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Upper bounds on all R-parity-violating AN" combinations from proton stability
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In an R-parity-violating supersymmetric theory, we derive upper bounds on amﬁpei,j,k,-Wpe combi-
nations from the consideration of proton stability, whkﬁe are baryon-number-violating couplings involving
three baryonic fields and.,;, are lepton-number-violating couplings involving three leptonic fields.
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In the minimally supersymmetrized standard model NN <1072 (4)
(MSSM), the superpotential contains the followiligparity
conserving terms: wherek=2,3. At the one-loop level, one can always find at
least one diagram in which am{jk in conjunction with any
Wo=fILiHES+fdQiHDf+ FlQiH U+ uHgH, - /.., contributes to proton decdyt]. It follows that, for su-

@ perparticle masses of order 1 TeV,

Here,L; and Q; are SU2)-doublet lepton and quark super- )\i,jk)\lﬁmns 1079, (5)
fields; Ef U7 ,Df are SU2)-singlet charged lepton, up- and

down-quark superfieldsi4 and H, are Higgs superfields If one admits tree level flavor-changing squark mixing, the
responsible for the down- and up-type masses respectivelpounds are strengthened by two orders of magnitude.

The generation indices are assumed to be summed over. Recently, contributions to proton decay originating from
R-parity is a discrete symmetry which is defined Rs the L-violating parameters; in conjunction with theN"’s
=(—1)BFL+29 whereB is the baryon numbel, is the  have been investigaté8]. Here, the diagram at the tree level
lepton number an&is the spin of the particleRis +1 for  produces a constraint, for an exchanged scalar mass of 1

all standard model particles andl for their superpartners. TeV,
If one allowsR-parity violation[1], the most general super-
potential includes the followingi- and B-violating terms: N6 <1077, (6)

1 where €=/, with p assumed to be of order 1 TeV.
W' = E)\ijkLiLjEEJr )\i’jkLiQ,-Dﬁ+§)\{}kUi°Dj°Dﬁ+,uiLiHu. Constraints on the othexj -type combinations originate
@) from loop diagrams and hence are weaker. They are typically
of order 10 1°-10" 4 always assuming superparticle masses
of order 1 TeV.

The aim of the present papés to examine the other
source of lepton number violation, via;,, and derive
bounds on\{j\/j: products with any choices of flavor
N2 3) indices.

tkj - The fact thath and \"” together can drive proton decay
gs been noted befolé] in the context of an extended
gauge model. The idea however applies to any general
framework of R-parity violation, for example, as the one in
the present paper. We will note as we proceed further that
any one of the nina"”-couplings in association with any one
of the nine\-couplings can contribute to proton decay at
one- or two-loop order if not at the tree level. Figure 1 shows
a generic diagram involving two blobs. The, -blob on one
side represents either a tree or a one-loop dlagram containing

Here \{j, are B-violating while N, \ij and u; are all
L-violating couplings. Considering the antisymmetry in the
first (lasy two flavor indices in\(\"), namely

— "o __
Nijk=—"Njik»  Njg=—

there are 48 additional parameters. These are constralne
from various experimental searchey.

The simultaneous presence Bf and L-violating cou-
plings drives proton decay. Therefore, in dRparity-
violating (R) theory, what can be derived from proton decay
are, for example, bounds od’ correlated with any of the
L-violating couplings. As mentioned beforé,-violating
sources are of 3 types. The couplinq§< constitute one type
of source, and the correlated bounds in this case exist in the
literature[3,4]. At the tree level the bounds apply only to a
select set of the couplings, and one obtdi8§ assuming
superpartner masses around 1 TeV,

-0
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*Email address: gb@tnp.saha.ernet.in FIG. 1. Generic structure of diagrams involving and\ cou-
TEmail address: pbpal@tnp.saha.ernet.in plings that lead to proton decay.
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FIG. 3. ThelL-violating blobA;/j for various combinations of
the indicesx? is the neutralino coupled to the blob.

FIG. 2. TheB-violating blob Afj, for various combinations of

the indicesx? is the neutralino coupled to the blob. i £ W
" u'd V V ) ijk (9)
ijk™~ 16772( y) 2

a \{j-vertex with external quark lines. Th&;;,,-blob on dy

the other side contains X/ -vertex with external lepton
lines through a tree or a one- loop diagram. The two blobs are We now discuss the lepton-number violating blob
connected by virtual neutralinos. The amplitude of this geAirj'k - Here, there are three cases which should be distin-

neric diagram can be written as guished.
Case(a). Six of the nine differend;;.,’s, characterized
AL A by k' # 3, contribute to the blob at the tree level as shown in
Gg= ka~l I (7)  Fig. 3(@). The strength of this blob can be written as
XO
. . @ i
where m;o is the mass of the exchanged neutralino. The Aivjre= 2 (k"' #3). (10)

maximum contribution is expected to come from the ex- T
change of the lightest neutralino, which we assume to be
predominantly a gaugindthe Higgsino exchanged graphs Case(b). For A;,3, the dominant contribution comes
will be suppressed by light mass$e$he next task is to de- through the box shown in Fig.(B8). Again, an order of mag-
cipher the explicit structures of the two blolds’ and A, nitude estimate for the strength of this blob yields
which involve all possible combinations of flavor indices
associated witt\" and\, in a case by case basis. i 9 N3 3N 123 m,
We start with the evaluation ot} for various combina- Aoz~ 11

16772MW
tions of the indices. Note that, due to the antisymmetry of the

indices mentioned in Eq(3), we can always tak&k#3.  pare we have parametrized the left-right slepton mixing blob

Among the independent couplings now, we can d|st|ngmsrbsm ., wherenr; is some kind of an average of the masses
two cases. This part is very similar to the discussion appear- 57 and s
L R*

mgc;r;szu(;)e alr:I:)err worl{?l]ve obtain a tree araph. which is Case(c). There is another type of contribution to the blob
112> graph, Airjne for j'=k’ [or equivalentlyi’ =k’ on account of the

shown in Fig. 23). The strength of the blob is given by antisymmetry shown in Eq3)]. These are self-energy type
diagrams shown in Fig.(8). These include some of the cou-

(@) O\11o pImgs described in cas@), viz., those withj’=k’=1 and
A~ e ®) j'=k’=2. For the remaining casg =k’'=3, we do not
s¢ have the tree diagram described in cdak because that

would have implied ar-lepton in the final state. The strength
Case(b). The other)x,’]k’s cannot appear in tree diagrams of this blob is given by

because they would involve at least one heavy queylo(or
t) in the outer legs. However, they couple through loop dia- ) Nk

grams involving the exchange of charged scalars. As a result A(,ck,k, 2 M.
of the u-term, the physical charged Higygs is a combina- 16w

. + + . . B + . .
tion of H, andH, . The diagram involving™ is shown in Since these blobs lead to only one particle carrying lepton

Fig. 2(b) where flavor violation occurs via Cabibbo-
Kobayashi-MaskawéCKM) projections. This diagram is in- number in the final state, t::)? dlmen5|on/0ﬁ&k,k, is not the

finite. In the supersymmetric limit, it cancels with a similar Same as that OAi(’aj)’k’ or Ajzz. Since such self-energy dia-
diagram containing the longitudinsl¥-boson in place of the grams involve lower dimensional operators, the constraints
charged Higgs boson. Since supersymmetry is broken, then \j.;; and\;,, derived from these diagrams, despite suf-
sum of the two diagrams gives a finite quantity which de-fering loop suppressions, happen to be stronger than those
pends logarithmically on the masses of these two scalars. Felerived from tree diagrams in cats.

a charged Higgs boson mass of order 1 TeV that we assume We can now put the various combinations ztofjk and

in this paper, we can safely omit this logarithm for an order-A;,;/,, into Eq. (7) to obtain the strength of the baryon and
of-magnitude estimate, yielding lepton number violating couplings which are responsible for

(12
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TABLE I. Decay modes for the proton and bounds derived on the couplings for all possible combinations
of the baryon violating and the lepton violating vertices. The bounds are on the prod}gmisj,k, . All
superpartner masses are assumed to be 1 TeV. The ranges in the last column indicate the variation due to

different CKM projections.

Mo all otherAfj
Nirjrir Final states Bounds Final states Bounds
i"#)'#k', k'3 Kte*u v 107 (K e*u v 10°°-10°7
i'#j'#k', k'=3 K*+3p 10 a7 (KY)+3v 10°3-10"%
j’=k'=1(ori’'=k'=1) K*v 107 7 (K 107°-10°8
j'=k'=2(ori’'=k'=2) K™y 10720 7 (KY)v 107 9-10 ™
j’=k'=3 (ori’=k'=3) Ko 1072 7 (KY)v 10 1°-10 *2

proton decay. For lepton number violation through case
the effective couplingsz has mass dimension 2, and pro-
ton lifetime is given by

7o=(M>GR) . (13

benchmark value of  yr has been assumed. Moreover,
for our order of magnitude estimates, we have neglected all
final state particle masses and phase space factors, as in all
earlier estimatef2—5]. Consideration of 4-body phase space
can relax the bounds in the first two rows of Table | by about
two orders of magnitude.

In other cases, the final states will have three particles car- 14 conclude. we have derived new constraints on all

rying lepton number, the effective couplingz will have
mass dimension-5, and the proton lifetime will be given by

7= (M5'GR) L. (14)

We present the bounds on the combinatim’ifﬁ)\i/j,k, in

products of the form\{; \;:;/» from proton stability. These
bounds are complementary to otheandB violating prod-
ucts[4,5] that contribute to proton decay. In most cases, our
bounds are orders of magnitude stronger than the products of
upper bounds on individual coupling,8—14.

Table | for superparticle masses of the order of 1 TeV. In

deriving the bounds, we have takep to be 162 yr [7],
except for final states with charged leptons for which
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