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p-decay rate (Jackson, Treiman, Wyld 1957):

dW =
p3 - pu ['me J . Dp 129 P3 X D
dWo(1 + EﬁEV%’/ + B b + 7 [EﬁAﬂ + EVB” + E4E, D]
+C[zf@ pv (3 J)(pw - J’)HJ(J+ 1) =3<(J-j) >
3E3E, EgE, J(2J —1)

Allows for: V - A, Scalar, Tensor Interactions

Left, Right-handed currents

Time-reversal violation

agy, b, ¢, Ag, By, D: values predicted by the Standard Model
Recent review: S. Severijins and M. Beck, Rev. Mod. Phys. 78 991 (2006)

Measurements feasible using Atom traps and Radioactive
Beams.
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Limits on Scalar Boson Interaction

AW = p
P3P 128 1 p3 X D
dWo(1 + “ag, + b + [ Ag + B, + D]
gk, " By J By By T Bghy
e [pg by (05 9)(0 - )HJ(J+ 1) —3<(J-5) >])

For pure Fermi 07 — 0" decay 3 — v angular correlation:

m %
PO)=1+ bEg + aﬁy?ﬁcos(ﬁ)
2 s
1 _ 498 S12 S2 gSRe(aLLaR)
agy =1 4% (laZ]? + la?) b= 5

af = App+Arg  ah=Arp+ARp
SM: b = 0, ag, = 1.0.
Co+ Cfg ~ 0.001 in MSSM, Profumo et al., PRD 75 075017
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Measurement of 5 — v Angular Correlation

+
i 38 6; 38 A

Q(35MK) = 5.02234(12) MeV

E, = 1304 keV
7636(18)min3+ _ 0.9239(6) sec 0F

g A 1 Bmg A
028" 58
[]'I':'__ A= D_Dnli% —_
-2, 09.8% 2.0]
A E
% o
Y Ot > 09.9981% 3.5
%EAT Endt, Nucl. Phys. A633 (1998)
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@TRIUMF
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End
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Target
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Future (2010-2015)
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Cyclotron

Proposal:

By 2013:

*Add a 25MeV electron
driver to supply
electrons to one new
target

Add a new ISAC front-
end to deliver a
second RIB beam to
ISAC

By 2015:

*Add a new beam line
from the cyclotron to
deliver 500MeV
protons to the new
target
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ISAC at TRIUMF

..........
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TRINAT DOUBLE MOT TRAPPING SYSTEM

~— 15cm —— = 55 cm >|<—15cm —>

Funnel
beams

Neutralizer

L Trapping beams

/
Bdetector %g\

|

|

Collection chamber

95% *%8°K* (t12= 7.64 min) + 5% *™K™ (t;2= 0.924 s)
neutralization of **K*
vapor cell trap

108 Torr

0.1% of **™K trapped
75% of trapped **™K moved

Detection chamber

100% 3%™K, t1,=0.924 s
retrap from atomic beam
3-1071 Torr, t}P=30's
0.75 mm FWHM trap size
2000 atoms in trap
photoionization of **™K
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TRINAT DETECTION SYSTEM FOR MK DECAY

S Collimator
DSSD
N , A.ow vacuum volume
x )
|, E : :
VvV &= i v 20
| et | . .. =
Art S ] Scintillator g0
__Ar Z =
4 20
]
Ar® .
Recoil i i
detector
Collar

|
|
|
|

— - —=—=—r~ High vacuum volume

Elecrtostatic hoops

High recoil collection and detection efficiencies due to E-field
Coincident detection of e™ and recoils back-to-back

Position information both from e™ and recoil detectors

Possibility to measure p. and p...c0it and using them to determine p,..
Chamber geometry suppresses recoiling ion detection from

decays on walls and electrostatic hoops
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Exploiting over-determined kinematics

2001 +  data }
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Results: A. Gorelov et al., PRL 94, 142501 (2005)

m \Y 10°
PO)=1+ bEg + aﬁy?ﬁcos(e) o

N O N

For [b| < 0.04, (E3)=3.3 MeV

(data—MC)/~vMC Counts

400 500 600 700
Recoil TOF [ns]
Define: S ‘; “““““ Reconstructed W(0,) .
ER //
S 1 -
~ aV TO:\HHHH:}HHHH:}:HHHH}:HH’
a: ]M% % 10 ] \\\ | | _____ Z:jgeng: shake
<E > ) g lﬂd?{-rLJ,“LU[HI THTHLY 1114
| +0.0032 T-s JUTIT T
a = 0.9981 == 0. ' Poob
a 0.998 0 0030_0-0037 2 - P o

In agreement with the Standard Model.
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Summary of results for a

. B—v correlations

51051 -
O He BMK
™, 1.001—% T
o | SZAr
O 0.95- -

.. 35,1

0.90 Ar

00 02 04 06 08
1/ (1+ (GT/F)Z)

32Ar:  E. G. Adelberger et al., Phys. Rev. Lett. 83, 1299(1999)

mK:  A. Gorelov et al., PRL 94, 142501 (2005)

2INa: P.A. Vetter et al., Phys. Rev. C77, 035502 (2008)
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Upgraded System for **K decay measurement

Reduce all systematic and statistical errors:

New, larger MCP detector and 3 telescope - near 100% acceptance for
ions. Improved low E; detection for Fierz term measurement.

Time and momentum focusing for better resolution and charge state
separation.

Higher beam intensity: 40 A vs. 1A in previous experiment.

New chamber design to accomodate all the above.
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RECOIL DETECTOR SPATIAL CALIBRATION

Calibration performed with precise mask (2mmx2mm hole, Tmm strip)
and '“8Gd source. Evaluated resolution 0.25mm.
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Time Focussing: p,cco;; FROM 2% 1.C. DECAY OF 3™Rb

Ap/p =~ 0.03

K,Le™ p = 920,932 kev/c
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Improved acceptance and time/charge-state resolution

Simulations for °*"K decay

3 F > F
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PRESENT AND PLANNED ERRORS (°*"K decay)

PRESENT FUTURE

Applied electric field

E-field non-uniformity 0.0010 0.0003
E-field/trap size 0.0012 0.0004
Beta-detector response
Energy calibration 0.0016  0.0008
Line shape tail/total 0.0013  0.0003
511keV Compton summing 0.0002 0.0004
Recoil Detector efficiency
MCP incident recoil angle 0.0006 0.0004
MCP incident ion energy 0.0010 0.0003
Prompt peak 0.0009
sy 0.0000
Transverse trap position 0007
0.0000
Electron shake-off tooos  0-0003
. 0.0030
Total systematic error to00aq 0-0012

e Most errors determined by statistics-limited data evaluation.
e Further improvements: use all kinematic information.

e Extend analysis to lower E

to measure b.
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Limits on Scalar Interaction
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Polarization Observables

dW =
P3P I'me J . PB 129 pg X pu
dWo(1 + EBEV ag, + Eﬁb + 5 [EﬁAﬁ + EVB + E4E, D]
R (05 - 7) Py -J')HJ(J+ 1)—3<(J-j) >
3E4E, EgE, J(2J —1)

Asymmetry = g(T) +g< iy

J | [75 = measure Ag (3 singles or coin. with recoil)

JL Py Py=Py—Fy = dW o B,Pp+ D0
Measure B, from Recoil Asymmetry in Py | J plane

Measure D from Recoil Asymmetry in ij 1 J plane
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Right-handed Currents

Wi >= cosC|W7; > —sin(|Wy >
(Wp >= sin(|W1 > +cosC|Ws >
Define: z = (ML/MR)2 —(and y = (ML/MR)2 +¢

A= gaMgr/9yMp

X (M1 =) 3(1 + 22)
Ay = (1
B 1 siey?) T sy
5o 2 A1 — 42 (1) 3(1 + z2)
" IE 2 [5(1 4 D) Y5010+ 42)

AW(J ps=+1) l—a—2¢/3+(A+B) "7
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The R,;,,, Concept

K — 3TAr v 3/2F = 3/2+

Ps

slow recoil + Jy =1 (SM)

Y

A ALLOWED

BIDDEN (M_/Mg)?
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Measurement of 5 — r Angular Correlation

+
in Polarized °"K 5—) 3T Ar

More precise determination of decay branching ratios underway in
Texas A & M University

12%(7}s 3/2°
3K 7] Q(K) = 5.1265(15) MeV

3.60200070) _ 3/2° 0028 496

2.79810{30 5/ 2.071DF  3.79
AL Mgr {Mr = —0.5754(16)

Hagherg et al.,

L) 3/ 07.801% 3.6 Phys. Rev. C 56 {1097)
dTAr
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Coefficients of 5 — v Angular Correlation
_|_
in Polarized 'K 6—> 3T Ay

Calculated with the Standard Model assuming
AN=gaMeaor/gyMp = —0.5754 + 0.0018

Maximal Parity Violation

observable| ag, Ag By c
value 0.6683 —0.5702|-0.7692 0.1990
error! 0.0013 0.0005 | 0.0013 0.0008

I Due to error in \

b=D=Rgy,=0
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Optical Pumping

355 nm
photoionization

2 = polarization axis
= phoswich detector axis

z = MCP — [-telescope axis

. 2%
can monitor
atomic ﬂuorescence
via photoions
Y
Be foil | P B f // //
F=IT+7J //
1=
J=3 S S @ -—
o Sl e
Bop =25 G -
mp = —2 —1 0 1 2
Searching for Right-Handed Currents in the B-decay of Laser-Cooled, Polarized 37K @
TRIUMF AGM Dan Melconian Dec. 8, 2004
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Determination of the Polarization
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Measure B, from Recoil Asymmetry in © — 2z plane
Measure D from Recoil Asymmetry in y — 2 plane

1.0

| B, = (0.989:0.037)B%

Y¥/47 =110

D=0
Y4/48 = 121

0.5 -

00 ]
g |
10 +—

-15 =05 05 15-15 -05 05
z position [em] y position [cm]

(ct—oc7) = (ot+0o07)

1.5

By 0.755 £ 0.020(stat) £ 0.013(syst)
D. Melconian et al. PL B 649, 370 (2007)
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Upgraded Experimental System

Reduce all systematic and statistical errors:

New, larger MCP detector and  telescope - near 100% acceptance for
ions. Improved low E; detection for Fierz term measurement.

New polarization detectors with Si MSD and plastic scintillator.
Position information and better resolution.

Time and momentum focusing for better resolution and charge state
separation.

Shakeoff electron detection for background suppression.
Better trapping/polarization cycle by using AC MOT.
Higher beam intensity: 40 A vs. 1A In previous experiment.

New chamber design to accomodate all the above.
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The principle of AC MOT

3 1 I | | | | T e
: J‘l |UU\JU\M MOT Current rUUU‘ UHI ” “ ’| E
F Swinch on . =
e, ElEClfOn Spectromeler S
ﬂ I

Laser Polanzation

TTOTT T T T I ]

=

Time (ms)

M. Harvey and A.J. Murray Phys. Rev. Lett. 101, 173201 (2008)
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NEW DETECTION CHAMBER FOR 3K

MOT/OP beams

DL80
recoil detector

Position sensitivity on all beta and recoil detectors

Larger beta and recoil detectors will improve statistics

AC MOT will speed up switching from MOT cycle to OP cycle

Improvement of a weak magnetic field during OP will improve polarization
Coincidences with shake off electron MCP will reduce background for competitive
measurements of beta asymmetry
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JUST MEASURED

Asymmetry Run_ 0782

" Asymmetry
‘g’ L Entries 845
8 11— Mean 2.014
~ RMS 1.39
- Integral -2.519
05—
0_
L ; )
'05__ 1 ‘l|' I 1 -J[
11—
_I L1 1 | I | | I T | I | | I I | I I | I I | I | | I | | I |
-0.5 0 0.5 1 15 2 2.5 3 3.5 4 4.5

N1+, N1- = 0; N2+, N2- = 1; N1+, N2+ = 2; N1-, N2- = 3; Super ratio = 4
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Limits on Right-Handed Currents

1000 g
S

goo { ! Sk
600 -
> —
8 all 0 0.1%
e 400 avg of nucle
§

neutron decay
200 ]
—0.10 —-0.05 —0.00 0.05 0.10

mixing angle, ¢
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Tensor Interaction

The angular distribution of recoiling daughter nuclei
of polarized § emitters, S.B. Treiman PR 110, 448 (1957):

1
W (0,)d(cos8,) = {1+ 30’)(2 — P(Ag + B,)x1cos 0, — ¢ xacos* 0, }d(cos b))

X1, X2 kinematical functions, ¢ = ¢ (J+}(>2}?:<(1a)7'3)2>.

For pure GT transitions and no Tensor Interaction: Az + B, =0
5/8(As + B,) = 2CrCp + 52 (Cr — C7)
And can be deduced from Asymmetry measurements:

A — wio, Pl —WI[0,—P]  x1P(As + B,)cost
spm_ Wie, Pl + W0, —P] 1+ ¢ xa + ¢ xac0s20

Insensitive to Right-Handed currents; constrains Tensor Interaction
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0.04 4

0.02 4

=

-0 -05 00 05 10
cos@ with respect to polarization

0,044
0.02 4
0.001

Recoil Asymmetry A,

_0.02- I S =
- b
-0.041 - ‘ ’ .
1 z 4

Using recoil momentum information enhances
the sensitivity and allows separation of SM
recoil-order corrections

(O. Aviv, MSc. Thesis, Tel Aviv University
(2004)):

(fa(Ag+ B,) — frb)Pcost
fi— fsb— falag, + ¢ /3) + ¢ (f3 + f5c08%0)

fi(Pgr) : Calculated functions of recoil momen-
tum

Aspln ( PR)

Use polarized **Rb, 1* — 0" pure GT tran-
sition. Pr.oi from TOF to Shakeoff e~
MCP

(As+ B,) = 0.015£0.029 arXiv: 0811.0052 [nucl-
ex],

J.R.A. Pitcairn et al., Phys. Rev. C79, 015501
(2009)
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Tensor Limits (90%)

0.4

0.4 T T I\\
—0.25-0.05 0.15I 0.35 0.55
(c, + Cp/C,

Experimental precision better by an order of
magnitude, BUT:

Constraints on Tensor Interaction dominated by
theoretical uncertainties in Recoil-Order corrections
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SUMMARY

e Studies of 5 decay of trapped radioactive
nuclei provide constraints on the Standard

Mode

e Next generation experi

ments will provide

tighter constraints, co

mplementary to

measurements with HE accelerators
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& = IMpP(ICsI” + OV +CsI* + 1OV %) + [Mar*(|Crl* + |Cal® + 1C7* + |C4 )
| Mer|”
apé = [MpP(=|Cs" + |CvI” =[G4 + |GV ") + —=—(ICr " = |Cal +|C7 " = ICA)
b¢ = £2Re|[|Mp[*(CsChr + C5CF) + |Mar|*(CrC + CHC)]
c€ = |Morl*Ays(|Cr|* = [Cal® +|CFF = |C)?)
Aﬁf 2Re[:|:|MGT‘2)\J/J<CTC§:k — CACIILD + 5J/J‘MGT||MF‘\/J/(<] + 1)(050}
+C5Ch — C{‘}C’* Cl,CH)]
B¢ = 2Re{|Mar|* Ayl ne i S(CrCf + CHLOY) £ (CrCl 4+ CACT)]
—5J,J|MGTHMF|\/J/ (J+1) x [(CsCF 4+ C,C5 + CyCy + CL.CY)
E (CSC + CsCh + CyCF + CL O}
D¢ 21m{5JJ/|MF||MGT| CSCT + CLC%F — CyCy — CLCN}
1, J—=>J=J-1
)\J/J: J}Fl’ J—><]/:J
— 5, J—=J =J+1
1, J—=J =J-1
AJ/J: _%}]T_f, J_>J/:<]
J(2J-1
(QJJ(F:’))(Jq)q)7 J—=J=J+1
C;: Interaction Amplitudes (complex)
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Cy = gv(ags +arr+agr+agry) Cy = gvlapy +arg — apg — apr)
Cy = galary, —app+apg —apy) Cy = galapr — apg — agrg + agy)
Cs = gs(App+ App+ Agrr + Arp) Cs = gs(App + Apg — Apr — Anp)
Cr = 2gr(apr + agrg) Cr = 2gr(ar; — agp)

g; : Hadronic Form Factors a;; : Chirality coupling constants 7 : v j: quark

Standard Model: V - A,
left handed

gy = 1, ga = -1.27 (n decay)
arp = Viagyp = 8- 1070GeV 2
aijy Aij, iy =0 1,5 # L, L

2

1
ZW 8 v Y= Cullar
c= tuy
1+y?
Ao — FA g 51=20 7 1y J/(J+1)
“d y2+]
. B =20y J/ U+
v y?+1

D=0
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