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Minimal supersymmetric standard model with gauge mediated supersymmetry breaking
and neutrinoless doublefB decay
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The minimal supersymmetric standard model with gauge mediated supersymmetry breaking and trilinear
R-parity violation is applied to the description of neutrinoless doybtiecay. A detailed study of limits on the
parameter space coming from tBe— Xy processes by using the recent CLEO results is performed. The
importance of two-nucleon and pion-exchange realizations/gff0decay together with gluino and neutralino
contributions to this process is addressed. We have deduced new limits on the titipeaity breaking
parametei,, from the nonobservability of @33 in several medium and heavy open-shell nuclei for different
gauge mediated breaking scenarios. In general, they are stronger than those known from other analyses. Also
some studies with respect to the futuredB projects are presented.
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I. INTRODUCTION baryon number are strictly forbidden unless the symmetry is

During recent years, a lot of work has been devoted to tesltfé?]lt(ggt' m%r?: \éfarl’blseLJSY particles are pair produced and the

the standard mod&lSM) of elementary particles. The best The origin of R-parity conservation is not based on any
tested are interactions between gauge bosons and matter, aiﬂﬂdamental principle, so this property of MSSM is ad

n th%sr?ctor the S'\r/]l descrlptr:on tubrns ourt] tokbz very aChC:Jhoc hypothesis and therefore some extensions of the model,
rate. Other sectors, however, have been checked to much legg,,ing the violation ofR parity, were discussed in litera-

degree. Amon_g them are self_—interactions 9f gauge bosons #re. These modifications can be classified either as explicitly
well as the Higgs sector, which plays an important role forR-parity broken MSSMRMSSM) approachesl] or as for-

completeness of the model and in many aspects of symmetty - isms with spontaneous breaking of this symm¢iy In

breaking. Also, many shortcomings of SM, such as the blglhe first class of models the-violating interactions are con-

number of free parameters, unresolved question of mass hé'lstent with both gauge invariance and SURY, while the

e_rarqhy, and the problem of ma;sive neutrir_m_s and their O%econd ones provide the simplest way Rparity violating
cillations, may call for more desirable description of nature

‘effects conserving at low energy the baryon nunidérThe

b As 3 mi\/lt'fer of;agt, a number of vari%us modelfs LeaChingbxplicit R-parity breaking leads to well-defined phenomeno-
eyond SM's orthodoxy were proposed. One of the mosj, ;5| consequences, but due to a large number of free pa-

promising candidates is the supersymmetric extension of SN, eters involved, such theory has only marginal predictive
palled minimal supersymmetric standard mo@dSSM). It power. In contrast, the spontaneous breaking has many vir-
IS pased on the concept of S“persymm‘?WSY) and, de- tues added, such as the important possibility of dynamical
§p|te the lack of direct expenmental evidence at the momenbrigin of the R-parity breaking[4].

is supported by many theoretical arguments accompanied 5,4 of the most popular models discussed in literature is

with the hope that SUSY is the relevant description of OUlha supergravity mediated SUSY breaki®JGRA MSSM
world above 1 TeV scale. One of the main facts Supporting,,,ye19 The soft breaking terms are generated in these mod-

MSSM is tT.at incorpqrating SUSY in SMlglasuée?/zZ” theels atmgyT, Or even the Planck scale, and then transmitted to
gauge couplings to unify at some scalgyr~ EV-AS " the low-energy sector by gravitational interactions. However,

is well known, extrapolations of data from the LEP measureipare is a problem related to the flavor symmetry, which, due

ments suggest such behavior. However, SUSY particles havg g energies and radiative corrections, is permanently

not been observed in experiments, so supersymmetry has [, it s therefore desirable to lower the scale of SUSY
be b“?"ef? n th? Iow_—energy regime. The issue of_how thlsbreaking. It is achieved in the so-called gauge mediated su-
breaking is realized is the least understood question of thﬁersymmetry breakingGMSB), which has recently attracted
theory. a great deal of attention. These models are highly predictive,
. o S S N%ffer a natural solution to the flavor problem, and contain
so-calledR parity. TheR parity is a multiplicative quantity -,y jess free parameters compared to MSSM with SUSY
defined ak=(-1)"""*"", whereB andL are the baryon and  ,0o1ing mediated by gravitational interactigs—12. In
lepton numbers, an8is the spin of corresponding particle. GysB models supersymmetry breaking is transmitted to the
As a consequence, processes which do violate lepton Qiypemartners of quarks, leptons, and gauge bosons via the
usual SY3) X SU(2) X U(1) gauge interactions and occurs at
the scaleMg sy~ 10° GeV, so there is no problem with the
*Electronic address: mgozdz@neuron.umcs.lublin.pl flavor symmetry. Besides, one can construct a renormalizable
"Electronic address: kaminski@neuron.umcs.lublin.pl model with dynamical SUSY breaking, where all the param-
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eters can, in principle, be calculated. For example, gauginosiode based on the double-pion exchange between the decay-
and sfermions acquire their masses through interactions wittng neutrons over the two-nucleon one was proved
the messenger sector at one- and two-loop levels, respefl9,21,22.

tively. Since in GMSB the messenger sector consists of Motivated by the aforementioned features of GMSB mod-
gauge bosons and matter fields of SM and some grand un@ls, we study in this paper thi-parity breaking phenom-

fied theory(GUT), all the soft masses are related to gaugeenology of MSSM, and use the neutrinoless doybleéecay
couplings. This results in more restrictive phenomenology of0r deducing limits on some nonstandard physics parameters.
the low-energy world than the SUGRA MSSM one. In theseln the previous studies Sl_Jch estimates were pgrformed in the
models flavor-diagonal sfermion mass matrices are induceffamework of RMSSM with supergravity mediated SUSY

in a rather low-energy scale, and therefore they supply uQreakin%_ by melar:_s of ?UT_constrgir[tBZl_q or adgistional
with a very natural mechanism of suppressing, unobserved i ssumptions relating sfermion and gaugino mageslg.

. . e will show that one can find quantitatively new con-
expenments,_ flavor - changing neutrql currentSCNO). straints[18] within GMSB models. In this paper we study
Moreover, since the soft masses arise as gauge charg

fiiis problem using up-to-date experimental data on Bhe

squared, the sizable hierarchy proportional to the gauge—>xsyprocess from CLEO Collaboratid86] and apply it to

quantum ngmbers appears among the superpartner masseé.vﬁﬁ_ As previously, we limit our attention to the trilinear
The main practical difference between GMSB andgrmg only, leaving complete treatment of bilinear and trilin-
SUGRA is that in GMSB the renormalization group evolu- gar R-parity violating terms in GMSB for a subsequent pa-
tion is performed to much lower energy. Besides, interactionger,
with the messenger sector lead to certain corrections to Eor reliable extraction of the limits oR-parity breaking
gauge coupling’s values and the low-energy mass spectrurgonstanth},, from the best presently available experimental
What is more, gravitino, usually heavy in SUGRA, becomesiower limit on the half-life of &/, it is necessary to deter-
the lightest SUSY particléLSP) in GMSB. Since it is a mine other SUSY parameters, e.g., masses of SUSY par-
%—spin particle, its é—spin projections contribute to phenom- ticles, within a proper SUSY scenario, and to evaluate cor-
enology through weak interactions. responding nuclear matrix elements. Because at present the
Among other scenarios there are anomaly and gaugintenormalized quasiparticle random phase approximation
mediated SUSY breaking. In the first approach conformalRQRPA [23,37, which takes to some extent the Pauli ex-
anomalies mediate SUSY breaking, but such formalism proclusion principle into account, is the main method commonly
duces tachyonic sleptons, which means that their masd¢s€d in calculations of the: BB nuclear matrix elements
squared becomes negative at tree level. The gaugino medi@2], We also used it in our work.
ated scenario is the least known. It assumes our world to be OUr paper is organized as follows. In Sec. Il the necessary

more than 3+1 dimensional; such possibility emerges frorﬁheory is ggveg)ped. We also discuss to somhe thentf t?]e
the string theory and is being discussed extensively in thgauge mediated supersymmetry breaking mechanism of the

literature, but is beyond the scope of the present paper. Ha\p_eutrinoless doubl@ decay. Section Ill contains the results

ing this in mind, GMSB scenario appears as the most natura‘ﬁnd analysis of constraints |mpos_ed on sup_ers%mmetrlc pa-
. S rameters by nonobservation of8B in germanium’°Ge, for
and convenient framework. In this light, recently renewed

) . . which the best experimental limit on the half-life is known.
Interest in Gl.\/IS.B[9,10] IS understanda_b_le. ) In this section we also demonstrate differences between the
The R parity in MSSM can be explicitly violated by the

8 -~ " neutralino and gluino mechanisms in the neutrinoless double
presence of bilineafl13] and trilinear[14] terms in the su- decay. Finally, summary and concluding remarks can be
perpotential. The trilinear terms lead to lepton number andy;nd in Sec. IV.

flavor violation, while the bilinear terms generate nonzero

vacugm expectgtlon values for sneutrlrlo fle@.s, causing Il FORMALISM
neutrino-neutralino and electron-chargino mixing. Thus, ap- S
proaches with lepton number violation can describe some A. R-parity violation in MSSM

low-energetic exotic nuclear processes such as the neutrino- In this section we briefly outline the main features of
less doubleB decay(0vBpB), known to be very sensitive to MSSM and its violation mechanism. Both in the supergravity
some of theR-parity violating interactiong15]. Using ex- and in GMSB, theR parity can be explicitly violated by the
perimental data of these processes, e.g., bounds on the hailinear [13] and trilinear[14] terms incorporated into the
life of neutrinoless doublgg decay, one can establish strin- superpotential. Bilinear terms generate nonzero vacuum ex-
gent limits on theR-parity breaking SUSY15-19. pectation values for the sneutrino field3,), causing

Supersymmetric models witlR-parity nonconservation neutrino-neutralino and electron-chargino mixing. Trilinear
have been extensively discussed in the last detsels e.g., terms lead to the lepton number and flavor violation. The
Refs.[13,14), and were also used for the study of@B (for ~ above features makRMSSM models appropriate for the de-
the first time in Ref[20], see also Refg15-19,2]). The  scription of &vBB. Because this process is known to be very
older calculations were concentrated on the conventionadensitive to supersymmetric arRRtparity breaking param-
two-nucleon mode of 938, in which direct interaction be- eters, data from the nowadays doulfleexperiments allow
tween quarks of the two decaying neutrons causes the pr@ene to establish stringent limits ofRMSSM physics
cess [15,17. Recently, the dominance of pion-exchange[15-19,21,22,24
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The complete superpotenti of the model can be writ- Ao GE o 1 ,
ten in the form Lot "= o &1+ ¥s)€°| Mps Ipslps— — 1 I v |
my 4
W=Wo + W, (1) ()
where

where the color singlet hadronic currents algs=u®(1
+vs)d, and J'=u"*c*"(1+vs)d,, with « being the color
index anda*’=(i/2)[y*,y"]. The effective lepton number
violating parametersypg and 7 in Eq. (7) accumulate fun-
damental parameters of MSSM, including gluino, squarks,
neutralinos, selectron, and proton masses, and neutralino,
gauge, and Yukawa couplings in proper combinations. Their
explicit forms, obtained with a proper treatment of the color
) - ~ currents in the Lagrangian, can be found in R&B]. These
spectively. Her&Q andL denote the quark and lepton &) parameters are rather complicated functions of supersymmet-
doublet superfields(i®,d®, and & are the corresponding ric masses and coupling constants which are, in general, free
SU(2) singlets, andH,, Hy are the Higgs superfields. In quantities limited by experimental data or theoretical consid-
the R-parity breaking part3), the first two terms are lep- erations only. In the fpllowmg section we descrlbe our pro-
ton number violating, while the third violates the baryon cedure of how to obtain values of most of them in the GMSB
number conservation. The presence of these terms simuMSSM model.
taneously would cause unsuppressed proton decay, and
therefore we follow the usual way and simply sgf
=N\{j=0 in order to avoid such possibility.

In the low-energy world supersymmetry is obviously bro-
ken, and usually one supplies the theory with the “soft” Supersymmetry breaking in GMSB models occurs in the

Wo = h/QH,GS + hPQHd + hiLiHGE + uHgH,  (2)
and
WR = )\I]kl:ltjaﬁ + )\l’]kIA_,(AQJaﬁ + )\:ikalcaj:aﬁ + ,LLJ I:]ﬁu (3)

are theR-parity conserving andR-parity breaking parts, re-

B. GMSB MSSM and procedure for finding
supersymmetric parameters

breaking terms, being another sourceRaparity violation:  so-called hidderior secludegisector. It is a well-known fact
5 o that the detailed structure of this sector does not change the
= Lsot= (AiLj’QiHuUJ-C+A!J?Qindjc+A5r_inéj°+ H.c) phenomenology of the low-energy world. In our approach

we assumed that the secluded sector consists of a gauge sin-

glet superfieldS, whose lowest andF components acquire

~ ~ vacuum expectation valugsev).

+ mgfE? + méIQIZ + MEfTe]? + ”*jc|dc|2 Supersyglmetry breaki?wg i; communicated to the visible
— i 38 1. —a.a world via the so-called messenger sector. The interaction

+ (lelﬂBl/fB*' sMadipihn + 3 Mgy + H-C-) (4 among superfields of the secluded and messenger sectors is

described by the superpotential

+Bpa(HgHy + H.C) + iy [Hgl? + mf, [Hy2 + mf[L 2

and

- L&= XijkIIjuE + Xi’jktiéjaﬁ + )\I,]ktllca;:aﬁ + ﬁgjtjplu W=\ SD;d;, (8)
+ ﬁi‘thd- (5) — , _
where ®; and ®; denote appropriate messenger superfields.

Here, fields with tilde denote the scalar partners of quark andBecause of nonzero vev of the low&andF components of

lepton fields, while g5 are the sping partners of gauge superfieldS, fermionic components of messenger superfields
bosons. gain Dirac masse$/;=\;S and determine in this way the
To describe @88 process within supersymmetric models messenger scalbl. Simultaneously mass matrices of their
one needs an explicit form of the appropriate Lagrangian. lscalar superpartners
can be obtained using the standard procedure of extracting
Lagrangian from superpotentiél. After some computation
one gets <|)‘i32 \F )
. 9
. NFOINSP
c \] (—E)( % )a*+(__)d(m>
Mt S g/ oLt -dl have eigenvalueB\;S2+|\F|.
= It is easy to see that vev & generates masses for fermi-
y L onic and bosonic components of messenger superfields,
* @’dL)dR(—TfL) +H C] © while vev of F destroys degeneration of these masses, which
results in supersymmetry breaking. Definikg=\;F one
Applying the formalism described in detall in, e.g., Refs.can introduce a new parameté;=F;/S measuring the
[15,19, one ends up with the effective Lagrangian fermion-boson mass splitting:
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(10)

ParameterA and messenger scaM are in the following
treated as free parameters of the model.

PHYSICAL REVIEW C 69, 025501(2004)

for singlets. In Eq(18) 1 denotes the unit matrix in gen-
eration space and guarantees the lack of flavor mixing in
soft breaking mass matrices at messenger sdd)ethe
so-called generation index, is given b= &txtsum;¥ n;,
where Ny means the total number of generations. In this
paper we study the following two cased) A single fla-

vor of 5+5representation of S@3), with SU(2), doublets

Messenger superfields transmit SUSY breaking to the vis(l andT) and SU3) triplets (g and g)and (2) A single

ible sector. It is realized through loops containing insertion

of Sand results in gaugino and scalar masseld atcale:

e 1

mE(M) = 22 c k(a'(:')> A2 (12)
wherei=1,2,3 is thegauge group index, and

g (;k>

with k being the flavor index. In Eqg$13) and(14) ny is the

Slavor of both representations 5+&nd 10+ 100f SU(5)

group. In case(1l) N is equal to 1, while in cas€2) N

=1+3=4,because for 10+ 10epresentation of SB3) the
doubled Dynkin index is 3.

C. Renormalization group equations and
parameter determination

The evolution of all running parameters is realized using
renormalization group equatiof®GE). The formulas(17)
and(18) may therefore serve as boundary conditions for evo-
lution of soft parameters at the electroweak scale. Our pro-
cedure resulting in low-energy spectrum of SUGRA and
GMSB MSSM models and its application to the description
of OvBB decay can be found in our previous papgi8,19,
so here we only sketch its most important features. The main
difference between GMSB and SUGRA is that we evolve
now all the parameters between and M <mg1. Besides,
due to new interactions with the messenger sector, the mass

doubled Dynkin index of the messenger superfield represeratrices are constructed in a different way, which gives

tation with flavork. CoefficientsC/ are the quadratic Casimi

operators of sfermions. Fat-dimensional representation of

SU(d) their eigenvalues ar€=(d’-1)/2d. In the case of
U(1) groupC=Y?=(Q-Ty)? It follows that coefficientsk,
are equal to 5/3, 1, and 1 for $8), SU(2), and U1),

respectively. The normalization here is conventional an
assures that alkj; meet at the GUT scale. Finally, the

functionsf andg have the following forms:

000 = (1 +x)l0gi1+X)]+ (x~ =%, (15)
1 2
fx)=—5— L+x [Ioglo(1+x) 2L|2<1ix>+§Li2(ﬁ)}
+(X— —X). (16)

¢ 9luino as LSP and results in further corrections.

At the beginning, one evolves all gauge and Yukawa cou-
plings for three generations up to the messenger ddal&/e
use the one-loop standard model RE5] below the mass
threshold, where SUSY particles start to contribute, and the

SSM RGE[26] above that scale. We admit not to use the
ull set of RGE appropriate for thBMSSM model[27,2§.
The influence oR-parity breaking constants on other quan-
tities running from the messenger to the electroweak scale is
marginal due to the smallness ®&. In our case the two-
loop corrections can also be safely neglectfdt a discus-
sion of this problem see Reff29)). Initially, scaleMggyis
taken to be equal to 1 TeV, but it is dynamically modified
during running of relevant masses. In the next step we con-
struct the gaugino and sfermion soft mass matrices using
Egs. (17) and (18), and perform RGE evolution of all the
quantities back tan, scale. During this runmﬁu reaches a

The minimal model of GMSB considered in this papernegative value causing dynamical electroweak symmetry
contains only one messenger field flavor. Thus, dropping flabreaking(EWSB). It is well known that proper treatment of

vor indices, one can write

00 =W ).

s [ a(M))\? A

C,fki(M> A2f<—)-1, (18)
4ar M

WhereC?l:Yz,C?2=3/4 for SU2), doublets and 0O for sin-

glets, Cg is equal to 4/3 for S(B)c triplets and 0

(17)

M) =2N 37

this mechanism needs minimizing of the full one-loop Higgs
effective potentia[30]. On the other hand, appropriate cor-
rections contain functions of particle mass eigenstates gener-
ated by EWSB mixing. Thus, as the first approximation, we
minimize the tree-level Higgs potential parameterandBu
which are crucial for further analysis.

Having all needed mass parameters at electroweak scale,
one can evolve all other quantities to some s€glg,, which
is optimal for minimization of the one-loop corrected Higgs
potential. At this scale, defined as the geometric mean of stop
masses, minimization procedure resultsuimnd Bu values.
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5000 T T T T T T ment of physically acceptable mass eigenvalues at low ener-
squark [P
4500 = soloctron ————- gies; and(4) FC.NC pheno_menology. N
gluino ------ Below, we will briefly discuss these sources of additional
4000 [~ neutralino --------- A constraints.

The first requirement comes from the RGE evolution pro-
cedure. It is well known that running of the Yukawa cou-
plings is sensitive to initiali.e., at the electroweak scale
values determined by tg8. For very small tarB (<1.8) the
top Yukawa coupling may “explode” before reaching the
GUT scale. It follows from the fact thaf,,(my) ~ 1/sin B.
Similarly, other couplingsy,, and Y, “blow up” before the
GUT scale for tan3>50 because they are proportional to
1/cosp at electroweak scale. Such behavior of the Yukawa
couplings limits the range of taf to the interval 2-50.

Another theoretical constraint is imposed by the EWSB
mechanism. In order to obtain a stable minimum of the scalar
50 100 150 200 250 300 350 40 potential, the following conditions must hold:

A[TeV]

3500

3000

2500

mass [GeV]

2000

1500

1000

500

0

(1B)? > (|paf? + M )|l + ),
FIG. 1. Sample RGE evolution of sparticle masses in GMSB
MSSM and their dependence dn 2Bu < 2|uf? + mE'u + mad_ (19

Next, all the quantities are running back to the scale. They are always checked in our procedure during RGE
lterating this procedure one obtains stable valueg.aind ~ funning, and points which do not fulfill these conditions are
Bu and then the low-energy spectrum for the considered€jected(see Fig. 2, points marked "EWSB"Next restric-

model. Only four parameters\, M, tanB=uy,/v;, and tion comes from the requirement of positive eigenvalues of

; - o mass matrices squared at the electroweak scale, and allows
S remain free. The quantities, and v, are vev’'s ofH . L T
gr(;f) q bl Y u one to find combinations of free parameters providing the

andHy, respectively. _ _ negative(forbidden eigenvalues marked in Fig. 2 as “vev.”

In Fig. 1 a sample evolution of sparticle masses versus the The most interesting set of constraints has its source in the
A parameter is shown. Other parameters werefaB, M FCNC phenomenology. Such processes, strongly experimen-
=500 TeV, andN=1. One sees that the masses of squark anghly suppressed, limit upper values of different entries of the
gluino depend heavily or, while in the case of selectron sfermion mass matrices at low energigsf. Refs.
and neutralino this dependence is much weaker. [31-35,38). Here we consider thB— Xgy decay only. The

effective Hamiltonian for this process reajsdl, 34
D. Restrictions on low-energy spectrum
8

It is a nontrivial problem to impose restrictions coming _ 4G . b
from the present theoretical assumptions and phenomeno- Her = V2 K‘SK“’% CilwPilp), (20)
logical data on the resulting spectrum. We would like to ob-

tain limits on physics beyond SM induced by@3 experi-  whereK is the quark mixing matrix ané; are the relevant
ments, consistent with constraints coming fraf) finite  operators taken from Ref34]. Among the Wilson coeffi-
values of Yukawa couplings at the GUT scal@) proper cientsCi(u) two, C; andCg, are the most important for the
treatment of electroweak symmetry breakin@) require- analysis of impact of the SM and MSSM interactiofiEhe

70

70

| T T I T I T
b->s+7vy

| T
L] b>s+y e
EWSB v EWSB v
60 - vev. & - 60 - vev' © =
M =500 TeV, sign(y) = +1 M =500 TeV, sign(y) = -1

50 50

40 40

tanp
tanp

FIG. 2. Constraints on GMSB

30
parameter space.

30

20 - = 20

10 |- h - 10
o I A (N (N | 0 I A |

0 50 100 150 200 250 300 350 40 0 50 100 150 200 250 300 350 40
A[TeV] ATeV]
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leading order and the next-to-leading order analyses of these Rz (1>0)
interactions were discussed in R€f31,35.) In order to con-

strain the low-energy spectrum of supersymmetric models 4 5
using FCNC processes, it is a common practice to define the 1.
parameterR;, which measures the ext&SSM) contribu-
tions to theB— X,y decay:

— s

oot

LR

{77 71
X1l

C(Yo)extra( m\N)
CPMmy) °

RROO=NADONDN
F'TTrrrrrl

— s

R,=1+ (21)

400
350

where the indexX0) stands for the leading order Wilson co- 5
efficients and the superscripktraindicates SUSYcharged
Higgs, chargino, neutralino, and gluincontributions. Ex-
plicit expressions foC”*" and C”*™ can be found, e.g.,
in Ref.[31]. Constraints on allowed values Bf are induced
from the present experimental limits on the branching ratio Ry7 (1<0)
BR(B— Xyy) measured by CLEO Collaboratidi36]:

A[TeV]

tanp

BR(B — X¢y) = (3.21 % 0.435% 0.27,,¢) X 107, (22)

The theoretical dependence of BR-X;y) on R; con-
fronted with such experimental data allows one to make
the following estimate:

R G W Y G G Y Yy
== WU~

-6.6<R;<-44 or 0.0<R,<13. (23

tan
Using the above restriction, one can exclude certain values of

supersymmetric parameters, which result in fRecoeffi- FIG. 3. R, parameter in GMSB MSSM for both signs af The

cient outside the allowed regiai23). In Fig. 2 such points  ¢.4n s performed ovek and tang, with M=500 TeV andN=1.
are marked astf—s+y.”

Looking in Fig. 2 one sees that the constraints deduced
from the FCNC phenomenology are very sensitive to the
sign of u. The same behavior was also observed in the

Ill. NEUTRINOLESS DOUBLE g DECAY AND LIMITS
ON NONSTANDARD PHYSICS

SUGRA MSSM mode(see, e.g., Re{19)), whichis mainly  Restrictions imposed on the model by low-energy spec-
due to the sensitivity of charged Higgs and chargino contritrym allow for a reliable analysis of exotic nuclear processes,
butions toR; on the sign of theu parameter. such as the neutrinoless doullelecay, and then for deduc-

The additional dependence &; on both tang and A tjon of additional constraints imposed on nonstandard phys-
parameters is shown for positive and negafivn Fig. 3. I jcs. In this paper we use experimental information about
the caseu >0 the parameteiR; grows up for smaller values nponobservability of the G838 decay in different nuclei to
of tan 8 and behaves in opposite manner for<0. More-  extract stringent limits ofR-parity breaking.
over, in the latter casB; is, in general, bigger, which results  The half-life of the process, taking into account all three

in more Stringent restrictions. More detailed anaIySiS is pre‘possib|e types of hadronizatiqmlo_nuc|eon’ One_pion' and
sented in Fig. 4, where the most important impact&idor  two-pion [15,19) reads

different choices of taB, A, and sgiu) are explicitly

shown. One can see that t@nand sgiiu) do not influence o -l- M+ — oM
the charged Higgs contribution significantly. Thus, a crucial [T 01‘ m (rps= 1) f
point in the analysis becomes chargino contribution. Con- +g(m+ gﬂps)M”N‘z- (24)

trary to the SUGRA MSSM casgl9] the magnitude of

chargino influence orR; is almost equal to the influence _ _ N . 2N _

coming from charged Higgses. For positive values of ghe In this equationMz", M5, and M™ are matrix elements
coupling constant, the chargino impact grows with increasindor the 2\, 17, and 27 channels, respectively. These matrix
tan B, while for theu <0 case one observes opposite behav-elements depend on nonstandard physics parameters, in-
ior. In this light, behavior of the surfaces shown in Fig. 3 volved in description of the neutrinoless douplelecay, and
becomes clear. on nuclear structure details of decaying nuc{&he explicit
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charged Higgs chargino
contribution contribution
>0
007
006 |-
0.05
0.04
0.03
0.02
0.01
0
FIG. 4. Contribution
COMSSMin GMSB MSSM com-
ing from charged Higgses and
charged Higgs shargino charginos for both signs ql. All
contribution contribution parameters are as in Fig. 3.
p<0 n<0
0 0
-0.01
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0.03 y
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-0.06
0.07 -0.04
-0.08 "
0.09 0.05
-0.1 -0.06
400 400
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tan B 3~"100 tan B 35~ 100

forms of element$24) can be found, e.g., in Refgl5,19.)
Our procedure limits the number of free parametera ti/,
tan B, sgriw), andN only. As the loop diagrams with mes-
senger fields do not affect the A-terms considerably, weelements in question

can equal the common soft SUSY breaking param@ter
to O at theM scale.

Following well established procedure, the nuclear matrix
were calculated within the proton-

0.45 T 1.8 T T T T T
g-mechanism
04 16 - x-mechanism ——---
0.35 |- 14 |-
03 - 12 |-
- 025 _ 1
< 0.2 - < 08 |-
0.15 |- 06
0.1 |- 0.4 |-
0.05 |- 02 [ -
0 g e s M R 0 WY (R et M
50 100 150 200 250 300 350 40 50 100 150 200 250 300 350 40
A[TeV] A[TeV]

FIG. 5. Contributions to\;,; coming from two-nucleon and pion-exchange modes g8®in "6Ge as well as gluino and neutralino
mechanism of SUSY breaking. All parameters are as in Fig. 3 exceggt&andu>0.
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neutron RQRPA(pn-RQRPA. This approach incorporates
the Pauli exclusion principle for fermion paif23,37 and is
suitable for studies of nuclear structure aspects of various
double 8 decay channels in open-shell systems. Details of
the method and its application to the doulsledecay were
presented in a number of papésge, e.g., Ref§9,19,23).

Having both supersymmetric spectrum and nuclear matrix
elements, one can extract from E(R4) constraints on -
R-parity breaking in GMSB MSSM using experimental in- j
formation from nonobservability of the neutrinoless doyble
decay. Such approach is based on comparison of the theoreti-
cally obtained half-life for this process, as a function of some
free nonstandard parameters, with the experimental upper
limit for Ty, in the given nucleus.

We start with a presentation of constraintsixjp, coming
from different channels of €38. Using the experimental
lower limits on the half-life of neutrinoless doubfg decay
for 75Ge, established by IGEX Collaboratid89], we ob-
tained upper limits foh;,; in GMSB MSSM. We have sepa-
rately taken into account various possibilities. In Rgfl]
the problem of the pion mode has been discussed in detail. In
Fig. 5 the upper limits oi,, coming from nucleon and pion
modes of neutrinoless doubjg decay(upper diagramand
two different possibilities of SUSY GMSBower diagram
are presented. The importance of pion-exchange mode is
clearly visible. The curve corresponding to the pion mode
lies definitely below the line corresponding to the nucleon
channel, so the pion mode imposes more stringent restric-
tions on the coupling constant. One sees that in order to
obtain reliable results, both modes should be taken into ac-
count. Also, the role of various mechanisms leading to SUSY <
breaking are presented. The neutralino contribution to
GMSB sets much more stringent bounds ©fy, than the
gluino one. It is rather difficult to compare these results with

111/[(mgo/100 GeV)?(m /100 GeV)'?]

analogous discussion in the SUGRA MSSM scentig), g;
because of completely different parametrization in these two g
models. However, one easily sees that theribde in GMSB g
sets much more severe constraints, especially for siig)l =
whereas the gluino contribution in GMSB relaxes the con- g
straints, when compared to SUGRA MSSM. However, the ‘%
general tendencies remain the same in both approaches, tha &
is, the pion mode and neutralino SUSY breaking are the g
dominant ones. =

Further analysis is presented in Fig. 6. We have included gf
most of the nowadays known experimental détae Ref. S
[40] and references therginUsing the lower limits onT‘l),”2 =

for different nuclei we have obtained upper limits ag,,
and two more quantities. The interesting thing is that
the combinations \{,,/[(mg/100 GeVJ2(my/100 Ge\j*?]
and \1,,/[(mg/ 100 GeV*(m,;/100 GeV*?] remain nearly
unchanged within a wide range @'s. This allows us to
make the following estimation:

)\!
111 < 275X 107° (25)

PHYSICAL REVIEW C 69, 025501(2004)

T x 1_0_5 _____________ 7]
I -
b T
o —f—F—F+—F—1+—

N ]
- —
b
0 | | | | | ]

50 100 150 200 250 300 350 400

A[TeV]

FIG. 6. Limits in GMSB MSSM on various combinations of
Ny, and masses of SUSY particles coming from experimental

2
( M V) g lower bounds on the half-life of 33 decay in different nuclei. The

100 Ge

100 GeVv corresponding nuclear matrix elements have been calculated using

pn-RQRPA method and the bag model. Other parameters are as in

and Fig. 3.
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W . 16 T T T T T 1
> <2.73x107°. (26) SEN:HS N=1
< me ) My T4 1= ""EXO, Net ------ y
100 GeV, 100 GeV EXO, N=4 ---e-eeee /
_ . 412 | MOON,N=1 —-—-— /
These results lower the allowed values in the first case by MOON, N=4 -- -- -- /
around 15% when compared to our previous result within the 1k // £
SUGRA MSSM modelcf. Ref.[18]). S
We study also constraints coming from different GMSB = 4| / l
scenarios in the case of expected sensitivity of planned neu- <= ' ey
trinoless doubles decays. Two different messenger sector 06 // R
structures are taken into account here: the Sefresenta- !
tion (N=1) and both 5+5and 10+ 10representationgN 04 -
=4) of SU(5). We include parameters for three new experi-
ments[40,41. The GENIUS-MAJORANA-GEM project is 02
expected to reach sensitivity &f,,~ 2.3x 10?® yr for "5Ge. 2T
; = 8 i N 0
The MOON experiment ha$;;,~1.3X 10?® yr and inves 0 50 100 150 200 250 300 350 40

tigates the'® Mo nuclei, and the EXO-XMASS experiment
will be sensitive to values of the half-life up to aroumg,
~2.2X 1028_ yr for lsexe_- The relevant results are presented g, 7. Limits on ]y, for different structures of messenger
in Fig. 7. It is worth noting that foN=4 the allowed values gecior(see text for detailsfor planned 38 experiments. All pa-
for the lepton number violating constant are much higherrameters are in Fig. 5.

The most promising results can be expected from the MOON

project, which may set the best constraints on Raparity neutralino mechanism of GMSB. Also, new upper

A[TeV]

violating coupling constant. limits  for  \{;,/[(mg/100 GeVJ*(my/100 Gey*?] and
\114/[(Me/ 100 GeV*(m,,/100 GeV*#] were extracted. A
IV. CONCLUSIONS detailed discussion of the Wilson coefficients, the SUSY con-

: ; ibutions to it, and its dependence on the whole allowed
We have presented an analysis of the current experlment.lﬁ[aflnge of tang and A up to 400 TeV was presented. Also,

state of neutrinoless doubfedecay in the language of gauge ol .
mediated minimal supersymmetric standard model. Thgome.prehmmary studies related to three new plannegid
experiments were performed.

GMSB scenario of supersymmetry breaking is a very attrac- The dominance of the pion-exchange mode i8g has

tive framework owing to its simplicity, naturalness, high pre- . . ;
dictive power, and cgnsistency.plt hgs a few free pargmgtergeen recently conflrmeo_l on a completely different _ba5|§. The
does not rely on not fully established theory, such as supel‘?-‘u'[hors of Ref.[42], using methods of the effective field

gravity, does not need extra dimensions, and offers a naturcrirl]eory’ showgd that this phenomenon is a generic feature of
mechanism for flavor violating processes. any R-parity violating SUSY model.

Combining theore‘ucal,_ phenomenological, _ and experi- ACKNOWLEDGMENTS
mental data we have obtained a set of constraints on various
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