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Interconnected collective of 11 institutions
Around 200 registered users
https://aruna.physics.fsu.edu/
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Cyclotron Radiation Emission Spectroscopy (CRES)

 

Collaboration with:
Argonne, Mainz, NCSU,
PNNL, Texas A&M, Tulane

Below: example of frequency extraction for electron

from f get E
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Recent highlights
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Notre Dame experiments @ CASPAR

Underground lab in (under?) South Dakota
HECTOR, a summing array, has now been commissioned using the 27Al(p,𝛾) 
reaction - EPJA 58 57 (2022)
Recent highlights include a direct measurement of the 18O(𝛼,𝛾) reaction 
with HECTOR which produces 22Ne, a source of neutrons for the s-process 
Dombos++ Phys Rev Lett 128 162701 (2022)
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LENA Upgrade:  LENA-II

2-MV Singletron accelerator
with new 2.45 GHz ECR ion 
source

Refurbished ECR on HV platform
with pulsing capabilities

Terminal voltage 0.1 – 2 MV 
2.2 MV actual

Terminal stability 200 V

DC beam current at 250 kV 0.4 mA (H), 0.3 mA (He)
0.54 mA (H), 0.41 mA (He)

DC beam current at 1 - 2 MV 2 mA (H and He)
2 mA

Pulse frequency 0.125, 0.25, 0.5, 1, 2, 4 
MHz

Pulse width 2 – 20 ns
2 ns (H), 2.5 ns (He)

Singletron accelerator 
on factory floor prior to shipping

Singletron accelerator properties

Installation of ECR accelerator
in renovated laboratory space



6DOE-NP Briefing March 18, 2022

HIGS: Toward PION Threshold

• Optical cavity mirror R&D for 175-nm VUV FEL 
operation at HIγS was successful.  

• This accomplishment enables HIγS operation up 
to 120 MeV γ-ray beam energy and enables 
Compton-scattering measurements with 
increased sensitivity to nucleon polarizabilities

• Tests of Low-Energy QCD (LEQCD)

High Intensity Linearly and Circularly polarized Photons 
Maximum flux (~ 3 x1010 γ/s); 
Range 2.5 – 100 MeV

      Recent developments: 

New Initiatives:
• R&D for 155 nm mirror in order to reach 150 MeV 
     γ-ray energy
• Maximum sensitivity for Compton Scattering program on p, d, 3,4He
• LEQCD approach the energy threshold of pion-photoproduction.



7DOE-NP Briefing March 18, 2022

New Information on 74Ge from combining 3 techniques
Motivation

 

NRF study of 74Ge at HIγS

Coulomb excitation of 74Ge at ATLAS

Experimentally determined integrated scattering cross 
section and energy of Jπ = 1− (top) and Jπ = 1+ (bottom) 
states in 74Ge. Samantha Johnson, PhD thesis UNC
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Edwards Accelerator Laboratory at Ohio University
Research Areas:
Nuclear Astrophysics,  Applications, & Structure, Thin Films & Surface Science

Senior Researchers:
Carl Brune, Steve Grimes, David Ingram, Tom Massey, Zach Meisel,  Alexander Voinov

Technical Staff:
Don Carter, Greg Leblanc

PhDs since last LECM:
Measurements for CCSN 44Ti production

96Zr(α,n) Measurements for CCSN & Medical 
Isotopes 

Shiv Subedi

Gula Hamad
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Edwards Accelerator Laboratory at Ohio University
  Recent Science Highlights in Astrophysics & Applications
  Bayesian R-Matrix Analyses & Scattering Measurements for 3He(α,γ) for BBN & Solar Fusion

(α,n) Cross Section Measurements & Detector Development
for Astrophysics & Applications
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Reduction in Imaginary Neutron Optical 
Potential Off-stability for i & r-Processes

Daniel Odell (PD)
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S. Paneru PhD Dissertation 2020

Kristyn Brandenburg+ J. Inst. 2022
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Enhancement of triple-alpha reaction rate via upscattering

Measurement of 12C(n,n
2
)3α 

XS with TexAT at Edwards 
Accelerator Lab, OU in 
astrophysically-relevant 
region
(E

n
 = 8.3-10 MeV)

First neutron-induced 
reactions with an active 
target TPC!

• Versatile TPC
• Micromegas 

readout
• Single GEM 

avalanche 
stage

• GET system 
used

• Nuclear 
structure/astro
physics studies

E. Koshchiy et al. 
NIMA 957, 163398 
(2020)

Time-reversal mirror comparing 
experimentally-measured reaction and the neutron 
upscattering reaction in stars – enhancing Hoyle 
radiative width!

J. Bishop et al. Nature Communications, 13, 2151 (2022), 
Carbon Conundrum: Experiment Aims to Re-create Synthesis of Key Element – Scientific American article (2020)

12C(n,n
2
)3α XS smaller than expected 

(particularly near threshold) 🡪 
neutron upscattering enhancement 
smaller than expected (particularly 
at low T) – no suitable astro sites??
Settles longstanding question of 
importance of neutron upscattering

TAMU, WashU, OU 
collaboration

Similarity to 12C(n,α) 
shows dominance of 
compound nucleus

Upscattering to 2+ 
inferred from 
R-Matrix fit to data

TexAT TPC
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CLARION2@FSU

▪ γ-ray detection with up to 
16 Compton suppressed CLOVERs
▪ Charged particle  detection 

TRINITY: 5 rings of GAGG+ Si
▪ Commissioned in Dec 2021
▪ First experiments: Jan-March 22
▪ Safe Coulex of 48,49,50Ti (ORNL)
▪ 16O+18O, 7Li + 64Ni (FSU)

&

Sept 
2021

Dec 
2021

+ TRINITY GAGG 
det.

16O+18
O

PID capability of TRINITY

alpha gate & 

kinematic 

correction
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• NEC 1.7 MV Tandem

• Protons or alpha beams

• Microfocusing ability

• Instrumented for PIXE, RBS, PIGE, IBL, NRA

• In-air PIXE and PIGE
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• Quantifying PFAS in water from PIGE (fluorine)
• Inexpensive fast-plastic Compton suppressor and sample concentration 

to lower level of detection; initial results of ~10ppb

• Sample irradiation (interdisciplinary work) 
• Irradiate mice with protons or neutrons (implications for Mars 

astronauts)
• Irradiate novel photovoltaics (radiation resistance in space) and new 

superconductors (changes with lattice damage); at ~150 keV 

• Thin target characterization with RBS

• Most recently, Si targets for Indiana University

• Outreach to K-12 about nuclear physics, Boy Scout nuclear 
science badge

Recent Work



LE
C

M
 2

02
2 

– 
A

R
U

N
A

 O
ve

rv
ie

w
Association for Research at University Nuclear Accelerators

18

Interconnected collective of 11 institutions



Backup/originals



LE
C

M
 2

02
2 

– 
A

R
U

N
A

 O
ve

rv
ie

w
Recent highlights

The isobaric multiplet mass equation (IMME) relates the masses of an isospin multiplet quadratically, and it plays an 
important role in studies of nuclear structure, nuclear astrophysics, and fundamental symmetries. This work uses 
shell-model calculations, together with data from 32Ar β decay and 32S(3He,t) experiments to provide an important 
step in explaining an observed IMME violation in the A=32, T=2 quintet. It is shown that a small but finite cubic term 
is required for this case due to T=1 isospin mixing. The analysis also provides a means to obtain isospin 
non-conserving corrections for T=2 32Ar→32Cl super-allowed decay, which belongs to a category of decays that are 
used to extract the Vud element of the CKM quark-mixing matrix.
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CENPA at U. of 
Washington

Developing precision beta spectroscopy via 
Cyclotron Radiation Emission Spectroscopy 
(CRES)

• Searching for chirality-flipping interactions in 
6He and 19Ne

• Technique could be used at FRIB with ion trap 
for beta spectroscopy from many nuclei

Tandem Van de Graaff for production of 6He and 19Ne for 
Fundamental Symmetries studies
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