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MOTIVATION

ü Probe chirality-flipping couplings through the Fierzinterference term
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ü Where we can find ὦin the beta decay equation
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CRASH COURSE: CRES

ü Cyclotron Radiation Emission Spectroscopy (CRES)

ü Developed by the Project 8 collaboration 

ü Measures radiation of axially confined betas in a magnetic trap
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òNever measure anything but frequency!ó Arthur Schawlow

D. M. Asner, et al., Phys. Rev. Lett.114, 162501 (2015)
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CRASH COURSE: CRES

ü Cyclotron Radiation Emission Spectroscopy (CRES)

ü Developed by the Project 8 collaboration 

ü Measures radiation of axially confined betas in a magnetic trap

ü Linear tracks form as the beta loses energy to the emissions
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ü Retracing to the starting point of the track we can narrow our energy 

resolution to the eV scale!

òNever measure anything but frequency!ó Arthur Schawlow
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6HE-CRES IN A NUTSHELL

ü Pumps gaseous (Åand .Åatoms into a decay 

cell/waveguide
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6HE-CRES IN A NUTSHELL

ü Pumps gaseous (Åand .Åatoms into a decay 

cell/waveguide

ü Magnetic trap for axial confinement for betas
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6HE-CRES IN A NUTSHELL

ü Pumps gaseous (Åand .Åatoms into a decay 

cell/waveguide

ü Magnetic trap for axial confinement for betas

ü Alter B-field to scan entire spectrum
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WALL EFFECTS

ü Wall-bound betas leave insufficient tracks

ü Energy dependent spectrum shift

ü Spectrum ratio cancellation Ne and He
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WALL EFFECTS

ü Wall-bound betas leave insufficient tracks

ü Energy dependent spectrum shift

ü Spectrum ratio cancellation Ne and He

ü Radial confinement of ions with ion trap
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ION TRAP ADDITION: PENNING TRAP

Design Specifications

ü Radius: ὶ υȢχψmm

ü Trap Length: ὰ ρπρȢφmm
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ION TRAP ADDITION: PENNING TRAP

Design Specifications

ü Radius: ὶ υȢχψmm

ü Trap Length: ὰ ρπρȢφmm

RF Considerations

ü 4 electrode gaps of Ўὼ πȢυmm

ü Shielded insulator from RF cavity
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RF CONSIDERATIONS

ü Changes to waveguide

ü r = 2 mm hole added to the waveguide 
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RF CONSIDERATIONS

ü Changes to waveguide

ü r = 2 mm hole added to the waveguide 

ü RF Considerations

ü Loss difference is small between the 

current waveguide and the proposed 

additions
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ION TRAP ADDITION: RFQ

Operating Parameters

ü Characteristic radius: ὶ= 12 mm

ü Operating frequencies: Ὢ= 1-2 MHz

ü Peak-to-peak voltage: ὠ 400 V

Resulting Bunch Characteristics

ü Time spread:  ɲt ~ 0.57 ˃ ǎ

ü Energy spread: ɲE ~ 3.5 eV

ü Emittance:  ‐ ~ 0.9 ̄ mm mrad@ 60 keV

ü Transmission Rate (Within RFQ):  83%

ü Estimated maximum capacity:Ȣẗ particles/bunch

T. Brunner, et al.,  Nuc. Inst. and Methods 676, 32-43 (2012)

M. Mehlman, et al.,Hyperfine Interact235, 77ð86 (2015)
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A LOOK INSIDE THE TRAP

ü In the trap, we have ~65% of ions from the 

RFQ being captured and radially contained to 

avoid wall effects

ü <1% of ions have a maximum radius within the 

òDanger Zoneó that would contribute to wall 

effects

65%

0.6625% 0.0125%
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