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6He good properties for fundamental symmetries studies

•Simple decay (~100% to ground state)
•Pure Gamow-Teller decay
•Half-life ~1 sec → appropriate for trapping 
•Large Q-value → good for seeing effects of 
•Noble gas → no worries about chemistry
•Light nucleus → ab-initio calculations

6He

6Li

0+

1+
Q~3.5 MeV



Trapping of radioactive He
isotopes and charge radius 
measurement achieved by ANL 
group (Z.-T. Lu, P. Mueller et al.) 
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Now have ~1010 atoms of 6He/s at Seattle via 7Li(d,3He)6He

Now have a reliable source 
of 6He yielding ~8 ×109

atoms/s in a clean room!

A. Knecht et al.
NIM A. 660, 43 (2011)
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Nucleons move slowly
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Simplest operator ! Spin-flip 
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Typical decays

Gamow
-Teller
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Fermi

Strength
(Intensity) 

Gamow-Teller operator is good to 
probe nuclear wave functions 
calculations because:
1) No radial dependence 

selection rule prevents 
connection to other shells

2) Good spread over daughter 
excitation energies

Problem: when comparing calculations with experiment found less strength than predicted: 
`quenching of gA’.
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Prediction

gA (neutron)                ~ 1.27

gA (sd-shell OXBASH) ~1.00



One source of the problem:

Calculations are performed in a reduced shell-model space

ifif PPPPPP    111

P : projection operator into the reduced space.
The renormalization of gA is to account for using a 
reduced space.
Should be called The enhancement of the GT strength. It is a shortcoming 
in the prediction and the renormalization factor depends on the size of the 
space used.



Problem: Beta decays 
usually cover only low 
excitation energies.

Solution: Use instead charge 
exchange reactions.
Example: (p,n) has same quantum 
numbers as beta decay.

Can one do better 
than just looking at 
individual transitions? )(3)()(
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Great improvement in recent years: better 
energy resolution; detailed studies; resolution 
of many old puzzles (see talks by R. Zegers
and D. Frekers). 

Ikeda sum rule:                     implies32 



6He and 3H: very simple transitions; light enough for ab-initio calculations.

The decay of 3H is used to determine the Nucleon-Delta excitation effect and it 
turns out to be small (2% correction). Several `ab-initio’ calculations show 
agreement at the few percent level:

Schiavilla & Wiringa PRC 65, 054302 (2002)
Navratil & Ormand, PRC 68, 034305 (2003)
Previn et al., PRC 76, 064319 (2007)
Veintraub et al., PRC 79, 065501 (2009) 

Veintraub et al. 
…our accuracy in estimating the GT 
matrix element is at the level of per 
mil… validates the use of the 6He β-
decay as a testing ground for an axial 
MEC model.

However, experimental situation was 
somewhat unclear.



Extracting gA from the lifetime of 6He



Extracting gA from the lifetime of 6He

• Two previous experiments disagreed 
by 9 ms. Resolved the discrepancy.

• Our results in combination with ab-
initio calculations shows that 
quenching is at most about 2%.

A. Knecht et al. ,
Phys. Rev. Lett. 108, 122502 (2012);
Phys. Rev. C 86, 035506  (2012).
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Helicities and nuclear beta decays: Parity Violation (56 years!)
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 P inverts coordinates and momenta, but not angular momenta 

If P were conserved electrons should come out isotropically from 
polarized 60Co.

Electrons come mostly opposite the polarization of 60Co.
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Helicities and nuclear beta decays: Parity Violation

What makes electrons come out preferentially opposite the 
polarization?

1)  Conservation of Ang. Mom.: e and  spins have to align along 
the direction of initial polarization.

2) e’s are left handed (momentum preferentially opposite spin).
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Distribution of 
electrons



“The 7 percent solution” in
The thrill of knowing 
an important law 
that nobody 
understood and the 
ability to ignore an 
incorrect experiment 
(6He)



Searches for Scalar and Tensor currents.

Are weak decays 
carried only by W’s?
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Decay rate:
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Precision beta decay versus pion  and “LHC”: 
(Wauters et al. ArXiv)
Can “precision” compete with “energy”? Yes.



6He: 
“recoil order”
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… and radiative corrections.

Small and under control for 6He 
decay.

From our theorists (Barry Holstein 
et al.): “no show stoppers”



6He collaboration

P. Muller, A. Leredde
Argonne National Lab

X. Fléchard, E. Liennard,
LPC, CAEN, France

O. Naviliat-Cuncic
NSCL, Michigan State University

Y. Bagdasarova, A. Garcia, D. Hertzog, R. Hong, P. Kammel, M. Sternberg, D. Storm, 
H.E. Swanson, F. Wauters, D. Zumwalt

University of Washington,

•Simple decay (~100% to ground state)
•Pure Gamow-Teller decay
•Half-life appropriate for trapping (~1 sec)
•Large Q-value, good for seeing effects of 
•Noble gas → no worries about chemistry
•Simple nuclear structure

6He

6Li

0+

1+



Searching for tensor currents in 6He

6He

6Li

Instead of detecting 
the neutrino, 
determine momentum 
of electron and 6Li.

Solution: hold 6He 
with light.

Problem: slow 6Li, will 
loose momentum in 
ANY supporting layer.

0+

1+
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6He Little a, detection

• Electron and 6Li recoil nucleus detected 
in coincidence

• E‐E scintillator system for electron 
detection (energy, start of time‐of‐flight)

• Micro‐channel plate detector for 
detection of recoil nucleus (position, 
time‐of‐flight)
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Magneto‐Optical Trap

• Six orthogonal, counter‐propagating 
beams of opposite circular polarization are 
red‐detuned as in the Doppler cooling 
configuration

• Anti‐Helmholtz coils introduce a 
quadrupole field with zero magnetic field 
at the center and linearly increasing field 
in the directions of the lasers
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• RF discharge in xenon/krypton to excite 
into metastable state

• Cycling on 1083 nm transition to 
transversely cool, slow down and trap 
magneto‐optically

• Trapped atoms transferred to detection 
chamber with 2nd MOT

• Based on experience from 6He, 8He 
charge radius measurements by ANL 
collaborators:
L.‐B. Wang et al., PRL 93, 142501 (2004)
P. Mueller et al., PRL 99, 252501 (2007)

Trapping of 6He
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Electric field (1.7 kV/cm) guides 
6Li ions.



E‐E scintillator system for electron 
detection (energy, start of time‐of‐flight)

Micro‐channel plate 
detector for 
detection of 6Li 
recoil nucleus 
(position, time‐of‐
flight)



Recent data with non‐trapped 6He

MCP position

Scintillator 
spectrum MWPC spect.



6He little‐a outlook

• Have trapped 500‐1000 6He atoms. Presently 
working towards longer stability for a 1‐week 
long experiment.

• Detection systems working.
• First data run planned for later in 2013.
• Aiming for a 0.1% determination of little a by 

2015.
• R&D for spectrum shape determination.

Detection
trap

Capture
trap



Backup slides
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Recirculation of 6He to improve yield

Expected a 
factor of 5 
improvement but 
so far only 3.

Discharge 
plasma 
conditions 
changed with 
recirculation.
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MOT-to-MOT transfer to decrease 6He’s in ground state



Electric field of 
apprx 2 kV/cm to 
guide 6Li ions.
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MCPPSD (micro chanel plates with delay line anodes)

34

MCPs (micro channel plates)

Delay line anodes

5 signals: charge emitted by MCPs, charge collected on anodes (x1,x2,y1,y2)  
5 polarization voltages: front MCP, back MCP, det. frame, anode_ref, anode_sig

X = c (tx1-tx2)

x

tx2

tx1



X&Y calibration:
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Beta detector: 
A multi-wire prop chamber (E) 
and a scintillator (E)
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beta detector with 90Sr source

37

MWPC Anode signalScintillator+PM signal



beta detector with 207Bi source

570 keV

1064 keV

9% resolution
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So far we have managed 
to trap 500-1000  6He 
atoms. 

But only for periods of ½ 
hour. Need more stability. 

Presently working on many 
developments.

First physics run likely 
summer of 2013.

39

Laser trap outlook
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Decay rate:
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Interaction for GT transitions

40



We have already trapped 
~500 atoms of 6He at UW!

41



6He: measuring the spectrum in search of the `Fierz interference’

Use MWPC
•Identify backscattering
•Veto non-contained events, backgrounds,

Calibration of line shapes very important. 
Follow Tseung, Kaspar, Tolich, arXiv:1105.2100v1:
Use 12C(p,p’) to generate 4.4 MeV photons an then 
scatter in TPC to generate Compton electrons. 

Ongoing simulations to understand the limits of our methods



Precision beta decay versus pion  and “LHC”: 
(Wauters et al. ArXiv)
Can “precision” compete with “energy”? Yes.


