
We gratefully acknowledge financial support from the U.S. National Science Foundation under Award Numbers 1913554 & 2209429.

This material is based upon work supported by the U.S. Department of Energy, Office of Science, Office of Nuclear Physics under Award Number(s) DE-SC0022299, DE-SC0016052, & DE-

SC0024587 and used resources of the Facility for Rare Isotope Beams (FRIB) Operations, which is a DOE Office of Science User Facility under Award Number DE-SC0023633.

Joseph Dopfer
Graduate Student

dopfer@frib.msu.edu

25 February 2025

Third Guidance Committee Meeting



Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane • East Lansing, MI 48824, USA
frib.msu.edu

Two Part Thesis

▪ LIBRA (formerly PXCT) development -- HEP 
Instrumentation Fellowship Project

▪Double Alpha Search w/ GADGET II TPC

J. Dopfer, 25 February 2025, Slide 2



Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane • East Lansing, MI 48824, USA
frib.msu.edu

LIBRA Paper: Case Study NiCu Cycle

J. Dopfer, 25 February 2025, Slide 3

▪NiCu Cycle and ZnGa Cycle 
portion of the rp-process
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Characterizing each Ge detector

▪ LEGe Planar Detector ▪XtRa Coaxial 
Ge Detector

J. Dopfer, 25 February 2025, Slide 4

55Fe Source

152Eu Source
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Characterizing Si telescope detector & coincidences

J. Dopfer, 25 February 2025, Slide 5

241Am Source
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Second Author Paper Summary

J. Dopfer, 25 February 2025, Slide 6

▪Our set up that uses the Particle X-ray Coincidence Technique (PXCT) to measure lifetimes 
and branching ratios is fully completed and benchmarked (called LIBRA: Lifetimes and 
Branching Ratios Apparatus)
• A technical paper has been submitted to PRC (https://doi.org/10.48550/arXiv.2410.16446) and we have 

received positive referee comments that we are in the process of responding to

https://doi.org/10.48550/arXiv.2410.16446
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J. Dopfer, 25 February 2025, Slide 7

▪Single Decay Modes
• α – E. Rutherford (1899)

• β – H. Becquerel (1896)

• 𝛾 – P. Villard (1900)

▪Double Decay
• 2𝜈ββ - M. K. Moe, D. D. Lowenthal (1980)

• 𝛾𝛾 - J. Kramp, et al.(1987)

• αα – Undiscovered (????)

History of Double Decays

Paul Villard, Archives 

d’électricité médicale, 16, 

236–238, (1908).

Image Credit: CERN

J. Kramp et al., Nuclear Phys. A, 474, 2, 412-

450, (1987).

M. K. Moe et al., Phys. Rev. C, 22, 2186, (1980).
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Double Alpha Decay Theory
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Double Alpha Decay Theory: 220Rn

F. Mercier et al., Phys. Rev. Lett., 127, 012501, (2021). 

Theory Branching 

Ratio

Half Life

UMADAC [1] 8.51 x 10-3 6532 s

Microscopic 

[2]

3.98 x 10-7 1.1x108 s

MGLDM [3] ~10-20 ~5.6x1021 s

[1] V.Yu. Denisov, Phys. Lett. B, 835, 137569, (2022). 

[2] J. Zhao et al., Phys. Rev. C, 107, 034311, (2023). 

[3] K. P. Santhosh et al., Phys. Rev. C, 104, 064604, (2021). 

▪ The branching ratio of double alpha decay varies widely depending on the theoretical model

▪Our goal with this experiment is to measure past the microscopic limit

▪Single alpha decay of 220Rn t1/2=55.6 s
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Using the GADGET II TPC to search for 220Rn double alpha

F. Kruger, Nucl. Instr. Meth., A845, 248, (2017).

R. Mahajan, et al., Phys. Rev. C, 110, 035807, 

(2024).

 

HPGe Gamma Detectors

GADGET II TPC

Pad Plane w/ Vetos

54.69 kV/cm

700 V
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Pressure Upgrade: 800 torr → 2,000 torr

J. Dopfer, 25 February 2025, Slide 11
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Pressure Upgrade

J. Dopfer, 25 February 2025, Slide 12
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▪ Increasing pressure inside the TPC means that the settings in software, as well as set voltages, 
needed to be re-optimized

Optimizing Settings for Double Alpha and General TPC 
Operation

J. Dopfer, 25 February 2025, Slide 13
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Coupling the DAQs

J. Dopfer, 25 February 2025, Slide 14

C
o
u
n
ts

▪Passed raw mesh & logic signal from GADGET to the XIA DAQ that recorded 4 total channels
• North Ge Signal

• South Ge Signal

• Raw Mesh Signal

• Logic Signal

▪ The logic signal is the trigger for the GET DAQ, which combines a threshold for the mesh 
signal and a busy signal for the GET DAQ
• This means that we can compare event-to-event between XIA and GET DAQs, or just do coincidence 

entirely using the root files generated from the XIA data
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Experimental Sensitivity
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Identifying Candidate Double Alpha Events

J. Dopfer, 25 February 2025, Slide 16

▪ These initial runs provide enough data to rule out the Denisov prediction of 1/100 decays being 
double alphas
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Identifying Candidate Double Alpha Events

J. Dopfer, 25 February 2025, Slide 17

▪ These initial runs provide enough data to rule out the Denisov prediction of 1/100 decays being 
double alphas
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Two Alpha Events in the Cut Region

J. Dopfer, 25 February 2025, Slide 18

▪Run 77 Event 487347 – Sequential single-alpha decays of 220Rn and 216Po
Pad Plane Image
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Two Alpha Events in the Cut Region

▪Run 12 Event 176748 – Sequential single-alpha decays of 220Rn and 216Po
Pad Plane Image
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Looking for Evidence of Double Alpha Decay

J. Dopfer, 25 February 2025, Slide 20

▪ Time difference between two alpha events histogram

Time Difference All Angles Time Difference Angles >160 deg

Time Difference (20 ns) Time Difference (20 ns)
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Preliminary Double Alpha Candidates

J. Dopfer, 25 February 2025, Slide 21

▪Run 10 Event 160001 – Double Alpha Candidate
Pad Plane Image
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Preliminary Double Alpha Candidates

▪Run 86 Event 136154 – Double Alpha Candidate
Pad Plane Image
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Preliminary Double Alpha Candidates

▪Run 92 Event 242519 – Double Alpha Candidate
Pad Plane Image

Summed Traces

X-axis (2.2 mm)

Y
-a

x
is

 (
2

.2
 m

m
)

Time (20 ns per bin)

A
D

C
 U

n
it
s
 (

a
rb

. 
U

n
it
s
)



Facility for Rare Isotope Beams
U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane • East Lansing, MI 48824, USA
frib.msu.edu

J. Dopfer, 25 February 2025, Slide 24

Preliminary Double Alpha Candidates

▪Run 95 Event 68242 – Double Alpha Candidate
Pad Plane Image
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Preliminary Double Alpha Candidates

▪Run 101 Event 14362 – Double Alpha Candidate
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▪Running a minimization code on 100,000 events of data from the double alpha runs to 
simultaneously gain match and energy calibrate the 212Po alpha events

▪Work in progress: constrain gains and see if gain matched data improves energy resolution

▪ If we get a good enough handle on the energy resolution, we may be able to distinguish 
between a true double alpha event versus an accidental coincidence  

Pad Gain Matching

J. Dopfer, 25 February 2025, Slide 26

Figure Credit: HiRA Collaboration
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▪Code written by Alex Adams simulates data with a few different parameters and maximizes 
likelihood by adjusting alpha origin, energy, and angles

▪Systematic way to extract information needed to create timing and angle plots

Fitting 3D Events

J. Dopfer, 25 February 2025, Slide 27
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▪Because of wall effect and the products from the full decay scheme, there is not a clean 
separation of single alphas from 220Rn decay

▪We will need to simulate this decay chain & add wall effect to our existing Geant4 simulation 
and compare to data to quantify total number of decays from 220Rn nuclei

What Method Best Gives Total Number of Radon Decays?

J. Dopfer, 25 February 2025, Slide 28
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Gamma Data

J. Dopfer, 25 February 2025, Slide 29

▪Gated on Mesh Trigger

▪Set upper limit with data we have; not enough statistics for a finite value
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▪ Fit all events of interest (~3,000 events) using ‘fast’ 3D method

▪ Fit the double alpha candidates with MCMC routine to quantify uncertainties

▪Double check our sensitivities to the two sources of background (sequential and accidental 
decays)

▪Establish normalization, so we can accurately report a measured branching ratio

▪Obtain upper limits on decays to excited states by fitting gamma spectra

▪Write the rest of the thesis

▪Write paper on the double alpha experiment

▪GranPlan still needs to be approved!

What is on the Docket?

J. Dopfer, 25 February 2025, Slide 30
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▪ Include a chapter in my thesis about developing the LIBRA set up

▪Upgraded GADGET II TPC to operate at higher pressures, up to 2,000 torr

▪We took enough data so that if we assume the middle theory prediction is correct, we should 
see about 10 double alpha events

▪Extrapolating from the data I examined by hand, we should have about 30 double alpha 
candidates

▪ Finish analysis on alpha data to quantify for the branching ratio of double alpha decay in 220Rn

▪Analyze gamma data and give an upper limit on the alpha decays to excited states we do not 
observe

Summary

J. Dopfer, 25 February 2025, Slide 31
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Supplemental Slides

J. Dopfer, 25 February 2025, Slide 32
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Good example of the utility of 3d reconstruction

J. Dopfer, 25 February 2025, Slide 33
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Theory Behind PXCT

J. Dopfer, 25 February 2025, Slide 34
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Courses (as they will be by the end of Spring 2025)

▪PHY 820 – Classical Mechanics

▪PHY 851 – Quantum Mechanics I

▪PHY 802 – Survey of Nuclear Physics

▪PHY 841 –  Classical Electrodynamics I

▪PHY 852 – Quantum Mechanics II

▪CEM 985 – Selected Topics in Nuclear 
Chemistry (both hardware and software)

▪PHY 831 – Statistical Mechanics

▪PHY 982 – Nuclear Dynamics

▪CMSE 801 – Intro Coml Model & Data Anyl

▪PHY 855 – Quantum Field Theory

▪PHY 981 – Nuclear Structure

▪PHY 905 – Special Problems

▪PHY 800 – Research Methods (6 credits)

▪PHY 999 – Doctoral Dissertation Research 
(24 credits)

▪Current RCR Requirements: Up to date 
through year 5, still have RCR Rigor and 
Reproducibility on April 8th  

J. Dopfer, 25 February 2025, Slide 35
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Identifying Candidate Double Alpha Events

J. Dopfer, 25 February 2025, Slide 36

▪ These initial runs provide enough data to rule out the Denisov prediction of 1/100 decays being 
double alphas RvE for Runs 159-555
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▪Disintegration Events – We’ve seen ~5 of these types of events so far

Preliminary Data

J. Dopfer, GADGET Workshop, 5 August 2024, Slide 37
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▪Disintegration Events – We’ve seen ~5 of these types of events so far

Preliminary Data

J. Dopfer, GADGET Workshop, 5 August 2024, Slide 38
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▪Our set up that uses the Particle X-ray Coincidence Technique (PXCT) to measure lifetimes 
and branching ratios is fully completed and benchmarked (and called LIBRA: Lifetimes and 
Branching Ratios Apparatus)
• A technical paper has been submitted to PRC (https://doi.org/10.48550/arXiv.2410.16446)

▪My thesis experiment uses the GADGET II TPC to look for double alpha decays of 220Rn

▪ This required some adjustments to GADGET II, mainly a pressure upgrade that allowed us to 
run at 2000 torr for better double alpha efficiency

▪We also coupled the TPC with the HPGe detectors from our LIBRA set up for the first time

▪Data was taken offline with a source of 228Th placed in the gas handling system over the course 
of 6 months
• A total of ~50 TB of data was generated, compressed to about 25 TB and stored on fishtank for data 

analysis

Update

J. Dopfer, 25 February 2025, Slide 39

https://doi.org/10.48550/arXiv.2410.16446
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