
measure directly. To address this, a new detector system is 
currently being constructed at Texas A&M University to study 
surrogate fission reactions in inverse kinematics. This approach 
will allow fission cross sections of rare isotopes to be determined 
indirectly, including cases inaccessible to conventional 
neutron-beam experiments.

References
[1] J. Escher et al. (2012). Compound-nuclear reaction cross sections from 
surrogate measurements. Rev. Mod. Phys., 84, 353–397.
[2] E. Koshchiy et al. (2017). ANASEN: The array for nuclear astrophysics 
and structure with exotic nuclei. Nucl. Instrum. Methods Phys. Res. A, 870, 
1-11.
[3] S. Ahn et al. (2022). Status of Texas Birmingham Active Target (TeBAT) 
development. Texas A&M University.
[4] A. Matta et al. NPTool: a simulation and analysis framework for 
low-energy nuclear physics experiments. Journal of Physics G: Nuclear and 
Particle Physics, 2016, 43 (4)

Experimental Setup
The commissioning experiment will use the 238U(d,p) reaction. A 
238U beam will interact with a deuterium gas target inside the 
ANASEN scattering chamber [2]. Recoiling protons will be 
measured by two layers of double-sided silicon strip detectors, 
with a backward annular silicon array added to increase angular 
coverage. Fission fragments will be detected by a TPC coupled to 
ANASEN, based on the TeBAT TPC currently under construction 
at Texas A&M University [3]. A small beamstop will be placed at 
the end of ANASEN to prevent the TPC from being flooded with 
unreacted beam.

NPTool Simulation
A simulation is currently being developed in NPTool, a framework 
for nuclear physics simulation and analysis [4]. Built on top of 
Geant4 and ROOT, NPTool provides a modular and flexible 
environment for defining detector geometries and physics 
processes. Its built-in support for surrogate fission is particularly 
important for this project, enabling realistic modeling of the 
reaction mechanisms and detector response within a single, 
integrated workflow.

Above: a schematic of the proposed experimental setup. The 
silicon detectors in the ANASEN chamber will be arranged in 
such a way to create a large region of uniform detector efficiency.

Future Steps
● Complete TeBAT and construct new TPC
● ANASEN/TPC coupling
● Further develop NPTool simulation
● Collect and analyze data on the 238U(d,p) reaction
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Left: the ANASEN scattering chamber, now located at Texas 
A&M University
Right: the interior of the TeBAT scattering chamber

Above: a comparison of the direct reaction 238U(n,f) with the 
surrogate reaction 238U(d,pf). Both reactions populate the excited 
compound nucleus 239U via different mechanisms, ultimately 
leading to fission.

Above: a 3D visualization generated by the NPTool simulation, 
showing 100 238U(d,pf) events inside the ANASEN chamber.


