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Beta decay as a window to new physics

1956 Parity violation – Wu Experiment 1956 Parity violation – Wu Experiment Neutrinoless 
double-beta 
decay 
searches
(ongoing)
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(ongoing)

Neutron lifetime disagreement and extraction of 
Vud
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Vud

Discovery of 
neutrinos (1935)

Discovery of 
neutrinos (1935)

Image credit: CRENCourier

Plot credit: Faber, et. al.PHYS REV C. 80. (2009) Picture: UCNτ Experiment

Cabibbo universalityCabibbo universality

V. Cirigliano et al. Progress in 
Particle and Nuclear Physics 71 
(2013)
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Beta decay correlations (alphabet soup) and 
scale of new physics.

 

Non-standard effective couplings

Lee-Yang effective couplings 

gi : nucleon form factors 

⟨στ ⟩ and ⟨τ ⟩ are the Gamow-Teller 
and Fermi nuclear β-decay matrix 
elements, respectively

Jackson, Treiman and Wyld (Phys. Rev. 106 and Nucl. Phys. 4, 1957)
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Fierz interference, and non-(V−A) couplings

 

b is the so-called “Fierz interference” term. Sensitive to scalar and tensor couplings. 
eg. for tensor:

Jackson, Treiman and Wyld (Phys. Rev. 106 and Nucl. Phys. 4, 1957)
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Fermi, Gamow-teller, and mixed decays give 
us sensitivity to scalar and tensor couplings

Β-decay 
(present)

LHC

6He Δb < 10-3

19Ne Δb < 10-3

14O Δb < 10-3

14O

6He

19Ne

Fermi matrix element

Gamow-Teller matrix element
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What is CRES (Cyclotron Radiation 
Emission Spectroscopy)?

B

Decay cell is a 
waveguide!
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What is CRES (Cyclotron Radiation 
Emission Spectroscopy)?

B

Cyclotron 
motion

Cyclotron radiation couples to 
Propagating modes. We measure TE11

(~fW power radio-waves)

Decay cell is a 
waveguide!
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6He
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Trapping betas in a magnetic bottle, in a 
waveguide

Grad B

Axial

Cyclotron

Pitch 
angle
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Slope

Scatter

Start 
frequency Track

“Event”

CRES signals
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What is CRES (Cyclotron Radiation 
Emission Spectroscopy)?

B

e-

Uniform 
magnetic field

electron

Cyclotron 
motion

Cyclotron radiation
(~fW power radio-waves)

Measuring the kinetic energy of a beta, 
created in a nuclear decay, by 
observing the resulting cyclotron 
radiation of that beta as it moves in a 
strong magnetic field.
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6He-CRES Experimental program overview

● Use CRES to preform broadband beta spectrum measurements.
● Fit spectrum to get Fierz Interference term, b.
● Complementary nuclei for BSM scalar and tensor couplings.
(6He, 19Ne, [14O maybe later])
● Phase 1: Take ratio

● Phase 2: Extract b independently for each decay we study.
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The Experiment
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Cryocooler

First stage: 12 K

Second stage: 5 K

Low noise 
amplifiers

Movable 1-7 Tesla 
superconducting 
magnet

RF in 
and 
out

RF circulator
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RF System

RF circulators 
→ LNAs

Superconducting solenoid

Superconducting solenoid

Decay cell
(T=120 K)

Kapton windows

Magnetic 
trap coils

λ/4 plate

λ/4 plate

WR42 RF 
waveguides

NMR Probe
outside decay 
cell



09/01/2022Heather Harrington | CIPANP 202218

6He Source: 7Li(d,3He)6He

A. Knecht et al., Nucl. Instrum. Methods Phys. Res., Sect. A 660, 43 (2011)

Molten 
lithium 
target
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19Ne Source: 19F(p,n)19Ne

To Cave 1

10 MeV 
protons

SF6 gas 
target
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Analysis: Track and event reconstruction 
(<100 keV)
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Analysis: Track and event reconstruction 
(<100 keV)

Fundamental frequency 
resolution = 36.62 kHz
→ 48.5 eV 1 eV at 0.7 T

(Corrected after talk)
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7.5 keV L → L9.4 

9.1 keV M → M9.4

17.8 keV K → K32

31.9 keV M → M32

30.4 keV L → L32

Kr Data and track reconstruction

B = 0.6863 T
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7.5 keV L → L9.4 

9.1 keV M → M9.4

17.8 keV K → K32

10.8 keV Auger → K Auger

Kr Data and EVENT reconstruction

B = 0.6863 T

30.4 keV L → L32

31.9 keV M → M32
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Measuring a beta spectrum in pieces

19Ne endpoint ~ 2.2 MeV 
6He endpoint ∼ 3.5 MeV

Development 
of a stable 
beta monitor 
with SIPMs

Development 
of a stable 
beta monitor 
with SIPMs
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Higher energies → higher slopes

B = 1.00 T



09/01/2022Heather Harrington | CIPANP 202226

B = 1.25 T

Higher energies → higher slopes



09/01/2022Heather Harrington | CIPANP 202227

B = 1.50 T

Higher energies → higher slopes
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Higher energies → higher slopes

B = 1.75 T
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Higher energies → higher slopes

B = 2.00 T
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Higher energies → higher slopes
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Higher energies → higher slopes

B = 3.00 T
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Higher energies → higher slopes

Track slope is a measure of the true power loss of the beta. 
● We observed much higher slopes than expected

● Required us to develop robust description of radiation of a relativistic charged particle in a 
waveguide

● Average slope well described by relativistic Larmor power radiated in free space

Total power radiated in a circular waveguide:

Larmor power radiated in free space:
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1.047 
MeV

1.017 MeV

Experiment status

He6-CRES phases

Phase I: proof of principle
Observe 83Kr lines
Understand RF issues and spectra
Study power distribution
Show detection of cycl. radiation from 6He

 
Phase II: first measurement (b < 10-3)

6He and 19Ne measurements.
Develop 14O source.

Phase III: ultimate measurement (b < 10-4)
14O measurements.
ion-trap for no limitation from geometric effect.

Recently demonstrated: 
• 5 keV- 5 MeV capability of detection
• Measurements of β± from 6He and 19Ne
• Study frequency dependent gain 

Recently demonstrated: 
• 5 keV- 5 MeV capability of detection
• Measurements of β± from 6He and 19Ne
• Study frequency dependent gain 

Started Started 

19Ne data at 2.00T!
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We are beginning to take data!

VER
Y P

REL
IMINA

RY
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He6-CRES Collaboration
N. Buzinsky, W. Byron, W. DeGraw, 
B. Dodson, M. Fertl, A. Garcia, 
G. Garvey, B. Graner, M. Guigue, 
H. Harrington, L. Hayen, X. Huyan, 
K.S. Khaw, K. Knutsen, D. McClain, 
D. Melconian, P. Muller, E. Novitski, 
N. S. Oblath, R. G. H. Robertson, 
G. Rybka, G. Savard, E. Smith, 
D.D. Stancil, M. Sternberg, D. W. Storm, 
H. E. Swanson,  R. J. Taylor, 
J. R. Tedeschi, B. A. VanDevender, 
F. E. Wietfeldt, A. R. Young, and X. Zhu. 

(He6-CRES collaboration)
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Backup slide 2: Power radiated by a relativistic 
electron in a waveguide (a study in slopes)
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Backup slide 3: Numerical simulations

RJ Taylor
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Backup slide 4: Numerical simulations
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