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Tensor type currents

Nuclear β decays in the Jackson, Trieman and Wyld formalism:

Standard Model at 

low energy:
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Tensor type currents

Quark level EFT** New data

A new* evaluation of tensor type-weak currents from nuclear and 

neutron β-decay data was motivated by:

T T TF f
** Phys. Rev. D 85, 054512 (2012)*Rev. Mod. Phys. 78, 991–1040 (2006) 

From lattice QCD
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Observables

β-decay rate:
Fermi: (CS,C’

S) Gamov Teller: (CT,C
’
T)

Mixed: (CA, CS, C’
S , CT, C

’
T)

Correlation coefficients:
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Data Set 

Nuclear:

neutron:

Selected data set most sensitive to tensor currents

+ 32Ar / 38mK / 0+->0+ to pin down CS and C’S

PDG2012 selection for τn and A0

+ recent UCNA and PERKEOII results



Limits

3 parameter fit (CA,CS= C’
S,CT= C’

T)5 parameter fit (CA,CS,C’
S,CT,C

’
T)

90 % C.L.

95% C.L

90% C.L

68% C.L



Limits

3 parameter fit (CA,CS= C’
S,CT= C’

T)5 parameter fit (CA,CS,C’
S,CT,C

’
T)

6He from Johnson (1963)

neutron + nuclear (PF/PGT + F trans. to limit C(‘)
S)

neutron decay

0
+
→

0
+



Limits π ↔ β decay*

*PIBETA Phys. Rev. Lett. 103, 051802 (2009)



Limits π ↔ β decay* ↔ LHC

*PIBETA Phys. Rev. Lett. 103, 051802 (2009)

LHC from p-p 8TeV 20 fb-1 ** 

** Cirigliano Journal Of High Energy Physics (2013).



Limits ↔ 2005

Big shifts in neutron data

UCNA + PERKEOII

PDG2010

PDG2012

2005 new τn

2013

UCNA

New τn

upcoming PERKEOIII
?



Round up CT

So …  β decays are a sensitive and competitive probe for

tensor currents coupling to left-handed neutrinos 

(it is hard work for the right-handed)

 Current limits are dominated by τn and An

+ few nuclear β-decay experiments

 Future experiments should aim at 10-3 precision

 Neutron and light nuclei with fast decays are 

preferred  to keep theoretical uncertainties under 

control



6He as a probe for CT

6He

6Li 0+

1+
 Fast 100% GT, ground state to

ground state transition→ C’
T

 ~1 s lifetime, noble gas + can be

produced in large quantities

 Light nucleus with 

• α →F Gluck NPA 628 (1998)

• Weak magnetism from analogue 

M1 transition in 6Li

• nuclear structure accessible for

ab initio /χEFT *

100% β-
• Q = 3.5 MeV

• t1/2 = 807 ms

• log(ft) = 2.9

1+3.65 MeV

*PHYSICAL REVIEW C 79, 065501 (2009)



6He at UW

Program

6He half-life
3 • 10-4 precision in PRL 
108 (2012) 

aβυ in MOT-MOT
aim: 1%

Data taking 2012 - 2013

aβυ in MOT-dipole
aim: 0.1 %

In preparation

bFierz Design phase

2H (10 uA @ 18 MeV)

molten 
7Li

> 109 6He s-1

* A. Knecht et al.  NIMA 660 (2011)



6He at UW

25 %

recirculation

10
-5

X 3

6He atomic beam



Double MOT trap

Zeeman 

slower ~ 3-4 %

Achieved

 Few hundred 

trapped 6He in MOT1

 50 % MOT1-MOT2 

transfer efficiency 

on 4He

 β and ion detector 

systems installed and 

commissioned

100 trapped 6He in MOT2

Ready to go



aβυ from TOF +Li6

6He → 6Li + β + υ

250 300 350 400 450

a= -1/3
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Time of Flight, ns

a= +1/3

Scintillator-MWPC 

β telescope

MCP

TOF of (untrapped) 6He decays in MOT2



aβυ from TOF +Li6

He transfer from MOT1 to 

MOT2 as seen by the MCP
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