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INTRO: Two-Neutrino Double Beta Decay of "°Ge
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INTRO: Neutrinoless Double Beta Decay of "°Ge
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INTRO: About Experiments
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INTRO: Experiments Searching for O

Major Running Experiments:
@ Heidelberg—Moscow ("°Ge)
@ NEMOS3 ("°Ge 82se%zr 1990 116Cd .. .)
@ Cuoricino (128130Tg)

Future Experiments:

SUPERNEMO (82Se 1%0Mo...), GERDA ("%Ge), MAJORANA ("%Ge),
CAMEOIL Il (*8Cd), CUORE (}?8130Te), MOON (%Mo), EXO (*36Xe),
COBRA (70zn 106114116cq 128130Te) ZORRO (%°Zr)

Jouni Suhonen (JYFL, Finland) Carpathian-07 6/30



INTRO: The of Neutrinoless Decay

0 Decay is Able to:
o Reveal if the neutrino is a Majorana particle
e Probe the absolute mass scale of the neutrino
o Probe the mass hierarchies and CP phases

Problem: NUCLEAR MATRIX ELEMENTS!
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PART II:

ForO decay

one has to prevent the two

decaying nucleons to overlap

This work is based on

M. Kortelainen, O. Civitarese, J. Suhonen
and J. Toivanen,
Physics Letters B 647 (2007) 128

M. Kortelainen and J. Suhonen,
Physical Review C 75, 051303(R) (2007)

M. Kortelainen and J. Suhonen,
To appear in Physical Review C (2007)
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Matrix Elements of the O Decay

MASS MODE:
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Traditionally: Jastrow Correlation Function
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Cuts away the short-range part of the two-nucleon radial wav e
function by introducing the correlated operator

(OF jiCii07) ! (Of ji04j0 ) = (Of jifsOf4i0) :
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Unitary Correlation Operator Method =

The UCOM creates the correlated many-nucleon state by aUNITARY
correlation operator C:

jTi=C i;C=C C;
where
C $ tensor correlations ;

Cr $ central correlations ;

In this scheme it is equivalent to use correlated states or correlated
operators:

h~jAj~9 = h jO’ACG] G =h jaj §:
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0  Decay of “8Ca in the Nuclear Shell Model:

Multipole Decomposition of M©)
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More Complete Calculations

Take into account

nite nucleon size (form factors)
and
higher-order terms in nucleonic weak current
and
short-range correlations
and
use the pnQRPA
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dop Dependence of M©)

Jouni Suhonen (JYFL, Finland) Carpathian-07 14 /30



Determination of gp, from M2)

Use only the UPPER deduced band for M2 )(exp.)
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Multipole Decomposition of M© ) for "6Ge
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Contributions of Various Correctionsto M©)

A=higher-order terms in the nucleonic current
B= nite nucleon size effect
C=Jastrow short-range correlations
D=UCOM short-range correlations

Nucleus gp b.me. +A +A+B +A+B+C +A+B+D

®Ge 1.00 8529 7:720 6:356 4:723 6:080
825e 1.00 5398 4:826 3914 2:771 3722
%zr  1.085 5308 4:814 3736 2:454 3521
100  1.08 6126 5571  4:358 2:914 4:113
116cd 099 5726 5172  4:263 3:169 4:076
128Te 0905 7:349 6673 5260 3:563 4:979
130Te 0.87 6626 6:021 4777 3:285 4:530

136xe 0.74 4715 4269 3478 2:537 3:317
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Compilation of the Calculated O Half-lives
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PART lll: Independent Probes for O Matrix

SEERS

Possible Experimental Probes:

o Betadecays (Need more data!) $ Measurements of EC branches
using the TITAN ion trap facility at TRIUMF

e Charge-exchange reactiong(d,2He) ractions at KVI,
Groningen; (3He,t) reactions at RIKEN]

@ Neutrino-nucleus charged-current scattering (science ct ion?)
@ Two-neutrino double beta decay (The T-B-C recipe)
@ Ordinary muon capture (begins to be experimentally feasibl e)
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Example of Available Data on Beta Decays
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M) for 76Ge: Running Sum for 1* Contributions

“M (Ov) ( Jﬂ')

Jouni Suhonen (JYFL, Finland) Carpathian-07 21/30



M) for 76Ge: Running Sum for 2* Contributions
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M) for 76Ge: Running Sum for 3* Contributions
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M) for 76Ge: Running Sum for 2 Contributions
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M () for Se: Running Sum for 2 Contributions
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M () for °6Zr: Running Sum for 2  Contributions

1.6
| 2 —— g,=1.06 |
I Op=1.11
l‘\‘,\
S I
5 i
= i
0.0 ’ ’ T ’ T ’ T ’ T
0 10 15 20 25 30 3

Jouni Suhonen (JYFL, Finland)

Carpathian-07

26/30



NUCLEAR

AS A PROBE




Ordinary Muon Capture on "5Se
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, Experiments:

o Paul Scherrer Institute
76Ge 76AS TGSe 0+ (PSI)
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OMC as a Powerful Tool to Probe the 2 Decay

2 decay of “*Caand OMC on “8Ti
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Conclusions and Outlook

Conclusions:
@ Jastrow method cuts off relevant parts of the many-body wave
function !  excessive reduction of the 0 N.M.E.

@ The more re ned UCOM method predics only moderate effects of
s.r.c. upon the O matrix elements

@ Charge-exchange reactionsare needed to probe the strong 2,
contributions to O matrix elements, in particular for the
pf-shell nuclei

o At present experimental analysis of nuclear muon capture is
developing fast for medium-heavy and heavy nuclei $ testwave
functios of intermediate states of 0 decay

Outlook:

@ The new matrix element results with the UCOM will affect
SENSITIVITIESof PRESENTand FUTURE O experiments
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