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Beta decay as a window to new physics
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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 decay rate

r N . B—v correlation Fierz term
— = —
dQ.d0,dE, | (2m)p Lelreltem e E.E, 7 E " PE, E.L,
A e
3 asym v asym T—violating
General idea: ) ) Non-standard effective couplings
Htotat = Hsm + Hpew = Csm Osy + 2 Cnew, i O ‘/(M> \
O (#)ED
Lee-Yang effective couplings b= +2+(Z) SRV AN @
- ' 2 2
Gr - (oT)
Ci = _Vu Cf 1 + ( )
\/i d (1) ]
Cy =gyl +€;, + €g) Effects of new physics (ot ) and (Tt ) are the Gamow-Teller
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To reach A ~10 TeV need
50 ~ 10~*
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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 digay rate pB—v correlation Fierz term
o e e, e e,

— — —» 5 e

Pe * Pv (7) Pe X Pv
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— etie(Hio— e :
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3 asym v asym I'—violating
General idea: Non- standard effective couplings
Htotal - HSM + Hnew - C.S‘M OSM + E Cnew,i Oi
. ( o)\ ¥z g

Lee-Yang effectiv. | 310. Using effective field theor:.f to tie together low- and high-energy searches for new physics
G 2 Emanuele Mereghetti (Los Alamos Natio
C;, = —FVH ® 03/09/2022, 11:00

Physics at High Energies | Plenary talk

Cyr= —gus(1 +€ — €) and Fermi nuclear B-decay matrix
_ 2 elements, respectively
CS = 8s€gs 50 Cnew,i 2 My,
C‘ 4 - Com A g, : nucleon form factors
T = F8T€T

To reach A ~10 TeV need
50 ~ 10~*
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Fierz interference, and non-(V—-A) couplings

Jackson, Treiman and Wyld (Phys. Rev. 106 and Nucl. Phys. 4, 1957)
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b is the so-called “Fierz interference” term. Sensitive to scalar and tensor couplings.
eg. for tensor: AN A T 12
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Fermi, Gamow-teller, and mixed decays give

us sensitivity to scalar and tensor couplings

Fermi matrix element

140 K
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. (0r) ga 14585
Where P = WQ_IA; ﬁf—i ~ ].6
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What is CRES (Cyclotron Radiation
Emission Spectroscopy)?

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

Decay cell is a
waveqguide!
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Trapping betas in a magnetic bottle, in a

waveguide
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CRES signals

Spectrogram

Power (Arbitrary Units)
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What is CRES (Cyclotron Radiation

Emission Spectroscopy)?

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.

udd

R VA

2TM. (1+ K )

Mec?

electron
(o]
B
Uniform

Cyclotron magnetic field

motion

1) Take a 2) Fourier
wave during  analysis.
30 us
A
792
790) f(‘IUm S
P
R 3) Plot
peak
?(: frequency
0 1 .

2 3
fime(ms)

Initial frequency w, = ;T‘L% E
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What is CRES (Cyclotron Radiation

Emission Spectroscopy)?

1 n Measuring the kinetic energy of a beta, 1) Take a 2) Fourier

i wave during  analysis.

created in a nuclear decay, by 30 us

\ 3]

Relativistic Cyclotron Radiation Detection of Tritium Decay Electrons as a New
Technique for Measuring the Neutrino Mass

udd Benjamin Monreal - 3 | 3) Plot
n Department of Physics, University of California, Santa Barbara, CA" C“ o]

Joseph A. Formaggio ““0 frequency
Laboratory for Nuclear Secience and Department of Physics, > X
Massachusetts Institute of Technology, Cambridge MA fime(ms)
(Dated: November 1, 2018)

.

3

qB
The shape of the beta decay energy distribution is sensitive to the mass of the electron neutrino. uency we = m9 E
Attempts to measure the endpoint shape of tritium decay have so far seen no distortion from
the zero-mass form, thus placing an upper limit of m.z < 2.3 eV. Here we show that a new
type of electron energy spectroscopy could improve future measurements of this spectrum and
therefore of the neutrino mass. We propose to detect the coherent cyclotron radiation emitted by )
an energetic electron in a magnetic field. For mildly relativistic electrons, like those in tritiom A
decay, the relativistic shift of the cyclotron frequency allows us to extract the electron energy from H \
the emitted radiation. We present calculations for the energy resolution, noise limits, high-rate T \

measurement capability, and systematic errors expected in such an experiment.

electron
@

Introduction. Ever since Enrico Fermi's theory of field direction. Second, the electron emits coherent cy-
beta deeay [1], it has been known that the nentrino mass  clotron radiation [9] at frequency w = 27 f; for a wide ; 1
has an effect on the decay kinematics. Measurements range of parameters, the power emitted is large enough
have always suggested that this mass is very small, with to be detectable but not so large as to rapidly change \ {7
successive experiments giving upper limits [2][3]. most the electron’s energy. This radiation spectrum therefore
recently mug < 2.3 eV. The upcoming KATRIN tritium is sensitive to the electron energy, and its detection gives
experiment[4] anticipates having a sensitivity of 0.20 eV us a new form of non-destructive spectroscopy.

Cyclotro

'/

904.2860v1 [nucl-ex] 18 Apr 2009

sion cosmology [6], and it may reflect physies at the GUT
scale [7]; this provides a strong motivation to find a way

m Otl on at 90% confidence. Oscillation experiments, however, tell Ezxperimental concept. Consider the arrangement ) e ‘:‘:\‘,:
us with great confidence that the tritinm beta decay neu- shown in Fig. 1. A low-pressure supply of tritinm gas i Eo: -i ® - * e E-
trinos are an admixture of at least two mass states, at is stored in a uniform magnetic field generated by a ® j*io o 1® !' i®
least one of which has a nonzero mass, such that the effec- solenoid magnet. Tritium decay events release electrons i: E:i :i 3 ! : i: E:
tive mass must satisfy my, 5 > 0.005 eV under the normal with 0 < E < 18575 eV (and velocity 00 < 3 < 5, where o }.i ! elele
hierarchy or m, 5 > 0.05 eV in the inverted hierarchy [5]. Ao = 0.2625) in random directions # relative to the field ‘e j'{ 4 L O'IO
The neutrino mass is an important component of preci- vector. The electrons follow spiral paths with a velocity oo -

component v = feos(f) parallel to the magnetie field.
Each electron emits microwaves at frequency w and a




*He-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.
(°He, 1°Ne, [140 maybe later])

* Phase 1: Take ratio

 Phase 2: Extract b independently for each decay we study.
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°He Source: ’Li(d,’He)®He

107 |

; g
w
<
=

2 '"..lﬂ:—

@ -
2
o]
[v4
@

x 105:—

PR [N SN T T [N S TR UNN (T TR TN W NN RN T T N SN T
6 8 10 12 14 16 18
— ) M (0) Ite 8] Deuteron Energy [MeV]
lithium

10° |

target g
w
>
@

= 108 |

— — t -
— — @
2
m
©

T 107

P | ! gl

102 10%
Deuteron Current [nA]

A. Knecht et al., Nucl. Instrum. Methods Phys. Res., Sect. A 660, 43 (2011)
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19Ne Source: ?F(p,n)'°Ne
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Freguency - 17.9 GHz (MHz)

Freguency - 17.9 GHz (MHz)"

Analysis: Track and

(<100 keV)

Spectrogram
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Freguency - 17.9 GHz (MHz)

Freguency - 17.9 GHz (MHz)"

Analysis: Track and

(<100 keV)
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event reconstruction

Spectrogram . Sparse Spectrogram (SNR>6)
— a0 {10 — -
f_ : 3 § 855 — R
- x © 5 F A
- 3 O es0 R
s N ~ E ':.-.a.-'l.'; .t -. '. :
- e w} ek , At
— _,_...-F"I fuj_ = .-- ’ /‘ i )
=== —T -
= s laam-=-838.5 —
;_ 2 ___.-"“"'-_:_ = 836 — --'
- ot - Fundamental frequency -
— = + —
= 855 —  resolution = 36.62 kHz ~
) 1 1 A ! 1 1 | — |
oo W o, B > A85ev1leVat0.7T
, — (Corrected after talk)

. Track recoqstruction 8345 —
=10 . —
- LI N — T
e e v - — -
— N 834 —
— A Y —
= X —
i’—_ B 1 1 | 1 1 1 | | 1 1 1 | 1 1 1 |
_Z; o o 0.876 0.878 0.88 0.882 0.884
R : _ Time (s)
i -|. |-.: L 1 .'-.l. L ' L l L I L L L r L -.I . 828 E L - |-.: L L X _'-l' o F- L= ] - .I' - 1 1 . 1 " 1 - -f .-.I..
86 0.87 0.8 0.89 0.9 0.91 - .86 0.87 0.8 0.89 09 0.91 -

Time (s) Time (s)

09/01/2022



Kr Data and track reconstruction

Spectrogram Sparse Spectrogram (SNR>6) Start Frequency Spectrum
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Kr Data and EVENT reconstruction

Spectrogram Sparse Spectrogram (SNR>6) Start Frequency Spectrum
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Measuring a beta spectrum in pieces

Development
Simulations (each 10* counts) of the '"Ne -decay spectrum P

of a stable
1.0- 0.75T beta monitor
igSTT with SIPMs
0.81 15T s
1.75T 3
@
£ 06 20T
) 2.25T
2 25T
g 0.4 2.75T
3.0T
3.25T
0.2
0.0

1.0 1.5 2.0 2.5 3.0 3.5 4.0 45 5.0
E

mc?

1"Ne endpoint ~ 2.2 MeV
®He endpoint ~ 3.5 MeV
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Higher energies - higher slopes
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Higher energies - higher slopes
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Higher energies - higher slopes
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Higher energies - higher slopes
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Track slope is a measure of the true power loss of the beta.

We observed much higher slopes than expected

df [ dE
dt — E dt

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

Slope (MHz/ms)

10? 4
1 simulations.
1 | data

10! 4
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1071 4
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Total power radiated in a circular waveguide:

Pt = Preg + Pru
i npl2, J2 (P Re/a)

w3l
5— Re - e
(P2, —n?) /n2w? — (P, /a)?  Ji(Phn)
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i n\/n2w§ — (pum /a)? Jg(pnch/a,)
Pim J 2 (Prm)

Pry = ¢*we Re

n,m=1

Larmor power radiated in free space:
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wZp
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Experiment status

He6-CRES phases Recently demonstrated:

* 5 keV- 5 MeV capability of detection
Phase I: proof of principle * Measurements of S+ from 6He and 19Ne

Observe 8Kr lines * Study frequency dependent gain
Understand RF issues and spectrz /

Study power distribution 19Ne data at 2.00T!
Show detection of cycl. radiation from ¢He

-
n
o
o

Phase ll: first measurement (b < 10-3) 1000

6He and °Ne measurements. <«———— Started

800
Develop 0 source.

Frequency - 17.9 GHz (MHz)

600
Phase lllI: ultimate measurement (b < 104)

140 measurements. 400

ion-trap for no limitation from geometric effect.
200

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
Time (s)
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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
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The total power up to the Hth harmonic is

Pr = iZPTE +iZPTM
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Backup slide 4: Numerical simulations
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The total power up to the Hth harmonic is

Pr = iZPTE ‘l‘iZPTM
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