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Experimental determination of
nuclear matrix elements
for double- beta decay

TRIUMF:
Double-beta decay and ion traps

Münster,KVI,RCNP:
(d,2He) and (3He,t) reactions



• Charge-exchange reactions
– (48Ca, 116Cd)
– 64Zn
– 76Ge
– 96Zr
– (100Mo)

• Double beta decay and ion traps
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2νβ
β-decay mode only!!











116Cd 
The case with conflicting

data 







64Zn 
on the proton-rich side: 

Z = 30, N = 34







76Ge 
the most important 
ββ-decaying nucleus





96Zr 
the most neutron-rich
 Zr-isotope N-Z=16





Double-beta
decay and ion

traps
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Electron capture branching ratios for the odd-odd
intermediate nuclei in ββ decay using TITAN-trap

• Objectives:
–  experimental determination of nuclear matrix elements

for 2νββ decay and 0νββ decay
– test theory and improve theoretical prediction
– allow more reliable extraction of Majorana neutrino mass

from  0νββ decay by using mostly experimental information
•Technique:

– measurement of K-shell EC X-rays using radioactive ions (i.e.
intermediate nuclei) trapped in an ion trap (EBIT)

•Advantages:
– no backing material, i.e. no absorption
– high-purity sample
– background-free situation, i.e. precision and sensitivity



ββ decay
 2νββ decay
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accessible thru charge-
exchange reactions in 
(n,p) and (p,n) direction
( e.g. (d,2He) or (3He,t) )

allowed in SM and observed
          in many cases



ββ decay
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nucl. matrix element

    mass of
 Majorana
 neutrino!!!

     NOT accessible thru 
  charge-exchange  reactions 

   forbidden in MSM
lepton number violated
neutrino enters as virtual
particle,            q~0.5fm-1 

0νββ decay



Theory claims: 
1. both decay modes can be described 

with ONE parameter only, gpp, 
which is the p-p part of the proton-
neutron two-body interaction 

2. gpp is fixed to the experimental 
2νββ decay half life (gpp ~1)

 
      BUT
1.   there are no intermediate cross checks 

with experiment
2. 2νββ decay is sensitive to gpp, 

0νββ decay is insensitive to gpp
3. nuclear structure remains hidden

      Theory: trust us!! 

gpp = 0.89 gpp = 0.96

gpp = 1.00 gpp = 1.05
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Decomposition of MGT

Theoretical situation

sensitivity to 1+ excitations

 2-



MEC = 1.4   ε = 0.095%    log ft = 3.77 theo
MEC = 0.69 ε = 0.023%    log ft = 4.39 exp-1
MEC = 0.18 ε = 0.0016%  log ft = 5.5   exp-2
MEC = 0.51 ε = 0.013%    log ft = 4.6   Sasano

Recent critical assessment of
the theoretical situation

1. gpp also enters into calculation 
of single β decay

2. this allows to make (in few cases) 
precise predictions about EC-rates 

3. in confronting with experiment, 
theory fails BADLY 
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Summarizing the theory
   The use of gpp(ββ) ~ 1.0 reproduces the 2νββ

decay half-life via a conspiracy of two errors:
a much too large EC matrix element (too fast
EC decay) is compensated by a much too
small β− matrix element (too slow β− decay).

Discrepancies of 1 – 2 orders of magnitude
are possible

    The loose end:
 EC rates are badly known, or not known at all



Experiment for EC using EBIT

port for X-ray
detector

trap center

        E-gun
(can be retracted)
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holding 7 ports for X-ray detectors



Experiment for EC using EBIT
trap

223 mm

magnet
coils

recessed Be
window on
DN 160 CF
flange

thermal
shield

vacuum
housing

• 7 X-ray detectors
• 2.1% solid angle
  (can be increased)
• 6T magnetic field
• carrierless suspension
  of ions in UH vacuum
• 105 – 106 ions per load
• holding times: minutes

or hours possible

Electrons from β-decay (106 times more intense than 
EC) are giuded away to the exit of the trap and can 
be used for monitoring by a channeltron



Ion trap network @ TRIUMF



Example for mass resolution
ISOLTRAP @ CERN

Mass differences:
5.55 MeV
4.53 MeV
3.72 MeV
1.82 MeV



Three different E-guns (0.5A, 1.5A, 5A)
assembled, tests underway.

RICH-ebis @ 10 A standard operation,
they will go to 20 A!

First tests planned for July 2006, move to
TRIUMF March 2006

Electron Beam Ion Trap (EBIT)Electron Beam Ion Trap (EBIT)



ISAC:
Highest yields for On-Line
facilities, can go up to 100µ
A@500MeV DC proton

Production of radioactive isotopes @ ISAC/TRIUMFProduction of radioactive isotopes @ ISAC/TRIUMF

Ion-sources:

• Surface 

• Resonant-Laser source

•Negative, off-line test 

•ECR, on-line tests and
checks  (changes needed)

•Targets:

•High power target tested
on-line and found proton
beam to small!
Improvements under-way 

•Actinide target task force:
Plan to do tests 2006





MOON      1t material
NEMO-3   7kg

solar ν detector
SUPERNOVA-detector
 100Mo(ν,e-)100Tc β−

90 hours/10% measurement

116In

1+
5+

4+
2+

0.0 14.1 s

54.3 min
127.3

223.3

273.0

QEC = 0.470

116Cd 116Sn

log ft = 4.7

8- 2.18 s
IT(100%)

(in conflict with (3He,t))

Important measurements
also because of the present
conflicting experimental
values.

8 – 100 hours depending on
value of ε



NEMO-3
T1/2(2νββ) = [9.6 § 0.3 § 1.0  ]¢ 1019 yr

First time to measure EC (2-      0+) 
from an excited state but

a significant expmtl challenge!!



The most important case!!!

exp. log ft (β-)  = 9.7                            
if  log ft (EC) ~ 9.5                

ε = 10-5

(3He,t) expmt !!!

proposed at RCNP

Estimated measuring time:
10-20 days (long half-life!)



X-ray spectrum  (1 keV resolution)
MC-simulation 100Tc(EC):  ε =10-4

energy  (keV)



Charge-exchange reactions for determining
double-ββ decay matrix elements will be

continuing
i.e. (d,2He) for „GT+ leg“

and
(3He,t) for the „GT- leg“  (at RCNP)

Radioactive beam facilites and ion traps can
provide nice tools for getting information
about the 0ν-ββ decay matrix elements

Theorists and expmt‘lists alike should be
encouraged to devise new methods to test

matrix elements for 0ν-ββ decay




