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Non V-A currents could result from BSM Physics

Fermi theory + V-A

Quark model of nucleons

GSW-Electroweak theory (tree-level)

p p
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Chirality flipping
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Effects of new physics
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19Ne Rate (A.U.)

He6_CRES OVGFVIeW Jackson, Treiman and Wyld, Phys. Rev. 106 and Nucl. Phys. 4, 1957
Looking for kinematic effects of scalar or tensor currents in beta spectra Non-standard effective couplings
Long-term goal: Utilize **Ne (8*), ®He (), and eventually **O(8’) spectral [ (o) %
. . . -3 l ﬂ,GS 4- <7.) , , ECI‘
ratios via CRES towards a precise (10°) measurement of bF,.erZ. b= 494(Z AT gv g
e b. #0indicative of beyond the Standard Model (BSM) physicj\ - 1(Z) 0 \2 (N 2
AN _dNsy (|, 0 T 1+(<r>) (;,\)
~ Fierz 7=
dFE dFE ( E)
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He6_CRES OvervieW' Jackson, Treiman and Wyld, Phys. Rev. 106 and Nucl. Phys. 4, 1957
Looking for kinematic effects of scalar or tensor currents in beta spectra Non-standard effective couplings

r/z\d

Long-term goal: Utilize **Ne (8*), ®He (), and eventually **O(8’) spectral
ratios via CRES towards a precise (10%) measurement of b
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Complementary Low Energy and High Energy Probes
(can be compared with appropriate renormalization.)

“In contrast to the (axial-)vector charges, the (pseﬂo-)scalar and tensor charges are renormalization-scale and -scheme
dependent QCD quantities.” Values quoted in the MS scheme at y = 2 GeV scale

Present Projected
0010‘ W A ! : B T ' i 0.010—ﬁ*7v——v——w——y T : L S
t | T—-evy | ' | T—=evy
0.005 J 0005 .
[0+ -0+ i
I
: ,_..,:} S decays
& 0000 N g -==-f =eaeag el ¢ 0000 T T e 4 i b e ,t;: 7 =
:,B decays L M. ‘;_/
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~0.005/ ~0.005
‘ [Projections
—oo10- , . | : o 3 —0010- . . . | ‘ . . . -
—0002 -0001 0000 0001 0002 —0002 -0001 0000 0001  0.002

€r €r
M. Gonzalez-Alonso, O. Naviliat-Cuncic, and N. Severijns, Progress in Particle and Nuclear Physics 104, 165 (2019).

ey New Directions in Nuclear Beta Decay 09/10/2025 Heather Harrington 7

2/ Alliance



Some other motivation?

Tighter limits on b would simplify pinpointing the
source of discrepancies in neutron beta decay and

clarify issues with g, b — (39.3% confidence level) VAY = 1o
0.04 — (76.2% confidence level) VA1’ = 1.690

(30.8% confidence level) VAZ® = 0.860
»»»»» (98.1% confidence level) VAY* = 282¢c
Two experiments can be reconciled if they 0.02 .
assume a non-zero Fierz-interference: k ’ /7|

b =-0.0181 (65). 0.00

(... Including other measurements like .0.02
UCNA, aCORN , and PERKEO Il would not
add substantial information.”)

I
'y
¥ 4

-1.285 -1.280 1275 1270 5 1265

- from Phys. Rev. Lett. 132, 102501 (2024)
Ab =10~

Garcia — DOE panel visit - Jan 2025
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Cyclotron Radiation Emission Spectroscopy

e  Gaseous radioactive source
B-decays in a strong
background B-field.

® Betas moving in a magnetic rwes
field emit cyclotron radiation —\ |
with a frequency inversely N
proportional to their energy. AR

® Magnetic bottle trap keeps :
beta confined for hundreds of po

‘‘‘‘‘‘‘

waveguide, are amplified, and

i~ CYyClOtron

ms. ——— ————rProtion \ ‘ :
e ~10fW signals propagate down f ! b

Magnetic field
Cyclot f b
yclotron —» | = : 5}
frequency 27r(me * ELQCES\ergy

Decay cell is a

digitized waveauide!
|B| - = " . -~ 3 N S ,—— -
z - e =
Fit analytical field - 1.5ppf{ .
{  Measured field . B of main field
= = : % p
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Cyclotron Motion and Radiation

B~ Bpitcn = 89.9°, B=2T, Trap current = 1A Real motion 2 million

(wuw) A

Q
&
Z ¥ Kassyopea trajectory simulated by RJ Taylor

For He6-CRES:

fC = 20 GHz
yc

foiaI =100 MHz

g = 200 kHz

Length of each time sample: 3.4 us
= 68000 cyclotron periods

= 340 axial periods

Decomposition of Motion = 0.7 magnetron periods

Theory
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Luciano Malavasi

S — o
t=0ps times faster than this! HFSS simulation of measured TE,, mode by

: un. ol kbl mwh .

=

6000

Meastjred Frequency

Doppler effect + 340 axial periods in
a single time sample -> sidebands

Q‘hijl .lf{ﬂg@“[)uﬂh AMl i fgm
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Cyclotron Radiation Emission Spectroscopy

® FPGA performs live FFT. Sequential FFTs build a frequency vs time spectrogram.

Betas appear as tracks.
e From initial frequency and B-field can get the energy.

CRES Signals
2400
Cartoon,
B e- not real
= b) = data
L
E -
1200
[
=
g
w
Down-mix ~
analog 0 =1 - -
signal 0 10 20430 40 50 60 70
(-17.9GHz) Time Slice
and send to Stack power
ADC

spectra to form

frequency spectrogram
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Magnetic field

¥

el3
27r(me -+ E},,‘,,/CQ)
"\ Energy

Cyclotron —» [ =
frequency

Advantages:
- Measures 8 energy at creation, before

complicated energy-loss mechanisms.
- No backscattering

- Excellent energy resolution from
frequency measurement

- Source gas is transparent to cyclotron
radiation

- No background exterior to the gas

12
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Heb-CRES Overview

A small experiment at CENPA at the University of
Washington

Use CRES to perform broadband beta spectrum
measurements.

Get Fierz Interference term, b
Ab ~1073

Complementary nuclei for BSM scalar and tensor
couplings or cancelation of energy-dependant
systematics. (°*He, '°Ne, ['*O maybe later])

with

Fierz

Theory
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°He source: ’Li(d,’He)°’He

’Li(d,3He)®He bombarding a molten lithium target with a 17.8-MeV deuteron beam from the B
FN-tandem accelerator at the University of Washington.
A. Knecht, et. al., Methods in Physics Research Section A, 660, 43 (2011).

04+ 806.7ms 0 - -
SHe, 3
100%
1+ 0 . |
§Lis
Stirrer > L
q
Ta window, I *He +—
\  —
Incoming*’H Cu with
beam S heater &
B air cooling
SS Cu
P «—»=3.8cm
TAr?Iiecg)r:ée New Directions in Nuclear Beta Decay 09/10/2025 Heather Harrington 15



Bt
0.002%

19F(p,n)*°Ne on an SF, gaseous target with a 10-MeV proton beam, similar to the
Berkeley-Princeton source: D. Dobson, The beta-decay asymmetry and nuclear
il magnetic moment of Neon-19, Ph.D. thesis, University of California, Berkeley (1963)

99.988%

5/2+ 197.1

ZX

1/2- 109.9
1/24 0

19
9 I:10

/ water in

“Ne + SF, out
\

Cold Trap A

Theory
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G
\Vac - 250 psi

Pirani
Gl

Cold Trap B

pump
Pirani
G4B

V1 Flow .
3/24 1554 Meter 50 psi
Ne-19 Needle
0.012% produced x Valve
Storage tanks /. °
7/
[— V4 Manifold Pirani
G4A To Low-Background-Radioactivity
Vl A V B on Room

Q=%

Legend
Needle Valve
Three-way Valve

Gauge
3/8" Copper Tubing
1/4" Copper Tubing

SFg Flow
Ne-19 Flow

16



Terminator
(T=10K)
)3
Low Noise
Amp

mag. trap  Decay cell
coils (T= 120 K)
M4 plate

First stage: 12 K
ﬂ Second stage: 5 K

RF guides Kapton windows

I

(T=6K)<

circulator:

Theory
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N
f)\ /

RF / Terminator

(T=10K)

Supercond. Solenoid

". Low noise
g amplifiers

Movable 1-7 Tesla
. L superconducting
"""" 3 AN R | B - magnet
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Broadband Strategy

1) Increase frequency bandwidth £ 100
e Increase sampling frequency. (Limited by & 7
time closure on your FPGA) 504
e Increase parallelization. Add more DAQ 259 -

channels (parallel ambient receivers tuned .

§  Tritium data

-~ Bayesian best fit
10 Bayesian quantiles

~—— Frequentist best fit

-+ Literature &

I & 10 Bayesian credible interval
H & 1o frequentist confidence interval

—— Frequentist intervals
+ Literature
200°1 . Bestfitresult

18500 18600
Endpoint (eV)

H
H

to different frequency ranges w/ high and
low pass filters + FPGAs to
digitize/FFT/threshold those

0.45|4

ranges+receivers) 0.40]
2) Take data at multiple magnetic fields 035
e Sequential field measurements =075 T
e Parallel field measurements. Multiple g
magnets/RF OR custom magnet with ® g a
different fields and RF with multiple traps. 0.0 /

Theory
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16500 17000 17500 18000 18500 19000 195
Reconstructed kinetic energy (eV)

L AN

Project8 (tritium endpoint
CRES measurement)
Freq BW: 200 MHz
Energy range: 4 keV

Project 8 Collaboration, Phys.
Rev. Lett. 131, (2023)

He6-CRES 2025 run plan

-
19Ne
ﬂ SHe
L
| :
]
J
= | |
1.0 1.5 2.0 2.5
Kinetic Energy (MeV)
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Broadband Strategy

1) Increase frequency bandwidth £ 100
DAQ complexity S 753
Upper limit where your SNR will drop 509 -

2) Take data at multiple magnetic fields 257

e Sequential field measurements (Systematic  °;

uncertainties from drifts! Need to normalize
spectrum segments with an activity monitor
that must be stable and well calibrated.)

e Parallel field measurements. Multiple

§  Tritium data

-~ Bayesian best fit
10 Bayesian quantiles

—— Frequentist best fit

Literature &

I & 10 Bayesian credible interval

H & 1o frequentist confidence interval

—— Frequentist intervals
+ Literature
+ Best fit result

18500 18600
Endpoint (eV)

H
H

magnets/RF OR custom magnet with 035}
different fields and RF with multiple traps.  _**lg757
(Expensive) g

(Need to calibrate for different efficiencies

of each detector -> Systematic
uncertainties)

=gy New Directions in Nuclear Beta Decay 09/10/2025
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16500 17000 17500 18000 18500 19000 1950
Reconstructed kinetic energy (eV)

19Ne

L AN

Project8 (tritium endpoint
CRES measurement)
Freq BW: 200 MHz
Energy range: 4 keV

Project 8 Collaboration, Phys.
Rev. Lett. 131, (2023)

He6-CRES 2025 run plan

0.5

Kinetic Energy (MeV)

SHe
/ ﬂ
| I
n
I ‘J : : ‘
1.0 15 2.0 25
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He6-CRES Current Broadband Strategy

Single DAQ channel: Af = 2.3 GHz (compare to 200 MHz for Phase Il Project 8)

Sequential field measurements: 16 fields gives contiguous spectrum measurement from
0.02 to 2.35 MeV. -> AE = 2.33 MeV (compare to 4 kHz for Phase Il Project 8)

Same trajectory
for same energy

19 19
F(p,n)*Ne 07T Same cyclotron

1°Ne Superconducting diati
SFs Gas radiation
10 MeV B Taerget . Magnet
. » Q Y Waveguids
CENPA Lp|  Transport Ly CRES B Alr_n’\éﬁ:nt P ]
Tandem — +40K Cryotrap B-monitor Waveguide Receiver DAQ Analysis
Accelerator B + getters g Decay cell SHe _, SLi + e+ V. D —p| 179GHz P s field
down-mix tep B-field to sweep
<
18 Mev ¥ 19T .
e [y Liquid Li m B 0.45 1 frequency bandwidth across
Target - 0404 * energies.
7Li(d,°He)*He _—
Stitch together 0351
19
. spectrum segments _ 9301 Ne

Samp‘llng freq. = 4.8 GHz with total counts in 3 0251 0.75T

Nyquist freq. = 2.4 GHz each run from an B 0201 - °He

2% samples to FFT activity monitor. ® s

Time resolution = 3.41 us i

Freq. resolution = 293 kHz 0,05

0.00 - T o T T \
0.0 0.5 1.0 15 2.0 25

Theory
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Beta Monitor

o Monitors activity of source over a run to stitch together spectrum segments.
e Employs two plastic scintillators in coincidence to remove backgrounds and
two SiPMs on each scintillator.
e Each SiPM has a designated power supply with temperature compensation.
® Rigorously characterized.

Theory
Alliance

0.003" Thick
Al Window

0.78"

Custom PCB

0.331"
3mm

v
Scintillator A

| [T scintilators ||

SiPM B2
(3x3mm face)

Temp Sensor

DB-151
Feedthrough

DB-152
Feedthrough

Component

Part Number

Operating Voltage

Scintillator

Silicon Photomultipliers (SiPMs)

Eljen Technologies EJ-212

Power Supplies
Microcontrollers

Ethernet Shield

Hamamatsu C11204-01
Arduino Nano

W5500

Not Applicable

S14160-3050HS | 41.39 V*, 41.55 V*, 41.68 V*, 41.79 V*

New Directions in Nuclear Beta Decay 09/10/2025
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40

w
S

CRES rate [Hz]

N
S

10-3 4

Allan Deviation

f(x)=mx+0
—— m=(0.00218+2e-05) '
b=(0) /

+ Data assuming Poisson

/ Linearity of CRES rate to beta monitor rate.
e

0 5000 10000 15000 20000
SIPM monitor rate [Hz]

Overlapping Allan Deviation (OADEV) vs averaging time 7.

Hardware

10° 10* 102 10° 104
tau (s)




A Note About Data Rate

CRES Signals
2400
Cartoon,
e_
B 4 ) | v : not real
= data
L
Z ~
= -
g 1200
=
g
w -
"
Down-mix s
analog - . -
: 0 . : ; ; . : .
signal 0 10 20430 40 50 60 70
(-17.9GHz) Time Slice
and send to Stack power
ADC

spectra to form
spectrogram

/ frequency

Theory

) Alionce New Directions in Nuclear Beta Decay 09/10/2025 Heather Harrington

/ Magnetic field
Cyclot / .
yclotron —» /] = 75
frequency amime 1B/ CEzlergy

2.3 GHz bandwidth, 293 kHz
frequency resolution, writing every
time slice = 2.4 GB/s !

Most is noise.

With zero-suppression, only 12MB/s
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Signal and Noise

voltage

m
P(In/?)
I
n
—
R

voltage i
Jew
time Pﬁ i

Theory

T

u=|pf=%

Heather Harrington

Thermal noise power is
exponentially distributed:

1
P(u) = ;e_“/T

With mean:
T — 4kBAf

Signal power pdf is a
non-central chi-squared
distribution characterized
by the non-centrality
parameter:

2 2 2 2
Sis S; S 2|s
o I8 [ 798 az, 7

Measured power:

u=|p|*> =p:+p;=|s+nl
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Reflections and Interference

Any reflections in the waveguides create frequency-dependent
interference!
(Fabry—Pérot interferometer)

This causes frequency-dependence of the SNR!
])
) > Tt
P(u|H,)!
P(u|Hy)
u=|p|*= %

Significant hardware work over 2 years to achieve nearly
constant SNR as a function of frequency.

Put quarter-wave plate front of terminator to reduce SNR
oscillations. Left-going radiation from beta attenuated from
repeated reflections off terminator and does NOT interfere with

light going to the LNA.
o | DD __i>
<+O

Theory
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SNR

R

SNR

R

SNR

4
4
— 0 203
0

§ —— rid 524-528 - Phasel Initial RF
w1 2022
2 M\’V\/\’W—W

0
40 4 —— rid 820-824 - I-side house term. (Wrong trap polarity)
2% /\/\/\/\/\/\/\/\/\/\/\/\,

0
40 —— rid 1223 - I-side house term.
207 N N A N A il N N S T N A i LN P NI o i

0
40 —— rid 1326 - I-side house term. + QWP
204

i o, e e RV

0
40 - —— rid 1465 - I-side Quinstar term.
20 A

W\WWW_\

0
40 4 rid 1508 - I-side Quinstar term. + QWP
201

0
40 - 2024 —— rid 1574 - I-side Quinstar term. + QWP, 1 mill Kapton windows

0.0 0.4 0.8 12 16 2.0 2.4

StartFrequency (Hz) le9
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Start
Packet

0

Slices

40000 +

SNR Cut
Non-linearity
is obvious in * SNR Mod
de-chirped a0 < & Dechirp
tracks! ]

1000

= | L Rbadils b L AR Al sy S \ el bi e AL TE g
100

200 400 600 800

Frequency (Hz)
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Slope Variation

Inhibited Spontaneous Emission
Daniel Kleppner

We now understand that the E,;;,.J coupling has
higher harmonics that need to be considered.

Kleppner anticipated such behavior:
PRL 47, 233 (1981)

At cutoff, the guides behave like cavities, which
show up as resonances in the waterfall plot
slopes.

10-14 Circular
=
GL) 17
210
o
o
10-20
10-14 Rectangular
GL) 10—17
3
o
a
10—20
10-14 Free-Space
— —_
g S
“
[ —~17
% 10
FIG. 1. (a) Mode density in a perfectly conducting a
cylindrical waveguide. Frequency is in units of the
lowest cutoff frequency of the waveguide, v, = 0.29¢/a, 10-20
where a is the radius. For clarity, the singularities 0 50 100 150 200 250 300 350 400

have been truncated. The smooth curve represents the
mode density in free space. (b) Ratio of waveguide
mode density to free-space mode density. The heavy

Frequency (fc)

Power spectrum over the first 400 harmonic frequencies t}‘c, as a function of magnetic field, for the

circular waveguide (top), rectangular waveguide (center), and free-space (bottom), given fc =18 GHz.
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N Buzinsky et al 2024 New J. Phys. 26 083021
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Slope Variation Data
SNR
S | gl
102 — °
Observed correspondence between the total
radiated power emitted by individual e*s in a
circular waveguide (slope) and the free-space i e Data
expectation given by the Larmor formula. N 101" Emm Larmor 15
6 All modes
~— TEL]_ (l=1)-0nly:
q2w§74v2 -4 Bem I|deal Termination
Prarmor = ﬁ O 00| A _ [~ Reflective Termination
T €nC V) | e — — — —
T —— 14
10714
_ 13
q>) g 0 i i ! } i y
SO | ’ : '
8n
Q
& & —50
=12

1.0 1.5 2.0 2.5 3.0
Magnetic Field (T)

N Buzinsky et al 2024 New J. Phys. 26 083021
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Frequency and Energy Dependance

Frequency

—— rid 524-528 - Phasel Initial RF

e ————————— Frequency-dependant
—— rid 820-824 - I-side house term. (Wrong trap polarity) S N R

L —

—— rid 1223 - I-side house term

B T Y O O

—— rid 1326 - I-side house term. + QWP Frequency_ Frequency_

B dependant dependant
—— rid 1465 - I-side Quinstar term. S | g n aI n 0 | Se
et —a—mmaene == | interference interference
rid 1508 - I-side Quinstar term. + QWP
—— rid 1574 - I-side Quinstar term. + QWP, 1 mill Kapton windows \/
Frtis ol byt fostle et o )
; Reflections
© o o8 StartFreq‘Ai_ncy (Hz) e 0 15:3.4

Slope resonances at
fixed frequencies
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Orbits with centroids
in this area yield
collisions with walls

Energy Energy

dependance
Data
of slope | 16
Energy - e
= « Data
dependance  § ., =l y
of Powerin ¢ BT
O 100 S _ _ _ _ [ Reflective Termination
TE1 @ 10°) e L T ”
Yy T
B _qwiytv | N
Larmor — 6 3 gé 0 — =
T €nC 28 o N

1.0 15 2.0 25 3.0
Magnetic Field (T)

Smallest orbit 2 tesla

Largest orbit at 2 tesla

Wall effect:
Fiducial volume
depends on energy

guide inside

walls
Orbits centers in
this area are
allowed.
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e Introduction to He6-CRES
o Motivation (measure b.__ with Ab ~107)
o Cyclotron Radiation Emission Spectroscopy 101
o He6-CRES

e Nuts & Bolts (Practical considerations and systematics)
o Broadband strategy
o SNRs and track slopes
o Frequency and energy dependance
o Scattering - vacuum and fast trap emptying
o Efficiency drifts - temperature, fields

e Current status
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Scattering
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Scattering: Vacuum Is Very Important!
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Scattering: Vacuum Is Very Important!
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Scattering Projects
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Fast Trap Emptying with Electrode Pulsing

Leave magnetic trap on constantly, pulse electrodes to quickly push all betas to the wall and empty the trap.
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Fast Trap Emptying with Electrode Pulsing

Leave magnetic trap on constantly, pulse electrodes to quickly push all betas to the wall and empty the trap.

DeSIgn a d ecay ce I I th at 1e9 1 sparse spectrograms 2022 1e9 10 sparse spectrograms overlayed and alligned 2024

e Creates a strong and reversible electric field :
o Mirrored electrodes (simulated in Ansys), o 201
in-house designed and built power switch.
o Bimodal 600V pulse found to work well to ae
clear >99%. 1t
e Acts as a good waveguide
o Tested with simulation (HFSS)/ physical LA
measurement (VNA) e
e Can easily replace original decay cell: same 5
dimensions, cryogenic, UHV
e Fast emptying
o Emptiesin <0.2 ms: 75x faster than
turning off trap coils (limited by eddy o

Frequency (Hz)
Frequency (Hz)

(R e

0.045 0.050 0.055 0.060 0.065 0.070 0.07 0,045 9.050
currents) Time (9
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e Introduction to He6-CRES
o Motivation (measure b.__ with Ab ~107)
o Cyclotron Radiation Emission Spectroscopy 101
o He6-CRES
e Nuts & Bolts (Practical considerations and systematics)
o Broadband strategy
o SNRs and track slopes
o Frequency and energy dependance
o Scattering - vacuum and fast trap emptying
o Efficiency drifts - temperature, fields
e Current status
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Efficiency drifts - temperature, fields

Table 1: Table of systematic uncertainties

Source Relative efficiency drift | Ab x 10°
RF noise temperature 0.3% - 0.6% 4.0 - 8.0
Beta monitor instability | 0.3% 4.0
Relative trap depth 0.0033% 0.044
Rate-dependent effects | 0.002% 0.027

Theory
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e Introduction to He6-CRES
o Motivation
o Cyclotron Radiation Emission Spectroscopy 101
o He6-CRES
e Nuts & Bolts (Practical considerations and systematics)
o Broadband strategy
o SNRs and track slopes
o Frequency and energy dependance
o Scattering - vacuum and fast trap emptying
o Efficiency drifts - temperature, fields
e Current status
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Current Status: 10 campaign
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Goals:
[ ]
[ ]

Plan:

First measurement of b, with CRES

Contiguous spectrum measurement from 0.02 to 2.35 MeV.
Overlap of spectrum segments to demonstrate
stitching/monitor normalization.

Ratio beyond endpoint of Ne-19 to constrain contaminants.
O(107?) sensitivity to b, .

Energy resolution better than the full field (PRL), showing the
frequency dependent sensitivity canceling in the ratio.
Basic systemic budget.

Will inform path to 1e-3 measurement wrt statistics and
systematics.

16 Fields each isotope (0.75T - 3.6)
~2hr of data at each field for each isotope.
112,000 s live data total each isotope (~31 hr > 1 day)

3.68e-3 projected statistical sensitivity to b

0.5 1.0 15
Kinetic Energy (MeV)
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2.0

78

fierz

ExB pulsing with 4 ms cycle (0.18 ms bimodal 600 V pulse to empty)
2.2 GHz usable bandwidth (100 - 2300 MHz, might get up to 2350 in
analysis) All data with standard 1.5 ppt trap defined from min to max
with normal polarity
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Current Status: Taking Data!

JULY 2025
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Current Status: Taking Data!
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Stay tuned...
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Challenges:
Need to minimize reflections and ensure

good termination.
RF reflections cause frequency-dependant SNR (and
thus detection efficiency)

Will ALWAYS have residual
frequency-dependence

Will ALWAYS have energy-dependance
Slope and wall effect.

Can only cancel out one of these at a time
with a ratio of isotopes.

Up to stability/reproducibility of the B

Good vacuum + trap emptying are KEY
Good magnetic trap depth control is KEY
If you cannot measure your entire ROI of
the spectrum at once, expect systematic
uncertainties from drifts.

New Directions in Nuclear Beta Decay 09/10/2025

Big Takeaways for using CRES for beta spectroscopy

Advantages:

Heather Harrington

Measures 5 energy at creation, before
complicated energy-loss mechanisms.
No backscattering

Excellent energy resolution from
frequency measurement

No background exterior to the gas (any
charged particle from the walls or
outside the decay cell is not observed)
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1957: Non-conservation of parity

Counting rate

Counting rate
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C. S. Wu et al., Phys. Rev. 105, 1413 (1957)
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Improved results of C. S. Wu and co-workers on the
parity violation in the 60Co 8 decay. From L. M.
Chirovsky et al., Phys. Lett. B 94, 127 (1980)
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Beta emission is
preferentially in
the direction
opposite the
nuclear spin, in
violation of
conservation

of parity.

Wu, 1957
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7 Alliance

Standard Model — Left Handed Charged Weak

Interaction

Helicity: Projection of spin onto momentum.

64) = cos (6/2)]+) — sin (6/2)|-)

) e P.
I+ 0_) = sin (6/2)|+) + cos (8/2)|—)
[+) Chirality:
dw 1

= | (HB=) L + (+16+),

(14 pe/Ee)

dW LT .5
—q = o [sm (9/2)—2

&

(1 _ (pt:'/Et:) COS 0)
4

Theory
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Beta Decay correlations (alphabet soup) and scale of new physics

Jackson, Treiman and Wyld (Phys. Rev. 106 and Nucl. Phys. 4, 1957)

basic (IS:(W rate B—v correlation Fierz term

7 N\ e N N

r G2 |Vaal?. P 7 (T) (P B0, PeXD0
DeFe(F,—FE, 1+ a— R | A +B +D— | +..
dQ.dQ,dE, (271') ( )¢ E.E, J E. E E.E,
N N E],—/
3 asym Vv asym 1'—violating
Lee-Yang effective couplings Chirality flipping
Non- standard effective couplmgs
G = P 7 ,
Ci=—£VuiC; T -

V2

[ (
N lf—’:}4(w o f“j

Cy=gyv(l + €, + €g) b= +2+(
Ca=—84(1+ ¢, — &) 1+<(27‘f>)> (Z:)
Cs = gs€s
Ci=4gses; (ot ) and (1) are the Gamow-Teller and
Fermi nuclear B-decay matrix elements,
ud d respectively
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Heb-CRES Overview

Long-term goal: Utilize *’Ne (8*) and *He (B) spectral ratios via CRES towards a precise (10*) measurement of b, __
® b # 0 indicative of beyond the Standard Model (BSM) physics.

dN dNSM m
~ 1 ; —)
dE ~ 4B ( +brier:
BSM

Would arise from non-standard chirality-flipping scalar and tensor currents via interference with standard vector
or axial vector currents

Loo = V26 pV M ety wl - ayt (1 —~7)d
+eg éRVeL -ud
+ ep éRa,wVeL caot (1 —~°)d}
e Atthe 102 level:

bFierz(lgNe) 6 e
Zhwerz\ T b He) = =L
—0.7204 errz( 6) gA
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DAQ

DAQ Hardware

Generator

FFT done on 2714 = 16384 samples
Time resolution = # samples/SF =
2M4/(4.8 GHz) = 3.41 us
Frequency resolution = 293 KHz

—— + 1 18-20.3 GHz
-114 dBm
CRES signal Calibration Mini-Circuit
M\ | S5G-6000 Signal Generator
-40 dBm
B 63 dB gain Analog
— i — Y7 Eﬁ’zge"" (0-2.4 GHz)
Ambient Receiver CRES: -31 dBm
Noise: -65 dBm ROACH2 DAQ Server
10 GHz Rb Mixer Trap OFF: -19 dBm 10 GbE line =
reference — 5 (0-1.2 GHz) % | sHb |
oscillator 17.9 GHz Osc Iq]_ P FPGA ﬁ 10 GbE line CH S sdc
@ Q -38dB 2 ofl _(12-24GHy [|X]|=
o Y]
<’ 100 MHz 3 2 | <dd |
19 dBm .
' Electrode BOP |_Requantjzation
N Mixer Gain
TTL pulse ) o ADC sampling frequency (SF) Network card has two Ethernet ports that
generator 20 dB total gain SF = 2x clock = 4.8 GHz receive the upper and lower channels.
2.4 GHz Clock 8-bit digitization These are written to to disk in parallel with
18 GHz 6 dBm Nyquist frequency = SF/2 =2.4 GHz  file names eg.
;1, dBm - OFF Mini-Circuit 16 samples in 1 clock cycle so Freq_data_2024-01-22-16-03-02_0.spec
riggered trap : Board clock = SF/16 = 300 MHz Freq_data_2024-01-22-16-03-02_1.spec
tone from VAUNIX 55G-6000 Signal A iy

There is the option to zero-suppress
before writing to disk based on an input
noise file path and the user-input multiple
of the frequency-dependent mean noise
to use as the threshold. Zero suppressed
files have the .speck ending:
Freq_data_2024-01-22-16-03-02_0.speck
Freq_data_2024-01-22-16-03-02_1.speck
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