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Outline- 1

1. Introduction / 2 lectures

- role of beta decay in weak interaction physics

- beta decay Hamiltonian

- beta decay angular distribution

2. ft -values / 3 lectures

- definition

- corrected ft-values

- test of CKM matrix unitarity

- role of mirror beta transitions and neutron decay

3. Correlation measurements / 5 lectures 

- correlation formula

- physics content and opportunities

- testing parity violation

- searching for time reversal violation

- probing the structure of the weak interaction (scalar and tensor currents)
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3. Correlation measurements

in nuclear and neutron

bdecay

Nathal Severijns

KU Leuven Univ., Belgium

b+

ne



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



the  Standard Model:

*   V-A interaction CV ¹1;   CA =  -1.27 (CA/CV from n-decay)

*   maximal P violation CV
ô= CV &  CA

ô= CA

*   no S, T, or P components CS =  CS
ô= CT =  CT

ô= CP =  CP
ô¹0

*   no time reversal violation all Côs are real   

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

M
C

M
´5% level           Ą ~ 350 GeV

per mille level Ą ~  2.5 TeV

and  Beyond:

experimental upper limits for at few % level

(neutron and nuclear b-decay)

boson

Ci
(ó): coupling constants for the 

different types of weak interaction

Structure of the weak interaction in bdecay



Beta decay transition probability :
distribution in energy, emission angle and polarization of b-particles

for allowed b-decayof polarized nuclei

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

bn-correlation Fierz interference term

b-asymmetry
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longitudinal polarization transversal polarization
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  electron momentum

    neutrino momentum

,   electron/neutrino energy

   nuclear spin polarization
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with:   MF(GT) = Fermi(Gamow-Teller) nuclear matrix element,

Ci = coupling constants of the S, V, A, T weak interactions.

assuming time-

reversal invariance 

(all Ci real)

Note: - correlation coefficients (a, A, é) depend on physics (Ci
(ó): coupling constants )

- ókinematicsô factors  (          , é) tell us how to organize the setupe
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Fierz interference term   e
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- most experiments (because of the normalization) do not measure X = a, A, é

but instead :

- b depends linearly on the Ci
(ó)coupling constants (instead of quadratically, as a)

- measurements of thus usually include also  b  !!,  ,...a A

2( 1 ( ) )Zg a= -

- sensitive to scalar and tensor weak currents via (b = bF + bGT):

Note:   - bF and bGT are zero in the standard model 

- for pure Fermi and Gamow-Teller transitions bF and bGT (and also  a, A, é )

do not depend on the nuclear matrix elements !!



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

but instead :

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

2( 1 ( ) )Zg a= -

recent result with UCNA:

with uncertainty dominated by

absolute energy reconstruction 

and linearity of beta spectrometer

energy response

90

stat 61 syst0.067(5) ( )nb +

-=

K.P. Hickerson et al., 

Phys. Rev. C 96 (2017) 042501
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exp.

!!!  for pure transitions the results are independent of

the nuclear matrix elements !!!

(assuming maximal P-violation and T-invariance for V and A interactions)

recoil corr. (induced form factors) º10-3  ;   radiative corrections º10-4
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F. Wauters et al., Phys. Rev. C 82 (2010) 055502



Searching for charged scalar weak currents 
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JC Hardy & IS Towner , Phys. Rev. C 91 (2015) 025501

= 3072.27(72) s

from

experiment

nucleus  dependent 

corrections nucleus  independent 

1

(1 )Fb+

allowing for scalar currents

Ft-values of superallowed Fermi decays, and scalar currents



Limits  on  scalar currents

32Ar:   Adelberger et al., PRL 83 (1999) 1299

B. R. Holstein, J. Phys. G 41 (2014) 114001
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Hardy & Towner , Phys. Rev. C 91 (2015) 025501

38mK:   Gorelov, Behr et al., PRL 94 (2005) 142501
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TRIUMF Neutral Atom Trap:  ɓ-ɜcorrelation in the decay of 38mK

A. Gorelov, J. Behr et al., Phys. Rev. Lett. 94 (2005) 142501
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A. Gorelov, J. Behr et al., 

Phys. Rev. Lett. 94 (2005) 142501

38 38Ar m

eK en+­



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

Future prospects for scalar current searches 

band from is already

very narrow

Ą more to be gained by reducing

ǎƛȊŜ ƻŦ ΨŘƻƴǳǘΩ-type allowed

regions from bn-correlations

(see next slide)



32Ar

32Cl31S+p

Instead of detecting 

the recoil and the positron

Detection of the proton that 

contains the information

about the 32Cl recoil

(kinematic shift é)

b

p

0+

0+

WISARD = Weak -interaction s tudies with Ar 32 decay

(coll. Bordeaux, Leuven, LPC Caen, NPI-Prague)

32 32Ar Cl een+­
32 32Cl S p­
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vector scalarB

B

catcherbeam

Č measure protons and positrons in two hemispheres

WISARD = Weak -interaction s tudies with Ar 32 decay

coll. Bordeaux, Leuven, LPC Caen, NPI -Prague



1999: kinematic broadening in 32Ar b-p decay

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

A. Garcia et al., Hyperfine Interact. 129 (2000) 237

32 32Ar Cl een+­
32 32Cl S p­

observed kinematic broadening 

instead of kinematic shift 

exp 0.9989(65)a =



Searching for charged tensor weak currents
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Exp. 2:   LPC-Trap  @  GANIL  - 6He

2006 (6He):   aɓɜ= ī0.3335(73)stat(75)syst

X. Fléchard et al., J. Phys. G 38 (2011) 055101
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 experiment

 fit

Li3+

Li2+

Da/a ~ 0.5 % (stat) 

(analysis in progress)

2010
6He

charge-state distribution and 

comparison to atomic theory:

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



aɓɜ= ī0.3342 (26)stat (29)sys

M.G. Sternberg, G.Savard et al.,  

PRL 115  (2015) 182501

a-b-ncorrelation from a-particle breakup of 8Be* after 8Li bdecay in a Paul trap

Axial

Tensor

(ANL Argonne) 8 8Li Be* een-­
8Be* 2a­
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(Leuven / ISOLDE / Bonn / Prague)b-asymmetry with polarized nuclei



3He - 4He dilution refrigerator set-up

magnet

3He-4He

system

3He - 4He

system

Leuven ïISOLDE ;   IS431  polarized nuclei ;  5 ï100 mK

magnet 

system

detectors



N. Severijns, 2-5 April 2007, ECT*

HPGe

NICOLE - ISOLDE    on-line  3He - 4He dilution refrigerator setup

9/3/2018 28

9/3/2018

Si p-I-n diode

(500 mm, Å= 9mm)

planar HPGe

(2 ï4 mm, Å= 12 mm)



development of GEANT4.8 based simulation code


