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PHYSICAL MOTIVATION

> Probe chirality-flipping couplings through the Fierz

interference term
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» Where we can find b in the beta decay equation as the

only effect in the beta spectrum shape
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CYCLOTRON RADIATION EMISSION SPECTROSCOPY (CRES)

Magnetic
“Never measure anything but frequency!” - Arthur Schawlow field line
> Developed by the Project8 collaboration N \
» Measures the frequency of radiation from betas in a magnetic field
792
790
788
%—786 — T
T
Q 784 _
d 782 — \\ /
e | scattering
778
>
D. M.Asner, et al,, Phys. Rev. Lett.1 14, 162501 (2015) ’ ! ﬁme(ms) ’ 4
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CYCLOTRON RADIATION EMISSION SPECTROSCOPY (CRES)

Magnetic
“Never measure anything but frequency!” - Arthur Schawlow field line
> Developed by the Project8 collaboration N \
» Measures the frequency of radiation from betas in a magnetic field
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> Linear tracks form as the beta loses energy to the emissions o0
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WALL EFFECTS

> Wall-bound betas leave insufficient tracks

> Energy dependent effective geometry
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Largest and smallest electron orbits at 2 T

None hit
the wall

May hit the wall % Y
dependingon VY
the energy
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Largest and smallest electron orbits at 2 T

WALL EFFECTS

None hit
the wall

> Wall-bound betas leave insufficient tracks

> Energy dependent effective geometry

> Spectrum ratio cancellation (1°Ne and ®He)
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Largest and smallest electron orbits at 2 T

WALL EFFECTS

None hit
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> Wall-bound betas leave insufficient tracks

> Energy dependent effective geometry

> Spectrum ratio cancellation (1°Ne and ®He)
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> Radial confinement of ions with ion trap

Radio Frequency .. Penning
. Transmission
‘ lonizer and filter > Quadrupole > Obtics > Trap
Cooler/Buncher P Waveguide

"o —
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PENNING TRAP WAVEGUIDE

|. Can we constrain the particles and reduce wall effects?
2. Can it propagate our frequencies without major losses

» Power ~15 fW
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COU NT RATE RFQ Efficiency (continuous mode) 83% efficiency

Beamline & Trap Injection 66% efficiency
o .
> With the presumed limitation of 10* particles per bunch Trapped Betas 3% efficiency
statistics are an issue! Events observed within frequency 10% efficiency
o Counting Time, Presumed Limitations window
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COU NT RATE RFQ Efficiency (continuous mode) 83% efficiency

Beamline & Trap Injection 66% efficiency
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GOLIAT

as Lperated f.arge fon-bunch #Atomic I rap for Me6-CRES
» To utilize H, buffer gas to cool He beam
» Simulated Resulting Bunch Characteristics
» Time spread: At~ 0.57 ps
> Energy spread: AE~3.5eV
> Emittance: €., ~ 0.9 Tt mm mrad @ 60 keV
>

Transmission Rate (Within RFQ): 83%

Detector stations

s :..-:_-'.I-";J‘ j.';;: WP RP ISP IrrIT e

1

7Li Source
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SUMMARY AND CONCLUSION

> lon trap addition
> Reduces wall effects caused by gaseous sources

» Opens CRES technique to a broader range of isotopes

»  Will utilize non-standard H, buffer gas
» Planned 50x standard throughput
> Tests to be conducted soon at Texas A&M!
> Results will be used to finalize design of Penning trap & beamline

> After testing will be moved to the University of Washington for
implementation
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Radio frequency quadrupole trap .
O (RFQ) ‘

The Mathieu stability parameter g must be constrained between 0.4 < g < 0.7 from for the highest probability of retaining
an ion of mass M

_ eV
17 02mr?

With this we constrain our operating voltage (,,;,) and frequency ({) to the characteristic distance (rp) for a given mass.

With ions trapped in the RFQ, we use a buffer gas to cool the ions. Once the ions have sufficiently cooled, we release them
from the RFQ as a singular bunch that is able to be captured by the Penning trap for measurement
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GOLIAT

as Lperated f.arge fon-bunch #Atomic I rap for Me6-CRES

Design Specifications

» Characteristic radius: 75= 12 mm @
» Operating frequencies: f = 1-2 MHz O

> Peak-to-peak voltage: V,,, =400V

257

tHelium
H, to be used in S - Neon
4 2 204
place of usual *He >
M 1
to avoid charge £ 15 Argon
exchange with °He
10
M
=
[=}
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Atomic Number
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EMITTANCE o« TRAP RADIUS

> Liouville’s theorem states that the area of the
phase-space distribution is constant with time

converging
beam

A

beam waist

2w

x
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Generate Beam
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JEony

i )
University of Q@/

Strathclyde

Glasgow

Pepperpot/slits emittance measurement

More at the end of this presentation

SUPA
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Beam
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In all beamlets:

Mean position:

p
X= UNZHJ,XM =< X>
J

p
screen Total charge: N:Z o
J

In j*» beamlet:

Mean divergence:

%, =1/n=x g

with

Mean divergence: rms divergence: —
- = (2
_ o "-’:‘E\J;E[J{:‘—Xi):
X=1/N) nX =<x> o, =—L i
> ' d which is the rms spot size of j-th beamlet on screen.

p = number of slits, x,, = j-th slit position, N = all particles behind the slits
n, = number of particles passing through slit (weight of spot intensity)

DIPAC 2011 Workshop, Hamburg 16-19 May 2011

Grace G. Manahan
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TIME SPREAD o« RING ELECTRODE LENGTH

» The ring electrode length along with the radius are integral to

effective trapping _w / . zg/ . “
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IMPORTANCE OF NORMALIZATION

> Because we are looking at slices of the beta spectrum, it
is extremely important to have a normalization to our
source rate

B monitor
» TAMU actively engaged in development and HH
characterization of f monitors to scroll ' 30 K == Valves
pump
08 2.0T
5 B monitor
© alternative —
0.4 port to CRES
% ' decay cell
S
% to scroll T,M/PZ é
0.0- . . — X -
0.0 0.5 1.0 1.5 2.0 pump == V3 v ey,

Beta Energy [MeV]
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> Repeatability is paramount to normalization

> Need to make sure that we are receiving both the

rate and emittance we need
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ION TRAP ADDITION

1 1

Cave 2

Room 153 TOF@
ECR /

Chamber




CHANGES AT TAMUTRAP

Detector stations
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