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Abstract. In low energy phenomenology, to avoid the strong constraints of proton decay it is usually
assumed that light (= 250 GeV) leptoquarks couple only to quark-lepton pairs, and light diquarks couple
only to quark pairs. In this paper we present two specific examples where the Higgs induced mixing between
leptoquarks and diquarks through trilinear interaction terms reintroduces the troublesome couplings and
gives rise to proton decay. The bound on the unknown parameters of this scenario that arise from the

proton lifetime has also been derived.

Leptoquarks (LQ) [1] and diquarks (DQ) [2,3] are col-
ored scalar or vector particles that carry baryon numbers
of +1/3 and +2/3, respectively. They occur naturally in
many extensions of the standard model (SM), e.g. super-
string inspired grand unified models based on E(6) [3],
technicolor models [2] and composite models [1] of quarks
and leptons. If LQs and DQs couple both to quark—lepton
pairs and quark pairs, then they lead to too rapid pro-
ton decay. To be consistent with the proton lifetime such
LQs and DQs must have a mass of the order of (10!2—
10*) GeV. To avoid this strong constraint and to make
them relevant for low energy phenomenology below 1 TeV
it is usually assumed that LQs couple to quark-lepton
pairs but not to quark pairs, and DQs couple to quark
pairs but not to quark—lepton pairs. However, in the pres-
ence of the SM Higgs doublet ¢ the low energy effective
Lagrangian will also contain a trilinear Higgs-L.LQ-DQ in-
teraction term. After EW symmetry breaking (EWSB)
this interaction term will induce a mixing between the LQ
and the DQ, which reintroduces the troublesome Yukawa
couplings for LQ and DQ. If the physical LQ and DQ do
not have the same mass then they lead to proton decay.
There can be several different kinds [1-3] of LQs and DQs.
However, in this report we shall not go into a detailed dis-
cussion of every LQ-D(Q mixing that can possibly occur.
Rather we shall give two specific examples of a Higgs—
LQ-DQ interaction term and the mixing between the LQ
and DQ that takes place after EWSB. For one particular
case we have also calculated the mixing angle in terms
of the dimensional coupling that measures the strength
of the Higgs—LQ-DQ interaction term. Finally we have
estimated the proton decay rate in terms of the unknown
parameters of our scenario and have derived the constraint
that the parameters of the Lagrangian must satisfy in or-
der to be consistent with proton lifetime.

? e-mail: mahanta@mri.ernet.in

Consider the SM to be extended by a light
(=~ 250GeV) chiral leptoquark D and a light chiral di-
quark S with the following assignments under SU(3). x
SU2) xU(1)y: D ~ (3%,2,—-1/6) and S ~ (3*,1,1/3).
The low energy effective Lagrangian of this extended sce-
nario will contain besides the SM Lagrangian all possible
renormalizable and gauge invariant interaction terms be-
tween D, S and the SM fields. Of particular importance
for this work are the Yukawa-like couplings of D and S to
the SM fermions given by the following Lagrangian:

Ly = gRZLdRD + g’eiijRiu%{jSk + h.c.
= gr(7LD1 + eLDa)dr + greijrdriug; Sy +hc. . (1)

Here Dy and Ds are the isospin up and down components
of D. i, j, k are the color indices. Note first that the lep-
toquark D couples only to a quark—lepton pair and the
diquark S couples only to a quark pair which is required
so that they do not lead to proton decay. Second, both
interaction terms are invariant under the SM gauge group
SU(3)e x SU(2); x U(1)y. Finally, the couplings of D and
S are both chiral in nature, i.e. they couple to quark fields
of a particular chirality only. The Yukawa Lagrangian L,
also implies that D and .S should carry baryon numbers of
—1/3 and 2/3, respectively, so that L, conserves baryon
number. This kind of structure of the Yukawa couplings
could arise depending on the gauge symmetry of the high
energy theory and its chiral matter representation. Be-
sides the Yukawa couplings the low energy Lagrangian for
describing physics much below the compositeness scale or
grand unified scale A must also contain all possible renor-
malizable and gauge invariant interaction terms between
¢, D and S. In principle such interaction terms cannot be
neglected. They could arise from the scalar potential of the
high energy theory after the gauge symmetry of the high
energy theory breaks down into SU(3). x SU(2); x U(1),.
The gauge invariant trilinear interaction term between ¢,
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D and S is given by the Lagrangian

Ly =ki(DY¢.)S +h.c. = ky ﬂDfS +he . (2)
V2

Here ¢, is the charge conjugated Higgs doublet that gives
mass to the up quarks in SM. The unknown mixing param-
eter kp carries the dimension of mass. After EW symmetry
breaking this interaction term will lead to mixing between
Dy and S. Note that Dy and S carries the same charge and
color assignments which is necessary so that they could
mix after EWSB. The above Higgs—LLQ-DQ interaction
term violates both baryon number and lepton number by
one unit (0B = —0L = 1). Here we are implicitly assum-
ing that the breaking of baryon number symmetry is first
communicated to the scalar sector of the high energy the-
ory which in turn communicates it to other sectors, e.g
the Yukawa sector. Recall that in the SM baryon number
conservation is realized as an accidental global symmetry
[4]. By that we mean that given the particle content and
the gauge group SU(3). x SU(2); x U(1), of the SM, it is
not possible to write a renormalizable and gauge invariant
interaction term that violates baryon number. No ad hoc
global symmetry is required to explain the near absence of
proton decay. However, as we have seen above, if we keep
the gauge group the same but allow additional particles
like color triplet scalars, then it is possible to write down a
renormalizable and gauge invariant interaction term that
violates baryon number.

We shall now show that the mixing between D; and
S induced by ¢ can lead to proton decay in the “v +
anything” channel where “anything” refers to a positively
charged non-strange meson. Consider the full scalar po-
tential involving D and S

V(D,S) = puiD"D + u3STS + A\ (DT D)? + Xy (STS)?
+ N(DTD)(¢"¢) + X5(STS) (07 9)
+ (k1 D" ¢S + h.c.). (3)
The quartic scalar interactions are not relevant for our
present work. p? and p3 are the mass parameters associ-
ated with the gauge eigenstates D and S. After EWSB
the trilinear interaction term between ¢, D and S induces

a mixing between D; and S. It can be shown that the
eigenvalues of the mass squared matrix M12)1 g are given

by
2 _Lloo o0 1/ 2.2
Ay =Mp, = 5(#1 + pz) + Ve T 2kiv (4a)
A 7M271 2 2 1 2 k22
- = S*i(ﬁh*#z)*i € + 2k{v,

where € = p? — 3. The physical states correponding to A+
are given by D{ = Djcosf — Ssinf and S’ = D;sinf +
S cos 6. Here cos 0 = (2'/2kv)/([2k302 + (2 +2kF0?) /2 —
6)2}1/2)'

The Yukawa couplings of the LQ and the DQ written
in terms of mass eigenstates are given by

and

(4b)

Ly, = gr|vr (D] cos0 + S"sinf + e, Do)dr
+ €ijkgRdRiuGR;[Sy cosf — Diy sinf +hel.  (5)
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The above Yukawa Lagrangian does lead to proton decay
in the “v + anything” channel via the exchange of D and
S particles. The effective four fermion Lagrangian for this
decay is given by

Leg = gRgﬁ sin 0 cos HEijk(ﬂLde)(ﬂ%dei)
1 1

This is the effective Lagrangian at a scale M? = M? ~
M2 ~ (250 GeV)2. In order to use it for proton decay it
has to be renormalized down to a scale u? = (1GeV)>?
under the unbroken QCD and EM interactions. The EM
corrections are small because the coupling itself is small.
The QCD corrections are not that large either because
In(M?/14?) is not large in our case. It can be shown that
the proton decay rate arising from the above effective La-
grangian is given by

. 1 M
I'(p — ve + anything) ~ WGgHm3A2 <M) (7N

Here A (M/u) includes the effects of the renormaliza-
tion group evolution from M to p. We shall assume it to
be of order one. Furthermore, we have R = 3/4fm, m, =
1/3GeV and Gegr = (1/2(2)'/2)grgk sin 6 cosd (1/(M2)—
1/(M3)). The present lower bound on 7(p — v+anything)
is 25x 1030 yr [5]. It is clear from the expression of Gg that
the tight constraint of the proton lifetime can be satisfied
either with sinf < 1 or cosf < 1. It can be shown that
for sinf < 1 we require kjv < 2'/2¢. On the other hand
for cosf < 1 we need 21/2kjv < ((€2 + 2k30?)Y/2 — ¢).
For Mg = 200GeV and Mp = 300 GeV [6] the product
combination grgg sin 8 cos @ must be less than 3 x 10726 in
order that the decay rate in (9) is consistent with the pro-
ton lifetime. If we assume that the Yukawa couplings gr
and gp are of the order of 0.1, then for sinf < 1 we must
adjust the parameters of the Lagrangian so as to satisfy
kiv < 4 x 1072%¢. On the other hand for cosf < 1 the
parameters must be adjusted so as to satisfy 2/2kjv <
3 x 10724((€% + 2k3v2)1/2 — ¢). These constraints may not
be stable against radiative corrections requiring extreme
fine tuning to each order in a loop expansion. We would
like to reiterate that there can be several different species
of LQs as well as DQs. However, the mixing between D,
and S and hence proton decay occurs only for specific
SU(3). x SU(2); x U(1), assignments of the LQ and the
DQ. Unless these assignments are achieved there is no mix-
ing between the LQ and DQ and hence no contribution to
proton decay.

Having shown that Higgs induced mixing between the
doublet leptoquark D and the singlet diquark S does lead
to proton decay we shall now present another concrete
example where the same phenomenon also takes place. An
EW triplet diquark Ty (a is the SU(2); index and k the
color index) can also mix with the doublet leptoquark D
and contribute to both proton decay and neutron decay.
Let the SU(3). x SU(2); x U(1), assignments of T,y be
given by (3,3, —1/3). The triplet diquark T, can couple
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to a LH quark pair according to the following Lagrangian:

L; = gg\eijkq_ﬁiraiTQTak + h.c.
= gneijrl— V20§ ur; Ty, + V2di dp; To,
+ (af;dr; + diur;)Tor), (8)

where TJrk = (le + iTQk)/21/2, T,k = (le — iTQk)/21/2
and Tor, = T3 Ty and T—j, carry electromagnetic charges
of 2/3 and —4/3 units, respectively. Note that T_j is not
the antiparticle of T'y; since they carry different electro-
magnetic charges. The gauge invariant Higgs-L.Q-DQ in-
teraction term in this case will be given by

I = ko(D ) TC + hoc.
v+h * *

The mixing between D; and T} leads to p — 7 v and the
mixing between Dy and T leads to n — mte™, both of
which violate baryon number.

The low energy effective Lagrangian will also contain
trilinear Higgs-LQ-LQ and Higgs—DQ-DQ interaction
terms. After EWSB these terms give rise to mixing be-
tween different multiplets of LQ and DQ. Such interac-
tion terms do not violate baryon number but they could
violate lepton number. Of particular importance is the
Higgs-L.LQ-LQ interaction for a pair of chiral leptoquarks
belonging to different weak SU(2) multiplets. The mix-
ing between two different LQ multiplets will give rise to
helicity unsuppressed contribution to 7~ — e~ 7, The he-
licity suppressed SM contribution to 7= — e~ 7, is in ex-
cellent agreement with the experimental data. Therefore,
any helicity unsuppressed contribution arising from new
physics must be strongly constrained. This leads to strin-
gent bounds on the mixing parameter between the two LQ
multiplets. The mixing between different LQ multiplets
can also lead to a Majorana mass matrix for neutrinos. A
complete discussion of these topics can be found in [7] and
will not be taken up here.
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To conclude this report, we have shown that the usual
assumption of low energy phenomenology that LQs couple
only to g-1 pairs and DQs couple only to quark pairs is not
sufficient to stabilize the proton. We have given two spe-
cific examples where the Higgs—LLQ-DQ interaction term
induces a mixing between the LQ and DQ after EWSB.
This mixing reintroduces the troublesome couplings for
the LQ and the DQ and leads to proton decay. We find
that in order to be consistent with the bound on pro-
ton lifetime the parameters of the Lagrangian must either
satisfy kiv < 4 x 10724 or 2'/2k1v < 3 x 10724((e +
2k?v2)1/2 — ¢). In deriving these constraints we have as-
sumed that gr ~ g ~ 0.1, Mp, = 300GeV and Mg =
200 GeV. These constraints may not be stable against ra-
diative corrections requiring extreme fine tuning of the
parameters to each order in a loop expansion. This natu-
ralness problem can perhaps be resolved by means of some
new symmetry that remains unbroken in the low energy
theory and prevents the Higgs—L.LQ-DQ interaction term
from occurring in the effective Lagrangian.
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