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Overview

1. Introduction

@ | think we all know why we want to test the SM. ..
@ One precision frontier: correlation parameters of 3 decay

2. lon Traps

® LPC Trap
#® Beta-decay Paul Trap
® TAMUTRAP

3. Neutral Atom Traps

# CENPA/ANL
@ TRINAT

4. Elegant vs. brute-force tests
@ very short summary
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Overview

1. Introduction

@ | think we all know why we want to test the SM. ..
@ One precision frontier: correlation parameters of 3 decay

2. lon Traps

® LPC Trap = already covered
#® Beta-decay Paul Trap
# TAMUTRAP

3. Neutral Atom Traps

# CENPA/ANL
@ TRINAT

4. Elegant vs. brute-force tests
@ very short summary [thanks Oscarl]
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1. Introduction
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# One precision frontier: correlation parameters of 3
decay

2. lon Traps
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@ Beta-decay Paul Trap

® TAMUTRAP
3. Neutral Atom Traps

# CENPA/ANL
@ TRINAT

4. Elegant vs. brute-force tests
#® very short summary
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How (3-decay can test the SM?

#® Begin by looking at the rate for 5 decay

dW  G%|Vual?

2
B, = (2myp PePeldo — Ee)
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How (3-decay can test the SM?

#® Begin by looking at the rate for 5 decay

basic decay rate

AW G2 |Vial?
dE,  (2m)5

~

peEe(Ao _ Ee)2
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How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
5 "2 > o — =
— el’e o  LIJe v
dE.dQ.dSY,, (27)5 B E, E.
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How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic dggay rate B—v correlation  Fierz term
s N -~ - ~ —N—
5 2 2 - =
d W — GF|VUd| E (A ) )25 1 A Pe * Pre i brme
dE.d.dS,, (27)5 Mo e VE.E, E.
scalar vector
-~ eo—"
0;‘ D .
wa = ZlOsP—loyP L. oV
Br = TICsPHICL]? Pv = 1Cv2+|CL 2
2 /|2 2 /|2
05y = IOV +ICUP — CsP = |CY
y =
ICv[? + [CY |2 + [Cs[? + |C?
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How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
5 rGQ 9 o —T =
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0;‘ D .
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2 /12 2 /12
S e o [ e
vV — o
ICv[? +|Cy|* + |Cs]* + | C)?
CYCLOTRO IUTE High Sensitivity Expts Beyond the SM -2

Dan Melconian m

TEXAS A&M RSITY Au95 2016



How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
PW CEVea? (e T
= E. (A, — F 1 < b
IE.d0.d0,  (2myp Lol SE\ L ap s+ b
_ v+ ICY12 = 1Cs|® — |Cg? 199

apgy —
POV R+ |CL 2+ |Cs2 + |CL?

This correlation is quadratic in the couplings. .. not as sensitive as the
Fierz parameter, which is linear:

_ —2Re(CECy + CECY)) _ 077
Cv? +|Cy[? + [Cs]? + | Cg[?

br

see Gonzalez-Alonso and Naviliat-Cunéié, arXiv:1607.08347!
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How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
PW CEIVea? (T e T
= E.(A, — F 1 . b
IE.d0.d0,  (2myp Lol SE\LF ap s+ b

— —

3 e 1% _)ex_)y
n <>-[Aﬁp—+Byp—+Dp i ] +>

I E. . E,,J . E.E, )
V TV TV
£ asym v asym T—violating
61/,2’
Pv
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How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
W GVl ol pbe  Tme
= E. (A, — FE 1 = b
IE.d0.d0,  (2myp Lol SE\LF ap s+ b

<> X 7,
Yol A B, pP
i BE+ E,,+ EE *

£ asym v asym T- Vlolatmg

0y Ag = —2p [(l—af;y) 3(14+a7) P(l—yQ)]

1+p 5(14+y2) 5(1+y?)
. where z ~ (M /Mg)> — ¢
and y =~ (Mr/MRg)* + ¢

are right-handed current parameters
that are zero in the SM,

andpz%
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How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
W GVl ol pbe  Tme
= E. (A, — FE 1 = b
IE.d0.d0,  (2myp Lol SE\LF ap s+ b

B-decay parameters depend on the currents mediating the
weak interaction
= sensitive to new physics <«

5(1+y2)  5(1+y2)
. where z ~ (M /Mg)> — ¢
and y =~ (Mr/MRg)* + ¢

are right-handed current parameters
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andpz%

0y Ag = —2p (1—2v) 3(14+a7) P(l—yQ)]

CYCLOTRO | UTE High Sensitivity Expts Beyond the SM -2

Dan Melconian ||
AlM TEXAS A& RSITY Au95,2016




How (3-decay can test the SM?

@ Expand to the often-quoted angular distribution of the decay:
(Jackson, Treiman and Wyld, Phys Rev 106 and Nucl Phys 4, 1957)

basic decay rate B—v correlation  Fierz term
PW CEIVea? (T e T
= E.(A, — F 14+ agy = b
IE.d0.d0,  (2myp Lol SE\LF ap s+ b

B-decay parameters depend on the currents mediating the
weak interaction
= sensitive to new physics <«

o /3(+a?) )

- 0. . A 20 /1 p(1—y?)
\r )

Goal must be < 0.1% to complement LHC

Naviliat-Cungié and Gonzalez-Alonso, Ann. Phys. 525, 600 (2013)
Cirigliano, Gonzalez-Alonso and Graesser, JHEP 1302, 046 (2013)

Vos, Wilschut and Timmermans, RMP 87, 1483 (2015)
— e A= e ’
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How to acheive our goal?

“\\.\‘\%g #® perform a [ decay experiment on

‘UI N = .
\\m/%; short-lived isotopes
(&
W
1%

Precoil

CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM -3
TEXAS A&M UN E TY

RS Aug 5, 2016

& v

Dan Melconian m




How to acheive our goal?

1

“\\\‘\% #® perform a [ decay experiment on
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\\%/%; short-lived isotopes
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® make a precision measurement of
the angular correlation parameters

Precoil
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How to acheive our goal?

#® perform a [ decay experiment on
short-lived isotopes

® make a precision measurement of
the angular correlation parameters

# compare the SM predictions to obser-
vations

Precoil
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How to acheive our goal?

#® perform a [ decay experiment on
short-lived isotopes

® make a precision measurement of
the angular correlation parameters

# compare the SM predictions to obser-
vations

® look for deviations as an indication of
new physics

Precoil
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How to acheive our goal?
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Overview

1. Introduction
# | think we all know why we want to test the SM. ..
@ One precision frontier: correlation parameters of 5 decay

2. lon traps

#
#® Beta-Decay Paul Trap
# TAMUTRAP

3. Neutral Atom Traps
® CENPA/ANL
® TRINAT

4. Elegant vs. brute-force tests
#® very short summary
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The Beta-decay Paul Trap (BPT) @ ANL

Incoming muon 1‘\ Trap frrame\
JILRRRRRINERRRRRR ARRRN

T T T

@ |ons confined with electric fields @ Large (~ 30%) solid angle for

(RF radially, DC axiaIIy) detectors
#® lons cooled with buffer gas @ Currently DSSSD + scintilla-
(~ 10~° Torr) tors; past used MCPs and
# Up to 10° ions stored in trap HPGes
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8Li/3B in the BPT

trapped ions surrounded by

Q=18 MeV DSSDs and plastic scintillators
Q=16 MeV 770 ms
DSSD Plastic
\scintillator
€. /

#® Nearly pure Gamow-Teller & sensitive to A, T
® MeV charged particles = easier to measure
#® Large kinematic shifts on 1.5 MeV «o’s (£400 keV)

® 3x enhancement using 3 — v — « correlation
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BPT Results

8B > 8Be* + B* + v, SLi > 8Be*+p +v,

Top-bottom o particle ensrgy diffarence (B particle top) =
- 1200— a) »*/ ndf 164.3 /166
800 1000__ Prob 0.5223
700E- ” = IC/C,F -0.0039 + 0.0042
= = 800—
s00— = =
= =] i
e S 600-
400 400—
aco— 200—
200— E L .
- i 4 T ] 1 T T
o0 T I ————
= = 00 0 ol T 09 WPa 9ot 0t e e
B N s S A0k, S S i o oK N L e il Lttt
Energy [keV] & 4, ; ; ;
E=Eun =00 =200 0 200 300

o Energy Difference (keV)

Sternberg et al., PRL 115, 182501 (2015)

#® Mature program with ag,, measured to 0.4% in 8L
# Similar stats for 8B collected

® “0.1% within sight...”
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TAMUTRAP: T = 2 Superallowed Decays

0, T=2

|

B Stable

— O 7=1

(] T7=2
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TAMUTRAP: T = 2 Superallowed Decays

0, T=2
/ +
0F, T=2
ﬁ év
A
Z B Stable
= m r-1
(] 7=2
r
N
® (0 — v correlations
® model-dependence of §- calcs seem to dependon T ...
#® new cases for V4 (?)
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TAMUTRAP: T = 2 Superallowed Decays

0t, T=2
[ ]
//Jr 44Cr
0+, T=2 407T;
y : ” minimal nuclear
p v Pure Fermi decay” < al nuciea
structure effects

Decay rate is simply given by:

vector 5
S B 2 Pe - Pv Fme)
?/’/;0 7 peEe(AO Ee) 5(1 + CLBV EeEl/ T bF Ee
scalar
o
\
& -

® | 0 — v correlations

® model-dependence of §- calcs seem to dependon T ...
® new cases for V4 (?)
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B — v correlation from 32 Ar

VOLUME 83, NUMBER 7 PHYSICAL REVIEW LETTERS

16 AuGusT 1999

Positron-Neutrino Correlation in the 0 — 0% Decay of >?Ar

E.G. Adelberger,1 C. Ortiz,? A. Garcia,? H.E. Swanson,! M. Beck,! O. Tengblad,3 M.J.G. Borge,3 I. Martel,*

H. Bichsel,! and the ISOLDE Collaboration®

'Department of Physics, University of Washington, Seattle, Washington 98195-1560
2Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556
3 Instituto de Estructura de la Materia, CSIC, E-28006 Madrid, Spain

4EP Division, CERN, Geneva, Switzerland CH-1211

(Received 24 February 1999)

The positron-neutrino correlation in the 07 — 07 B decay of *>Ar was measured at ISOLDE by
analyzing the effect of lepton recoil on the shape of the narrow proton group following the superallowed
decay. Our result is consistent with the standard model prediction. For vanishing Fierz interference we
find a = 0.9989 £ 0.0052 = 0.0039, which yields improved constraints on scalar weak interactions.

Doppler shape of delayed proton
depends on p. - p,!

vector
"
scalar

R
\
‘\
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B — v correlation from 32 Ar

VOLUME 83, NUMBER 7 PHYSICAL REVIEW LETTERS 16 AucusTt 1999

Positron-Neutrino Correlation in the 0 — 0% Decay of >?Ar

E.G. Adelberger,1 C. Ortiz,? A. Garcia,? H.E. Swanson,! M. Beck,! O. Tengblad,3 M.J.G. Borge,3 I. Martel,*

H. Bichsel,! and the ISOLDE Collaboration®
'Department of Physics, University of Washington, Seattle, Washington 98195-1560
2Department of Physics, University of Notre Dame, Notre Dame, Indiana 46556
3 Instituto de Estructura de la Materia, CSIC, E-28006 Madrid, Spain

4EP Division, CERN, Geneva, Switzerland CH-1211
(Received 24 February 1999)

The positron-neutrino correlation in the 07 —
analyzing the effect of lepton recoil on the shape of
decay. Our result is consistent with the standard m
find a = 0.9989 = 0.0052 *= 0.0039, which yields

Doppler shape of delayed proton
depends on p. - p,!

vector
e
scalar )
(\.*./ o"‘
'|="'|""|""|""|""|""|
\ 3.340 3.345 3.350 3.355 3.360 3.365 3.370
‘\ Proton energy [MeV]
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B — v correlation from 32 Ar

X/or T 02 NTrmanen 7 PHYSICAL REVIEW LETTERS 16 AuGusT 1999
-on-Neutrino Correlation in the 0 — 0% Decay of >?Ar
p e
B =3.5T | rtiz,” A. Garcia,” H. E. Swanson,! M. Beck,! O. Tengblad,®> M. J. G. Borge,® 1. Martel,*
" —_— H. Bichsel,! and the ISOLDE Collaboration*
Ar 3 et ‘ment of Physics, University of Washington, Seattle, Washington 98195-1560

wrtment of Physics, University of Notre Dame, Notre Dame, Indiana 46556
— ‘Instituto de Estructura de la Materia, CSIC, E-28006 Madrid, Spain

4EP Division, CERN, Geneva, Switzerland CH-1211
(Received 24 February 1999)

eutrino correlation in the 07 — |
detector .ct of lepton recoil on the shape of

t 1s consistent with the standard m

* 0.0052 = 0.0039, which yields

Doppler shape of delayed proton
depends on p. - p,!

vector N
P 3
scalar ;
(\.’./ o"‘
'I="'I""I""I""I""I""
\ 3.340 3.345 3.350 3.355 3.360 3.365 3.370
‘\ Proton energy [MeV]
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But why throw away useful information??

We can improve the correlation measurement by retaining information
about the 3

Dan Melconian CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM - 10
A ®M TTTTTTTTTTTTTTTTTT Aug 5 2016



But why throw away useful information??

We can improve the correlation measurement by retaining information
about the 8
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!

Position-sensitive detector

Compensation Ring Compensation

End Cap End Cap
Electrode Electrode Electrode
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But why throw away useful information??

We can improve the correlation measurement by retaining information
about the 8
utilize technology of Penning traps to provide a
backing-free source of localized radioactive ions!!

———— 77— % —
3.340 3.345 3.350 3.355 3.360 3.365 3.37

End Cap Compensation Ri Proton energy [MeV]
Electrode Elec
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A Penning trap at T-REX CI/TAMU

K500 SUPERCONDUCTING CYCLOTRON FACILITY
TEXAS A&M UNIVERSITY - CYCLOTRON INSTITUTE

ECRION _—~
SOURCE

RADIATION
EFFECTS

FACILITY

1994, 2000, 2005 SOURCE

ah
ERION
SOURCE ‘;“
YN
gy

MARS RECOIL
SPECTROMETER
1992

20 ";‘
!
#
v

BEAM ANALYSIS
SYSTEM

4
: I\ 1994
H

LA |
[
v
‘ i
A

k. _ K500 CYCLOTRON

LIGHT
ION GUIDE

1 ¢

CB-ECR~% ' § 5
SOURCE N\ |

& x

[1°
3 I
[ HEAVY
ION GUIDE

Al K150 (88°)
/1%3"’# \qa T CYCLOTRON
" SPECTROMETER
% 2012
'.F? o
-,
o “'2‘9';80 LLNL LINE
2011
<
<&
"bb
TAPE TRANSPORT &
PRECISION DECAY T MDM SPECTROMETER
FACILITY 1993,2000
1999
Dan Melconian Alm CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM  — 11
P TEXAS A&M UNIVERSITY Au95,2016




The Texas A&M University Penning Trap

@ will be the world’s most open-geometry Penning trap!
#® uniquely suited for studying 5-delayed proton decays:

B — v correlations, ft values/V,4
® mass measurements, EC studies, laser spectroscopy, ...

ortho-TOF
production BigSol(?)

target separator ANL-type
gas-catcher

~ multi-RFQ
heavy-ion guide

re-commissioned
K150 cyclotron
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The Texas A&M University Penning Trap

@ will be the world’s most open-geometry Penning trap!
#® uniquely suited for studying 5-delayed proton decays:

B — v correlations, ft values/V,4
® mass measurements, EC studies, laser spectroscopy, ...

F e

s _— -
i =
l T
v

B

re-commissioned
K150 cyclotron
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Status in 2013
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Current Status
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Current Status

-. o @ RFQ comm'\ss'\oned with high efficie

- rototype (45-mm diam) tra inst

= o

=
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Current Status
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Current Status

missioned with hi
) trap installed
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g . Drototype (45-MM el
t beam through ma&

— ‘ 'q'/ i
sl AT - = ——

Sl . ADle to transpo
=T

Dan Melconian CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM - 14
A ®M TEXAS A&M UNIVERSITY Augs 2016




Current Status
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Current Status

% ﬁ'—;...-?

Recen Nltn

l# RFQ commissioned with high efficiency [Mehlman PhD]
P installed

(45-mm diam) tra

_» ' _7_:.-4‘ & PrOtOtype
neam through magnet

=

Sl , Able to transport

—

e : e
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Current Status
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d with high efficiency [Mehiman PhD]
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Overview

1. Introduction
# | think we all know why we want to test the SM. ..
@ One precision frontier: correlation parameters of 5 decay

2. lon Traps

#
#® Beta-decay Paul Trap
# TAMUTRAP

3. Neutral Atom Traps

# CENPA/ANL
@ TRINAT

4. Elegant vs. brute-force tests
® very short summary
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°He 3 — v Angular Correlations @ UW

Y. Bagdasarova', K. Bailey?, X. Fléchard?, A. Garcia™', R. Hong', ®He Trap/Detector Chamber
A. Knecht?, A. Leredde?, E. Liennard?®, P. Mueller?*, O. Naviliat-
Cuncic®, T. O’'Connor?, M. Sternberg’, H.E. Swanson', F. Wauters!

Scintillator

9 ) _MultiWire
&~ | _Chamber

1University of Washington, 2Argonne National Lab, >LPC, CAEN, France
4PSI, SNSCL, Michigan State University

“Spokepersons

-*| el

* @Goal: measure “little a” to 0.1% in ®He
— pure Gamow-Teller decay
— sensitive to tensor couplings

Micro-Channel

— simple nuclear and atomic structure Plate

* Laser cooling and trapping to prepare ®He
source

» Detect electron and 6Li in coincidence

* AE-E scintillator system for electron )
detection (energy, start of time-of-flight) . %‘.

* Micro-channel plate detector for 6Li discharge . oy
= transversal
dete_c’.uon _ _ i T
(position, time-of-flight) slower magneto-
optical trap
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°He 3 — v Angular Correlations @ UW

Laser trapping:
All systems working and efficiencies enough

6He Source:

Reliable source of ~101° ®He’s/s in low-
background environment

A High-Intensity Source of 6He Atoms
for Fundamental Research

A. Knecht et al. NIM A. 660, 43 (2011)

Example of data taken recently:
E versus TOF which yields Aa/a <1%.

-
[

4!-.'

a0
for a determination of little-a at the 1% 3_5§_ so
- within 3 days (including calibrations)! aE e
“ | 2.5%— )* s
Status: : o - 2
Presently working on systematic sk N S
uncertainties. '“ 20
Aiming for Aa/a <1% in near future. i 7 I‘°
Ultimate goal: 0.1% uncertainty. foo = I
(a) Experiment
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He b Measurement @ UW

M. Fertl!, A. Garcia', M. Guigue?*, P. Kammel', A. Leredde?, P.

Mueller?, R.G.H. Robertson', G. Rybka', G. Savard?, D. ,
Stancil®, M. Sternberg’, H.E. Swanson', B.A. Decay rate: G; and G’ represent the

Vandeevender?, A. Young? new physics. C, is the usual axial

1University of Washington, 2Argonne National Lab, 3North Carolina State coupling constant for Weak Int.

University, *Pacific Northwest National Laboratory

I'm
dw=dw, |1+ale. Le p="e
* Goal: measure “little b” to 103 or better in °He E, E, E,

— Highest sensitivity to tensor couplings 5 2 2

* Determine shape of beta spectrum in search for ~ 1 2‘('1“‘ _‘CT| +|C""|

tensor couplings. 3 2‘@‘2 + ‘Ci,,|2 + |C,:,.|2
. U.se.CycIotron. Radiation Electrc?rr Spectroscopy. RelZCA (C:r N CT)J

Similar to Project 8 setup for tritium decay but A

need to extend the technique to higher energy

betas and to a precision determination of a

continuum spectrum. Non trivial: under

development.

2 2 2
2, +[C| +]cr]

Little-b is called “Fierz interference”
and depends linearly on the new
couplings. This makes it a more

* In 1 day of running would determine b one
order of magnitude better than any previous

experiment. sensitive probe of the new physics.
Dan Melconian CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM - 17
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The 3+-decay of 3’ K

Almost as simple as 07— 07

( 1.225(7)s 3/ ) » isobaric analogue decay
WK Bt = strong branch to g.s.
3/2* 0.022%
-
_ 52" _ 2.07(11)%
3/2 97.99(14)%
|~
9 %Ar

Dan Melconian

TEXAS

T

CYCLOTRON INSTITUTE
A&M UN ERSITY
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The 3+-decay of 3’ K

Almost as simple as 07— 07
4 A -

1.225(7)s  3/2* = isobaric analogue decay
WK Bt = strong branch to g.s.
32" _ 0.022% )
_ 5/2¢ _ 20701 1)% < polarization/alighment

<& mixed Fermi/Gamow-Teller

= need p = CAMGT/CvMF

Y 3/2+ 97.99(14)% to get predictions for correlation pa-
|~
37 A rameters
18 r D
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The 3+-decay of 3’ K

Almost as simple as 07— 07
4 A -

1.225(7)s  3/2* = isobaric analogue decay
WK Bt = strong branch to g.s.
32" _ 0.022% )
_ 5/2¢ _ 20701 1)% < polarization/alighment

<& mixed Fermi/Gamow-Teller

= need p = CAMGT/CvMF

Y 3/2* 97.99(14)% to get predictions for correlation pa-
- rameters
9 %Ar y
2Ft0T 0"
get p from the comparative half-life: | p* = o 1
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The 3+-decay of 3’ K

Almost as simple as 07— 07

( 1.225(7)s 3/ ) » isobaric analogue decay
WK Bt = strong branch to g.s.
32" _ 0.022% -
_ 5/2¢ _ 20701 1)% < polarization/alighment

<& mixed Fermi/Gamow-Teller

= need p = CAMGT/CvMF
Y 3/2* 97.99(14)% to get predictions for correlation pa-

rameters
\_ ?gAr _J

. . 2 t0+—>0+
get p from the comparative half-life: |p2 = ]:]:t —1 |

Opc: +0.003% |
BR: £0.14% 3 Ft = 4562(28) = p = 0.5874(71)
t1/2: :I:O-57°/O
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The 3+-decay of 3’ K

Almost as simple as 07— 07
p

1.225(7)s  3/2* h
37 +
19K /3
3/2+ 0.022%
|
5/2+ 2.07(11)%
— -t

QEC: +0.0 Yo

BR: 4£0.14% 3 Ft = 4562(28) =

t1/2: :I:O-57°/O

iIsobaric analogue decay
strong branch to g.s.

& polarization/alignment
& HGamow-Teller

cr/CvMFp
r correlation pa-

p = 0.5874(71)

Dan Melconian
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Angular distribution of a §+ — §+ decay

—

dW ~ 1 —|—CL3V§€€§Z +bFEm€ + ; ABE + B, E,/ —|—Di§j§:
Correlation Expectation

B — v correlation: ag, = 0.6580(61)

Fierz interference parameter: brier, = 0 (Sensitive to scalars and tensors)
B asymmetry: Ag = —0.5739(21)

v asymmetry: B, = —0.7791(58)

Time-violating D coefficient: D = 0 (sensitive to imaginary couplings)

a B—recoil observable
specific to our geometry

Recall: measurements of these correlations to < 0.1%
complement collider experiments and test the SM

1_a6u_2calign/3 - (AB_BV) — 0
1_a,81/_20a1ign/3 + (A,B_BV)

Rslow ~
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Angular distribution of a §+ — §+ decay

—

dWN1+CLBV§€€§Z+bFEm€—|—§ ABE + B, EV+D]2;§£:
Correlation Expectation

B — v correlation: ag, = 0.6580(61) —  0.6668(18)
Fierz interference parameter: brier, = 0 (SenNsitive to scalars and tensors)
B asymmetry: Ag = —0.5739(21) — —0.5719(7)

v asymmetry: B, = —0.7791(58) — —0.7703(18)
Time-violating D coefficient: D = 0 (sensitive to imaginary couplings)

a B—recoil observable

1_a,81/_2ca1ign/3 — (A,B_BV) —0
specific to our geometry

1_a,8u_2calign/3 + (AB_BV) o

Rslow ~

Recall: measurements of these correlations to < 0.1%
complement collider experiments and test the SM

(data in hand for improved branching ratios)
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

#® sub-level state manipulation (optical pumping)

#® characterization/diagnostics (photoionization)

Dan Melconian CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM - 20
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

@ laser-cooling and trapping (magneto-optical traps)
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

Ion » beam ~— 15 cm——

A\ — —1 2
\

Collection chamber Detection chamber
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)

Ion bearr|1 ~— 15 cm——

/
Z#

7

4

Y 1
~ ~ “Electrostatic
74
< - hoops
. Neutralize Pcmt#
1 ( B detector

Traps provide a backing-free, very cold (< 1 mK), localized
(~ 1 mm?) source of isomerically-selective, short-lived
radioactive atoms
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Thank you, AMO physicists!!

Atomic methods have opened up a new vista in precision work
and provide the ability to push g decay measurements to < 0.1%

#® laser-cooling and trapping (magneto-optical traps)
Ion | bps

%
7

eutralizer§ PC 404
1 ( B detector

Traps provide a backing-free, very cold (< 1 mK), localized
(~ 1 mm?) source of isomerically-selective, short-lived
radioactive atoms
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The TRINAT lab
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The measurement chamber

#® Shake-off e~ detection
~» know decay occured from trap

@ Better control of OP beams
~> less heating, higher P

® B.uada — Bop quickly: AC-MOT
~ better duty cycle, higher polar-
Ization

#® Increased p/recoll solid angles
~ better statistics

@ Stronger E-field (one day...)
~ better separation of charge
states, higher statistics

<90mm | S————y

m thic

Light BC408 Be foi
Scintillator (anti)

2 Helmholtz

coils

dOIN 110994

Electron MCP 3 I N

olarization axi
Detection axis

Electrostatic
hoops

Mirror with

254,m thick

SiC substrate 40x40mm?x300:m

Si-strip detector

Light
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Outline of polarized experiment
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Outline of polarized experiment
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Outline of polarized experiment
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Outline of polarized experiment
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Atomic measurement of P

Deduce P based on a model of the excited state populations

& TayRi

R . polarization
alignment
n
0}
E
) g
L —t —— 3
S1/2 / / / ot 2
o
Lar
mr - =il 0 1 - ) fluorescence
00 02 04 06 08 10 12

optical pumping time [ms]
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Atomic measurement of P

Deduce P based on a model of the excited state populations

g AR

——— . . polarization
alignment
o
E
. /L S, 5
51/2 / / / o N
| i
mp =052 -1 0 1 2 ; fluorescence
g 6 Polarized at 432 microseconds i 8
8 E L ] ‘=
O SE OE T [ e =l m
2% — jg —o.8 —0.8 g
5 4 3f —=0.6 — =
= — 2E Ho.4 o6 o
= — 1E %o 2 10-6 A
~ 3 = Og H . : ! L I m ':O. -
o — 3 320 340 360 380 400 ] 0.4
= 2 — -
o — —
oy — _]
% 1k m nm =N ——0.2
< LR R LI
[a® (O el T T BN W AT IL 0

200 400 600 800 1000 1200 1400 1600 1800
Time since MOT off [us]

CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM - 24
A&M UNIVE TY

Dan Melconian ||
A ®M TEXAS RSI Au95,2016




Polarization error budget

—4 —4
Source Af [x10 +] AT [x10 +]
o o) o o)
Systematics
Initial alignment 3 3 10 8
Global fit vs. average 2 2 7 6
Uncertainty on s3" 1 2 11 5
Cloud temperature 2 0.5 3 2
Binning 1 1 4 3
Uncertainty in B, 0.5 3 2 7
Initial polarization 0.1 0.1 0.4 0.4
Require 7, =71_ 0.1 0.1 0.1 0.2
Total systematic 5 5 17 14
Statistics 7 6 21 17
Total uncertainty 9 8 27 22
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Polarization error budget

ADITI . 10—4] AT [ .10—4]
New |. Phys. 18 (2016) 073028 doi: 10.1088/1367-2630/18/7 /073028
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y with: Deutsche Physikalische
, 10P Institute of Physics - i
The open access journal at the forefront of physics y Gf;':"ﬁﬁhafm“dthE’”St'T“te
of Physics

PAPER

Precision measurement of the nuclear polarization in laser-cooled,
optically pumped 'K

B Fenker'’,] A Behr’, D Melconian"",R M A Anderson’, M Anholm™, D Ashery’, RS Behling'“, I Cohen’,
I Craiciu’, ] M Donohue’, C Farfan’, D Friesen’, A Gorelov', ] McNeil , M Mehlman'~, H Norton’,
K Olchanski', S Smale’, O Thériault', A N Vantyghem and C L Warner

! Cyclotron Institute, Texas A&M University, 3366 TAMU, College Station, TX 77843-3366, USA

> Department of Physics and Astronomy, Texas A&M University, 4242 TAMU, College Station, TX 77842-4242, USA
* TRIUME, 4004 Wesbrook Mall, Vancouver, BC V6T 2A3, Canada

! Department of Physics and Astronomy, University of Manitoba, Winnipeg, MB R3T 2N2, Canada

School of Physics and Astronomy, Tel Aviv University, Tel Aviv, Israel

*  Department of Chemistry, Texas A&M University, 3012 TAMU, College Station, TX 77842-3012, USA

Authors to whom any correspondence should be addressed.
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Polarization error budget
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* TRIUME, 4004 Wesbrook Mall, Vancouver, BC V6T 2A3, Canada
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Polarization error budget

ADI. .10—4] AT [ 10—4]
New J. Phys. 18 (2016) 073028 doi: 10.1088/1367-2630/18/7 /073028
N j I fPh Bov@  inadarei wssonnn () DPG | PUblished in partnership
ew Ourna 0 ySICS with: Deutsche Physikalische
The open access journal at the forefront of physics JOP Institute of Physics Gf;'::"?mafta“d the Institute
of Physics

PAPER

Precision measurement of the nuclear polarization in laser-cooled,
optically pumped 'K

B Fenk — (Poual) = 99.13(8)%

I Craic

K Olch
L Cydlo (C.f. neutrons: 99.7(1)% [PERKEOII], 99.3(3)% [UCNA])

g and
e (Tatign) = —0.9767(25)

Schoo

* Depar o _ _ e ] _
7 Authors to whom any correspondence should be addressed.
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Scintillator spectra — June 2014

Just the raw data; a slight lower-energy cut to get rid of 511s

P T T RS RN R 02 o e ey
104 E = A
: - 5 0.0 - settearee -
' - B
10° 4 = £
] > —0.2 - B
© .
10° - L o .
N —0.4 4 etetetee B
S
1 |
10 = 2
& —0.6 - -
-
i | N ] L
10° 4 _ 14_ = —0.395(1) |
S e B B I B —0.8 LI L L B
0 1 2 3 4 S 6 0 1 2 3 4
Scintillator energy [MeV] Cycle time [ms]
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Scintillator spectra — June 2014

Requiring a shake-off e~ = decay occured from trap!

S E N BN I 0‘2_111111111111111_
104 E =
] C _% _O O —oy ._._l_t_._l_._ll.__
&
10° - .
% —0.2 - =
© °
10° - 9 . y
-E; _04 | e®%e®e%, -
3 0 esteee
1
10 - =0
5 HHJ’L!; o —06 - B
i LD
i N ) i L
100 - w 1 H_ 14__ = —0.463(2):
L S S L S B S S —0.8 S I B B
0.0 1.2 2.3 3.5 4.7 5.8 0 1 2 3 4
Scintillator energy [MeV] Cycle time [ms]
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Scintillator spectra — June 2014

Requiring a AFE coincidence = remove ~S

111111111111111111_ 02 o e e ey
10* - S l
: YT S ——
- O
10° 4 - o
- - > 0.2 :
& .
10° - L © . :
] _E; —(0.4 - e°®%¢%e°ee -
i ~ | .o..o....
- | etsogts,
10 - s
] HWL’; 2 —0.6 - -
i - B
4L u N 4 L
10° - il 1A= —0.494(1) |
L B B B L B —08 T
0.0 1.2 235 35 47 58 0 1 2 3 4
Scintillator energy [MeV] Cycle time [ms]
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Scintillator spectra — June 2014

Put in all the basic analysis cuts = clean spectrum!!

111111111111111111_ 02 e e ey ey
10° - :
2 —0.0 Senssagats |
s
10° - E
> 0.2 :
S .
10° 0 1 :
E S 0.4 | eeeeceres -
T R,
10° D 5 teegers,
-
N ) J L
100 H m = 1A = —0.538(2)
L B B I —08 T
0.0 1.2 235 35 47 5.8 0 1 2 3 4
Scintillator energy [MeV] Cycle time |[ms]
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Energy Spectrum Compared to GEANT4

Energy [keV]

-~

1000 2000 3000___ 4000,

5000 600

& 450 E_ Data w/ BB1 coinc
g 400 == . é gl .-! Ia'!i '-
> 350E- ‘;'_::. !:|.i-‘|-'-‘il'g !‘ T, —l— Geant4 w/ BBI coinc.
— v g it R "
— gl i IE ":r'f:!u' —
@) 3(5)8 g— E:'h ik 1M i-.i(l'. { ¥2/235= 1.1 =
— i i —
— 138} %13 =
200 ;_ ':1 ;I 7'|1| ‘.: _;
150 ¢ % =
100E- =
50E- =
. — | | | |
8], S
AR St e e e e
3 R

g 0 500 1000 1500
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A Test of Backscattering

Although we're not very sensitive to backscattering (relatively speaking

N

—e— Data (B) Upper
—a— Data (B) Lower
—o— Simulation Upper
—8— Simulation Lower

o
o
o

o
o
~

o
o
»

0.04

0.03

Backscattering Fraction

0.02

IIII|IIIIIlJII|||||I|||I||||I|||I|||I||||I|||||| |||||L

0.01 - 8%

b ! ] ] ] ] | ] ] ] ] ! ] ] ! ! ! ! ! ! ! ! 5!—Ig|:#!_‘é

~ 3 ¢

—_ 2 [ | =

E 1 — -~~~ ~=-==°7=- ._ ________________________________________ . ________________________ —

A = o = ® =

L) == He S = —

R ¢« * v =

g E " =

S 2 E =

ST = =
Dan M = 1 L L L L | L L L L | L L L L | L L L L | L L L L 1 L —

0 1000 2000 3000 4000 5000

Crintillator Fnerov [TreVV 1

- 28



Asymmetry Measurement (briefly)
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Asymmetry Measurement (briefly)

> UGN B B BN N B > UGBS B PSLL L LN BLELELELE L
ﬁ i . —:I"u 1 —e- o~ 7 ﬁ B i
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Aops(Ee) = SiAL where S(Ee) = 4| — 2
Dan Melconian CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM —29
ATMQM TEXAS A&M UNIVERSITY Aug 5, 2016




Asymmetry Measurement (briefly)

1 —S(Fe) r (Ee)ry (Ee)
o Aops(Fe) = h E.) = 1 2
< 120 obs(Fe) = +S(E) o) \/TT(Ee)"“z_(Ee) .
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oqi 046 £ %l + v*/41 =0.92 -
= — _
‘g 0.48 = l }ﬂ —
g7 05— | 7
ossE- it ST
_0.56;— H'} # iﬂﬁ %H# H{,H . —;
-0.58 I— ° -
-0.6 f— ¢ —_—:f
-0.62 f— _:_:
2 e e e e T S T T ST T TN R -
= e @
é i ?ZiﬁZZZZZZZZZ;PﬁZQZ;Z!}Z?IZZZZZZZZZZZZZZfﬁifﬁﬁZZZZZfﬁﬁ;ZZZZZZZi;ﬁZZZZQ'ZZﬁ.ﬁﬁﬁﬁﬁ;_.fﬁ;;;;;" """" ..o...é
0 ZZZZZfﬁ;ﬁﬁﬁﬁZZZZZZZZZZZZZZZZZZZZZZfﬁ_'_Z!ffﬁZZZZZZZZZ!ﬁfZZZZZZfﬁfﬁZZZZZZZZZZZZZZﬁfZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZiﬁﬁ_ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
= S S i S — S L
Scintillator energy [keV]
Dan Melconian Alm SEYS!\'?Iggh!J I|q|\l|5',']!'|1;|'S|,ﬂ'5 High Sensitivity Expts Beyond the SM  —29
o Aug 5, 2016



Aga Error Budget

Source Corr Uncert [x107%]
Backgrounds 1.0013 7
Trap parameters position 4

velocity 5

temp, width 1
Thresholds/cuts AFE pos S

AFE energy agreement 2

AF threshold 1

E threshold 0.3
G4 phys list 4
Shake-off e~ TOF 3
E+ AFE 1
FE calibration 0.1
Total systematics 12
Statistical 13
Polarization 9
Total uncertainty 20
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Impact of Az Measurement

#® B. Fenker is completing interpretation (just unblinded 1.5 weeks
ago!)
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Impact of Az Measurement

#® B. Fenker is completing interpretation (just unblinded 1.5 weeks
ago!)
# So | can’t show anything. ..
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Impact of Az Measurement

#® B. Fenker is completing interpretation (just unblinded 1.5 weeks
ago!)

# So | can’t show anything. ..

@ But here’s a hint of what to expect:
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Impact of Az Measurement

#® B. Fenker is completing interpretation (just unblinded 1.5 weeks
ago!)

# So | can’t show anything. ..

@ But here’s a hint of what to expect:

>“% 0.99- l
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0.97F1 f —

- V,4=0.9726+0.0015 T
0.96:— P14 = 047 This work
0.95-
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® We will publish soon and present at DNP — hope to see you in
Vancouver!
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Overview

1. Introduction

# | think we all know why we want to test the SM. ..
@ One precision frontier: correlation parameters of 5 decay

2. lon Traps

@

#® Beta-decay Paul Trap
# TAMUTRAP

3. Neutral Atom Traps

# CENPA/ANL
@ TRINAT

4. Elegant vs. brute-force tests

#® very short summary
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Low-energy Work Complements the LHC

Naviliat-Cunéi¢ and Gonzéalez-Alonso, Ann. Phys. 525, 600 (2013)

0.02E ! [ 1B 120.001 0.02F 1
|- < = .-
| Pp/Pgr {prr:)jected) ]
jj ; LHC7, 5!
001 0.01F -
| [ 0fb! ]
5 bp=-0002220.0043 i T | “\LHC14, 54 o
::?2 0.00 - 0.00_ ) '.
~0.01 —0.01} ]
~0.02 AN -V 7y I
—-0.004 -0002 0000 0.002 0.004 —-0.004 —-0.002 0.000 0.002 0.004
Re(er) +|e7]
€nl  |€R]| €p| €s|  |é7|
Low energy 0.06 0.06 0.0003 0.14 0.030
LHC (CMS) — 0.002 0.006 0.006 0.001
Dan Melconian CYCLOTRON INSTITUTE High Sensitivity Expts Beyond the SM — 33
ATmM TEXAS A&M UNIVERSITY Au95,2016




Summary

# As we all know, SM is fantastic, but not our “ultimate” theory

® Many exciting avenues to find more a complete model

#® One of the low-energy approaches: precision measurement of
correlation parameters

@ lon traps + RIB = cool physics

@ Atom traps + RIB [+ opt. pumping] = cool physics

# Fun (but demanding) stuff that complements the “brute force”
approach
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