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Two neutrino double beta decay (2v[[3)

N

(A, Z)>(A,Z+2)+2e +2v,

Second order weak process within SM
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Neutrinoless double beta decay (0vpp)

(A,Z)—>(A,Z+2)+2e"

Forbidden in SM electroweak interaction
and it may occur if lepton number
conservation is not an exact symmetry of
nature .

massive Majorana particle

\ Light neutrino exchange mechanisy
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Nuclear Dynamics of Bf§ Decay

=

Virtual excitation of states of e

all multipolarities in
intermediate (A,Z+1) nucleus -

000

(2vpp only 1* states ,Gamow-
Teller transitions) 2

1+

0+

0* (A,Z+1)

\ (A.2)
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, (A. Barabash, 2005)
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Isotope Tf:;'z., in 1077 y
18(; 4.2+21
®Ge 150 + 10
82Qe 9.2+ 0.7
B7r 2.0+ 0.3
100Mo 0.71 + 0.04
160 3.0+ 0.2
128 (2.5 + 0.3) X 10°
130Te 90 + 10
30¥ e > 81 (90% CL)
150N d 0.78 + 0.07
2387 200 + 60
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Matrix Elements

The rate of 2vpp decay is
1/T2 =6, M,

1/2

2

The rate of 0vpp decay is
1,/'|"OV — (= |AA

172 = “Yov|'Y'ov

Im.y

The leptonic phase space factors G are accurately calculable.
Nuclear matrix elements for Double Beta Decay are as important as

\’rhe data to determine Neutrino Mass. /




2vpbp decay : Description of the Gamow-Teller amplitudes

The double Gamow-Teller transition from g.s.to g.s.:

o Los] s, ) B flor)
or :Z (E™ + E™)/2
Ov decay :

All multipoles contribute(0*,1-, .....), enhanced role of nucleon
short range correlations.
i >

2
Mo -M; - S~
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Neutrino Potential
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Why to focus on the nuclear deformation?

N

V.Rodin, A. Faessler, F. Simkovic., P. Vogel, NPA793 (2007) (Spherical QRPA)

(M)

TOv

((m,,) =50meV)

Nuclear /2
transition o e [yrs]
6Ge —» 76 Se 3.92 451 8.60 X 1026
100 Mo—» 100 Ry 2.78 3.34 2.37 X 1026
130 Te — 130 Xe 2.95 3.66 2.16 X 1026
130N d 2 190751m 4.16 474 2.23 X 102

Stuongly defoumed
\ Shett Model caleulations can forget about it !
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o 2y m deformed nucler; QRPA with schematic separable forces
F. Simkovic, L. Pacearescu, A. Faessler, NPA 733 (2004)

R. Alvarez-Rodriguez et al.. PRC 70 (2004)

In Ovpp arise a problem of how to fix numerous strength parameters
of the forces in different J™partial channels.

e QRPA with realistic forces in deformed nuclei
to attack 0v3B of '"’Nd; applied first to 2v33

M. Saleh Yousef , V.Rodin, A.Faessler and F. Simkovic arX1v:0806.0964 [I]llCl-ﬂl]

Also
gpp fitted to 2yBB-decay half-life = stable M"”

N 3




Deformed Nuclei:

Use of deformed single particle basis M

|:f> the s.p. wave function without conservation
of the total angular momentum, only an%

momentum projection (K) is conserved.

0, )

5 (07 ] Be 1 () )1z, (KO 1, () )1 €K | e
S0y ZK; (EX +EM)/2

The overlap is necessaré since the two sets of infermediate states
calculated within the QRPA are not the same.

Where,

Be=>.(p

pn

70y I n>0;0n GT transition operator
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QRPA Formalism (deformed nuclei)

QRPA wave functions of GT excitations for even-even nuclei
in the laboratory frame




The intrinsic states are generated by the phonon creation operator

M= 3 (XRA (K) YA, (K)

The quasi particle creation and annihilation operators can be defined by
the Bogolyubov transformation

r—-e——_—————_——_—_— —— — — — — — —  — — — — — — — — — — — — — — — —
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Excitation energy and forward-and backward-going amplitudes -
by solving QRPA matrix equation:

[/l(K) @(K)) el S
B0 Yy

A,(K)=(RPA|[A,[H,A ]RPA)

where

B, (K) = —(RPA|[A [H,A ]RPA)
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Nuclear Hamiltonian

The total Hamiltonian is defined as: H= Ho H Him‘

H0 - ZgTa:qT (1= p,n) Single particle part
T

il : ! f
Him = Z VPn p.n.apanan.ap. Residual two body interaction
pnp n

N
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Single Particle States

Single-particle wavefunctions in deformed Woods-Saxon potential :

10.)= Y6, [(NAA )L = A, +1/2)5 =1/2
Ny,

(=) =
+b0 00 [(NnA, +1),Q = A +1-1/2)|Z =-1/2

\ \

Deformed harmonic oscillator wave function Spih wave function

\ The selection rules €, - €2, =K for K= 0, £1 and n,m,=1 /

/2)]
/4




A (KB +E,)0,,3,, +9, [V (WU U )+ 5, (4 V.V, V)]
_gph[\érm (L\sznzvn"h )+\4anzpzn (ansvpz"k )]

@Pﬂhpz”z ( ) SE 9PP[VP2"2P1“1 (VPIV U ) VP1"1P2”2 (uP1 u”l sz )]

' gph[ P2niPinz P1un1Ll )+ pinopany pzunz Pt Vn )]

where E =\ei+A:
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Realistic Interaction:

-

As a realistic two-body interaction we use the nuclear
matter G-matrix.

6 ivar Ty _ |
W_H, +ic Bethe-Goldstone equation

N
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The G-matrix in the deformed single particle basis:

NN A, ) = Z Z Al

Wave function in
deformed basis

NIA, )

Wave function in

over'la integral
P 2 spherical basis

Single particle state

\TpT>=NZ B (NG, £2,)

deformed Woods-saxon state spherical harmonic oscillator state

Two body wavefunction

\ ’ Pppr_‘ pn> Z Z ((IEJ)IJ)p ((f:)u)n Z CJpQ'pJn-Qn ’ (Nolj )P(N°|~i b JK>

(NG13)s (NI
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The G-matrix in the deformed single particle basis:

,ﬁ'pn>—z oD Dl ((IE))IJ)p ((IG)IJ)h ((ISJ)IJ)p B(('Q‘)IJ)n'

T (NI, (NGl (NG (NGl

.n_Qn n -Q/
A (_I)J ( I)J Jpr\hQnCJQp\h-Qn

(po,1 p,

x (INGG), (NG, T | 6 [(NGLG), (NGG), . T)

G-matrix elements in
spherical single particle basis
Bonn CD potential

N 54
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Results

e The BCS equation is solved and the strenghts anir and 9:0.-r

are determined to reproduce the experimental odd-even mass
difference for each nucleus

1.4

Opair | 1 50Nd(p)
1.2 - 2ONd(n)
1505m(p)

G.S L I L I L I
0] 0.1 0.2 0.3
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6T strength functions

Realistic Separable
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6T strength functions

Realistic Separable
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ﬂ/\a‘rrix Elements \

76 76
Realistic Ge — Se Separable
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e
N
=Neppm

S

def.= exp. defor. fo("Ge)= 0.1, f5(™Se)= 0.16 (P. Raghavan, At. Data Nucl. Data Tabl, 42 (]989))/



/ Matrix Elements

150 150
Realistic Nd — " Sm Separable
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\def. I — exp. defor.: G-("""Nd)= 0.37 = 0.09. B-("""Sm)= 0.23 =+
(P. Raghavan. At. Data IWNucl. Data Tabl. 42 (1989))
def. IT — cale. defor.: G=("""INd)= 0.24. G-("""Sm)= 0.21

(P. NMoeller et al.. At. Data Nucl. IData Tabl. S9 (1995))




Conclusions

BCS equations are solved for protons and neutrons. The protons
and neutron gaps are determined to reproduce the odd-even
mass differences.

G-matrix in deformed s.p. basis is calculated using that for
spherical s.p. basis.

The QRPA equation is solved using the realistic forces and B(GT)
strengths are calculated for 76Ge ,76Se, !Nd and 1%°Sm nuclei
considering deformation.

2vpp matrix element for 79Ge and !°Nd with deformation have
been obtained
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Outlook

\

e 6o Further to study the matrix elements of
Ovpp decay within deformed QRPA and realistic
forces.
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