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Effective R-parity violation from supersymmetry breaking
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We present a scenario in which Yukawa-liReparity violating(RPV) couplings are naturally suppressed. In
our model, RPV is assumed to originate from the SUSY breaking mechanism and then transmitted into the
SUSY Lagrangian only through soft SUSY breaking operators in the scalar potential. The RPV Yukawa-like
operators of the superpotential, conventionally parametrized by the couplingsand\”, are then generated
through loops containing the SUSY scalars, the gauginos and the soft RPV interactions and are, therefore,
manifest as effective operators with a typical strengtiDo£0 3).
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One of the unresolved puzzles associated with supersymyoyplet (charged singlet supermultipletsL (E€), respec-
metric (SUSY) theories is whether or ndR parity (Rp) is . ~ o~ T~ ~. ~ .
: ) tively, L=(v_,e ) andE®=eg. Also, a;,=—a,;, due to
conserved in the SUSY Lagrangian. On the one hand, a gen- Sk J ]
4 LT the SU?2) indicesa, b.
eral SUSY theory allows the existence Riparity violating . : .
- . X This obviously means that in our framework the superpo-
(RPV) trilinear operators in the superpotential whose . . , M x
. . tential conserve®p, i.e., A, A’ and\” as well as the bilin-
strength is naturally o®(1). On theother hand, experimen- RN )
tal searches for RPV interactions yield null results, which€a RPV terms;L;H,) are absent. For example;—0 in
seem to indicate that such RPV couplings, if they exist, are 1
much ;maller thar®(1) as long as the typical SUSY mass AWRP,IL:Eeab)\ijkL?LFEE+ H.c. 2
scale is not much larger than the electroweak scale. The

question then arises: why are the RPV Yukawa-like interac- ) ) )
tions so suppressed wherever they can emerge? In order to realize this scenario, let us suppose that SUSY

In this paper we propose a way for generating vabreakng occurs spontaneouslly in a hidden_sector at the in-
Yukawa-like effective operators, with a structure similar totermediate scaleA~10'°-10' GeV, described by the
the ones which may appear in the superpotertial, the Rp-conserving Fayet-O’Raifearartaigh superpotential:
usual\, A’ and\” type RPV operatojq 1], however, with a . - .
typical strength<O(1). We assume that the superpotential W=my B0, +gdy(D5—M?), 3
conserveRp and that RPV “leaks” into the SUSY Lagrang- _ _ _
ian through the mechanism that breaks supersymmetry. IWherem;~M~A and underR, the chiral superfields in
particular, in this scenario the only place where RPV inter-Eq. (3) transform asd;,®,,o3——d;,— D, ,d;. SUSY
actions show up is in the scalar potential—in the form ofbreaking can then be triggered by the vacuum expectation
three-scalar “soft” operators. Being soft, such scalar RPVvaIues(VEV's) of the auxiliaryF term G:‘l’i) Of&)ly(i)2a&)3-

operators cannot renor_malize the Yukawa-like RPV operator%e choose the minimum of the potential in this model to lie
and, sothe latter remain zero at all scaleSuch a nonvan-

ishing low-energy RPV soft operator will, however, generatedt Ao, =A¢p, =0, Ay =M V1-m2,/(2g°M?), which satis-
an effective RPV Yukawa-like interaction through loops in- fies Fo,=MAg,, Fe,=0 and Fq,szg(Aé,z— M?).
volving the soft interactiongfor a related work seg?]). In Supergravity mediation of SUSY breaking can then be

general, one expects that these effective RPV interactionsarametrized by the followinge-conserving superpotential:
will show additional patterngcompared to the “regular’,

A" and \" onesg due to their explicit dependence on the 1 . mmmaaa

particles that run in the loops. Mo d?¢[®,LLE+ d,LLE]+H.c., 4
To illustrate how the new effective RPV couplings are P!

generated, assume tHa$ is violated in the Lagrangiaanly  \ynich will spontaneously breaRp and induce the soft op-

through the pure leptoni¢lepton number violating soft 4 at0r in Eq.(1) with a~Fq /M pj~A2M p~my, for my,
SUSY breaking operators: 1

~M~ A. The superpotential in E¢4) will also generate the
1 - - operators<\ in Eq. (2) with an extremely suppressed cou-

AVE‘;f,tu= EabiaijkLiaL,bEﬁJr H.c., (1) pling: N¢Ag,/Mp~A/Mp;~107°~10"° at the high scale,

essentially causing the soft operator in Eb.to be the only

the generation of RPV were suggested 3

In general, other operators which couple the hidden sector

*Electronic address: shaouly@physics.technion.ac.il superfieldsﬁ)l,é)z,(i)g to the observable sector can be con-
TElectronic address: roy@physics.technion.ac.il structed, which will generate an RPXlike term as well as
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. gaugino . =1,2), (iii) egr x2 for the e je; term and (iv) both
\ ; e v x5 ande v x™ for the'eg,oie; term.
N . Calculating these loop diagrams we find tBat;>m, ,
[N '/ i.e., novvy term in the limit of zero neutrino masses. Also,
AN ) Arijk<ALijk _since Agiijk is proportional to t_he leptonic
@ Yukawa couplings. Thus, neglecting terms which are propor-
tional to the external lepton masses and to the leptonic
: Yukawa couplings we find
: g2 4
- ALik= "= >, moCiMOZINZ s+ ZEew),
l SwCy n=1 "
FIG. 1. A typical one-loop diagram that generates an effective e? 4 oin ot )
\-like operator similar to Eq(2). 7 is either a charged slepton ora CLijk= — 21 m, Occ(n iz N (ZN'Sw—ZN'Cw),
sneutrino andf is a lepton or a neutrinoa is the trilinear soft SWCW "
breaking coupling defined in Eq1). ) 4

- 5 o DL,ijk 2 E m Ocdl(n I]k)[(zlﬂ)ZSW (ZZH) CW]
a soft bilinear ternB;L;H,, (for a somewhat similar example ZSw
see e.g.[4]. One can always rotate away tg term at the 2
high scale by a field redefinition. In the absence of the Z ch Cd2(m|]k)zl z: 1, @)

Yukawa-like trilinear termsg; will remain zero at all scales
at the one loop ordeisee[5]). The B;'s can also be rotated i P ) ) )
away at the high scale; however, even if they are zero at th@/hereZy andZ;; , Z;; are the matrices that diagonalize the
high scale they will be radiativelyone-loop generated by neutralino and charglno mass matrices, respectively, as de-
the non-zero soft trilinear term in Eq.(1) and evolved fined in[6], sy(cy) is the sine(cosing of the weak mixing
down to the electrowealEW) scale through the RGE. Since angle by, and ™) ¢ etk - egen il gre

for \—0 andu;—0 the RGE forB; takes a relatively simple the three-point loop integrals defined via

:‘gggrigﬁ# svle(:'\gé)t can be easily estimated. In the leading Co(m2,m2,m2,p2,p2,p2)

~( dYg 1
: Mar| =j im? [~ mZ][(q+py)®~ mE][(q— pa)>~m3]’
Bi(Mz)N—PhT(M 2 m(Mz)aizz(Mz)In| —= 1 ! 2 3 8
T 7 © (8)
and
whereh is the r Yukawa coupling angk is the usuaj term canik_ e (mz M e e m2)
(uFAo). 0= ol Me g ey Mae M oMy
Let us now define the effective RPV terms which are gen- Sniijk) s 2 2 . 2 o
erated at one-loop through the soft operator in Bg.via Co ECo(mxg,mgkR-”EiLvmekamgjL’myi),

diagrams of the type shown in Fig. 1 as follows:
d1(n,ijk) — 2 2 2 2 2 2
Co _CO(ng’m;iL 'méjL’mVi’mékR'mej)’

a; —
eff_ ik | -
Rp — 2(16772>[VLiek(AL,ijkL+AR,iij)ej ng(m’”k)ECO(mim'mgipmg,-umii’mgkR'mgj)- 9

+BL,ijk;LijkLVj+CL,ijk5Lja<LVi+D|_,ijk6Rk71C|-ej Since the soft RPV trilineaa term in Eq.(1) generates the
soft RPV bilinear termB; through the RGHsee (6)], an

TABLE |I. Values for the effective RPV form factord .,
Cijjk and Dy jjx within the Snowmass 2001 benchmark points

where i,j,k are generation indices and.(R)=(1  spsi, SPS2, SPS4 and SPS5 of the mSUGRA parameter{§jace
—(+)vs)/2. Note that the customary RPV operators in Eq.

(2) are obtained by settmgAR”k BL ik=0, AL Effective coupling

=Cpj=Dpjjk=1 GeV ' andaj = 167"\ GeV. (GevY SPS1  SPS2  SPS4 SPS5
The part|cles running in the loop diagrams for each of the

—(i—j)]+H.c., (6)

form factors in Eq.(6) are (i) e erx? for the v jee; term, ALl < 10° 35-36 008  08-13 25-26

. _ VLIS |CLijel X 10° 34-35 008 07-11 25-26

wherey,, are the four neutralinosy=1—4), (i) e_erxm for DL | X 10° 6.8 03 20-26 52-53
i . . .0-2. 2-5.

the ;Li;kyj term, where y,, are the two charginosng
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FIG. 2. Contours of the RPV effective form factoks , C, andD, (in GeV 1) in the (u-M,) plane for tarB=3 (left pane) and
tanB=35 (right pane). The shaded region in each figure is disallowed by the lighter chargino and the lightest neutralino mass bounds from
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LEP2 (mX1:>87 GeV andec1>> 23 GeV) corresponding to tHe-parity violating scenari¢8]. See also text.

effectivel |l interaction ( for lepton and for slepton of the

(B /By, whereB is the Rp-conserving soft bilinear term
followed by the Higgs boson couplings to Iepton»smk,

075004-3

where h/* is the Higgs bosonkl, Yukawa coupling. The

type (7) can also arise from slepton—Higgs boson mixingcontribution of this diagram to thell coupling is therefore
ochf"x B;/By, and can be easily estimated when all tree-
level low energy SUSY mass parameters are assumed to be
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of the same size, i.e.,JBo(Mz)~u(Mz)~a;(Mz)  versal contribution to the soft scalar masses. We can see from
~Mgysy. Thus, from Eq.(5) it is clear thath/*x (B;/By) Fig. 2 that for slepton masses of 100 Gékle values ofmg
~ (hi*h,/167%) x In(M3/M32). For j#k and for j=k=1,2  ineach of the plots are chosen to give slepton masses of 100
this effect is negligible, while foj =k=3 (couplings involv-  GeV) and if a;;~ 167> GeV and|x| as well asM, are of
ing the 7) we haveTlsl;~(h%/1672) X In(M3/M2), which  the order of several hundred GeV, then thee, e ev and
gives Tlsl,~107% for tarf8~0O(10) andTlsl;~102 if ‘egrCe effective couplings in Eq.(6) range between 4
tarf 3~ 0(1000). This effect will be studied in further detail x 10-4_2x 103, where theegr°e effective coupling is the
in [9]. largest of the three.

In Table | we give a samplg of our numerical resuIFs for The existing upper bounds oKy (see, e.g., Allanach
:Qet:ge“esﬁg\fv(r:rt:;gstpo\é)f’Pl;JFél:\r::%smlgrE%)o,ir?tosrrgsl,brgjlndggs th al.in [1]) are larger than the expected values of our effec-

L ' ive couplings if the trilinear soft breaking RPV couplia

SP54 and SPS5 of the minimal SUperGRA@YSUGRA is of thepordger of the electroweak mass 2cale. We Eote?ihat in

s_cenano[?]. The ranges of values n Table | fgr each eﬁec'the general case of soft lepton number violation, the scalar
tive operator are due to slight differences in the slepton

masses for different generationg, k. We see that the SPS1 potent@t nlay also contain the RPV soft operator
and SPS5 scenarios give the largest effective couplings, cfanixLiQ}D§, in which case boti-like and\'-like RPV
the order of 104-10 3 if aijk~16772 GeV~150 GeV. interactions may be effectively loop generated. Then, the
Let us also evaluate the effective RPV form factorsmore stringent limits on tha\’ coupling products can be
ALk, CLijk andDy jj in a low energy SUSY framework applied to constrain our scenario. This will be investigated in
where the SUSY parameter space is defined at the eleé future work[9].
troweak scale. In particular, in the most general casg,, ~ Finally, in our model the soft RP¥ term in Eq.(1) gives
Cy,ijx andD, ;;x depend on tag, theRp conserving bilinear  fise to a neutrino mass only at the two-loop letsze{2]), or
Higgs boson mass term, the three gaugino mass param- €quivalently, as an effective “tree-level” neutrino mass
etersM;, M, andM ;=g (my is the gluino massand the ~ Which is generated by the sneutrino VEMVg)Y and iscp?.
slepton masses. For simplicity, we assume the grand unifie@ince v;=B;/Mgysy [10] and since in our modeB; is a
theory (GUT) relationship between the $8), SU(2) and one-loop quantity, clearly this also is essentially a two-loop
U(1) gaugino mass parameters, namely,=(a,/az)my  effect. Similarly, “one-loop” neutrino masses involving two
and M= (5/3)tarf 6yM ,, wheremy is taken to be a free Vertices of our effective’s are essentially a three-loop ef-
parameter. We further assume that all the charged sleptorigct.
and the sneutrinos get a universal contributiog, to their To summarize, we have postulated that RPV can emerge
masses at the electroweak scale. Thus, the masses of tifethe hidden sector through the same mechanism that breaks
charged sleptons and the sneutrino are giver(ibgiuding  SUSY and then transmitted to the SUSY dynamics at some

the usual D-term contributions high energy scale, only in the form of soft operators. A viable
) hidden sector model that gives rise to softly broken RPV was
m;_=mj— sinf 6ym3cos 28 (100  presented.
R

In this scenario Yukawa-like RPV operators are generated
(11) only through loops involving the RPV soft interactions. Such
effective Yukawa-like RPV interactions are similéalbeit
5 , 1, richen in structure to the conventional, A\’ and\” ones
e, =Mg+5mzcos 25. (12 which, in most RPV scenarios, are addsdi hocin the su-

2 .
. \Perpotentlal.
Under these conditions, our relevant low-energy SUSY \ye have shown that this framework naturally explains the

parameter space is reduced to four parameter8,tan My gmaliness and, therefore, the present non-observability of

and m. o RPV interactions in low and high energy processes. The im-
Using the above SUSY parameter space, in Fig. 2 Wgications of our effective RPV scenario to the and

show contour plots of our effective RPV couplings, C. \»_type couplings, as well as to bilinear RPV, will be de-

andD, (in GeV 1) in the u-M, plane M, is fixed bymg  tailed in[9].

due to the GUT relation mentioned abgyéor two discrete

choices of tar8, namely, tasB=3 and 35. It should be We thank J. Wudka, Y. Shadmi, Y. Grossman and S.K.
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mﬁL =mZ— (1/2— sirf6,y)m3cos 28
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