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Cyclotron Radiation Emission Spectroscopy

● β decay in a strong B field (0.75-3.6 T)  ⇒ observe cyclotron radiation frequency 
● fc ~ 18-20 GHz, P ~ 10 fW signals traveling in a waveguide to be amplified, digitized
● Detecting electromagnetic radiation from individual beta particles 
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CRES data

“Tracks” with 
positive slope

Start frequency of 
the track
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Initial beta energy
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He6-CRES apparatus

(MRI magnet around waveguide hidden)
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Isotope production @ CENPA

Isotopes are produced at CENPA at our 
FN-Tandem linear accelerator

7Li (d, 3He) 6He 
➢ 17.8 MeV deuteron beam on Li target
➢ t1/2 = 0.806 s

19F (p, n) 19Ne
➢ 12 MeV proton beam on SF6 target 
➢ t1/2 = 17.22 s

Overhead view of the CENPA accelerator hall

Luciano Malavasi – NNPSS 2026



Non-(V-A) chirality flipping interactions

(V-A)

Figure by H. Harrington

}

BSM

Jackson, Treiman, and Wyld, Phys. Rev. 106, 517 (1957).

Effective S, T currents parametrized 
by Fierz interference term bFierz
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bFierz  distortion to the beta spectrum
(b greatly exaggerated)

Spectral ratio 19Ne/6He: 
1) enhances bFierz distortion 
2) cancels shared systematics

Relative – sign in b between 
electron/positron decays

Luciano Malavasi – NNPSS 2026



bFierz  distortion to the beta spectrum

Spectral ratio 19Ne/6He: 
1) enhances bFierz distortion 
2) cancels shared systematics

Relative – sign in b between 
electron/positron decays

Luciano Malavasi – NNPSS 2026



“1-minute talk”

He6-CRES measures beta spectra from the 
cyclotron radiation of individual beta particles
➢ Cyclotron Radiation Emission Spectroscopy

CRES is a high-precision, inherently low-background 
spectroscopy technique 
➢ Broad applicability to other precision beta 

decay measurements e.g. at FRIB
Exotic currents in the charged current weak 
interaction cause distortions to beta decay spectra 
by the Fierz interference term
➢ Constraining bFierz < 10-3 implies sensitivity to 

new physics at ΛBSM > 10 TeV scale

Graduate student researcher at UW CENPA 
(PI: Alejandro Garcia)

Current research directions:
➢ FPGA and RF hardware development for 

data acquisition
➢ Commissioning upgraded cryopump
➢ Phase-coherent signal processing for 

CRES event detection+reconstruction
➢ Lineshape and spectrum analysis
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Bonus
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Examples of models with chirality 
flipping interactions

Rewrite quark-lepton bilinears with Fierz identities
e.g. scalar current
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