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ABSTRACT
‘Praminent features of the doublé beta decay  processes
are'reviéued;”Ehbhasis is placed on the neutrino masses
and the quésipaftic;e' randam’  phase - approximation
(GdRPA). The suppression mechaniém for the fI—decay
tran;ition rates, proposed by Vogel and Zirnbauer, is
found - to. be-closely: related . to thE-rgsturatinn ot Su{4)
csymmetry. It is suggested- that the extreme- sensitivity
of  the - f33~decay -amplitude . on the ' proton-neuatron
‘goupling is.a consequence of the explicit vioclation of
the SU({4) symmetry and-therefore . an- artifact. of the.
model. A prgs:ription; is given . for fixing this
" interaction strength-within the GRPA itself, which  im
this way acquires predicting power. on- both . single and

T double-~-decay- lifetimes.

Invited talk at the International Workshop on Hadronic Matter,

Olinda/Recife, Brazil, August i4-1i8, 1987.

1. INTRODUCTION

Both the theory af the nuciear.dauble beta (ﬁﬂ) decay and
its experimental history have been extensively discussed in the
literature [Pri Bl, Hax 84, Doi 85, Ver B&, Cal B&4, Bil 87, Lev 87,
Mut 88, Ros 88, Avi 88]1. Thus, .theae topics will be omitted
whenever not indispensable for -the clearness  and the
self-consistency of the ﬁresent talk.

The 33 decay is one uf.the rarest processes in nature,
with a half-iife of the_order.of ~ 10%° years or longer. It became
abservéﬁlé anly whén the single 3 decay is forbidden energetically
ar'étrongly suppressed due to a large change aof spin. It. i5  the

pairing force which makes even-even nuclei more bound relative  to

the neighboring odd—odd nuclei. As an example the SB decay from

1Z%1e to *2%Ke is shown in Fig. 1.
o ) ] ST T
[ = : ¥ 128
X A 128 tem [EC+3+]-5ECQ
of s
3 _ .
% S93m - A : B*+EG
" 1285n ™ can 100 m Op; 88G0ymt
s SD 5 v @ 243d
L 1§$sb B onan gm™ EC 12563
L Ot B" : 1§ng 56
t - 1 24.99m g '
Hos daeny of '*:45,, 128 \ Qg 0483 &1
" ECel 53! EC=
r : . B oo fom Gy 3928 &
LBy e :
Te b
ol . 52 BB o
X 128
Tl 5aX8

Fig.l Mass spectrum of isobars with mass number A=128 fLed 78]1.

Decay modes of ground states are given. The ffz-decay is the only

possible mode for s S




These second order processes can. take place. through th

different decay modes which are intimately related to the
neutrino—antineutrino distinctien:

l.gggtun.cunsgrving‘gracess iﬁﬁzul* The f3-decay can be considered

as a two step process

- ~
. B+ 2 1-:)‘ . . £
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2n 4 2p + Za + 20 ‘
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or: {(A,Z) » (A, Z+2)+ 22" + 2b,

and is described within the standard electroweak model by ‘secnnd
order ﬁerturbatiun of the V-4 weak Hamiltonian H;, independently of
whether neutrinos are Dirac {(v=>) or Majorana (v=u) particles,

massive or massless. However, when v and v are different particles

the emission of two electrons must be accompanied by two

antlneutrlnns.
2.Lepton number violating gracess Lﬁﬁ l__For the case in which
there exists only one type of electron neutrines the double 2 decay

can take place according to the schemé=

n+p+e +p —

v+n +p+e (if v=p)

2n + 2p + 20 o+ 20 _ e
A-2

or: (A,Z) » (A, Z+2}+ Ze .
Here it is assumedréhat a ;iffdal Héﬁtrina‘ié émiéié& iﬁ.the first.
step and ahsnrbed.in the éécnnd. The net rééuit is that only two
electrons: are emitted and therefore the lepton number is not
conserved. . It should be emphasxzed that when m —0, i. e., when the.
helicity is.a good quantum number,. and the lepton weak current is
of pure. V-A type, the helicity‘prnject%qn_gpggatprs

L={1=y,_1/2

R=(1+y5)12,' P T : fameeod {(Tel)
ensure that the emitted antineutrind’ and the-absorbed:peutrino are,
respectively, left—handed:(LH) and’ right-handed (RH); that-is: n »

~RH LH

p+e % p, and v +:n » p + e . Consequently, “even: when the

neutrino is a Majorana particle (v=;), the-ﬁﬁov decay: will not take

-place unless at least one of the' following conditions:is fulfilled:

a) neutrinos are massive (the m, part),; or o

b) the right—handed (V+A) current coexists. with-uthe,,Lefﬁ—handed
(v~A)} current. (the n part).

The diagrams in Fig. 2 illustrate these tﬁo possible mechanisms for

the ﬁﬁov decay.
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Fig.2 Diagrams of two possible mechanisms for ﬁﬁb; decay. At each

vertex the handedness of the weak current, V-A (LH) or V+A (RH) is

indicated.
In order to give a more gquantitative support to the above

néﬁtiﬁﬁéd statements we adopt héte the following effective weak

interaction Hamiltonian
=. 3 = - - -2
HV- ﬁ" J + h c (1 )
where G is the weak coupling constant,

S B al FE ORI TS SR I (1.3)

is: the. lepton current, and

qu = ‘I’p[gvrp - gay.uyswn (1.4

is the left-handed (V-A) hadreonic current. The transition amplitude

for a ﬁﬁou decay reads

L= va. From the relation (1.6) it is now clearly seen that the ﬂﬂo

. <tie ,e |H m;e—,u><m}e—,v[H jix :

o p [ Mmoo
m, v B, = By * B, +E, o .

where i,m,f, and e:,e; denote, respectively, the initial,

intermediate, and final nuclear states and the final electron
states; v stands for the intermediate neutrine atate. The lepton

part of the amplitude Hou is written as [Doi 85]: .

HQUCIEpton) = e(x)roLv(x)e{y)yp(L+nR)v(y)
- d‘q E—i.q(xwy) B y .
= i J- < T Z e(x)ro(va + nqyr R)rpe (y), ..(1'6)
(2m) q i
v
where the line cnnnectiﬁg v(x) and vly) means the contraction,

which is allowed if the neutring is a Majorana particle; the symbol
€ stands for the charge conjugation (see bellow), and the fnlluwing
relations have bgen employed L(q"‘rIH + mV)L f,va and L(q“rH + mu)R
v
decay will take place only when v=U and when one or both of the
conditions a) and b) are satisfied. The eqg.(l.6) shnws that for a
massive neutrino, the transition amplitude is prnpnrtiunai to the
factor |
mv/(qz - mz)' .

Thus; for small neutrinoc mass the amplitide becomes.prbpoftinnal to
the neutrino mass. Op the other hand, for large neutrino mass  the
amplitudé becomes proportional to 1/mv i. e. it is again

suppressed. The helicity mismatch between the main components of




the left-handed interaction is also aveided by an admixture 75 of
the lepton non—conserving right—handed interaction (Fig.2.b}.
While the main emphasis here will be given to the ﬁﬂ&v and

33

o

massless Boldstone boson, called the majoron, would existed. The
majoron comes from a spontanecously broken global symmetry [Chi 8@,
Gel Bl; Geo Bij and givé rise to the lepton non conserving process

(As2) + (A, Z+2) + 2" + M,
uhi:h will be designated as ﬁnav,u.

Nhiia there is at present no indisputable evidence for
neutrinoless B33 decay, the-imporfan:e of this process for particle
and nuclear physics, mainly due. to itws relationship with the
neutrino ﬁaés, justifieé'the effort invested by many groups in this
field., There are many open questions in neutrino physics, such ass
Are neutrinos massive? If mv#O are neutrinos Dirac aor Majorana
parti:leé? Why does the nature faver only left handed currents
{(n=0}7 Do neutrino oscillations take place? Does the majoron
eiist?, etc. The pﬁssibility that neutrinos have non—zerg masses
qoes.heyand the standard model and is utterly related with the
grand unified theories (GUT)}, as well as with the astrophysics
steliar conling and stellar evolution, the propagation of neutrinos
in the interior of stars such as the sun or a supernova, etc.) and
the cusmqlugy { the que%tion af dark matter and the formation of
the universe, etc.).

On the ather hand, since the Bﬁov decay rate depends on
one or more unknown parameters (neutrino mass, RH coupling constant
¥jy OoF majoron coupling) anly the ﬁﬁzv process is in  principle

calculable, and hence a comparison between experiment and theory

decay modes, a third type of 37 could be possible if a

observed for the first time ﬁﬁ}v decay of *25a- into

for the latter decay provides a measure of the confidence one may
have in extracting those unknown parameters from Bﬁop lifetime
measurements. .

Until quite re:énﬁly the observation of 372 decay- has
relied upon the so —called genchemicai methods by mEaQUring " the
abundance of daughﬁer nuclei from /33 decays of élemegts. in
geological materials. In 1987 Elliott, Hahn and Moe LEll 871 have
.’*m—:_ : b.yf_, direct
counting method. This experiment  is very i@partant=.a§3:%;;.is_
consistent with the geochemical measuremen£$ on "?Se and 7 #haréf&%e
it lends considerable credibility to the other geuchémi:al

1281e

determinations of the 373 life times ( in particular that of
and **®Te ). The next exciting goal would be the laboratory test of
ﬁﬁoy decay and Rosen [Ros B8] has ended his recent arti:le. by
sayings: " If seeing the first duuble) beta dacay events inﬁwﬁhe_
laboratory is Iiké hearing the first cuckoo of spring, then saéing
the first no-neutrino decay will be the crowning glory of summer.”
Until recently thecretical calculations of the ﬁﬁ;v decay.
rates were systematically  larger than the ~ corresponding
experimental values; the discrepancy was parti:u&d?ly aranaunced in

126:43%1¢ isotopes. Vogel and ZirnbauerrtVng B&1 have recently

the
made important progress in this regard. They have applied the
quasiparticle random phase approximation {BRPA) and shown that.  the
ground state correlations (GS5C), induced by the proton—-neutron (PN)
residual interaction, play an essential role in reducing the ﬁﬂiv
decay probability. In observing this suppression mechanigm. a

zero-range interaction was used and the consequences of the SU(4)

symmetry on the A%v amplitude were discussed in the context of a




schematic model. Subsequent studies [Civ 87, Eng 88, Eng 8Ba, Mut
88, Mut 88al}, most: of ' them. performed with-~reaiistic, effective
interacﬁions, lead essentiallyr ﬁu the same. conclusion:z when
evaluéted withiﬁrthe-ﬂﬂPA,_irrespect;ve_of'the force'eﬁployed,' the
predicted  life—times are very sensitive to G65C “within the
particle-particle (PFP) channel. As an exampla,_iﬁ_Fig- 3 are shown
the calculéted*h;lf—r_iﬁes “for Te and *®Te [Civ 87]. Is is . seen

that é-minhta,ydriatibnsuf“thg&parameter-'gséju'uhich._rennrmalizes

the PN interaction  in’ " the'’ PP-channel - gives rise to . enormous

variation in- the’ half-lives. ~The same effect. appears. in - the.

description of ordinary # “decay processes [-Eng. B8a, Mut 88al: -and
a0 far-ﬁd'5h{isféctbry'intérbretatinn-uf'this phenomenon .~ has - been

put forward.
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Fig.3 The calculated ﬂﬁév decay half—lives ES'Va function of g

, PP
[Civ B87]1. Experimental results ' are indicated: either by hatched
regions or lines with arrows and are taken from [Kir 861 and [Man

8a].

The aim of the present talk is to point out that the extreme
sensitivity of the Gamow—-Teller (BGT) ﬂﬂ;p amplitude to. model
parameters is closely related to the self-consistency betwesn. the
residual interactiaon énd the average mean field, as well as to the

supermultiplet structure in spin and isospin space. Moreaver, it is

suggested that physically meaningful nuclear parameters, within the

Vagel and Zirnbauer model {(VZM) [Vog 8&], are those which Ilead to
the maximal restoration of the ﬁigner SU(4) symmetry. As a framl of
reference, the results for the Farmi (F) ﬂﬁéé_ gﬁplitudq._gnd_rthe
isospin invariance, will be used [Hir 391. .

‘On. the other hand, as. . the _nuclénr:_phy!iciqté. ars, in
general, less familiar with the iséué of neutring hasses,i_ue:_glqn
address the gquestion of several acceptable - ways-  to mudiffﬁ_thn
standard thaary;as to generate niutrino'mas:a!m Thi§ anpgﬁﬁ;'nfﬂ np
decay will discussed rather axtensively fullouingfn.iﬁly-_a .ruﬁént

article of Peccei [Fec 8%9].

2.NEUTRINO PHYSICS INVOLVED IN THE DOUBLE BETA DECAY

We adopt the following conventions with respsct to £h!
charge~conjugation (G} .

¥= %"= ¥y,  w=vC, C2.1)
where wr denotes the transhase of w and ; = w*rg. .Ih _tﬁq Weyl

representation the mitricés read




We also use the notation
v, = Lly,w, =R ;¥ = (w)"=Re = () . (2.3
2&1 Neutring mass terms of Dirac and Majorana type

The Dirac—type mass-:onnectszthe left (L) and right (R}

components of the neutrina fiéld-v,

b
]
|

3

b4

<

]
|

Ua-
-
vt

-

+

o

-
-

I

- hl- - T
mb( vow v - . {2.4)
and.the.méss_eigenstate.is
v = o+ . (2.3)

A Majorana-type mass connects the L and R cum§Onent5 of conjugate

" fields. In the notation of (2.3), we can have [Che 881

L 4 L= i L - - e )

EL = pmgan = o omy Gy v ) (2:.5a)
R __ 1 L - - 1 3 =< + v T _&h

Ei = z M HAK 2 M { vov LA ) (2.46b)
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The mass eigenstates- are then self-conjugate fields.

The Dirac mass mn

independent LH and RH fields, while Majorana masses m;

(2.7}

results from  the coupiing of the

from. the coupling af fields with their charge—con;ugate flelds.,

Only the first kind of mass term . is available for.

leptons, since Majorana MASEESs would W violate
conservation. The mass coupling.. for  neutrinos.  and

illustrated in Fig.4 [Mut 88al.

the charged

the charge

. electrons  is

N\\\\\\ ,////F ‘\\\\\\ ’////? R
{///// \\\\\y 1///// \\\\\n -
L
l -
Fig.4 Coupling schemes for neutrineas and electrons.
The inverted relations of (2.7) are:
po= Lo ; v, = R4 ; v: = Re vil- LA (2.3?.

and Qhen ¥ matrix is applied to v, n and # fields one gets

11
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and m, arise
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PR
vzl S.T0R DFE S SENNE I Sl M v:_ (2.9}
’ . - _ € T

ﬂy— e . b -VB ~ VR,

_Bléafly this changes the sign Df“m;, mt and m:'in eas.  (2.4) and
(2.6}.
“when'  bath  -vDirFac’cCand’ C-Majorana  mass: . terms  are’

simultaneously present_ﬂa;have:'

: - 1 L ~c R -c
= — — - + el a
xp" L - ( ® vaL+ m v.vn) h.c
=—--‘-[m(?‘e¢i’+3‘n}+m"‘;—m+m.:¥¢r]
z D B S “

s« -2 (ammn ; M= . . (2.10)
2 +& m m

After diaguﬂalizing the mass matrix M we get

énfréspunding to the Majorana mass sigenstates (Nt =rﬂ?)

N 4 ¢ cas&.w'l'éinﬁ',

T {2.11)

N_ = n sin® + & cos® , T zany

with

2 -,
tan28 = ————2——— . . - {2«21%)
L L . : B o . . .
m_ - m
M M :

The eg. (2.10} can now be rewritten as

z = -~ L @ (NN) - ) & (HN) . (2.14}
DM z F4

2.2.Mass generation pptions for peutring in the Sulg!xgill;mgﬂglg&

Although neutrinos play an essential role in the
SU(Z)xU(1} model of electroweak interaction~the standard model-
there is no compelling reason to introduce neutrinc masses [Gla &1,
Wei &7, Sal 681. As it is well known, in this madel the chiral
lepton fields v and Yo have different SU(Zi properties, with .

being part of a SU(2) doublet and v, being a singlet:
-

-[ ¥ ] v (2em1)y w3720, b L (1,0) . (2.1%)
e
L

The first entry in parentheses on the rig_ht—hand sides of eq.
(2.15) are the dimensions of the  SU(2) representations and the
second en£r125 are U(l)l hypercharge Y = Z(E—TB). Within the
standard model also enters intoc the play the Higgs dnuhlaf a =_7E§1
n (2,-1), whose vacuum expectation wvalue is responéiblg for
breaking dawn of SU(2)xU(1) » ULL)_ . _
The electroweak interaction acts only on the left-handed

nautrino vL, while the . right-handed neutrino _v'l has. no U({1}

interaction and therefore it is sterile under SU(2)xU{1). Strictly

13




speaking there ié no right—-handed neugrino in the standard model
and wé cannot tell (up to now) if vR e#ists at all.

Thus, as LL w (Z,+1) and un‘" (1,0) the Dirac-type mass
term is not allowed by SU(Z2)xU(1). However it can be generated by a

renormalizable Yukawa coupling with the Higgs doublet &, i. e.,
s oo
E-d =% {v,e)L Q.vn + ha C. . (2.16)

ﬁsjf acquires a nen zero vacuum expectation value, <>, with <g”> =
v&ffZ} the Dirac mass for neutrinc [Pec 891
m, =T ; v, =250 GeV , (2.17)

d

is:genérated as shown schematically in Fig.5. This mass term is

lepton number conserving since fd is invariant under

v + v o= e V. (2.18)
It should be mentioned that sim:E'vd & 250 GeV , to get neutrino
masses in the eV range requires [°~ 10 %- 1071,

d — <P

Fig«9. Dirac mass generation for neutrinos.
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Being v a sihglet.thE—Majakaﬁa mé;s ﬁ: is allowed by
SU(Z)XU(l), and at variance with hn’ uhich is reiateé to éhe scale
of the SU(2)xU{1) breaking, m:_is a scale indéﬁéndenf qﬁahtity. It
is elear that the presence of m: breaks the total lepton  number
symmetry since the :mmbinatiaqsrﬁz vk-and_ﬁayv: have. =2 and _ &=-2,.
respectively.

Hlthough-m: can be.just: a hafe;mass term igﬂ_caﬂ- also
arise from the vacuum expectation value of a singlet S€2)xU(1)

Higgs field o. Here one introduces a lepton conserving coupling
( vSor + v o'v ) (2.19)
R R )

This coupling does not viclate the lepton number &2, i. e., it
is invariant under a lepton number transformation
i

LS v; = g vu - (2.20)
. -
e

When this symmetry is spontaneocusly broken the Higgs field o is

written as
1 .M
= X_ 2.21)
& 2 (Vs * ps + 1zg Vs . . . o }

where v = 72 <o> = 0 is the vacuum expectation wvalue, while the
-] . . .

fiélds ,oa and x: are massive and massless (Goldstone) fields,

respectively.

Therefore two masses are possible far vLE

15




m ; j.: explicit mass

R
o= " ' ' (2.22)
“ hv spontanedus mass .
=
and ¥ can can be expressed in terms of the field # as
s . .
h - i M
= - = . 2.23
= 3 LHN (v, + p ) +iky 4 2 1] (2.23)

The Majorana mass m: viclates SU(2)xU(1) and cansequantly
it cannot be an explicit mass term. A possibility to generate m is

through: a Yukawa.coupling.of a Higgs triplet field

> &Yz

) :
2.2 = G - (2.24)
A9z A . :

to the lepton doublet [ : ] :
L

. L .
1&“-:'— = [.(v,n:): L2 [ : ]b ]: + h. c., (2.25)

which  is invariant under lepton numberr trangformation
HdHb
-+ = @&
e e &
L L L
Rad =™, (2.26)

if & :arries.éﬂ—z;
.By-kéeﬁinj.unly thl'pure neutrino part of xt.we get the.

 Lagrangian

1@

—c O - L= I -3 .
L vLA vy +_vL(A ) v } + h. c., : _(2.27)

16,

which is totally similar to 2:;_given by eq. (Z.LQF;JaﬁH";fter the

symmetry (2.24) is spontanecusly broken, the A” takes the- form:

1 S ... ] . '
AT = = (vt + e, +.1xt ). . {2.28)
The guantity v, = y2<a°> is. kithgr wall bounded enperimentally
[Pec 89] and one gets

m:,= 9 v, v, 517 Gev , - (2.29)

while 8? éan,be put in the fors in the same fore as Z:, ia e,

¥ _9 T - L
21 2 [nn.(vt + FQ)- 1nrsn-x;_]. . . {2.30)

-

As explained in.thé previcus section neutrinc masses,
whether coming from bare mass terms or Yukaﬁa coupling (through
Higgs mgchanién), are arbitrary parametersa. Thét iz, they are not
calculablé de.ﬁave to be obtained from e?pqrimental data.

. The neutrino masses, if nonzerc, must be .small when
compared with all other mass scales and the 5eé¥sau mechanism [Yan
79, ﬁe1.7?, Moh 8O, Doi B33, thch will be discqssed now, provides
a tﬁenretical way to understand their-smallnesst;

. ‘In the same way as the.pirac.magg m is induced when the
S(2)x{1) symmetry is broken it can be argued that the right-handed

Majorana mass m:, which explicitly violates the lepton number

17




conservation and is scale independent, arises frnm: the symmetry

breaking of grand unified theories (GUT) of the strong and

electrowsak  interactions. This demands two vastly different

masséenérgy scales for m: and L { m: » m ) corresponding to two

different stages of symmetry breaking, i.e.,

BUT = S{2)xU{1} ~» U1} .
L3 om
m’ m

M ]
an ihg:nther hand from eqs. {(2.17) and (2.29) it seems reasonable

L
D

td_assuﬁa that m_ = L and thus a natural hierarchy to imagine for

the mass matrix (2.10) is that

» L oo
", = M m » m, = 0. (2.31)
Therefore
(] mb
M= - (2.32)
m M
]
and its wigenvalues are, approximitcly (¢ = -~ n&/ﬁ), m & - m:lﬂ

and o, = M. The sign of m is irrelevant as it can be changed
through the chiral rotatiun_y’N{+ N‘ (& » —9) as in #g. {2.9). Thus

we end with the eigenvalues and the eigenvectors of M of the form

m ﬂn
m X M”;N‘En— g 4
(2.33)
m
m, = M H Nz = a—#g—'n + N,

and from the inverse relations.

18

2 L ]
" =.}: Llj NJ = N1 + A Nz ,
i=t
. (2.34)
z . L
& = = -
'_': Vj Nj Nz ™ N!. '
= . o .
and the eq. {2.8) we sae now that
. m
v ;
pn 1 & * [} Nzn . .
(2.39)

Therefore v is mostly N and“ul-is.daminantly'ﬂz and. - the - see-saw
mechanism allows a light left—handed neutrino to exists, which for
all practical purposes, agrees with the massless neutrinc of the
standard model.

2

2.%.Ihe n;ggggﬁ.gi&h i.ﬂ!iﬂ:ﬂﬁ.Bﬂiﬂ!iﬂu;iﬁﬁop"

-

As mentioned before it is pdssible thét l-pfan nuibdr- i=
an #xact global symmetry which is, hou-v-r,l spantan-nusiy- §rnk.n,
with the creation of a zero mass Goldstone boson called majoron.
There are two possible types of qajqrén Equns;x: anﬂaxf, dipuﬂdinq
an whether v or » acquire a Méjﬁr#ﬁ;ﬁ'hQﬁsé_ and are related,
respectively, with the SU(2) singlet. field q_qnd triplet field 2.
The first one (CMP-majoran) was intruducéd(by=Ehikashiqg._Hohap;tr-
and Peccéi (Chi 801 and the sgcung_qqe_(GR—ngjorqn)'by ﬁglmiﬁi'.lnd
Roncadelli [Gel 81]. R

As easily seen from  eq. (2.23), the coupling of. tﬁ?

CMP-majoron to neutrinos is given by:

19




zv = = i h :sz.l x’: s ) (2.36)

and by making usetéfheggﬁfz.Sﬂl1tha§g:majn;nn—ngutrino interaction
termsncan.be_espré;géqL§y égan;1?f P§¥éicaL fields-N; and. Nz'
I thé‘eéée af BR+madel, .hnuever, no RH neutrina is
present and the anly neutrino mass which enters into the play. is
L

L Thus, the substitution n » N1 should be done in eq.{2.30) and

the majoron-neutrino coupling resdss

X =i ANy N Y o . (2.37)

We will  discuss only the  GR-majordn which has a  few more
experimental consequences [Pec 8%9]. The [ decay accompanied by the

emission of a majoron (ﬁﬁbv Y is rlﬁruuentaﬁ schematically in

oM
Fig.6&.
-
n P
v M
’ x
Q@ - — = = = = - -+
v
n P

Fig.6. The 38 . decay mode with majoron emission.
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The one family treatment of neutrinos presented. in this
section can easily be generalized to a system of n LH neutrihui v,
and n RH neutrinos Yin (i = s (i en)y cOrresponding  to n
families. Cpnséﬁuently we will have the same amount of neutrino
fieldﬁ'nt and Jl s 2ach one of them expréssed as a'superpuéitinh—nf
2n Majorana neutrinos with masses LI In particular, the electron

neutrinos take now the form:

zZn ) zn )
n, = £1 Uo.i N.i ] .l. = FE: Voj Mj . (2.38}

At the same time the weak current (1.3) reads now
i* = '_’?'“ [ty dn, + 9 (14 2x 1, o (2.39)

and the Langrangian {2.37)} is generalized as
L

. ™
i » .
z"h" = 3~ E Nr.N 2. _ - {2.40)
jrk=12
S-NUCLEAR STRUCTURE INVOLVED IN DOUBLE BETA DECAY.
3.1 Double beta decay life times,
Having established the intimate connection batween

no—neutrino ff-decay and neutrinc physics. we now turn to the

problem of extracting information about the neutrino from the data
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on the decay. The detailed evaluation of the £ decay rates can be
found in numerous. articles: (Hax. 84, Doi 85, Ver 86, Mut 88a,. Dai '
_ 831;:Theqéfdraﬁinfthis-WQrkzoﬁ;y'the final result for the 0++6fj

tfansitibnflwill be presented. Moreover, the attentiaon’ will ]b&f'

‘limited to the weak Hamiltonian

ﬂw;'

TR - a ' : o . o 5.
Hyom 7z 0 Urgded, t e ToanMth xy v (313
uhcfn'ag is.thn hadronic current given by (1.4).

. Concnrnlnq the 0 42" fran;itiuns, the

u_cnnznq frﬂﬂ?th.’ﬁﬂ anq.ﬁﬂovw modes are negligible [Doi 83, Doi
BBa];;and*their neasurements. mainly prnvide-infufmation-an the  RH
ueah current. i. @., O the parameter n. On the other hand, it is
alsa uurth noting that, the nuclear structure of the tirst " excited
v -tatus (due to the quadrupole degrees of freedom, 1i.e., shape
_and paxran vibratians} is much more complex than that of: the
correspandinq o* Itates- A a conanuuncn, the uncnrtninti-s in the
estlmates nf the nuclgar matrix elaments 1nvo}ved in the 0'.2"
processe; could be fairly larger tbéﬁ in the case of the 0% 0‘+

decays.

For the Hamiltonian (3.1) the inverse half-lives can be

cast in the form

: + - -t -N . X )
£ Th’z (0 + 0} J = ’ry;’k _ o - (3.2)

uﬁéreuy; and JN contain information on pearticle -and nuclear

physics;-rﬁépéctivaly, while.fk is & kinematical tactor which
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contributions:

‘whers #. (I=1)

depehds on the carrespandlng'phise-spagq}

The values of ?E_arn:__

e L 0 .g fgr gp.:"’

. m tem bjm 1E e :
!; [<np>fn.1J i | fnr-ﬁﬁa” (3.3)
|<Q“>I. ¥ fo-r ﬂﬁwpl
whers
n . o
<n>-}:uu } L@ > = g gy g
o i " iy ,,u o ek . (3.4)

The sum extends anly over liqhtlnéutrinaiﬂiuss sigenstates

m ).
-

The ouclear qatrix-clnm;ntﬁ’;_ip-of the form:

aT F 4 r z
T = AT - tg et AT

where Jﬁfand Jf-arp,ﬂ resp.ﬁtii-ly;.,th.; Gamow-Teller and-

transition amplitudes.

LConcerning tha ﬁﬂ}”
: : + - L e
A LIY = E <orgo+(n§1 o> <I ;a[O_.;(I)IOL)_I D(Ia} ’

AT ' . 2
z and JK (I-O) "“:v'

stand for the ground-state wave functinns nf the final and

nuclei, respectively, and o:(I) are one—hady oparatorst

»

A
0,(1=0)= 0] = E £, (1) i 0 (I=)= oY= E &

i=x%
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otidt, iy,

{-fEO

3.5)

Fermi”

.‘de:ay they are usually -xprds!idfqm

(3.6}

The bra. <o"[ and ket |0)>

initial

3.7)




Nith.<ﬁit+{n>¥i; The enargy dehaminator D(ie), expressed in natural

units (h=csm =1}, reads:

: . Dley= E - E <+ T /2 + 1, (3.8)

where To is' the G-value of the decay. Finally, the sum in . eqg. (3.8}
) - +
extends over a complete set of intermediate nuclear states [I j;ali.
The-ﬁﬁou and ﬁﬁomu decay mudgs possess & same matrix
elemant ¥ , with

. S ' A
: OT__ < SR + . Y - .2 +
'Mov= "nov,u = {Orlwzk H¢ Irk rL[ EYor{k} a(l)t+(k)t+(L) |0i> (3.9a)

- A - . E
e L e SpE T N + L .
o, e = <?,le HO[P =R DM () |o)> (3.90)

' Thé functian H{r,D} is "the neutrino potential™, being D

a Jtyﬁicai“ excitation energy D(Ia) of the intermediate  nucleus,

and far iight neutrinos, with masses mL« B = 40, it ean be.

approximated as [Doi BS, Tom 86, Eng 88, Doi 88]:
H{r,D) = (RAr}epix)} B : {I.10)

where R is the nu:Iear'fadiug, x=Dr (with both R and r given in

natural tnits: 1fm=2.58x10 "n.u.) and

Tx)= Z- [sintx)citx)—cos(x)si(x)] = o™ %X (3.11)
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Fig.7 Sum energy spectrum of the two electrons emitted in  various

double beta decay prncessés.

The explicit résu;ts for the k;némafi;a}:fécéa;%f?k”_ are
given by Doi et al.[Doi 83, Doi SB]{ Owing to the thrEE'ﬁaﬂy: phage
space , the ﬁﬁou decay is kinematically f;vored over thg uthér:.twu
processes. Indeed, as for this ﬁruces%_ the final state cﬁntains
aonly two electrons and the residual_ nucleus,. the electron sum
energy spectra is a Ss—function at the value'afftﬁé‘railpﬁed enerqy
release uﬁﬁ =e+e - 2. Contrarily, the ne,,, and Gﬁowu_
decays, lead, resﬁgctively, to five—body and fuur—bnﬁy fina1 5tates.
and, és a ;nnsequence, both exhibit continuous sum energy spectra.
Evidenfly, these spectra should have different:_shapés an& this
difference in kinematics can be used, at least: in ﬁrinciple,,.tu
distinguish amoang these two decay modes. This is iliustrated_ in
Fig.7, which shows that the peak in the sum ené?gy_speﬁtrﬁm for ﬁhe

majoron emission is clearly at a higher value than thét for . the




ordinary pf-decay. MNevertheless the former procssse may become an

important background in the electron spectrum in 33 decay counter

experiments.

30 e T T
e i 1
> = 1 ]
=201 4 ]
g F : ]
TRk I
- F 1
a - . -
Fa) - .
Sop =
z ¢ 1
a ! b
- i E
Otllllllk;l]_l;llli|lll1|_l |:
0o 05 110 15 20 25 30

Energy (MeV)

Fig.8 The observed sum energy spectrum of two-elactron events in
25 [E1l B7]. Thresholds of 150 keV and BOO kaV were  imposad,
respectively, on thea single-electron energy and on the sum enargy

of.thn events.

The sud energy spectrum for the two electrons, measured
for the first time by the group at the University of California by
studyan the decay of szSe-'[Ell 871, is 5hown in Fig.8. Tha
reported data represent 7960 h nf run 11ve time and corresponds to
34 ﬁﬁ—decay'ev-ns. The expefimenta} histngram is  in agreament in
shape with expé;tatiuns-fur;the ﬁﬂév p?ncésg normalized to 1.110%°
yr. This result is consistent with the geochemical measurements of
Kirsten [¥Xir 861 and Manuel [Man 861 and the cosmochemical
measuremenf uf-Hérti and Murty [Mar 85F. Thus, it boosts confidence

in aeochemical and cosmochemical measurements of ff-decay lifetimes
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for other elements. Just from the shape of the spectrum in §Fig.B,

it ecan be 1nferred that the 3

1. dacay has & :nns;darabla _ueaker

rate than the ﬂﬁ decay, and ‘this fact was. used tD 5et 'the hﬂund

|<g“>t51,9x19-"un'the-méjuron_:nuplxng-[an-EﬂaJ,

3.2 _gg;ge_.sizlgaga:g mggg;§ !EEQ.LE.LE_ gxgluas;gﬂ. :&n; double

beta. decavs.

From the.prévioush_éggtinnf_it i;:.:lgg? that _r;ii;ﬁie
evaluatinns_nf the. nuclear matrix .elé;éﬁts 3& :ﬁr?:. a:sentxaI:
prerequisite for extfacfing_infnrmatian an- - the - neutrlnn,*phylxcs
(contained in the quantity. %) fkgm- egp-:ingtiy data: on . the
ﬁﬁ-ﬁecaf litetimes. : e S :

At the time being there: are ﬁAiniyisihe#.nuéielﬁﬁ acdels
which are inténsively'usgd in- the litaféfure'de’the—:aiEﬁi;tibn af
the ﬁﬁ-decay‘ prncassesé nsmely the, : shell. - model (Qﬂl_.nnd“ the
quasiparticle'fandom—phaserapp?nxiﬁ-tiun;(QRPAL, ﬁpglicntipn qfﬁthe

conventional SM techn:qun 15 limited to the du:ay 4%ca

Tl ., LHax
84, Zam 82, Sko 83, T5u'ﬂ4,_wuu353m For: heavxar fe/c8 gn;tt-rs the
configuration space turns out to be fuo larqe-tp- be ﬁandled. For

instance, in the case of 766@,. with four protons. and fourtesn

istri i ' £ o
neutrons distributed among valence orbits paxz’ pt/z’ 52 an

.

L R the model space has 210;777-.confiquratians_ 0 [Muet BBal.
Owing to this rea=on * many. peupie— [Hax 'Bl,hJBZa,;ESiqﬂ_QBI_.biv-
recaurse to the. weak—cdupring; éppruximatiqn; {(WCAY, which
drastically truncatas the number af: cunfigu}atiuné. Nithin the WCA

the total Hamiltonian is conveniently expressed as ES;n 88)
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. (3.12)

where Hprand Hn describe the effective Hamiltonian in proton and
neutron space, -raépectively, while Hp& denotes the effective
interaction between p}utuns and neutronz. After solving the
eigenvalue equations for protons and néutron systems separately,
from each system a relatively small number of proton states JP and
neutron states J° wiéﬁ'iaﬁast'anergies are taken. With these ét;tes
the proton—neutron coupled basis vactors jJP,Jn;0+> are build up.
Finaily, the wave functions of the initial and _final states .are
6htaingd‘frug.thn;di;ggnal%;gtiqq of Hﬁn in this n?« basis. The

number-nf,|Jp,Jn;0+> :nnfiguratiaﬁ-, althoégh*:till large in same
:;icui;tinns, is.éluagsfsfrﬁngly fadu;ud whit regardé to the aumber
of ariginal.auliipacticia-statés.'Fhf inséaﬁée; by aeamploying thisg

749, 70
Om+ "  Se

_prqgedu;g,;inﬁagrgcgnt“cg;cuggtiné £Sin 881 of the decay
the largest matrix ocecurs. for the ’°Se and has dimension 2792.

- In. the: GRPA, which is-discqgseg_in:the naxt section, the
nuc lear intlrnctign:is«rgpggsquéq.in,a, nqr-._gche-atiq- way than
within the SM but it deals with by far smaller configuration spacé.

. Thigua;laus~fdr 2 more detailed analysis af the degress of freedom

relevant for a particular process.

2.3 Quasiparticle random Egggg_aggrnx;mgt;gg (ORFA}.
As in the case of the WCA the Hamiltonian considered here

is that given by eg.(3.12). Each of the quantities Hp and 'Hn, in

second quantized form, is given by
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- - + 1 + +
Ht T (et At) =T=T+ — ; <T1rzlvlrar‘{# €. s, €y Cr 9 {(3.13) .
T T's 1 2z 4 '3

where the subscripts %(tr) stand for p(r) or n{r), with Tat.mt and
all the notation has the standard meaningz et iz the single
particle snergy (s.p.e.), :; (:}} are the single particls treation
(annihilation) operators, the label # denotes the matrix  elements
with respect to antisymmetric states, etc.. The Hgmiltonian (3.13)

is diagenalized through quasiparticle transformations [Row 70, 5ol

76, Rin 801:

l;.a utc: T VeEr 3 €2 = (= _ t ctfﬂ';iﬁ . C 4314}
and rehds
. _ i
H, = § s, Al A, | _ L 43.19)
where L are the quasiparticle wnarqiqsl
£y = (B=A,)(uf —vi )+ 2bpupvy = A f2u vy (3.18)

with Kt and At being, respectively, chemical - potentials and the

energy gaps. The BCS ground state is represented ass

. _
[o7>=]o >0 > 5 [op=11 (u, + v, al al >, T (3.17)
) T . ; .

where |> reprasents the particle vacuum.




The second—-quantized version of Hpn is given by

H = B v<rru;VJrr’u'>' r efe’e L c ] 5 (3.18}
pn - k9 nv

where thé‘symbnl 5 ¢ denctes normal product of fermion operators.
After performing the gquasiparticle transformations (3X.14) the

proton— neutron residual interaction can be put in the form:

Y - .
Hpn =H_ HQ. FH, s . (3.19)
with
H = [ L[<mpVir ey (b uu o &V v v.v.3}
22 L k3 g p N pn p°'n
= . + o+
. <np-!V|n_v% (upvnup,vn_+ v":'ul_I vp,un,) ]anavau.an.,(3.20)
_-. * - . . + _+ _+ +
K, = Ho4 ; '<nviV|n L upunvp.vn,.anava;,aﬁ, . (3.21)
- vy
To solve the GRPA equations [Row 75]
I"'<o|to(Tsa) LH, 07 (I;m1°]0>
_ =1 =, o o —
=17*<o(to(T;a) , 0713317 |02 9o (3.22)
wnhere i§(21+1)1/z, the excitation operators D‘(I;a} are

appruximated by an expansion

“'U'fI}a) =5 {*X(pnI;a)[a;a;]I*v Y(pnl;d)[énaﬁ31}~Q:t3.23)
a .
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and uné.getE

(e e o ) X(pnlza) == E [A(pn,p N s L)X(p R Iza)
} - pPn- e

+Bipn,p ' s DIY{p'n'I;a}]

(sp+3n+ wla)Y(pnI;a) = T [A(pn,p‘n';I)Y(p’n;Ifa)_ 32
. p'n.’ N
+B(pn,p'n' s DIX(p' "Iz} 1 .. &
with submatrices
AA(pn,p'n';I) = (upvnup.vn,+ Vpun vp.unj)F(pn;p'h'ill.
+ (upunup,un,+ vaﬁ vp.vn.)thn,p n";I} .
Bipn,p'n ;I) = (vpunép.vn,+ UaVe vp{un.)F(pnf?'n';I} ‘..(3.25)
(UgUa¥p - Ya* Yp¥n Up-n.) Gtemepnt Ik o

where F and & are 'fespectiQélYf the - particle-bale  (PH}" &@nd
particle—particle (PP} patriy elemefits as defined in [Fai “&8¥: ©
The excitation energies E__ in the odd<odd: "~ (A;Z+1) - and

{(A,Z-1) niclei are rFelated to the GRPA sraray o ' as:

. ot A= AR (A THL): e
€. E = P {35.26)
Gt Apm Ay 3 (ARZE1)

;-.ll-u'er'F_‘-E,t is the ground state energy of the parent nucleus. The
corresponding transition matrix elsments are- expressed: by means: of

the forward &nd backward going amplitudés X and Y in the form
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o

<

+ +
<1 ;a§0+(llu0 > = EL<puo+(I)ﬂn){upan(pnI;a) - vpunY(pnI;a)]

(3.27)
+ + i
<1 saje (I)fo > = EL<n§O_(I)HP)[vpunX(pnlya) +u v, Yipnizo) 1.
©+The transition strengths.defined as
+ +
s, e} = |[<ITzafo (1) fo">|?
(3.28)

si(x) = ¥ sztlaai;
o .

s_ (L) = [<IYjafo_(nypo™>)?,

fulfill the sum rule:
S,(1)-§_(1) = 2T_(21+1) , (3.29)
whare T°=(N~Z)/2 is the ground-state isospin.

Se& Essgnsxsukxiga of Isgspin and Spin-isospin Symmetries

It is well known that, even when the isospin—-breaking

Coulomb force is not included in the hamiltonian Hy the whole
structure of isospin invariance may be demolished in an approximate
trestment. of  the..eigenstates. of H. In other . words, the
isnspinfinvariance ébreaking.arises-ffnm the ahprﬁximatiun that is
introduced ana nat from the  interaction. As a matter of fact,
Engelibrecht and Lemmer [(Eng 701 have pointed out that, in nfuclei
with T°> 0, the isospin invariance is explicitly broken by the

Hartree—Fock (HF) field as wall as by the FTamm—Dancoff
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approximation (TDA). They have also shown that the isnspinn

conserving description is - recovered if the - PN—currélatians,

-generated within the randnm.ﬁhasa-appruximatiun (RPA), are-includ-d

in the HF ground state in a_self—cunsiétent way. Lee [Lee: 711 has
explored this notion in more detail by iﬁtraducing intu‘th& picture
the Coulomb interaction, which. leads to a dynami¢ breaking. of
isospin symmetry. His conclusion was that the isospin impurities in
the_ground state are also greatly reduced by the PN-correlations.
While the RPA correlations for F transitions are élnlely
related to the isospin syametry, the quantitative features of
correlations for BT transitions depend on the more detailed
properties of H {Boh 7%]1. The resulting nuclear states would fora
sﬁpermultiplets and the locations of F and 6T resonances would
coincide, if the nuclear forces were indepgndent“nat un1y  qf the
the isospin but also of the spin cndrdinatas. Owing to the”-strong
spin-orbit interaction in the HF field, the SU(4) symeetry is. badly
broken in medium and heavy nuclei and the ji—-coupling ;chem- is
established. The PN-correlations, which are ruqunsib&.. for
building up the GT resonance, may be viewed, howaver, as a trend
away from the ji-coupling towards the LS—cuuﬁlinq. and the SU(4)
symmetry. AS shown in Fig. 9, this is reflected by the egperimental

energy differences between the BT and F resonances [MNak 821

_ 448 _ -1
Ear Er = { 268 37T°ﬂ } MeV, (3-30)C

which decreases as the mass number incfeases. The first and: sacond
terms arise, respectively; from the spin-orbit "splitting and the
PN-correlations and have a tendency. ta cancel w&wach other; for
example in ZOBPb, EUTE E

r
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[ S A

Fiqé?IP;ﬁthdf E;;% E; vérsqé (N;Z)/Af When the experiméntal results
QQg%iéb{(;in tha. case of °°322r. angd *®®pb) we displace thenm
sfightIwaiéﬁ.résﬁE:t to the corracf value of (N-Z}/A for the sake
‘pr%ISriﬁy:.:The values calculated by means of eq.(3.30) are

'ihditated ﬁy:fulr circles.

_;'Iﬁ:tha linit of exact isospin and Wigner SU(4) symmetries
all of the: 8, (I) strength is concentrated in the resorant
(collective) state |I+;re5>, there is nu-ﬁ* strength and the ﬁﬁzv

decay. is. forbidden., i.e.,
s,tIzres) = §.(I) 3 S(I) =0 ; #_(I) = 0. (3.31)

.Nﬂiﬁé:fu? the-#'iransitiuns:the relations (3.31i shauld be exact
Uresﬁlts.when.the Coulomb force is excluded, they only may be
';bﬁsidergd as first_aﬁpraximatinﬁs far the GT procésses. Within the
BCS;appraximatiun_and the quasiparticle Tamm—Dancoff approximation
(GTDA) tgé abave menticned symmetries are always explicitly broken

and- therefore the conditions (3.31) are never Ffulfilled.
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Contrarily, within the GRPA these limits can bm achieved if [Hal

67, Eng 70, Lee 71]

Xpﬁ(l,res) ~ upvn<pHO+(I}"n> . vpﬁ;;,resx ~ —vpgn<puo+(13un>.(§;32)

After substituting (3.32) into  (3.24) the following set af

equations can be derived for the isobaric analog state (IAS)

RTI v
e +e£ —w =-1U + A" o+ PAF
P n Tes 1 =3 A a3 u p »
PR p -
’ : (3.33)
L2 F v F Ep F
-+ + = . . * - + A
ap “n “res UJP=Jh u An vp P s
where
r _ e | z _ .2 . e,
UJ =5 - . bH i3, (vn vp,‘)_{-':(pn,_p_n ,0? s _(3.;{&_)_____
P Lal J =3 -
P n
and
AT = -1 w5, 57 u,v,. GEe,E 27500 . {3.35)
t 2 t L D 4 U ’
From (3.1&), where
A, = - % r 5.5 ullv, GPNTCEE B0 T TEBUBeY
[ 4 2 e [ [
and (3.26) one immediately sees that
Foa s ol = —e U o (I3
At - At ’ res i ® = 3 =3
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Thus, only within a self-consistent GRPA calculation the conditions
(3.32) are fulfilled for the F transitions, or equivalently the
explicif—breaking of isospin symmetry induced by the GTDA is
circumvéntad. In other words = 1) the =ame residual interaction

shiould be used in solving the gap equations, both for protons and

nedtrons and far the PN-particle—particle channel, i.e., - &

and;iiilthEHsymmetry-energy.Enntained in the proton s.p.=. (ep= en+

Ac*' .;-; uhereﬂAc is the Coulomb displacement energy} should be

equal tn the symmetrv Energy U =j " It is important to stress
. ,p n

that,:evgn Nhen' these conditions- are satisfied, there is rno

reconstruction of isospin. symmetry within the GTDA.
2.5 A few numerical results.

Fur the further dlscu551un of Bﬁ amplltudEs we borrow now

the 6—1nteract1un [Ike &4, FUJ 65 Nak 82]
= -0 (u'P’t+ an) S&(r) ; C = 4n MeV fms, (3.39)

with different strength constants v, and < for the PH, PP and

1Z8

pé;ring_chgnnels and ;alculate_ the Te _nu:leua. In order. to

deteraine  the =apprnpriate -single—particle spectra and the

pair

Lnteractlnn strengths v, .we follow the prescription proposed by

Conci et al. LCon 84], which consists in utilizing the experimental

data together with a Wood-Saxon plus BES calculation. - This

pair

prncedure yields v = 24 and 31 for neutrons and protons,

respectively. The coupling strengths in the PH-channel are taken.
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H PH

from [Cas 87], namely u: = 55 and v, = 72, while u:P er

and v are
treated as free parameters. Two different calculations = are
described:

Calculation I{Cl): The experimental values of neutron =s.p.e. are

used and the proton s.p.e. are adjusted accoarding to e = e + A_-

P n C
Ug - i uupmw-is fixed at the value of 28 for: both .neutrons. and
o .
protons.
Calculation YJ(CYT): The s.p.e. a5 well as the strengths ypa* were
[ X

taken from the experimental data as explained' previausly  in the
text.

Usually two separate BﬁPA calculations are perfdrmed:(one
far the initial nucleus and one for the firnal nucleus) and: 5om;f
kind‘of average is carried cut for the resulting matrix elém;ﬁts
fVog 83, Eng B8, Civ 87, Eng BBa, Mut 88, Mut 88al]. This Effécﬁiis;
however,; only of minor importance regarding the obsectivg pursyed
in the.presant work. Thus, we will only solve the  GQRPA _fqr'_the

ize

initial nuclieus ( Te), and the following apprnximatiﬂn. will_ be .’

done in eq. (3.4}):

+ + - + + ' . .
<0r"04(1)"1 jar = 7<I ;a"O;(I)HOt> . . {Z.40)

The calculated values of 5_ and M, , with the GRPA ,  are
displayed in Fig. 10. The most relevant issue, which  becomes.
self~evident at a first glance, is the great similarity.bgtwéen:dgv
and AggT. That is, bath amplitudeé are very sensitive to :the— SSCi
within the PP-chahnel and pass thrbugh zero in the viciﬁit? of the

minima of S . Below use will be made of this similarity in order to
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draw conclusions about the physiecal value of u:', after separating

the mxplicit breaking of the SU{4) symmetry from the dynamic one.

T I I 1 1 1 ] T
of  FERMI o2 GAMOW TELLER
st 4
05 7 o
"M'gv /,’
0 i 0
vl I ! B

!
0 10 .20 30 40 50
| 3PP

5.

Fi;; 10 The matrix elements J&v and the transition strengths S for
128re, The results from CI and CII are indicated, respectively, by
dashed  and solid curves. The values af_Jg: obtained at the minimum

of-8°T with the s.p.e. from CI and with +**7 = 13, 20, 25, 30 and

35 are shawn by dark circles.

As expected, when the condition of self-consistency
{(3.37) is satisfied (or equivalently when the isospin symmeiry is

air
UP

o 123
strictly conserved), ng = 0 and Si = Q. In varying v when .

is.cunstant; a fictitious degree of freedom is intfuduced; thus,
thg variatians.af J;U and Si within CI, exhibited in Fig. 10, Jjust
only put in evidence the lack of self-consistency between the
residual interaction and the mean fiéld. It is clear that even
after introduciné isospin impurities, i.e., when the condition

(%.37) is nat valid anymore, the value of UZP should not be varied

pair
=

independently of the value of ¢ Moreover, from ClI it seens

pELN

reasonable to state that the self-consistency between oF and
- : = £

is now. achieved at the mipimal value af.Sf; .which -represenis.. the
amount of dynamic viglation of isospin symmetry. and. for which

PF aur F
oF and M = O.
- zv

Ik

4
»

The above results suggest that the physically sound value

P

r : i
ot v, for a given value of Misadd

- ,-is that which minimizes 5°'. In

rF

other words, it might be expected that at this value . of @,

the
explicit vioclation of SU(4) symmeiry should be totally removed ' and
that the minimum of S°7 should measure the extent to which  the
SUi4) is broken by the dynamics af H..in 'ﬁhig'.regaka. aﬁé -sees,
from. comparison of the Icwest.values.of.SfT in CI and Cif}liﬁaffhbt
only the spin—orbit splitting but also the isospin impuritiésﬂ play:
an impartant role. However, both minima.af'SgT:éré 'ibéifédﬁﬁalﬁoét:

PP

at the same value of v, (

w®

37) and the corresponding . AQ:
amplitudeé are very nearly equai' (= 40;d$f;. Thié “thecretical

estimate should be compared with the ”expé?iméntalf'Qéluﬁbh}JgQiE

0,03, obtained from ¥ = 8.54 10%%y"?

K.z EDoi 83] and the: meisured

tifetime Tffz = (1.420.4) 10%%y [Man B8&1.

s pair .

The location of the minimum nf'SfT does -depend' on 'o'
and it is moved to higher (lower) values of 5UTP “when- osm$ Yis

increased {(decreased). The results fcr'dq:”abtainéd At the minimum’
ot 8°7 with the s.p.e. fram CI and with ™7 =15, 20,725, 30 and

35 are shown in Fig. 10 by dark circles. Once the above " mentioned

PP

) aLr N . i e o R
constraint between ul and u: is . imposed, i.e., ~after

circumvented the explicit violatiom of the SU{4) syametry,. the

T
v

bt o

i ; ; . R
variation of mg; with respect to_vL is of minor importance. and J%

does not pass through zero anymore. This is consistent  with = the

(%3




&

recent observation of Muto and Klapdor [Mut B8al, in the sense that
thefvanishing'af #::_iSnan;artifact of the model.
Jgst for . the sake of comparison-. - let us mentibn. a few

results for-the QTDA. Within CI: & = 0.55 and 5°7 = 3.8& and A{u (

ﬁ:: ) goms from 0.062 ( 0.26 ) t0.0.075 ( 0.40 ) .when oI Wiy s
varied from O .to 50.
= 1 I 1 B - | : f ta
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Fig. 11 Fermi strengths distributions s+(I;d} and s_{(Iza) in 128y
and **®Sp nuclei obtained within CII: (a} is the unperturbed

strength; panels (b)), (c} and {d)} show the BRPA (solid curves) and

@TbA: {dashed curves) results for a:P=_0,_15_and 28, respectively.

40..

Finally,; we discuss the consequences of the restoration

of the isaspin and SU(4) symmetries on the energy  spectra  of

edd-odd nuclei *"I and 12-SI:), which are . illustrated. in _Fiiﬁh__ll
and 12, respectively. These spactra. are measured Hith--FESﬁéCt- of
the ground state of 287e [see eqi (3.26)1 and~_an%:favera§ipg

interval of 0.3 MeV was used in plotting the strengths’ s*jfsaia
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Fig. 12 Gamow—Teller strengths distributions 5, (I3x) and s_{Ijx) in

129 128
I and

S5b nuclei obtained within Cl; (a) is the funperturbed
strength; panels (b}, (c} and (d) show the QRPA (solid curves) and

GTDA (dashed curves) results for u:P= 0, 18 and 37;,respectively.
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Most df'thé Fesults, when evaluated within €I and CIT turn out to
be quité similar. Therefore, we only exhibit here the results CII
for the ? transitions (Fig. 1i) and the results CI for the GT
transitions (Fig. 12). Shown in panels (a) are the distributions of
tﬁé-dnﬁérﬁ&rbed strengths. The solid and dashed curves displayed in
ghéfreméining panels represent, respectively, the ORPA and QTDA
rgsﬂité'nbtaiﬁedswith'tHe above mentioned values of the parameters
withiﬁ'theiPH;chahnel and the following PP parameters:
PF_ . PP

oy v o= 0, i.e, the PN interaction in the PP-channel is

totally switch off; -

((=3] u:’é 15 and u:'ﬁ 18, which are intermediate values between the

" cases (b) and. {d); and

(dy u:F# 28 and o} =

37, fTor which the corresponding strengths s

aT: .
and. & are minima.

From the above results for the qﬁergy épectra ‘in  the
ud&*udd.nuclei it can be immediétely.canﬁlﬁded that the BSC within
the Pﬁwchannel, although of minor siénificance for the 3 strengths
5+(I;di, they are :indispensable in the evaluation of the ﬂ+
stfeﬁgths.su(l;a), as well as, for the restoration of ignspin and
5U(4) symmetries. It ié worth noting, however, that only within the
GRPA all the F strength is concentrated in one state. In other
words, even when. the condition of self-consistence (3.37) is
fulfilled the isospin symmetry is not restored within the GTDA  and
_there is some spreading of the strength. Un the nther hand, the
.SU(4} symmetry is aluays partlally violated as signaled by the fact

that the BT résonance  never exhausts the sum rule, and that a

42

substantial part of the stréngth is distribited well below: the

rescnance. This is consistent with a recent measurement - [Mad B?],A

which shows that around 15% of the 5 -GT7 strength in ize

I nucleus
lies beneath the resconance bump.
Last but not least it is important to note that the

4128

PN~correlations do not built up the 8 —GT resgnance in the 5b

nucleus. They'herely diminiskh the total Sft strength, through the

effect of the G8SC.

~CONEL DS TON

We summarize. our vxewpolnts and cunc1u510ns as. fnllnws. J

(1) The extreme 5ens;t;v1ty ‘af the A. _ampl;tudes to the GSC-ﬂxthlnf

the PP-channel, shown in Fig. 10, is art;f;c;ally generated by Ehe::

explicit violation of isospin-and SU(4) symmetr1es.

(2} The destructive 1nterference between the furward -andi ba:kuardf

‘going terms in the B -GT amplltude, which appears within the VZM,

is not an accident: the physiﬁs behind this cancellatzgn effect  is
the approximate wvalidity _Df  eq.(3.31i;.'0r .@uEg precisgly; the
partlal restoratlun of the SU(4) symmetry. . . .

(3} In crder to get relxable theoratxcal résults uithiﬁ .éﬁé GRPA
tor the [ip-decay life-times, or equivalently, to be able to extract
information on the particle—physics . parameter ?}' from the
expérimental data, the breaking of isospin’ and’ 5U(4)':$yﬁmeérié§

induced by the HF;BCS approximation shHould be circumvented. '

(4a) after fixing the PN’ coupling within: the' PP-channelj vas:

suggested in our recent work tHir 891 it is not necessary-toresart

43
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.

anymore toc experimental data on ﬁfmstranggh in order to estimate
this madel parameter. Thus, the VIM is supplemented now with the
pradicting powsr on the life—times for both single and double #

decays.
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