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Wilson et al., 2018 (Creative Commons Copyright; Johns Hopkins APL)

Global mapping of the chemical composition of 
planetary surfaces informs planetary formation 

and evolution models.
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Lawrence et al., 2022 (Creative Commons Copyright; Johns Hopkins APL)

Lunar Prospector Neutron Spectrometer Measurements

Global mapping of hydrogen (and other 
resources) supports long-term human 

exploration.
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Gamma-ray and neutron spectrometers are 
included on many current and upcoming 

planetary science missions.



IMAGE CREDIT: NASA/JOHNS HOPKINS APL/STEVE GRIBBEN

Gamma-ray and neutron spectrometers are 
included on many current and upcoming 

planetary science missions.



IMAGE CREDIT: NASA/JPL-Caltech/ASU

Gamma-ray and neutron spectrometers are 
included on many current and upcoming 

planetary science missions.



Image Credit: NASA/JPL-Caltech

Image Credit: Johns Hopkins APL



Image Credit: NASA/JPL-Caltech

Image Credit: P. Peplowski, Johns Hopkins APL



Radiation Damage Studies

October 2017 – The first of many trips to NSRL



Meteorite Irradiation

Peplowski et al., 2019 (Creative Commons Copyright; Johns Hopkins APL)
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𝛾-ray and neutron production on 
planetary surfaces results from 

dozens of nuclear processes, caused 
by a variety of particles with energies 

spanning ~10s of MeV to >GeV.

Models are required to interpret 
nuclear spectroscopy measurements.

Data is required to validate those 
models. 



Nuclear Data at NSRL

“Nuclear spectroscopic investigations also require knowledge 
of spallation cross sections from energies of a few tens of MeV 
to hundreds of GeV in typical rock-forming elements. The 
number of neutrons released in a spallation reaction is 
particularly important. Because of the wide variety of elements 
and energies in question, benchmarking experiments are 
particularly valuable [230] for guiding the decision of physics 
simulations for GEANT4 and MCNP6. These data needs 
overlap with the needs of the radiation shielding and isotope 
production communities.”

Kolos et al., 2022 (Creative Commons Copyright)

The Nuclear Data Pipeline

References NSRL cross 
section measurements



Nuclear Data Needs – NASA’s Psyche Mission
• Asteroid 16 Psyche

- Location: Asteroid Belt, ~3.5 AU
- Density: 3.4 – 4.1 g cm3

- Spectral Class: M-type, similar to iron meteorites

• Is Psyche the exposed Fe+Ni core of a now-disrupted 
protoplanet?
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Nuclear Data Needs – NASA’s Psyche Mission
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• Asteroid 16 Psyche
- Location: Asteroid Belt, ~3.5 AU
- Density: 3.4 – 4.1 g cm3

- Spectral Class: M-type, similar to iron meteorites

• Is Psyche the exposed Fe+Ni core of a now-disrupted 
protoplanet?
- Use 𝛾-ray and neutron spectroscopy to measure the elemental 

composition of Psyche.



Nuclear Data Needs – NASA’s Psyche Mission

Image Credit: Johns Hopkins APL
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Could spallation reaction products in the Psyche Gamma-Ray and 
Neutron Spectrometer (GRNS) be mistaken for Fe and Ni 𝛾-ray 
signatures from the asteroid?

NSRL is uniquely suited to explore spallation reactions in the energy range 
of interest (10s of MeV to many GeV) for interplanetary exploration.



Cobalt Spallation Experiment
• Five cobalt targets

- 2.5 x 2.5 cm
- 2-mm thick
- Five incident proton 

energies (from 250 MeV to 
2 GeV)

• On-site (same day) and 
off-site (irradiation + 
months) monitoring of 
activated targets.

• NSRL provides:
- Uniform, tunable beam 

profiles
- High precision and 

accuracy measurements of 
incident proton fluence

- Excellent service
- Morning coffee
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Cross Section Measurements at NSRL
• Activated Foil Technique

- Short, intense irradiation
- On- and off-site measurements of 

activated foils

• Data Analysis
- Spectral Analysis
- Radionuclide identification
- Determine initial activation
- Correct for detector response
- Calculate cross section and systematic 

uncertainties.

• Validate Analysis
• Interpret Results
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80 separate cross section 
measurements were produced from 
just ~10 minutes of NSRL beam time
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Cross Section Measurements at NSRL
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- Spectral Analysis
- Radionuclide identification
- Determine initial activation
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Cross sections are accompanied by well-
characterized systematic uncertainties – a 

critical aspect of nuclear data work 
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Cross Section Measurements at NSRL
• Activated Foil Technique

- Short, intense irradiation
- On- and off-site measurements of 

activated foils

• Data Analysis
- Spectral Analysis
- Radionuclide identification
- Determine initial activation
- Correct for detector response
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uncertainties.
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• Interpret Results

NSRL measurements were validated against 
published results from dedicated cross 

section measurements.
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NSRL measurements fill many gaps in the 
existing literature (from EXFOR)
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NSRL-measured cross sections provide validation of the 
radiation transport models used for Psyche data analysis
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59Co(p,⍺n)54Mn



59Co(p,⍺n)54Mn

Peplowski et al., 2026 (Creative Commons Copyright; Johns Hopkins APL)

Evidence for ⍺-clustering in 59Co?
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NSRL-measured cross sections hint at unexpected 

phenomena in nuclear structure
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May 15, 2026 (This Friday!)



Conclusions
• NSRL is uniquely suited to support NASA planetary science missions.

- Applications span the range of basic science (spallation cross section) to application (electronics and detector 
testing).

- NSRL measurements have led to peer-reviewed 
science in multiple journals.

§ Radiation damage and annealing of HPGe 
detectors

o Peplowski et al., 2019, Nuc. Inst. and Methods A
§ Cosmogenic radionuclide production in metallic 

meteorites
o Peplowski et al. 2019, Nuc. Inst. And Methods B

§ natCu(p,X) spallation cross sections
o Peplowski, 2022, Nuc. Physics A

§ 59Co(p,X) spallation cross sections
o Peplowski et al. 2026, Nuc. Physics A

• Future partnerships can expand on the work to 
date and expand the role of NSRL in the 
nuclear data community.
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Radiation Damage Studies
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NSRL measurements were validated against 
published results from dedicated cross 

section measurements.


