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Abstract

Assuming the lightest supersymmetric particle is the gluino, we treat the decaysg̃→ qq̄ν andg̃→ gν. Such couplings can
be induced by the R-parity violating quark–squark–lepton interaction which can also be responsible for neutrino ma
mixings. These R-parity violating gluino decays have the same final state structure (jets plus missing energy) as p
considered decays into quark–antiquark–photino and gluon–gravitino but with significantly different gluino lifetimes.
 2003 Elsevier B.V.
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1. Introduction

The possibility of the lightest supersymmetric p
ticle (LSP) decaying through R-parity violation h
been discussed since the early days of supersymm
[1], many studies have been made (e.g. [2]), and m
experimental searches have been undertaken (e.g
There seem, however, to have been no investigat
up to now of the possibility considered here of
parity violating decays of the gluino. Although the
would be most relevant if the recent theme of a ligh
relatively light gluino were to be experimentally co
firmed they could also be important in the case o
heavy gluino LSP. In some cases [4,5] the pheno
enological advantages of a light gluino have as m
to do with a large hierarchy between gluino and squ
masses as with a light gluino mass per se. Most re
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light gluino investigations have concentrated on
mass region around 12 GeV possibly accompanie
a b squark near 4 GeV [6,7]. Alternative possibiliti
have also been noted [8]. In the minimal supersy
metric standard model (MSSM), a light gluino is typ
cally accompanied by an even lighter photino allow
the decaỹg→ qq̄γ̃ . In gauge mediated SUSY brea
ing models, there is often an ultra-light gravitino b
low the gluino in mass leading to the decayg̃ → gG̃.
In some models these channels are closed leadin
an absolutely stable gluino or to one decaying thro
R-parity violating processes. In this article we assu
the gluino is the lightest supersymmetric particle a
we consider lepton number violating gluino decays
Section 2 we treat the decaysg̃ → qq̄ν. The fact that
the third generation seems, in some respects, sp
compared to the first two suggests models in wh
the R-parity violation is tied to the third generation.

If the R-parity violation is entirely in the third
generation and the gluino lies below thebb threshold,
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there will be the loop induced decaỹg → gν. This
is treated in Section 3 neglecting the possibility o
right-handed neutrino.

Finally, in the presence of a light right-hand
neutrino, there is the possibility, treated in Section
that the dominant decay could be a two loop proc
coupling the gluino to gluon plusνR . It might be
expected that such a dominant decay mechan
would lead to an ultra-long-lived gluino.

2. The gluino decay to quark–antiquark–neutrino

We assume an R-parity violating and lepton nu
ber violating term in the superpotential of the form

(2.1)W = λ′
ijkLiQjDk,

wherei, j, k are family indices. Then, if the gluino i
above a quark–antiquark threshold one will have
gluino decay toqq̄ν corresponding to the graph o
Fig. 1.

The fact that the third generation seems, in so
respects, special compared to the first two sugg
models in which the R-parity violation involves thir
generation quarks and squarks only. We, theref
take as a working assumption that the non-zero qu
flavor indices in (2.1) are third generation only.
any case, the experimental limits on R-parity violati
couplings are much less restrictive [2,9] in the th
generation so these could well be dominant. Aλ′
involving only third generation quarks could be
great as 0.1. Then the gluino decay would be intobb̄ν
assuming the gluino mass is above the 2b threshold. In
this case a light gluino pair production could expla
the excessb production seen at Fermilab witho
requiring the light b squarks of [6].

The signature of such a decay, hadrons plus mis
energy, would be identical to the conventionalqq̄γ̃
decay. The inverse width for this latter decay is

(2.2)τ (g̃→ qq̄γ̃ )≈ m̃4/
(
m5
g̃αsα

)
.

With a light gluino and a squark mass in the 100 G
range, this typically results in a gluino lifetime in th
nanosecond range which is counter-indicated by
KTEV search [10]. If, however, the gluino is the LS
and decays through the R-parity violating graph
Fig. 1, the lifetime could easily be much longer
that the lightest supersymmetric hadron, presuma
Fig. 1. Gluino decay into quark–antiquark–neutrino.

the gluino–gluon bound state, would not decay in
sensitive region of a KTEV type experiment.

(2.3)τ (g̃→ qq̄ν)≈ m̃4/
(
m5
g̃αsλ

′2).
The neutrino mass matrix corresponding to the
parity violation of (2.1) is [11]

(2.4)Mν
ii′ ≈ 3

8π2

∑
jk

λ′
ijkλ

′
ikjmd(j)md(k)/m̃,

wherem̃ is the assumed degenerate squark mass
md(k) is the down-type quark mass in thekth family.
We have also made the simplification of neglect
the CKM quark mixing angles and have assumed
Ad − µ tanβ is of orderm̃. If the dominantk, j are
third generation, [11] notes that a 4.5 eVνe mass
would correspond to

(2.5)λ′
133≈ 7× 10−4

(
m̃

100 GeV

)1/2

although the present indications of a sub-eV neutr
mass would lead to aλ′ an order of magnitude below
(2.5). Such a relation substituted into (2.3) would le
to a gluino lifetime depending only on the ratio
gluino mass to squark mass.

(2.6)

τ (g̃)= 0.013s

(
m̃

1000mg̃

)5(0.1

αs

)(
7× 10−5

λ′
i33

)2

.

A gluino–gluon bound state with a lifetime of ord
0.013 s might have evaded the current searches sin
would appear as a quasi-stable particle whose ultim
decay with a missing neutrino could be confused w
a neutron knock-on event.
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3. The gluino decay to gluon plus neutrino

If the gluino mass is less than twice the mass of
quarks appearing in the R-parity violating couplin
one has the hitherto uninvestigated decay

(3.1)g̃→ gν.

A recent analyses of constraints fromZ decay sug-
gests at 95% confidence level [12,13]

(3.2)mg̃ > 6.3 GeV/c2.

This limit still allows the possibility that the gluin
mass is below theb quark pair threshold. The matri
element corresponding to the graph of Fig. 2 plus
analogous graph where the gluon is emitted from
squark line is

M = εµ
λ′g3

2mb

4
ū(p′)

×
∫

d4k

(2π)4

(
(/p′ + /k)γ µ + γ µ(/p+ /k)

(p+ k)2 −m2
b

+ (2k− q)µ

(k − q)2 − m̃2

)

(3.3)× (1− γ5)u(p)
1

(p′ + k)2 −m2
b

1

k2 − m̃2 ,

wherep′ = p − q is the final state neutrino mome
tum.

This amplitude is equivalent to that induced by
effective magnetic moment coupling

(3.4)L = iµaūL(ν)σ
µνqνu(g̃)εµ(g)

with

(3.5)µa ≈ mbαsλ
′

m̃2 .

The corresponding decay rate is

(3.6)Γ (g̃→ gν)= |µa|2m3
g̃ ≈

m2
bm

3
g̃
α2
s λ

′2

m̃4
.

Nominal values of 10 GeV, 10 TeV, 0.1, and 7× 10−5

for mg̃ , m̃, αs , andλ′, would correspond to a gluin
lifetime of 5.2× 10−3 s.

A two loop graph that would lead to a gluino dec
to gluon plus right-handed neutrino is shown in Fig
To investigate such two loop effects we consid
an extended superpotential containing a right-han
Fig. 2. Gluino decay to gluon plus left-handed neutrino.

Fig. 3. Typical Feynman graph for gluino decay to gluon p
right-handed neutrino.

singlet superfieldN .

(3.7)
W =WMSSM + λ′QDL+ εHuHdN + hνLNH

u.

Here, lepton number and R-parity violation com
through a newHuHdN interaction governed by th
coupling constantε in addition to the conventiona
λ′ coupling.WMSSM contains the usual Higgs mixin
term µHuHd . The small Yukawa couplinghν is
proportional to the neutrino Dirac mass:

(3.8)hν = mDirac
ν

〈Hu〉 .
The effective transition magnetic moment fro

Fig. 3 is

(3.9)µa ≈ 1

(4π)3
λ′hνhbαsµBmb

m̃2m2
H

.

Here,µB is the off-diagonal entry in the Higgs ma
squared matrix. In the MSSM with electroweak sy
metry breaking [14], it is given byµB = 1

2M
2
A sin(2β)

whereMA is the mass of the CP-odd Higgs scalar.
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This µa , however, would be proportional to th
neutrino mass and would be negligible compared
the transition magnetic moment of (3.5).

4. A dominant gluino decay to gluon plus
right-handed neutrino

Even in the absence of the R-parity violati
quark–squark–lepton coupling of (2.1), the R-par
and lepton number violating Higgs–Higgsino–Lept
coupling in (3.7) could lead to a gluino decay in
gluon plus right-handed neutrino.

The lowest order graph contributing to gluino dec
would be that of Fig. 4 as well as those graphs rela
by attaching the gluon to other colored lines or
changing the flavor of the internal quark (squa
lines. These amplitudes are proportional to the trilin
boson coupling parametersA, which are induced in
the softly broken MSSM thru supergravity. We c
entertain the possibility that theλ′ parameters ar
negligible and that the dominant trilinear coupling
that of the top quark. Then the two loop gluino deca
of Fig. 4 could be dominant for a gluino LSP of ma
up to the minimum of twice the top mass or twice t
stop mass:

(4.1)µa ≈ 1

(4π)3
µcos(2β)mχ0Aεαsht

m̃2m2
H

,

wheremχ0 is the mass of the neutralino. However,
the top quark is heavier than the neutralino, thenmχ0

should be replaced bymt in the estimate here.
Depending on the flavor structure, theε coupling

might be limited only by neutrino mass measureme
and might, therefore, be expected to be extrem
small. It is clear that the corresponding gluino lifetim
could easily be long enough to have cosmological
nificance. There is, for instance, the possibility that
gluino–gluon bound state could traverse cosmolog
distance scales before decaying and, if sufficiently
ergetic, could contribute through its decay product
the ultra-high-energy cosmic rays. We leave dela
calculation of some of the possible effects discus
here to future investigations.
Fig. 4. Alternative mechanism for gluino decay into gluon p
right-handed neutrino.
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