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1. Introduction/ 2 lectures
- role of beta decay in weak interaction physics
- betadecay Hamiltonian
- betadecay angular distribution

2. ft-values/ 3 lectures
- definition
- correctedft-values
- test of CKM matriunitarity
- role of mirror beta transitions and neutron decay

3. Correlationmeasurements /5 lectures
- correlationformula
- physicscontent and opportunities
- testing parity violation
- searchingor time reversal violation
- probingthe structure of the weak interaction (scalar and tensor currgnts




3. Correlation measurements
INn nuclear and neutron
b decay
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Structure of the weak interaction in b decay

b-decay Hamiltonian (Lee & Yang, 1956) :
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Structure of the weak interaction in b decay

_ C,( 9¢oupling constants for the
the Standard Model: A different types of weak interaction
* V-A interaction Cy1 1, C, = -1.27 (CalCyfrom n-decay)
* maximal P violation CsC, & CO=C,
* no S, T, or Pcomponents CoR=NEI=ICTR=RE =i CON=—NC N0
* no time reversal violation all Cb6s are real

(except for the CP-violation included in the CKM matrix)

and Bevond:

experimental upper limits for ‘CT( | )/CA‘ and ‘Cs( ) /CV‘ at few % level
(neutron and nuclear b-decay)
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Beta decay transition probability :
distribution in energy, emission angle and polarization lpjparticles

for allowed b-decayof polarized nuclei

dG = O(X[{ 1+‘\
E.E

b Acorrelation Fierz interference tam

p. electron momentum
d neutrino momentum
E.. E, electron/neutrino ener

J . o

3 nuclear spin polarization
— 2

g=~N@- ()

m, electron rest mass

(Z of daughter nucleus)
longitudinal polarization transversal polarization

with  dG, " GE F(° Z,Eg) (Ee- Eg)? pEe dEAW, dW,

Fermi phase space
function

J.D. Jackson, S.B. Treiman, HW. Wyld, Nucl. Phys. 4 (1957) 206 & Phys. Rev. 106 (1957) 517



i 2 A N ) V12 2 D2 2 2 assuming time-
& Mz [ECV| * ’C\_/l -GSl * ICSI ] + Mg [ICAl 3 lCAI tlCo + ICTI } reversal invariance
(all C; real)
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with: Mgy = Fermi(Gamowfeller) nuclear matrelement,
G = coupling constants of the S, V, A, T weialeractions.

Note:- correl ation coefficients (CAS¢toubling€opstadte p
-ékinematics%@:’jz—:factors ( :




Fierz interference term b % (g=y1 ( Z)°)
e

- most experiments (because of the normalization) do not measure X = a, A, é
X

1+b%

(S]

but instead : X -

- b depends linearly on the C;( ®“oupling constants (instead of quadratically, as a)

~

- measurements of &, A\ ...thus usually include also b !
- sensitive to scalar and tensor weak currents via (b = bg + bgy):

Cg + Cg

Cvy

Ca

Note: - bgand bgr are zero in the standard model

- for pure Fermi and Gamow-Teller transitions bg and bgr (and also a, A, é )
do not depend on the nuclear matrix elements !!




Fierz interference term b % (g=y1 ( Z)°)

e

- most experiments (because of the normalization) do not measure X = a, A, é
X

1+b%

(S]

but instead : X -

- can also extract Fierz term b from beta spectrum shape, e.g. for neutron decay:

| = [ 2m s e GRS E g oU [N ST R MRS B s s o g A s 2

recent result with UCNA:

b =0.067(5),, (%)

61 /syst

with uncertainty dominated by
absolute energy reconstruction
and linearity of beta spectrometer
energy response

Yield (a.u.)

K.P. Hickerson et al.,
Phys. Rev. C 96 (2017) 042501
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b-n correlation /1
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b-n correlation /2 @v
e+

. a
peCE] exp. a = nucleus
a agm -\/
E.E, g 1+b E q‘ N,

e
with g=41-( ZY)
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I for pure transitions the results are independent of
the nuclear matrix elements !!!

(assuming maximal P-violation and T-invariance for V and A interactions)
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recoil corr. (induced form factors) © 103 ; radiative corrections © 104




b-asymmetry parameter
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Searching for charged scalar weak currents

ft value
f1 = K 1
Vt_szz Cz |\/|2+C2|\/|2
F Vud v WVig A Vligr
with t =1t,, g%
b-n correlation K
L e’
- a
a pe@j and a = \ nucleus
EE, 1+b Tk q




Ft-values of superallowed Fermi decays, and scalar currents

K
| 2G2 V2, CZ (11 AY)

FtO =0 = 10 =0 (14 6xg — 680) (1 + 87)

from nucleus dependent
experiment corrections nucleus independent
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JC Hardy & IS Towner , Phys. Rev. C 91 (2015) 025501




Limits on scalar currents
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/ 32Ar: Adelberger et al., PRL 83 (1999) 1299
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38mK: Gorelov, Behr et al., PRL 94 (2005) 142501
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B. R. Holstein, J. Phys. G 41 (2014) 114001
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Hardy & Towner , Phys. Rev. C 91 (2015) 025501




TRIUMF Neutral Atom Trap: b-3 correlation in the decay of 38MK

[SAC Ion ' beam l«— 15 cm ——>
| |

Electrostatic
hoops

Neutralizer

[3 detectm.‘

Trapping beams

Collection chamber Detection chamber

A. Goreloy J. Behr et al., Phys. Rev. Lett. 94 (20052501 w
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Futureprospects for scalar current searches

Cys
Cy

0.3 N T T T

02
0.1

0.0

. Holstein, J. Phys. G 41 (2014) 114001

band from £ =0 is already
very narrow
A more to be gained by reducing
aArl S 2 Fypedlideed dzi Q
regions fromb rcorrelations
(see next slide)




WISARD = Weak -interaction studieswith Ar32 decay

(coll. Bordeaux, Leuven, LPC CaBiR}Prague)

2Ar - Cle'n,

Detection of the proton that “Cl - *Sp
contains the information
about the 32Cl recoil
(kinematics hi ft é)

Ny

O+

P Instead of detecting
the recoil and the positron
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WISARD = Weak -interaction studieswith Ar32 decay
coll. Bordeaux, Leuven, LPC Caen, NPI -Prague

4

C measure protons and positrons in two hemispheres
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1999: kinematic broadening in 32Ar b-p decay

observed kinematic broadening
2Ar - 3| e*ne instead of kinematic shift

32CI _ 328 p
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FIG. 1. Intrinsic shapes of the 07 — 0" delayed proton group = 6600 6650 6700 6750 6800
for a = +1, b = 0 (heavy curve) and ¢ = —1, b = 0 (light channel number
curve). The daughter’s 20 eV natural width is not visible on
this scale.

4., =0.9989(65

E.G. Adelberger, et al., Phys. Rev. Lett. 83 (1999) 1299
A. Garcia et al., Hyperfine Interact. 129 (2000) 237




Searching for charged tensor weak currents

b-n correlation @v
L er
P @ a
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Exp.2: LPC-Trap @ GANIL - °He

plastic
scintillator

e’

TR\
bunches _':@ =

2006 (°He): ap,= T 0. 3 3B
X. Fléchard et al., J. Phys. G 38 (2011) 055101

10000 E fit 2010
% 1000 3
3
sso TOOF iz Da/a~ 0.5 % (stat)
(analysis in progress)

L experiment

charge-state distribution and
comparison to atomic theory:

C. Couratin et al.,, PRL 108 (2012) 243201




a-b-n correlation from a-particle breakup of 8Be* after 8Li b decay in a Paul trap
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M.G. Sternberg, G.Savard et al.,
PRL 115 (2015) 182501
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FIG. 1 (color online). Cross-sectional view of the BPT and
detector system in the rf plane. The direction of the emitted a's
and f’s is determined by the vector between the trap center and
detector pixels.




b-asymmetry with polarized nuclei

counts/second

(Leuven / ISOLDE / Bonn / Prague)
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3He - “He dilution refrigerator set-up
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polarized nuclei ; 57 100 mK Leuveni ISOLDE :
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development of GEANT4.8 based simulation code

GEANT4.8.1.

0,14

Yield, a.u.

0,01 5

no backing 1
—10 m
---580 m

! I ! I ! |
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Energy, keV




