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MAL: History and Mission…briefly

• James Madison University is an R2 university located in Harrisonburg, VA (in the beautiful Shenandoah Valley)

• Dept. of Physics and Astronomy is an undergraduate-only department

• The department acquired a medical electron linear 
accelerator (linac) and an X-ray imaging machine 
from the former Cancer Therapy Center of the 
Rockingham Memorial Hospital.

• In March 2018, MAL became officially licensed for 
       operations by the VA Dept. of Health
• In September 2022, MAL joined ARUNA 

MAL mission is two-fold:
➢ Our research-focused mission is to repurpose and transform an “off-the-shelf” 

medical electron linear accelerator, originally used for clinical operations, into a 
multidisciplinary user-research facility available for all JMU faculty and 
students as well as for other higher-education institutions and research 
facilities in Virginia and beyond.

➢ Our education-focused mission is to forge collaborations between the physics, 
nuclear engineering and health science departments across the state of 
Virginia and beyond that focus on the development of a broad educational 
curriculum in applied photon science and accelerator or medical physics.



MAL (medical) electron linac – overview of its capabilities

https://sites.lib.jmu.edu/malCheck out MAL website for more details:

• Associated Instrumentation: 
➢ Suite of HPGe detectors w/ rel. efficiencies up to 60%, ultra-low background shielding
➢ Suite of NaI(Tl) detectors with analog/digital base & LaBr3 detectors with digital base
➢ Silicone surface-barrier detectors with fast/slow preamplifiers 
➢ Standalone DAQ systems (i.e., Genie 2000 (Mirion), CAEN DT5725S digitizer)

• Siemens Magnetron-based linac (3 GHz RF frequency)
➢ Dual  Photon Beam (6 & 15 MV)
➢ Multi-Energy Electron Beams (5, 7, 8, 10, 12, and 14 MeV)

• Electron Beam Characteristics:
➢ Pulsed 3 s beam at 100-300 Hz pulse repetition frequencies
➢ Beam current: 0.1 – 10 mA avg, 0.15-1.5 A peak

• Bremsstrahlung Target: Tungsten

• Dose rate: ~3 Gy/min (photons), ~9 Gy/min (electrons) at isocenter

• Beam profile: up to 40 cm x 40 cm flat field at isocenter (reduceable with collimators)

See also talk by Dr. T. Pendleton @ Compact Accelerators-1 

https://sites.lib.jmu.edu/mal


The p-Nuclei - ‘nuclear astrophysics p-nuts’

B2FH, Rev. Mod. Phys. 29, 547 (1957)

In the solar system, p-process contributes 

about 1% to the elemental abundances!!!

M. Arnould & S. Goriely, Phys. Rep. 384, 1 (2003) 

s/r seed nuclei

p-nucleus



The p-process nucleosynthesis is responsible for the origin of 35 proton-rich stable nuclei
heavier than iron!

74Se
196Hg

E. Anders, N. Grevesse, Geochim. Cosmochim. Acta 53, 197 (1989)

Abundances of the p-nuclei (Atoms/106 Si)

p-Process Nucleosynthesis:
an extended network of some 20000 reactions 
linking about 2000 nuclei in the A  210 mass range



Basic Bremsstrahlung Research @ MAL for Nuclear Astrophysics (under development)

❖Measurements of (,n) reaction rates on stable proton-rich nuclei with reaction threshold around 12 MeV! 

( ) SenSe 7374 ,
hT 15.721 =

( ) KrnKr 7778 ,
mT 4.7421 =

( ) SrnSr 8384 ,
mT 41.3221 =

( ) KrnKr 7980 ,
hT 04.3521 =

( ) ZnnZn 6364 ,
mT 47.3821 =

( ) GenGe 6970 ,
hT 05.3921 =

( ) SrnSr 8586 ,
dT 85.6421 = 𝑇 Τ1 2 = 78.4 ℎ

90Zr(,n)89Zr

This work is supported by the National Science Foundation through the Grant No. Phys - 1913258 



C. Iliadis, Nuclear Physics of Stars (2007) 

entrance channel

exit channel
compound 

nucleus

Laboratory vs. Stellar Plasma

Photodisintegration experiments can only be used to
derive information on certain nuclear properties required

for the calculation of the stellar rates and, thus, to test and

support the theory (statistical Hauser-Feshbach models)!!

➢
Gamma-ray strength function

➢
Nuclear level density

➢
Nucleon-nucleus optical potential

The gs contribution to the stellar rate for photodisintegration reactions
concerning p-nuclei typically is only a few tenths per mille.

T. Rauscher, Ap. J. Suppl. 201, 26 (2012)



Exploring the origin of p-nuclei via photon-induced activation studies @ MAL

➢ Measurements of ground state reaction rates for photo-neutron reactions relevant to the p-process nucleosynthesis
➢ Our objective is to compare experimental data to calculated ground-state reaction rates and cross sections in Hauser-Feshbach statistical 

reaction models

➢ The ultimate goal here is to improve the knowledge of the dipole γ-strength functions 

P. Mohr et al. (Phys. Lett. B 488, (2000))

‘The superposition method’
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Determination of bremsstrahlung endpoint energy @ MAL 

• Developing deuteron breakup measurements similar to ELBE facility

• Irradiate deuteron 
breakup target with γ and 
measure proton energy 

Wagner et al. (J. Phys. G 31 (2020))
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Determination of bremsstrahlung endpoint energy @ MAL (cont’d) 

R. Schwengner et al., NIM A555 (2005) 211

C. Nair et al.,  Phys. Rev. C 78, 055802 (2008)

Photodisintegration of deuteron @ ELBE facility   

➢ 15 MeV @ MAL => 6.39 MeV (max proton energy)
➢ 6 MeV @ MAL => 1.9 MeV (max proton energy)



Type Ortec ULTRA
(600 mm2, 300 m)

Silicon detectors



• Have acquired deuteron target and assembling shielded beam line

Determination of bremsstrahlung endpoint energy @ MAL (cont’d) 



MAL electron beam time structure

 Pulsed 3 us beam at 200±10 Hz, “normal operation”

• ~0.06% duty cycle

• ~Time-averaged beam current of ~5 mA



Determination of bremsstrahlung endpoint energy @ MAL (cont’d) 

• Detectors installed and calibrated with slow ORTEC preamps

Normal Si Detector Pulse Count (Th-228) Energy Calibration Spectrum (Th-228)



Determination of bremsstrahlung endpoint energy @ MAL (cont’d) 

• Pulse structure saturates charged particle detectors
• Average γ flux at suitable levels for detectors, but peak pulse current creates peak γ 

flux that saturates detectors

D-PE Scatter Pulse Count with Linac On D-PE Scatter Spectrum with Linac On



Determination of bremsstrahlung endpoint energy @ MAL (cont’d) 

• Detectors installed and calibrated with new CAEN fast preamps (A1425 model)

Normal Si Detector Pulse Count (Th-228)

Energy Calibration Spectrum (Th-228)



Determination of bremsstrahlung endpoint energy @ MAL (cont’d) 

• Energy measurements attempted with new fast preamp

D-PE Scatter Pulse Count with Linac On

D-PE Scatter Pulse Spectrum after 10 minutes 
(455 signal counts)
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➢ 15 MeV @ MAL => 6.39 MeV (max proton energy)

Determination of bremsstrahlung endpoint energy @ MAL (work in progress) 

Photodisintegration of deuteron @ ELBE facility   



Half-Life Measurements @ MAL (published results)

nXX AA +→+ − *1

J. Radioanalytical and Nuclear Chemistry 32, 1113 (2021)
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Half-Life Measurements @ MAL (preliminary results)



This work is supported by the National Science Foundation through the Grant No. Phys - 1913258 

Dr. Tilda Pendleton is Laboratory Manager at MAL and has

been contributing significantly to the ongoing development 

of this research project at MAL.

Robert Geissler, Tyler Hain, Theodore Chu, Jessica Mayer, David Purdham, 

and Evan Witczak are former physics major undergraduates who also 

contributed to this research project.

Thank you for your attention!
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