


1. Introduction
The obser'vationof 'neutrlnbless nuclear double%b!eta decay A ’ B
(A,Z)— (A, Z+2)+2e S (1)

‘(Ouﬂﬂ) would undoubtedly indicate the presence of the. new phys1cs beyond the stand-
ard model (SM) of electroweak interactions.. However, as yet there is no experlmental
evidence for this lepton-number v1olat1ng (AL = 2)exotlc process. . .On’ the other hand
;non—observatlon of Ovf33-decay at certain experlmental sensitivity allows one to set hmrts
on some parameters of the new physics. An. unprecedented accuracy, and prec1sron of the
modern Ovf3f3-decay experiments allows one in certain cases to push these limits far. out

A well known example is given by. the upper l1m1t on the llght effective Ma]orana
neutrlno mass (m¥,). From the Ovff-decay experiments [1] it was found (m%) < O(L.1
eV) [2]. Recall that the MaJorana neutrino mass term violates the lepton number AL = 2.
Th1s is exactly what is necessary for. OVﬂﬂ -decay to proceed via the v1rtual neutrino
exchange between the two neutrons. In this case the Ov33-decay amplltude is proportlonal
to (my)- ' )

The MaJorana neutrmo exchange is not the only poss1ble mechamsm of O0vB3p- decay
The lepton-number violating quark—lepton interactions of the R-parity non-conserving su-
persymmetric extensions of the SM (J£,SUSY) can also induce this process [3]-[6]. R-parity
is a discrete multiplicative Z, symmetry defined as R, = (—1)B+L+25 ‘where S, B and L
are the spin, the baryon and the lepton quantum number. At the levél of renormalizable
operators R-parity can be explicitly violated by the triliriear and the blllnear terms 1n the
superpotential and in the soft SUSY breakmg sector. IR CERI B

The impact of the R-parity violation on the low energy phenomenology is twofold
First, it leads the lepton number. and lepton flavor violating interactions d1rectly from
the trilinear terms: Second, bilinear terms generate the non-zero vacuum expectation
value for the sneutrino fields (7;) # 0 and cause neutrino-neutralino as well as electron-
chargino mixing. The mixing brings in the new lepton number and lepton ﬂavor - violating
interactions in the phy51cal mass eigenstate basis.

The implications of the trilinear and the bilinear terms. for the Ov33-decay were pre-
viously considered in Refs. [3]-[7] and in Ref. [8] respectively. The Ovf33-decay proved to
be very sensitive probe of the new interactions predicted in the R, SUSY-[5]-[8]. = -~

" In this paper we return to the phenomenology: of the trilinear terms.and perform'a
comprehensive analysis of their contribution to-the Ov33-decay, paying special attention
to the hadronization of the corresponding quark interactions and to the nuclear structure
calculations. We will show that for the case of the trilinear terms the stage of hadronization
plays especially 1mportant role in derlvatlon of the short-ranged R,, SUSY mechanlsm of
0v(5-decay. :

In our paper Ref. [6] we had consrdered the two-plon reallzatlon of the underly1ng
AL = 2 quark-level Ouﬂﬂ-transmon dd 55 vu+2e” . It 'was found that the correspondrng
contribution to 0v33-decay absolutely dominates over the conventional two nucleon mode
realization. In this paper we generalize the prevrous treatment of the hadronization of the
AL = 2 quark operators. . . .-

" Searching for tiny effects of the phys1cs beyond the SM in Ouﬂﬂ-decay requires a
reliable treatment of the nuclear structure as well. In this paper we present the results
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of our calculations within the proton-neutron renormalized Quasiparticle Random Phase
Approximation (pn-RQRPA) [9], [10]. We are listing the nuclear matrix elements for the
R, SUSY mechanism of the Ovff-decay and their specific values for the experimentally
/interesting isotopes.
We introduce new characteristic of 0vfB-decaying isotope: its sensitivity to the R,
“SUSY signal. This characteristic depends only on the corresponding nuclear matrix ele-
ment and the kinematical phase-space factor. We calculate the SUSY sensitivities of all
: experimentally interesting isotopes and on this basis estimate prospects for SUSY searches
in OVﬂﬂ-experiments - Applying our approach we determine presently most successful
Ouﬂﬂ experiment which establlshes the most strlngent constraints on the R—pa_rlty violat-
ing Yukawa couplings.

The paper is organized as follows. In the next section we shortly outline the minimal
supersymmetric standard model with the explicit R-parity violation (/£, MSSM) and show
the effective AL = 2 Lagrangian which describes in this model the quark-level 0v33-
transition. In sectlon 3 we derive the corresponding effective Lagrangian at the hadronic
level in terms of the meson and the nucleon fields. Section 4 is devoted to derivation
- of the nuclear OvG3-transition operators in nor-relativistic impulse approximation and to
calculation of their matrix elements in the pn-RQRPA approach. Section 5 deals with the
cOnstraints on Bp Yukawa 'couplings from various Ouﬂ[}-expe.riments.

2 Rp SUSY 1nduced AL =2 quark-lepton interactions

Let us shortly outlme the mlnlmal supersymmetrlc standard model w1th the explicit R-
parlty violation (}2, MSSM). :

-For the minimal MSSM field contents the most general gauge mvanant form of the
renormahzable superpotentlal is

W Wk, + WRp’ B ) (2)
‘where the Rp conserving part has the standard MSSM form [11] ‘
= hLHlLEC+hDH1QDC+huH2QUC+IJ-H1H2 ' (3)

Here L, Q stand for lepton and quark doublet left-handed superﬁelds whlle E¢; Ue, D¢ for
lepton and up, down quark singlet superfields; H, and H, are the Higgs doublet superﬁelds
.with weak hypercharges Y = —1, +1, respectively. Summation over the generations is
1mplled -

".The R, violating part of the superpotentlal (2) can be written as [12] [13]
Wﬂp = Al]’cLIL]Ez + AlijkLlQJDk + p’JLJH2 + /\iijicDJc‘Dk: (4)

The coupling constants A (\") are antisymmetric in the first (last) two indices.

The soft supersymmetry breaking part of the scalar potential also contains the Ryterms
of the form:

Vé:!t = Aijkj-:/ii/j z + A;jkj.:/,'QjDC + A" kUCDCDC v (5)
. —I—[.J.%jf/sz + Il'lejHl + H.c.

In Egs. (4), (5) the trilinear terms proportional to A, X';’A; A’ and the bilincar terms violate
the lepton number while the trllrnear terlns proportlonal to A" A” v1olate baryon number
conservation. - S
It is well known that the srmultaneous presence of lepton and baryon number v1olat1ng

terms in Eqs. (4), (5) (unless the couplings are very sinall) leads to unsuppressed proton
decay. Therefore, either only the lepton or the baryon number violating couplings can be
present. Certain discrete symmetries such as the B-parity [13], [14] may originate fromn the
underlying high energy scale theory and forbid dangelous (‘omblnatlons of these couplings.
Henceforth we simply set A = A" = 0.

" The remaining R-parity conserving part. of the soft SUSY breaking sector includes the
scalar field interactions

.
[T

Vit = S m¢il? + ho ALY LES + hp ApHy QD+ ©)
i=scalars

+hy AvH,QUC + pBH H, + Hee.

and the ”soft” gaugino mass terins
Len = —3 [MlBB+ lekwk + M, ?]“(1“] - He. (7)

As usual, M3 2, denote the ”soft” masses of the SU(3) x SU(2) x U(1) gauginos §. 1. B
while m; stand for the masses of the scalar fields. ‘The gluino g soft mass A3 coincides in
this framework with'its’ physr(‘al mass denoted lleleafter as'mg= M.

As mentioned in the introduction, we concentrate on the phienomenology of the trilinear
R-parity violating terms LQD°® in the superpotential (4) and perform a comprehensive
analysis of their contribution to the OvfB3-decay.

These terms lead to the following AL = 1 lepton-quark opemtors

Ly = :JL[DILJ P, +d,, AP, +JARJJPRuj—EI,IJA,P,‘HJ (8
— dPLe—d uPn(]+H(‘ '

Here, as usual PL R= (l :F 75)/2

Starting froin this fundainental Lagrangian, one can derive thc low -elnergy cf'fc( tive Lag-
rangian [5], which describes the quark-level Ov38-transition dd —-uu + 2e7. Inteprating
out the heavy degrees of freedom, we come up with the formula: k . .

1

Gz 1 . . - .
qu = m (1—|—’)‘5)C II’S‘JI’S - Z" J Ile] - (9)

P

These AL, = 2 lepton-number violating effective interactions are induced by heavy SUSY
particles exchange. ‘An example of the Feynman diagram contributing to £, is‘given-in
Fig. 1. A complete list of the relevant diagrams can be found in [5]. Compared to Ref.
[5] we have properly taken into a(‘(‘ount in the Lag.,lang.,mn (9) ﬂl(‘ ((mtl 1l)utmu nf tlu color
octet currents:

The color-singlet hadronic currents in Eq. (9) are

Jps=Jp+Js, Jp=i"yda, Jy=udy, J¥= @ (1 + o). (10)



where a is the color index and o#* = (i/2)[y*, v"].
The effective lepton-number violating parameters 7”5, 77 depend on the fundamental
parameters of the £, MSSM and can be written in the form

775 = me g+ 05+ T, (11)
0t o= m—ng - o (12)
where we denoted
. : Y 4 . . -
Tas A4, mpe (md-)
ng = —2 WL TPy (THe : : 13
. 9: . 6 G%m}ﬂ;mg - Ma, . ( )
, q
a2 My GSme | 2 <mJ
7 = — — € (d + e7;(u f 14
X ) 2 G%‘msn mzl “ Ri ) Lz( ) ma, ( )
’\11211 mg )4 2 mp :
e = 2Taz 2 €r:.(e)—, 15
. crr (i) L@ 7E (15)
Ta, A&, mp (mz \’ ‘
L v e m—P<de) ’ , (16)
F%%p L -
’ 2 4
Tz AL, <mgn) mp
Wi = o rEei — [eri(d)eLi(e)+ (17)
xf 2 G%m:}ﬂ me, ) ;mXe ; vi
' mg, 2» ‘ md-R 21
+ eLi(u)eRi(d) v +eL,~(u)eLi(e) ]
My, Ma,,

In Eqs. (13)-(17) we used the standard notations a; = g3/(47) and a, = g3/(4m) for
the SU(2), and SU(3). gauge coupling constants. We also denoted the gluino § and the
neutralinos x; masses as mg and m,, respectively. The Majorana neutralinos X are linear
combinations of the gaugino and higgsino fields

= NoaB o+ NgW® o+ Nis 1D + N I | (18)

Here W? and B are the neutral SU (2)1 and U(1) gauginos while H{’, HY are the higgsinos
which are superpartners of the two neutral Higgs boson ﬁe}ds HY and H° w1th weak
hypercharges Y = —1, +1, respectively. -

- 'The matrix A, introduced in Eq. (18), rotates the 4 x 4 neutralino mass matrix M,
to the diagonal form Diag[m,,]. We define thesé matrix as in Ref. [11]

Neutralino couplings are defined as [11]

ei(¥) = —-T3(Y)N; + tan 6y (T3(¥) — Q) Ma, (19)
. eri(¥) Q) tanbwhNa. . ) . (20
Here Q and T3 are the electric charge and the weak isospin of the ﬁelds 1/; =y, d e.

o
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3 Hadronlzatlon of R, SUSY quark-lepton interactions

The next step deals with reformulation of the quark lepton interactions in Eq (9) in terms
of the effective hadron-lepton interactions. Thls is necessary for the subsequent nuclear
structure calculatlons

A

. There are the two possibilities of hadronization of the effectlve Lagrangian: L, in Eq
(9). One can place the four quark fields in the two initial neutrons and two final protons
separately. This is the conventional 2N-mode of Ovfg-decay shown in Fig. 2(a). Then
nn — pp + 2e” transition is directly mduced by the underlymg quark subprocess

dd — uu + 2~ ' (21)

In this case the nucleon transition is mediated by the exchange of a heavy supersyminetric
particle like the gluino § with the mass mn; 2 100GeV. Therefore, the two decaying neutrons
are required to come up very closely to each other what is suppressed by t.he nucleon—
nucleon short range repulsion.

- Another possibility is to incorporate quarks. involved in the underlying R, SUSY
transition in Eq. (21) not into nucleons but into two virtual pions [6] or into one pion as
well as into one initial neutron and one final proton. Now the nn — pp + 2¢~ transition
is mediated by the charged pion-exchange between the decaying :neutrons, as shown in
Fig. 2(b,c). This is what we call the one- and two-pion modes of. Ouﬂﬂ-decay -Since
the interaction region' extends to the.distances ~:1/m this mode is not suppressed by
the short range nucleon-nucleon repulsion. An additional enhancement of the 7-modes
comes from the hadronization of the R, SUSY quark-lepton vertex operator in Eq. (9) as
discussed below. In Ref. [6] it was shown that the two-pion mode absolutely dominates
over the 2N-mode. In what follows, we are arguing that it dominates over the one-pion
mode as well.

The effective hadronic Lagrangian taking into account both’the nucleon (p, n) a.nd
T-meson degrees of freedoms ina nucleus can be wntten as follows

PrOn. gT0n. g1+ pp)e— ' (22)

G2
Lhe=L2N+L21r+Ll1r+Ls= £
2m

P

2. : ‘ .
_Gr m2 [miaz,r (7r")2 — Q1P 1N ¢ 7r'] - €1+ 15)e+g, piysnat.
2m;
Here L; stays for the standard pion-nucleon interaction with the coupling g, = 13.4 + 1
known from experiment. The lepton-number violating terms Loy, L1, Lo generate the
conventional two-nucleon mode, the one and two pion-exchange modes of the Ouﬂﬂ decay
respectively. The correspondmg diagrams are presented in Fig.;:2. : .

The two-nucleon mode term Ly, with- different operator structures ['¥ had been con-
sidered ,in [4, 5] within the R, MSSM. As was. alfeady mentioried this term gives:the
sub-dominant contribution to Ov38-decay in comparison with the pion terms [6].; There-
fore, in this paper we concentrate on the effect of the pion-exchange contribution gernerated
by the terms £, and L3, in Eq. (22).

The basic parameters azr and a1 of the Lagrangian Ly, in Eq. (22) can be approxim-
atély related. to the parameters-of the quark-lepfon Lagrangian Lqe in Eq (9), usmg the
on-mass-shell "matching conditions” [6] R

< 12_3,|L4817r > = <72 |LognT >, (23)
<7t p, 27| Lye|n > <7t p,2e”|Lixln > . o (29)

It

In order to solve these equations we apply -the widely used factorization and:vacuum
dominance approximations [15] for the matrix elements of the products of the two quark



currents Then we obtain, taking properly into account the combinatorial and color factors:

. 5
(n*|Jpsps|n™) = = (T +|JP|0)(0lJP|7r )

(w*| IR Jrln™) = —4{x*{Jp|0)(0|Jp|7 ™), (25)
(plJps Jpsinn) g@upm)(ouph ), (26)
(P|JT Jr|nm”) = —4(p|Jp|n)(0]Jp|7 7). S (27

Here we applied the equalities
< 0jJs|m >=< 0| |7r(p,,) =0. (28)

The scalar matrix element vanishes due to the parity arguments the tensor one vanishes
due to J&¥ = —J¢# and impossibility of constructing an antlsymmetrlc object having only
one external 4-vector p,.

- We also use the followmg relationships for the hadronlc matrix elements:

(Olgysd|n™) = iv/2 2 +md — = im’h,, (29)

(playsdin) = FP(PImsnln)- - (30)

where fr = 0.668 m,.; For the nucleon pseudoscalax constant Fp we take its bag model
value Fp = 4.41 from Ref [16]. _

In this approximation we solve the ’matching conditions” in Eqgs. (23)-(24) and de-
termine the coefficients in Eq. (22)

3.1, 9 ps
r = Ckr g a 3 31
Uer = Chng [0 + 3177 (31)
with
8 ) 4, ‘
= gh,er = 1324, copr= §h_’r =~ 170.3. - (32)

Here we accepted the conventional values of the current quark masses m, = 4.2 MeV,
mg = 7.4 MeV. The large ratio of the pion mass.to the small current quark masses provide
an:additional enhancement. factor of the pion mechanism as mentioned before the Eq.
(22). Thus, we have obtained the approximate hadronic "image” L of the fundamental
quark-lepton Lagrangian L, given in Eq. (9). :

4 Nuclear matrix elements of I, SUSY 1nduced 01/,3,3-
transition

Starting from the Lagrangian L, in Eq. (22) it is straightforward to calculate the Ov33-
nuclear matrix element

< (4,2 +2),2¢7|S — 1/(A, 2) > =< (A, Z +2), 2™ |Tezpli / d'aL1())I(4,2) > (33)

The nuclear structure is involved via the initial (A,Z) and the final (A, Z+2) nuclear states
lLiaving the same atomic weight A, but different clectric charges Z and Z+2. The nucleon-
leveI diagrains, which correspond to the le admg., order contributions to the amplitude in
q. (33), are given in Fig. 2. ,

The standard framework for the calculation of this nuclear matrix element is the non-
relativistic impulse approximation (NRIA) [17]. -

The ﬁnal result for the half-life of Ov@@-decay in 0* — 0* channel with the two
outgoing electrons in the S-state, regarding all the three above-described p0551b111tles of
hadronization, reads

[T1/2.(0+ - 0N = . ‘ ' (34)

. . . ~ 3 5
= Go 7‘-MZ-N+( —7)) MM 8(1)T+31)Ps)< I”+’\12")

Here Gy, is the standard pllase space f'l(‘t()l tabulated for various nuclei.in Ref [18]
The nuclear matrix elements M=2N 7 gover ning- the sub-dominant - two-nucleon .mode were
presented in Ref.[5]. As was already mentioned its contribution can be safely neglected.
The one- and the two-pion modes nuclear matrix clements AI I and AI*™ we write (hm 1

mtheform ;
P A S

m, m(

Here, m = 850MeV is the ‘mass_ scale of the mucleon form factor.
The structure coefficients o™ in Eq. (35) are related to the (‘o(‘fﬁ( 1ents Ch introduced
in Eq. (32) and havo the followmg (‘xpll(‘lt forin

al" = —6g, /hrpFPN —44 1072, ' v o (36)

o = fh,,p 7 2.0- 107! ) i Co ©(37)

where .
- 1 (m.\" <m,pv)2 ’ ‘ a8
p= 36f3 \m, ma/ RS (38)

with f4 =~ '1.261 being the axial nucleon coupling: =~
The two types of the Gamow-Teller and tousm nu(‘lear matnx (‘1(‘111(‘11t\ are given by
the expressions - : .

Mg = (01 mtriou o F{Y () —~ tO*) Cwith k=12 (39)
i#j .
M™ = (OFI 3t Bloi- £45)(G) - £y) — 0u - ) FP(a )—|0+> (40)
i#]
where
- Lij
T = Malyy, T =T =T, 15 =|rgl, £ ==, (1)

Tij

r; is a coordinate of the ith:nucleon and R = :(,A'/’ is thie mean nue lt‘dl radius. \\nh
o = L1fm.



The structure functions F )(z:,r) and F( ')(z:,,) have their origin in the integration of
the pi-meson propagators and take the following form:

Fz) = &2, Fr_,(l)(x)=(3+3x+x2)ex—2, (42)
Fz) = (@-2e*, FP)=(z+1)e™ 3

- We calculate the nuclear matrix elements within the proton-neutron renormalized Qua-
‘siparticle Random Phase Approximation (pn-RQRPA) {9, 10]. This nuclear structure
method has been developed from the proton-neutron QRPA (pn-QRPA) approach, which
-has been frequently used in the Ov33-decay calculations. The pn-RQRPA is an extension
of the pn-QRPA by incorporating the Pauli exclusion principle for the ferinion pairs. The
limitation of the conventional pn-QRPA is traced to the quasiboson approximation (QBA),
which violates the Pauli exclusion principle. In the QBA one neglects the terms coming
from the commutator of the two biférmion operators by replacing the exact expression
for this commutator: with its expectation value .in the uncorrelated BCS ground state. In
this way the QBA implies the two-quasiparticle operator to be a boson operator. The
QBA leads to too:strong ground state correlations with increasing strength of the resid-
ual interaction in the particle-particle channel what affects the calculated nuclear matrix
elements severely. To overcome this problem the Pauli exclusion principle has to be in-
corporated into the formalism [9], [10] in order to limit the number of quasiparticle pairs
in the correlated ground state. The commutator is not anymore boson like, but obtains
.corrections to its bosonic behav10r due to the fermlomc constituents. The pn-RQRPA
‘goes beyond the QBA. The Pauli effect of fermlon pairs is included i in the pn-RQRPA
via the renormalized QBA (RQBA) [9], [10], i.e. by calculating the commutator of two
bifermion operators in the correlated QRPA ground state. The RQBA was applied to the
2vf3f-decay in Ref. [9] and to the OvB[3-decay for the first time in Ref. [10]. Now it is
widely recognized that the QBA is a poor approximation and that the pn-RQRPA offers
the advantages over pn-QRPA. Let us stress that there is no collapse of the pn-RQRPA
. solution for a physical value of the nuclear force and that the nuclear matrix elements have
been found significantly less sensitive to the increasing strength of the particle-particle
interaction in comparison with QRPA results [2]. Thus, the pn-RQRPA provides signific-
antly more reliable treatment of the nuclear many-body problem for the descrlptlon of the

0vf3( decay.

For numerical treatment of the Ouﬂﬂ decay matrix elements given in Egs. (39) and (40)
within the pn-RQRPA we transform them by using the second quantization formalism to
the form containing the two-body matrix elements in the relatlve coordinate. One obtains

[2]:

< s o dn
<Oy >=" S (=)t (07 41 {7” . }x :
7 Z =) @I+ e 3y 7
JTmimp T

< 0 I\ f(rij)7t +011f(TtJ)|" n;J > %
<0f || [c;;,é,,:]J [} J"my >< Tm|Jm >4 Jrmy || [C;E-"]J | of >. (44)
O;;.represents the coordinate and spin dependent partiof.the two -body transition oper-

ators of the OvB8-decay nuclear matrix elements in Egs. (39) and (40). The short-range
-

8

/]

i

correlations between the two mteractmg nucleons are ta.ken into account by the correlation
function : . ; 5 e
flr)=1-—e°"(1= brz) with a=11fm’ and b= 068 fm’. (45)
The one-body transition densities and the other details of the nuclea.r structure model are
given in [2, 9, 10]. ' : R

The calculated nuclear matrlx elements for the OvG3-decay of various 1sotopes within
the pn-RQRPA are presented in Table 1. The considered single-particle model spaces both
for protons and neutrons have been as follows: i) For A=76, 82 the model space consists
of the full 2~ 4hw major oscillator shells. ii) For A=96, 100, 116 we added to the previous
model space 1fs5/2, 1f7/2, Ohgs2 and Ohyy/; levels. iii) For A=128, 130, 136 the model space
comprises the full 2 — 5fiw major shells. iv) For A=150 the model space extends over the
full 2 — 5w shells plus 0iy;/; and 0113/2 levels. ; SRS

The single particle energies were obtained by using Coulomb corrected Woods Saxon
potential. The interaction employed was the: Brueckner G-matrix:which'is a-solution’of
the Bethe-Goldstone equation with the Bonn'one-boson exchange potential.’Since the con-
sidered model space is‘finite, we have renormalized pairing interactions by'the strength
parameters dy, and ds, [19] to the empirical gaps defined. by Moeller and Nix [20]:" The
partlcle—partrcle and particle-hole channels of the G-matrix interaction of nuclear Hamilto-
nian H have been renormalized with parameters g,, and gun, respectively. " The nuclear
matrix elements listed in the Table 1 have been obtained for the g5 = 0.80 and g,, =1.0

The following note is in order:“According to our numerical analysis; variations. of ‘the
nuclear matrix elements presented in Table 1 do not exceed 20% within the physical region
of the nuclear structure parameter 9pp (0.8 < gpp < 1.2). :

As seen from the Table 1 M?" issignificantly la.rger than M I 1t is partially due to
the mutual cancellation of the M&F and M7™ in the construction of M7 in Eq. (35) (see
Table 1) and due to the suppression of ‘the structure coefficient o™ in comparison with

. Thus, we conclude that the two-pion mode contribution to 0v8(-decay, (Fig. 2(c))
dommates both ‘over the one-pion (Fig. 2(b)) and the two-nucleon contrlbutrons (Frg

2(a)). The dominance of the two—pron mode over the two-nucleon one: was prevrously
proven in Ref. [6]:" :

5 Constralnts on R, SUSY from Ouﬁﬁ-experlments.
Comparatlve analySIS '

Having all the quantltres in the Ov36-decay half -life formula (34) specrﬁed we . are ready
to extract the limits on the Ry parameters from non—observatron of the Ov33-decay.

The experimental lower bound Tf/:z” for the half-life of a certain isotope Y provides the
following constraint on the effective £, SUSY parameters

1024yea.rs

. 3 5PSFP eTp _10—
nsusy = 8(7’ + 377 ) — nsusy - C(Y) | Tle;:2 ) (46)

Here we mtroduced the SUSY sensrtwrty C (Y) of a Ouﬂﬂ—decaymg 1sotope Y

C(Y) —_ 105 | Ml1r +M21r| ,GOI [N (47)



.. The quantity ¢(Y) is an intrinsic characteristic of an isotope ¥ depending only. on the
nuclear matrix elements M'™, M?™ and on the phase space factor Go;. The large numerical
_values of the SUSY sen51t1v1ty ¢ defined in (47) correspond to those isotopes within the
”A‘group of B3- decaymg nuclei which are the most promising candidates for searching SUSY
. -in the OvB(3-decay.
The numerical values of ( (Y) calculated in the pn—RQRPA are presented in the Table
...1 and displayed in.Fig. 3 in the form of.a hlstogram It is seen that the most sensitive
.isotope is 1%°Nd, then follows:1®*Mo.
, It is understood that the SUSY. sen51t1v1ty ¢ cannot be the only criterion for selectmg
. an-isotope for the Ov3fF-experiment. Other microscopic and macroscopic properties of the
. isotope are also important for building a OvSG-detector.
- The current experimental situation in terms of the accessible half-life and the corres-

ponding upper limit on the effective SUSY parameter 7, is presented in Table 2. We
...conclude that the best upper limit on the &, SUSY parameter 7, has been established
* by the Heidelberg-Moscow experiment [1]. ‘We denote this limit as 72 _(H — M). For
- comparison in the bottom row of the Table 2 we show the lower half-life limits 7777 (n% M),
. which must be reached by Ovf33-experiments with the other nuclei to reach this presently
_ best constraint 7, < %P (H — M) on the R, SUSY. The result of this comparison is
_ illustrated in Fig. 3.

Using the values of 7272 from the Table 2 one can easﬂy calculate the corresponding

: constraints on the A};; parameter. There are two types of the constraints for each value
of 7P parameter o

SUSY
R : Y S N122 ‘ .
< 18y (i) (o), o
A < 18\ Toocev ) \Toocev) “8)
_ 2 1/2 - : i
r< 125, [nezp ( e )( mx') .
M S 12502, (15067 ) Tocey _ (49)

These formulas are derived from Egs. (11)-(17), applying a widely used ansatz of the
‘universal squark § mass mg at the weak scale m; ~ m; ~ mg. This approximation is
" well motivated by the constraints from the flavor changing neutral currents. Formula (49)
takes into account only the lightest neutralino contribution with the mass my. We also
assume absence of spurious compensations between terms of different nature such as the
g—q—q.and x —e—~é The running QCD coupling constant a4(Q) has.been taken at
" the scale Q = 1GeV with the normalization on the world average value a,(Mz) = 0.120

[29]. The second limit in Eq. (49) is derived with the additional assumptions that the

lightest neutralino is B-ino dominant and that mg > mg/2. Both these assumptions are
- phenomenologically reasonable, although they must not be always correct. ‘

The best constraint from the Heidelberg-Moscow experiment [1] is

- = /2
<1 2af MG \Ze My N1
m < 13-10 (IOOGeV (IOOGeV ’ (50)
' <93. 4 me 2 My 1/2
A < 9.3-10 (lOOGeV) (IOOGeV (51)

These limits are very strong and, as it was already pointed out in Ref. [5]-[7], lie beyond
the reach of the near future accelerator experiments (though, accelerator experiments are
‘potentially sensitive to the other couplings than X,,,).

e
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To constrain the size of A{;, itself one nceds additional assumptions on the masses of the
SUSY-partners. If the values of these masses would be around their present expenmental
lower limits ~ 100GeV {29], one could constrain the coupling to -

Ny <13-1070 " SN )

A couservative bound can be set by assuming all the SUSY-masseb bemg at the "SUSY-
naturalness” bound of ~ 1TeV, leading to

Xy <004 L - (53)

This completes our analysis. The other details concerning the experimental prosp'e(‘ts for
searching for [, SUSY in Ovf8-experiments can be-inferred directly from Tablo 2 and
Fig. 3.

6 Conclusion

- In summary, we have analyzed the general case of the pion realization for the short-ranged

Ry SUSY mechanism of Ovff-decay taking into account both the one-pion aid two-pion
modes. We have shown that the two-pion mode AR, SUSY contribution to Ovgg-decay
dominates over the oue-pion mode contribution.” Previously [6] we Liad proven that the
two-pion mode dominates over the conventional two-uucleon one. We also pointed out that
non-observation of OvGB-decay casts severe limitations on the R, SUSY extensions of the
standard nodel of electroweak interaction. Although a complicated nuclear many-body
problem needs to be solved the limits are so stringent that they overcome the uncertainties
in the nuclear and hadronic matrix elements, leading to limits that are much stronger than
those from -accelerator and the other non-accelerator experiments. We gave tlie list of
nuclear matrix elomcnts for all the experimentally interesting isotopes and preseiited the
so called SUSY sensitivities of these tsotopes. These-characteristic might be helpful for
planning future searches for SUSY in Ovg-decay. O this basis we compared the present
status of the various Ovg8-experiments and their abilities to detect the SUSY signal.
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TABLES

TABLE I. Nuclear matrix elements for the pion-exchange R-parity violating SUSY mode of

Oufif-decay for the experimentally most: interesting isotopes calculated within the renormalized.

pn-QRPA. Goy is the integrated kinematical factors for 0* — 0% transition {18]. {(Y) denotes
-according to Eq. (47) the sensitivity of a given nucleus Y to the SUSY signal.

" Nucleus Mz Mir M Mir MIm M G ¢(Y)

PO . : o ‘ ) x 10"y’

. TGe 1.30 -1.02 -1.34 -0.65 -18.2 -601 7.93 5.5
825 1.23 -0.87 -1.26 -0.57 -23.9 -551 35.2 10.8
%Zr 0.77 -1 -0.85 -0.67 . 221 -458 73.6 11.8
100710 1.43 -1.73 -1.52 -1.05¢ 194 -776 57.3 18.1
uscd 0.92 -0.78 -0.94 --0.47 -9.3 -423 62.3. 10.8
1287 1.25 -1.57 -1.40  -0.99 - 214 -720 o221 3.3
10re 1.10 -1.48 -1.26 -0.93 25.1 -660 55.4 14.9
136 e 0.61 -0.84 -0.74 -0.54° 155 -387 59.1 9.0
150N 1.85 -2.70 -2.07 -1.68 56.4 -1129 269. 55.6

TABLE1l. The present state of the It, SUSY searches in (f3-decay experiments. Tf/:.f(préscnt)
: is the best. presently available lower limit on.the half-life of the OvBf-decay for a given isotope.

| Mty 1s the corresponding upper Jimit on the i, SUSY parameter. 775 (nH~4) is the calculated
hall-life of Ovff-decay assuming 74, = r];'us’,‘f

3 with nwsM being the best limit deduced from the
: Heidelberg-Moscow "5Ge experiment [1]. .

'L.Nuclgus %Ge . 826, BZr - 10A1 - uscq

o Rel. B 21 o[22 {238 - (24]
Tff;’(present) 1.1 x 10%° 2.7 x 1022 3.9 x 1019 5.2 x 1022 2.9 % 10%
nar, 5.5 x 10~° 5.6 x 10~8 1.4 x 1076 2.4 x 10°8 5.4 % 108
T7(nk M) 1.1 x 10% 2.9 x'10% 2.4 x 10% 1.0 x 10% 2.9 x 10

“lucleus 18T, 1307 136, 15074
‘ [25] [26] [27] (28]
173 (present) 7.7 x 10% 8.2 x 1021 4.2 x 108 1.2 x 1071

S ehy 1.1 x 1073 7.4 %1078 1.7 x 10-8 5.2 x 10~#
TR nli-M) 3.1 % 10% 1.5 x 1021 4.1 % 1024 1.1 x 10%
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Fig. 1:. An example of the supersymmetnc contrxbutlon to Ovf@f-decay with the glumo g
and two squa.rks i in the mtermedlate state.

n
» —
n p n p

(b) | (©)

Fig. 2: The hadronic-level diagrams for the short-ranged SUSY mechanism of 0v35-decay.
(a) the conventional two-nucleon mode, (b) the one-pion exchange mode, (c) the two-pion
exchange mode.
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Sensitivity of nucleus to susy signal : Experimental limits on OvBp-decay

csusv

78Ge 2Se 90Zr 100Mo VIECd 126Te 130Ty 130Xe 150Nd : T™Ga 2S¢ %Zr 100Mo 116Cq 128Te 130Te 136Xe 150Nd

Fig. 3: The SUSY sensitivity ((Y) for the experimentally interesting nuclei (on the left).

This histogram displays the corresponding numerical values in the Table 1. The histogram
on the right illustrates the Table 2. The best presently available lower limits on the Ovg33-
decay half life 7,75 are denoted by the black bars. The open bars indicate the half-life limits
T35 (n5-M) to be reached by a given experiment to reach the presently best limit on the Ry
SUSY parameter n/T-M established by the ®Ge experiment [1].

SUSY.
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