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A more appropriate title:
Chirality properties as a tool to

search for New Physics in nuclear
beta decay
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Charged weak current in SM only sensitive to L:
l/;eOMl/)v — @é V”Eb{/‘

Sorting this out took much effort
and ingenuity to come out of
confusing times
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From “The 7% solution”
article in

Surely you are joking, Mr.
Feynman!

May 2018

When | came back to the United States, | wanted to know
what the situation was with beta decay. | went to Professor
Wu's laboratory at Columbia, and she wasn't there,
spinning to the left in the beta decay, came out on the
right in some cases. Nothing fit anything. When | got back
to Caltech, | asked some of the experimenters what the
situation was with beta decay. | remember three guys,
Hans Jensen, Aaldert Wapstra, and Felix Boehm, sitting me
down on a little stool, and starting to tell me all these
facts: experimental results from other parts of the country,
and their own experimental results. Since | knew those
guys, and how careful they were, | paid more attention to
their results than to the others. Their results, alone, were
not so inconsistent; it was all the others plus theirs.

Finally they get all this stuff into me, and they say, "The
situation is so mixed up that even some of the things
they've established for years are being questioned - such
as the beta decay of the neutron is Sand T. It's so messed
up. Murray says it might even be Vand A."

| jump up from the stool and say, "Then | understand
EVVVVVERYTHING!"
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Modern context: Chirality-flipping as means of detection of new physics.

Small contribution that
could be detected with
precision experiments

Profumo, Ramsey-Musolf, Tulin
Phys. Rev. D 75, 075017 (2007)

Vos, Wilschut, Timmermans,
Rev. Mod. Phys. 87, 1483 (2015)

Bhattacharya et al.
Phys. Rev. D 94, 054508 (2016)
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Leptoquarks:

X: scalar; Y: Vector
Predicted by

Grand Unified Theories

Predicted by
Supersymmetric
Theories

Or maybe something not
considered so far...



Type of experiments that determined V-A structure have
been recently improved using ion and atom traps.

B — v correlation from 8Li
(Sternberg et al., Phys. Rev. Lett. 115, 182502 (2015))

f asymmetry from polarized 37K
(Fenker et al., Phys. Rev. Lett. 120, 062502 (2018))
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week ending

PRL 115, 182501 (2015) PHYSICAL REVIEW LETTERS 30 OCTOBER 2015

Limit on Tensor Currents from 2Li § Decay

M. G. Sternberg,"” R. Segel," N.D. Scielzo,”” G. Savard,"” J. A. Clark.” P.F. Bertone,” F. Buchinger,® M. Burkey,"”
S. Caldwell,"* A. Chaudhuri,>’ J. E. Crawford,” C. M. Deibel,*” J. Greene,” S. Gulick,® D. Lascar,*** A.F. Levand,’

From ANL

with ion trap
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model, the weak interaction is formulated with a purely vector-axial-vector (V-A)

subsequent a-particle b p of the *Be* daughter was measured. The results are consistent with a purely

V-A interaction and in the

se of couplings to right-handed neutrinos (Cy = —C%) limits the tensor

fraction to [[C;/C4l° < 0.011 (95.5% C.1.)] The measurement confirms the ®He result using a
different nuclear system and employing modern ion-trapping techniques subject to different systematic

uncertainties.
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B — v correlation from for A=8
The a’s can’t carry ang. momentum along their path,
2+ so only Mf=0:
8Li Mi Mf SM Clebsch
Correlation
+2 +2
2+ > ota +1
+1 +2
+1
8Be 0 1—cos@ 1/2
The f — v correlation is 0 +1
0 14 cos@ 00—
deduced from the 1
difference between the a’s 1 0 1 — cos O 1/2
kinetic energies 1
-2 w}
-2 -1 The non-flip transition
The effective correlation is then -2 does not contribute

1-— %cos 0 for the standard model /

1+ %cos 6 for purely tensor
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Ongoing improvements in production and delivery of

8Li/%B to BPT

TOF Mass
Selection

Isobar

Paul Trap
1

Large Bore
Magnet
LN cooled

target Beam Stop &

Variable Degrader

Beam from ATLAS

Thesis Defense - June 2015

Upgrades resulted in 10% increase in ion delivery to BPT

Gas target geometry
better matched to
reactions

New gas catcher
optimized to handle
lighter masses and
space-charge
issues

— measure 2B to study decay correlations + recoil-order terms

- revisit 8Li with 10% higher statistics

May 2018
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trapped ions surrounded by
DSSDs and plastic

DSSD

scintillators
Plastic

cintillator

————

lon trap used to hold A=8 nuclei.
o’s and ’s measured with streep Si

detectors.

Hit locations allow tracking back to
the emission point.

May 2018

i

Counts

Residual

|C+/C4]? < 0.011
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200 - (a) o/ ndf 164.3/ 166
000 - Prob 0.5223
= IC/C,F -0.0039 + 0.0042
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Spectrum from events with B and a
particles detected on the top and bottom
detector. (a) Energy difference along with
the fit to the simulated spectrum and the
normalized residual. The gray curve
shows the expected spectra for a pure T
interaction.
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B-decay correlations with laser-cooled 37K

* Measuring angular correlation parameters to < 0.1% are,
obviously, very challenging

* The TRIUMF Neutral Atom Trap (TRINAT) collaboration has
pioneered the use of MOTs with optical pumping to
provide a source of short-lived 37K which is very cold,
localized, and highly polarized
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From D. Melconian, J. Behr.



Polarization via optical pumping

. , Fenker, New J. Phys. 18, 073028 (2016)
* Fast, efficient, easy to reverse spin

* Photoions = clean fluorescence spectrum to monitor the polarization non-
destructively

10 4———
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e o)}
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time after MOT B_ . off [s]
= | {(Pnua) = 99.13(7)(5)%
stat syst

* 0.1% precision better than needed for Ag measurement
From D. Melconian, J. Behr.



The 3 asymmetry

e Use the super-ratio technique to minimize systematics:

1-S(Ee) _ r_(Ee)r+(Ee)
Aobs(Ee) = 1755,y Where S(Ee) = \/ o (Eors (Ee
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From D. Melconian, J. Behr.



Result of the asymmetry measurement
AR>S = —0.5707(13) 5y5¢(13)stat (5 pol

versus
ARM = —0.5706(7)
* 0.3% measurement in terms of, e.8., Vud
T o |
0.980 A Fenker PRL 120 062502 (2018) 35%1" g _
0.978 _:'n, Ot [+ 2 F
O 976 ‘ 21 <Vud)rﬂirror 1 -g C
o ] { L Na B g % C
B:j 0974 ;__::::E—::E—::_::E-::E-::E-Z-I;E-f-:E-: —— — —l— g, i ok . ;_
09724 I D -
0.970 ] BN e YK b
0.968 - (DNP16) ‘24A1 -
0 10 20 30 40

A of parent nucleus

* Next: analyze energy-dependence (Fierz, 2" class), then
improve precision (stats; bkgd, scattering) to reach 0.1%



V. Cirigliano et al. have established a connection between hep
and beta-decay observables via EFT.

Assuming only left-handed v’s:
(0

()
‘EC{?: - }i;ud(.l +@+@]
X By, (1= ys)ve- iy — (1~ 2 yoysld
+0(1 = ys) g ﬁ@—:_;]d

@Eﬂ'm,[l —¥s)ve-iwo*¥(1 — ys)d]+ H.c.,

From Bhattacharya et al.
Phys. Rev. D 94, 054508 (2016)
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Connection to LHC data via EFT calculations

Cirigliano et al.

framework at LHC energies
PPNP 71, 93 (2013)

® The effective couplings £« contribute
to the processpp =@ eV + X

differential

T

et
® No excess =
events in .
transverse mass
distribution:

bounds on &g

200 400 600 800 1000 12nn 14nn

m-r(Ge\l')
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LHC (I): contact interactions

® [f the new physics originates at scales A > TeV, then can use EFT

cumulative

‘,,T‘.cw‘”],.;y[”.,”.,i

IL‘-ID.' lm

JE=T7TeV - Dt
W —=av

mr = _’f J'r{ | — cos A”_:. )
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mt(GeV)
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Nuclear beta decay: beyond V-A?
We still like the parametrization of

Lee and Yang.

Standard Model Right-handed
Hy 4 = Z B 019y [(C + € &t 0y et + (€ — C) ER0; v E]
i=V,A

OF = yH i=V
g Ylys i=A

chirality flipping

Hgr = z Yr 0; Wl (C; + C;") eR 0" + (C; — C/) e 0,v.F]
i=S,T

May 2018 Fundamental symmetries and beta decay 17



Nuclear beta decay: beyond V-A?

But much progress in lattice evaluation
of the nucleon form factors, so we can
translate from one to the other:

Gr =
C‘E - By vud(‘f
(:y = “1“ ‘é‘EL‘LER]
Ca=—gakl +e;.—iex)
Cs = gs€s

Charge Value Ret.

ga  1.278(33) B3
gr  0.987(55) [32]
gs 1.02(11)  [24]

gp 349(9)  [24]

We still like the parametrization of
Lee and Yang.

From Gonzalez-Alonso et al.
arXiv:1803.08732v1

g;—d " RBC/UKQCD N, =2 + 1 (2010)
= LHPC N, =2+ 1 (2012)
8 5
=] B RQCD N, = 2(2014)
5 :
- PNDME Ny =2+ 1 + 1(2016)
® ETMC Ny = 2 (this work)
£ Goldstein (2014)
. B Fuyuto (2013)
CE; A Pitschmann (2014)
=)
é* a Radici (2015)
4, Kang (2015)
4 Anselmino (2013)

| PN B BT P |

02505075 1 1.25
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Precision beta decay versus others:

Can “precision” compete with “energy”?

Bhattacharya et al.
Phys. Rev. D 94, 054508 (2016)

F. Wauters et al.

004 — = PRC 89, 025501
(2014)
- /
"‘>: % 0.02F -
0

& S -+ Best limits now from LHC

I O \ PRD 94, 054508 (2016)

© 0.00
IS THIS THE END OF SEARCHING

haja<10° pion— FOR THIS PROBE OF

_O 02 FUNDAMENTAL PHYSICS?

0.0 0.2
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0.0
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Nuclear beta decay: Fierz interference and other correlations

Example for axial decay of unpolarized parent

Standard Model

Hy = ‘Tlfy“ySLIJO[(ZCA) e_LyﬂyS veL] 1 chirality flipping

P o™ W, |(Cr + Cr") eRayyvet + (Cr — Cr") 840y, v, ]

Decay rate: |

dw=dw,|1+a

May 2018

v

1 Ci+C'2
ar—o\1-—F7"7—
3 2 C

B-v correlation

b~ +(Cr+Cr')/Cy

Fierz interference

Fundamental symmetries and beta decay
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Recommendation from Vincenzo Cirigliano et al.

Do searches for Fierz interference with high sensitivity:
b<1073

Ce + Cc'
in(s s)
Cy
ber = £(Cr + C7')/Cy

May 2018 Fundamental symmetries and beta decay
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Best limits on scalar currents from 0t — 07 ft values

Hardy and Towner p.p T'm
PHYSICAL REVIEW C 91, 025501 (2015) dw = dwo l+g=. 21 p e
e 1% Ee
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Beta spectrometry to directly search for Fierz

e Scintillators

 Magnetic spectrometers

* RxB drift (PERC)

e Sidetectors (Nab)

* Implantation into scintillators (MSU)

e Gas chamber tracking (next talk: Rozpedzik)
e Cyclotron Radiation

May 2018 Fundamental symmetries and beta decay
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PHYSICAL REVIEW C 96, 042501(R) (2017)

First direct constraints on Fierz interference in free-neutron  decay
UCNA collaboration

-+ 3m -

SCs ) calibration port light guides
? [ decay volume T =

PMTs l %_
> PEANOOO®EOO®E®EE® 5
= A — 1 ——1 [
AT TR ® \ [ —
) J 7 ) |
scintillator magnet trap walls MWPC

foil endecaps shutter

UCN guide T

FIG. 1. Schematic diagram of the UCNA spectrometer.
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UCNA collaboration

; h" — (0.067 + {].ﬂﬂsslut-‘—_ﬂ{}:ﬁﬂs

~8 % accuracy over ~1 MeV
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Liquid Nitrogen

Magnetic spectrometer
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N
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Si(Li) Detector

L. D. Knutson et al.
Rev. Sci. Instr. 82, 073302 (2011)
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P. A. Voytas et al.
Phys. Rev. C 92, 065502 (2015)
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E. A. George et al.
Phys. Rev. C 90, 065501 (2014)
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G. W. Severin et al.
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FIG. 1. (Color online) Schematic diagram of the superconducting beta spectrometer.
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Magnetic spectrometer

. 3000 ——r— ' A B S L L
produced at Madison @ | 10A
2000 |- - ‘ 3
140 spectrum awl. X :

E. A. George et al. [ ) |< <5

Phys. Rev. C 90, 065501 (2014) g o i
§ [T
6Ga spectrum : : ,
G. W. Severin et al. T ]
Phys. Rev. C 89, 057302 (2014) ] S
- ‘.- ﬁ%ﬂ.‘% :.
0 . R R T‘-"‘Mﬂh. | T .#W .'h__
0 100 200 300 400

Channel Number

FIG. 6. (Color online) Accumulated Si(Li) spectra for all data
taken at two spectrometer currents. Panel (a) shows the 10 A data

~ 1 % dCCuracy over which correspond to about 2.9 x 10'" decays, while the 16 A data in
anel (b) correspond to 3.1 x 10" decays.
few MeV’s e
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Neutron decay:

RXB spectrometer in combination with
PERC at TU Wien, Vienna

X. Wang, G.Konrad, H.Abele
NIM A 701, 254 (2013)

PERC: Proton and Electron Radiation Channel
Magnetic system to transport large numbers
of betas and protons from neutron beta
decay for spectroscopy.

Beta drift in y direction \prop p,

}

Lr’

Detector —>

ddy
J‘f

v
v
Last Coil of : . -
PERC Tilted Gmlﬁ—’*:
v &

. ‘*‘_

AN

B—

—

| erpt-beam Aperture

‘I‘i’

Fif

Fiz. 5. The design of the R = B drift spectrometer at the end of PERC, and the
simulated trajectories of e [p".
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The measurement of neutron beta decay
observables with the Nab spectrometer

The physics goal of Nab is:

Determination of A = g, /gy, the ratio of the standard model coupling constants in semileptonic weak

interactions

Test of the unitarity of the Cabbibo-Kobayashi-Maskawa matrix

Search for novel interactions that manifest themselves as scalar and tensor interactions at low energies.

UCNA (2017) —
B\

aCORN (2017) I

PERKEO II (2013)
|

UCNA (2013) ( aﬂ )

UCNA (2010) (—=—)

AA/A = 0.03%

(Nab goal)

Byrne (2002) |
)

i

My average:
A=-1.2756(11)

PERKEO 11 (1997) /(=)

PERKEO II (2002)

~——— Mostovoi (2001)

Yerozolimskii (1997)

T Liaud (1997)
" PERKEO (1986)
Stratowa (1978) }
~130  -128  -126  —1.24

A= ga/9y

0.976

0.974

©
<’ 0972

0.97

0.968

; (}\ KI3 tau
neutron (A,
(Nz=2+1+1) —~hadrons|
TStorage) +
. A
o0t | | KI2
| |
mirror
nuclei
| neutron (A,
rBeam)

For neutron data to be competitive, want:
At, /1, ~0.3 s (and resolve discrepancy)

AA/A ~0.

03%
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Idea of Nab @ SNS

n e Nab @ Fundamental Neutron Physics Beamline (FNPB) @

p

m
dl' < o(E,) (1 + a&cos 0., + b—e>
Ee Ee

Kinematics in Infinite Nuclear Mass
Approximation:

* Energy Conservation:
E, = Ee,max —E,
* Momentum Conservation:
Pj = pé + Py + 2pepy cOs Oy,

(pp 1s inferred from proton time-of-flight)

‘ — ‘ O Spallation Neutron Source (SNS)

Multipixel Si
detectors for
decay electrons
and protons

Cold Neutron
Beam from left

General Idea: J.D. Bowman, Journ. Res. NIST 110, 40 (2005)
Original configuration: D. Poc¢anié et al., NIM A 611, 211 (2009)
Asymmetric configuration: S. Bael3ler et al., J. Phys. G 41, 114003 (2014)
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Status of Nab

After long delays, the custom-built spectrometer magnet has been

tested successfully at the manufacturer and is now at beamline.
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Commissioning and data taking is expected to start in late 2018. 31



Selection of Sensitive Transitions to b

6 20

‘He o F
—— 806.9 ms 0. T=0 M2s

> ____a_+_d. M. Gonzalez-Alonso and O. N.-C
1.6x10% 99.99% . 1.63 MeV Phys. Rev. C 94 (2016) 035503
Eg = 3505 keV Ep = 5392 keV
100% 2.9 1*: T=0 29 0% T1=0
671 * 20

» Effects of induced weak currents are well under control and serve as

sensitivity test of the experimental technique.
Active detector

- Implement a calorimetric technique °He source
using a radioactive beam, which o
eliminates the effect of electron
backscattering on detectors. [\

F &: MICHIGAN STATE Range of B3 particles

@(:L UNIYERSITY O. Naviliat-Cuncic: naviliat@nscl.msu.edu 32




Measurement with °He

®He beam: 46 MeV/nucleon after degrader

Detectors:
5He
—> - Csl(Na) (2"x2"x5")
- Nal(Tl) (@3"x3")
Csl(Na) « (@1"x1") Csl(Na)
Al degrader Nal(Tl) « (@1"x1") Nal(TI)

Csl-run145-segs:0,1,2-Ew:1000-5000

Background subtracted spectrum

n o
o =]
o o]
(=] |

Counts/bin

4000
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2000

1000

SE P2 P N ] A BN ICO (.t S0 14 | N e PO e O e ke ke
BB 1000 2000 3000 4000 5000 6000 7000
prprtrrrrrrvrrteerrirrprtrarriunrgg ||?|I||||||| Absorbedener (Chan}
34586 7 8 9 10 11 12 i

Time (s)

& & MICHIGAN STATE
© LUNI
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Data analysis and status (°He)

Counts/bin

5, o I (RN | |
L 2000

4000

Electron energy (ADC chan)

6000

8000

10000

12000

 Analysis of spectra by a Monte-Carlo fit.

» Systematic effects associated with difference in
Geant-4 for the description of Bremsstrahlung
escape has been studied in detail: x. Huyan et al., NIMA
879 (2018) 134

« Calibration and non-linearity effects have been

studied by Monte-Carlo: x. Huyan et al., Acta Phys. Pol. B 49
(2018) 249

* The “classical” radiative correction of the 3 particle
energy requires special consideration for a
calorimetric technique: X. Huyan et al., in preparation

* For each of the two large sets of collected data, the experiment has reached a
statistical precision of:

* 6% on the Weak Magnetism form factor
«2.6%103 on the Fierz term

] & MICHIGAN STATE
@ UNIVERSITY

O. Naviliat-Cuncic: naviliat@nscl.msu.edu 34



Measurement with <9F

2020

2010 |

* During the data analysis, we have reported a
new value of the 2°F half-life.

Year of publication

1960 t

* The value is at variance by 17 standard 2020
deviations from the literature value and adds
new tension to the current data set.

Year of publication

* M. Huges et al., [arxiv:1805.05800] accepted for publication in PRC.

1960 t

" UNTY ERS T TY O. Naviliat-Cuncic: naviliat@nscl.msu.edu

& MICHIGAN STATE
NSCL

« 20F pbeam: 132 MeV/nucleon before implantation

» Detectors: (2"x2°x4”) Csl(Na) for implantation and 3
detection; 4 (3"x3"x3”) Csl(Na) for vy ray.

 Data analysis proceeds similarly to ®He. The Monte-
Carlo of summing effects and the cuts on spectra
are more complicated due to the vy ray.

2000 [
1990 -
1980 -
1970

Yul

Ito e

Min——

Alb =
Wil——

u Wan

o Gen

\ el

Mal |

2010 |
2000
1990
1980 -
1970

Yul

This Work

Min

Alb

i

| \Wan

Gen
Gli

Mal |

——

10.5

11.0
Half-life (s)

11.5

35



New idea: CRES technique

|&d Selected for a Viewpoint in Physics el
PRL 114, 162501 (2015) PHYSICAL REVIEW LETTERS 24 APRIL. 2015

E

Single-Electron Detection and Spectroscopy via Relativistic Cyclotron Radiation

D.M. Asner,' R. F. Bradley,” L. de Viveiros.” P.J. Doe.! J. L. Fernandes,' M. Fertl,* E.C. Finn,' J. A. Formaggio.”
D. Furse,” A.M. Jones.! J.N. Kofron," B. H. LaRoque.’ M. Leber,” E. L. McBride,* M. L. Miller,* P. Mohanmurthy,”
B. Monreal,” N. S. Oblath,” R. G. H. Robertson,® L.J Rosenberg,” G. Rybka, D. Rysewyk.” M. G. Stemberg,”
1.R. Tedeschi,' T. Thimmler,” B. A. VanDevender,' and N. L. Woods®

(Project 8 Collaboration)

Frequency (GHz)

256 254 252 25.0 24.8
oo | I [ T " " |
600
. . 0.25
Project 8 collaboration gets

et
n
(=]

IIIIIIII]|I[II|IIII|IIII|IIII

FWHM/E ~10-3 resolution
for conversion electrons of
18-32 keV.

Counts per second per 40 eV
(=]
o

o R P
301 302 303 304 305

Can the technique be applied to a
beta continuum with Ez=0-4 MeV ? 16 18 20 22 24 2 28 30 32 34

Reconstructed energy (keV)
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New idea: CRES technique

Project 8 in a nutshell

Looking at Tritium decay to get v mass.
Electrons emitted in an RF guide within
an axial B field. Antenna at end detects
cyclotron radiation.

Signal

Pre-amplifier

Waveguide

Superconducting
magnet

Krypton

Magnetic field

Electrons of ~ 30 keV from a gaseous
source were let to decay withina 1
Tesla field with additional coils to set
up a magnetic trap:

B 4

z

I il

YN

Longitudinal comp. of momentum
decreases as B increases up to
return point, z,,,. Axial
oscillations with w,.

May 2018 Fundamental symmetries and beta decay
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New idea: CRES technique

Some details

Motion can be thought off as
cyclotron orbits, axial oscillations
and magnetron motion.

Wip » Wiz « Wmag —

~1:4%x1073:2x107°

Electrons of ~ 30 keV from a gaseous
source were let to decay withina 1
tesla field with an additional pair of
coils to set up a magnetic trap:

B 4

z

1

VN

Longitudinal comp. of momentum
decreases as B increases up to
return point, z,,,. Axial
oscillations with w,.
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New idea: CRES technique

Project 8 in a nutshell

Looking at Tritium decay to get v mass.
Electrons emitted in an RF guide within
an axial B field. Antenna at end detects
cyclotron radiation.

Signal

Pre-amplifier

Waveguide

Superconducting
magnet

Krypton

Magnetic field

Advantage

Electrons hitting walls
quickly (<1 ns) loose energy
and disappear.

No signal from these

Orbits touching walls
can't escape: events
quickly disappear

For the same reason:
background radiation hitting
walls does not generate signals.

May 2018 Fundamental symmetries and beta decay
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Project-8 data

25
792

790

Power from a single
electron orbitingin a
magnetic field versus time
and the frequency of the
electron’s orbit. The
straight streaks
correspond to the electron
losing energy (and orbiting
faster) as it radiates. The
jumps correspond to the
loss of energy when the
electron collides with an
atom or molecule.

S [Asner et al. [PRL 114,
162501]

N
o

~
©
o'

~J

(e}

8}
—
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fo's]

g
.y
o

Signal-to-noise ratio (linear)

~
o
N

Frequency - 24 GHz (MHz)

780

778
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Emerging ®He little-b collaboration

W. Byron', M. Fertl!, A. Garcia', G. Garvey', B. Graner!, M. Guigue*, D.
Hertzog', K.S. Khaw', P. Kammel', A. Leredde?, P. Mueller?, N. Oblath?,
R.G.H. Robertson', G. Rybka', G. Savard?, D. Stancil®, H.E. Swanson', B.A.
Vandeevender*, F. Wietfeldt®, A. Young?

'University of Washington,

2Argonne National Lab,

3North Carolina State University,
4Pacific Northwest National Laboratory
STulane University

 Goals:
— measure “little b” to better than 10-3 in ®He.
— Highest sensitivity to tensor couplings

 Technique

— Use Cyclotron Radiation Emission Spectroscopy.
Similar to Project 8 setup for tritium decay.

— Need to extend the technique to higher energy betas
and to a precision determination of a continuum
spectrum.
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Advantages of the CRES technique

May 2018

Measures beta energy at creation,
before complicated energy-loss
mechanisms.

High resolution allows debugging of
systematic uncertainties.

Room photon or e scattering does not
yield background.

6He in gaseous form works well with
the technique.

6He ion-trap (shown by others to
work) allows sensitivity higher than

any other proposed.

Counts needed not a big demand on

1) Take a wave
during 30 ps.

2) Fourier analysis.

792

\

790

\t(1 0" Sy/

\\

~
0
[e5]

e

\I
0]
)]

~
o4

£-24 GHz(MHz)

running time.

Time bins ~ 30 us.

3) Plot peak
X frequency.
Ar — =
fime(ms)
B
Initial frequency 2 E w = q?
42
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®He source at Seattle

1019 ®He/s in clean lab

H “Hbeamn . in a stable fashion.
0.5- m|I

Ta foil

Temp.
monitor

heater

“Statistics for searching for new physics”, compare decay
densities to neutron sources:
UCN: 103 UCN/cc = =~ 1 (decay/s)/cc
CN: 10 CN/scm2 =2 x 10° CN/cc =200 (decay/s)/cc
SHe: =~ 2 X 10° (decay/s)/cc

Important for using CRES technique in an RF guide.
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We have put together a collaboration.
Now kick-started by DOE and UW funds.

Phase I: proof of principle
2 GHz bandwidth.
Show detection of cycl. radiation from 6He.
Study power distribution.

—

N

Phase Il: first measurement (b < 103)
6 GHz bandwidth.
6He and 19Ne measurements.

Phase lll: ultimate measurement (b < 10%)

ion-trap for no limitation from geometric effect.

May 2018 Fundamental symmetries and beta decay

Mission for
next three
years
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°He little-b measurement at Seattle

Frequency band: f=18-24 GHz.
cylindrical Monte Carlo simulation of observation in

uide : Few days of runnin
g=1 12 cm WR42 guide circulator y 8
BZ
= L
M LNA1 LNAZ2
x10°
% 10 __ —B=1T
3 L
8
Stage Rate (1/s) C
Incoming atoms 2 % 10° 6:_
Decays within trap 1 x 108 a—
Trapped betas 3 x 10* C
Trapped betas (not hitting walls) 15102 g
Events observed within frequency window 1x 103 o~ L 4 L —+- - L .
K/im
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®He little-b measurement at Seattle

Monte Carlo simulation of observation in
Few days of running

X

—_—

[==]
™

—B=1T

10

dN/dE

I|IIIIIII|III|III|I

Extracting little b vs. B field

Few days of running each point
(assumed b, = 0.01)

—e—
re
Fe
Trr
e |
e
—e—
I

i —
RN RN R RA R A EEENRRRNRAN
e

o
N
:
o
A
X
.
i
.
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®He little-b measurement at Seattle

Obvious worry: efficiency depends on energy.

Smallest orbit 2 tesla
Largest orbit at 2 tesla \

Orbits with centroids
in this area vyield
collisions with walls

guide inside

walls
Orbits centers in

this area are
allowed.

Cross sectional view of guide with
electron orbit. For this radius there
is a dead region shown by the white
frame on the blue area.

Since blue area depends on energy
there is a systematic distortion of
the spectrum

Can be studied by varying the B
field.

Fundamental symmetries and beta decay
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®He little-b measurement at Seattle

Obvious worry: efficiency depends on energy.
Can study by varying B field.

Monte Carlo simulation of observation in Radii vs. B field
Few days of running

=
[==]
™

Can use this to check geometric effect

i —B=1T

dN/dE

||II.||III|III|III|IX

TTT |l||||IllllllllllllIIIllIIIIIIIIllI

—B=AT
—B=2T
—B=4T
—B=6T
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®He little-b measurement at Seattle
Check on signature by measuring 0O and °Ne:

Both 140 and °Ne can be
produced in similar
quantities as ®He at CENPA.

140 as CO (T¢ ey = 68 K)
Previous work at Louvain
and TRIUMF.

dN/dE

Ne source developed at
Princeton appropriate.
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Potential reach (Monte Carlo simulations)

Phase IlI:
Future development,
couple to anion trap

Effect Ab '
No trap Ion trap
Magnetic field uncertainties 10~* <107*
IWall effect uncertainties i
RF pickup uncertainties T 107
Misidentification of events 10-* 5% 107°
| 1 1 | 1 /
0.004 Phase Il
&)
=
O
T 0.000
<)
-0.004 i
1 I I I 1
-0.004 0.00 -0.004
[CT_CIT]/CA
May 2018

0.004

+C ,]/CA

O 000

[C

-0.004
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Applications: coupling CRES with radioactive ion

trap.
Benchmarks for nuclear structure and 23 decays

0.006

0.005
0.004 =
0003}

0.002
0.001

2 decays depend on (g4)*: can one 5

determine g, versus A?

Suhonen et al. suggest extracting g, using
forbidden decays (PRC 96, 024317 (2017)).

CRES technique coupled to an ion trap with
FRIB would allow for systematically 0.01]
measuring a broad range of spectra.

May 2018

0.007
0.006

0.002

Intensity (arb. units)

0.012

0.001

0.008 -
0.006
0.004 -
0.002 |-

JOEL KOSTENSALO AND JOUNI SUHONEN

Nb(61) — %Mo(4)

-~

50 100 150 200 250 300 350 400 450 500
9BTe(6*) — %8Ru(4")

0.005F “sax
0.004k.._ °
0.003 -

-

0

50 100 150 200 250 300 350400

12650(0*) — 1265b(2")

-

(c)

L

50 100 150 200 250
Electron kinetic energy (keV)

FIG. 2. Same as Fig. 1 but for the second-forbidden nonunique
decays of “Nb [panel (a)]. e [panel (b)], and 126G [panel (¢)].
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Is theory on good grounds?
e Cirigliano-Gupta et al. organizing a workshop at Amherst
on neutron and nuclear beta decay

e Gazit-Phillips-et al. proposing workshop at ECT*

May 2018 Fundamental symmetries and beta decay
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Is theory on good grounds?
e Cirigliano-Gupta et al. organizing a workshop at Amherst
on neutron and nuclear beta decay

e Gazit-Phillips-et al. proposing workshop at ECT*

REVIEWS OF MODERN PHYSICS, VOLUME 90, JANUARY-MARCH 2018

High precision analytical description of the allowed
p spectrum shape

Leendert Hayen' and Nathal Severijns

Instituut voor Kem-en Stralingsfysica, KU Leuven, Celestijnenlaan 200D,
B-3001 Leuven, Belgium

Kazimierz Bodek and Dagmara Rozpedzik
Marian Smoluchowski Institute of Physics, Jagiellonian University, 30-348 Cracow, Poland

Xavier Mougeot
CEA, LIST, Laboratoire National Henri Becquerel, F-91191 Gif-sur-Yvette, France
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Conclusions

* Trapping techniques applied to nuclear beta decay have
vielded fruits recently.

* Most sensitive way forward seems Fierz interference.
* Direct effect on shape of beta spectra. Difficult to
measure without distortions. Many techniques being

pursued.

e (Calculating SM contributions to allow most sensitive
searches is non trivial. Work under way.
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End
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Gonzalez-Alonso, Naviliat-
Cuncic, Severijns
hep-ph 1803.08732
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H sl | T
®He little-» measurement at s
Seattle ~om R. 000
e -
| ——
Goal: measure “little b” to 103 or better in 8_
e ol B ———
Stats not a problem. G?.,.=

-l]["

Starting construction
during summer 2018.

{

s

K

Decay volume

\
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6He nuclear structure issues to reach b < 1073

19Ne?
. . o ) 1407
Recoil order corrections and the SM contribution to little b !
o - Dominant factor in recoil-order correction is
e interference between WM and GT:
| R(E) 2m(WM)< E E, m)
T 3M (o) m m E
d e ~ 1073
A 4

Factor determined to ~ 2% by connection to y decay of
analogue in 6Li.

Radiative corrections

-
=
&

Model-independent Sirlin factor.

1+o g(K)/2n
Q
[l
(2]

-
=}
R

1.015F

Other nuclear-structure issues?
Need to be explored to reach beyond b < 1073

1.01F

1.005F
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Other worries: DAQ.

To register it all, need to take about 79:
1 byte at 5 GHz.

790

5788

About 1 Peta-byte/day !! 2 750

§784

By triggering and recording only < 782

within a Af of interest one can 780

decrease it to 1 Tera-byte/day. 77

It is a concern of the Project 8
collaboration, who are working on
addressing this (gpu’s for FFT’s,
analysis with PNNL computers, etc...)
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Other worries:

* |dentify initial frequency?
Make sure event starts within
observation window.

f24 GHz(MHz)

* Dependence on magnetic-field in-

homogeneities? qB AN
W, =— )
Cc E 770 1 2 ] S

Good expertise in team on shimming fime{ms|
B fields

o 300

g

8 250

* RF power variations with E:
efficiency dependency?

200
150
100

50

IIIIIIIII|II|]|IIII|IIIIlllll

Power [fW]
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Other worries: “Doppler effect” and
power into sidebands.

The wave generated by the electron
is:
ei(.BZ_w )

The amplifier observes a frequency:
w+ fz0/w

“Doppler effect” depends on axial
speed of the electron.

Since the electron is oscillating, this
leads to frequency modulation.

Part of the power goes to sidebands.

f-24 GHz(MHz)

Pt
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