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R-parity violation and uses of the rare decayñ˜gg in hadron and photon colliders
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We consider implications of the loop processñ→gg in the minimal supersymmetric standard model with
R-parity violation (R” P) for future experiments, where the sneutrino is produced as the only supersymmetric

particle. We present a scenario for theR” P couplings, where this clean decay, although rare with Br(ñ→gg)
;1026, may be useful for sneutrino detection over a range of sneutrino masses at the CERN Large Hadron

Collider. Furthermore, the newñgg effective coupling may induce detectable sneutrino resonant production in

gg collisions, over a considerably wide mass range. We compareñ→gg, gg throughout the paper with the
analogous yet quantitatively very different, Higgs boson→gg, gg decays and comment on the loop processes

ñ→WW, ZZ. @S0556-2821~99!06701-6#

PACS number~s!: 12.60.Jv, 13.85.Qk, 13.85.Rm, 14.80.Ly
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The generalization of the minimal supersymmetric st
dard model~MSSM! which includesR-parity violating (R” P)
processes has been gaining increasing attention in the
few years @1#. The presence ofR” P couplings drastically
changes the phenomenology of supersymmetric theories
opening new experimental strategies in the search for su
symmetry. The sneutrino sector of the MSSM, in which
are interested here, can exhibit new phenomena directly
lated to the lepton-violatingR” P operators, e.g., sneutrino
can be produced ass-channel resonances@2–4#, sneutrinos
and anti-sneutrinos can mix@5# and the sneutrino mixing
phenomenon can drive large tree-levelCP-violating asym-
metries@4#.

In this paper we study another issue in sneutrino phy
unique to the MSSM withR” P , namely the role of rare
sneutrino decays in collider experiments. As is well know
rare decays can play a crucial role in collider experimen
An example is the rare Higgs boson decay@6# h→gg, which
has a branching ratio ofO(1023) for mh&2mW @7#. In spite
of this small branching ratio, it is now widely believed th
this rare decay mode may be the best discovery channel
Higgs boson with a mass&140 GeV at the CERN Large
Hadron Collider~LHC!. It also has implications for Higgs
boson production ingg collisions. On the other hand, th
effective hgg coupling (g5gluon) is unimportant for dis-
covery of h in view of the large QCD background, but
believed to be the main mechanism for Higgs boson prod
tion at the LHC.

Here we will concentrate on the decayñ i→gg, wherei
5e,m,t indicates the sneutrino flavor, and briefly comme
on the other rare decay channelsñ i→gg, ZZ, W1W2.
TheseR” P sneutrino decays into vector bosons, occur at
one loop-level with an insertion of oneR” P sneutrino cou-

*On leave from Physics Department, Technion-Institute of Te
nology, Haifa 32000, Israel.
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pling to down quarks or leptons. The decay of a sneutrino
a pair of photons,ñ→gg, in the MSSM with R” P , while
resemblingh→gg, has its own unique characteristics.
fact, as will be shown in this paper, although the branch
ratio of ñ→gg is much smaller than that ofh→gg, it may
be compensated by a large sneutrino production rate as c
pared to the Higgs case at the LHC. The basic reaction
we will consider is the inclusive, singleñ production pp

→ ñ1X via the parton processesbb̄→ ñ, b(or b̄) g→ ñ

1b(or b̄), bb̄→ ñ1g and gg→ ñ, all followed by ñ
→gg. At the LHC thisgg mode is found to be useful as
sneutrino discovery channel over a sneutrino mass range
proximately equal to the corresponding Higgs mass ra
~i.e., mh&140 GeV). In addition, bothh and ñ can be pro-
duced ingg collisions, though with a smaller rate forñ.

The relevant lepton number violatingR” P Lagrangian is
@1#

LL⁄ 5
1

2
l i jk L̂ i L̂ j Êk

c1l i jk8 L̂ i Q̂j D̂k
c, ~1!

whereL̂ and Q̂ are the SU~2!-doublet lepton and quark su
perfields, respectively andÊc and D̂c are the lepton and
quark singlet superfields, respectively. Also, the flavor in
cesi , j ,k are such that, for the pure leptonic operator in E
~1!, iÞ j . Throughout this paper we will neglect another po
sible lepton-violatingR” P term of the formLiHu in the super-
potential; the effects of such a term have been conside
elsewhere~see@1#, and references therein!.

In order to calculate the decay rate ofñ i→gg it is con-
venient to defineñ i5( ñ1

i 1 i ñ2
i )/A2 and work in theñ6

i

mass basis. The relevantR” P couplings ofñ6
i to down quarks

and leptons are then given by

ñ1
i djdk : il i jk8 /A2, ñ2

i djdk : 2l i jk8 g5 /A2, ~2!
-
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ñ1
i l j l k : il i jk /A2, ñ2

i l j l k : 2l i jkg5 /A2. ~3!

The calculation can now be simply performed in analo
with the CP-even~h! andCP-odd ~A! neutral Higgs decays
to a pair of photons in the MSSM@8# ~and similarly for a pair
of gluons!:

G~ñ6
i →gg!5

a2mñ
6
i

3

512p3 (j 51

3 U Nc

mdj

edj

2 l i j j8 F1/2
6 ~tdj

!

1
1

ml j

l i j j F1/2
6 ~t l j

!~12d i j !U2

, ~4!

G~ ñ6
i →gg!5

as
2mñ

6
i

3

256p3 (j 51

3 U 1

mdj

l i j j8 F1/2
6 ~tdj

!U2

,

~5!

where in Eq.~4! the sum runs over all down fermions, whi
in Eq. ~5! only down quarks are included. Furthermore,Nc
53 is the number of colors,edj

521/3 is the charge of

quark dj . The functionsF1/2
6 (t), where t54m2/mñ

2 , are
defined as follows@9#:

F1/2
1 522t@11~12t! f ~t!#, F1/2

2 522t f ~t!, ~6!

where

f ~t!5H @sin21~A1/t!#2, if t>1,

2
1

4
@ ln~h1 /h2!2 ip#2, if t,1

~7!

and

h6[16A12t. ~8!

Note thatF1/2
6 (m)/m→0 for m→0.

From the above equations we observe that, unlike
Higgs case,W bosons, charged Higgs particles~present in
some extensions of the SM!, 2/3 charged quarks and neutr
nos do not appear in the loop. This results from the abse
of the relevant terms in theR” P Lagrangian. In addition, sfer
mion loops resulting from añ f̃ L f̃ R coupling are excluded
This is similar toA→gg, gg but, unlike the corresponding
decays ofh in the MSSM@8#, is due to the chirality conserv
ing g ~andg! coupling to sfermions@10#. Finally, sneutrino
couplings to a pair of left-handed or right-handed sfermio
i.e., ñ f̃ L f̃ L and ñ f̃ Rf̃ R, are generated by the superpotent
and therefore suppressed by the corresponding~light! fer-
mion masses. Sincemf /mñ!1, for f 5b or t, these type of
sfermion loops were neglected.

We now describe two possible scenarios, each one
which has distinct phenomenological implications for c
lider experiments.

Scenario 1: Onlyl i338 Þ0 and l i33Þ0.
Within this scenario, which may be theoretically mo

vated by imposing a mass hierarchy on theR” P couplings in
03501
y

e

ce

,
l

of

Eq. ~1! ~i.e., only the heavier third generation fermions ha
a non-negligibleR” P coupling to sneutrinos!, the sneutrinos
can be produced as a single supersymmetric particle at
LHC and in a futuregg linear collider@Photon Linear Col-
lider ~PLC! @11##, but not ine1e2 andm1m2 colliders.

As will be shown below, due to the high production ra

of ñ6
i , predominantly through thebb̄ and bg fusion pro-

cesses, the decayñ6
i →gg may prove to be a useful detec

tion mechanism~à la h→gg) at the LHC. At the Tevatron,
due to the lowb-quark and gluon content of the beams, t
gg decays of sneutrinos cannot be used to detect them; a
comment later, it appears difficult to ‘‘save’’ this detectio
mode at the Tevatron even in a modified scenario.

Scenario 2: Alll i jk8 50 and onlyl i33Þ0.

In this scenario the onlyR” P interactions present coupleñ i

with i 5e,m to a pair oft leptons. In this case sneutrinos wi
not be produced singly in eithere1e2,m1m2 colliders or in

hadron colliders@13#. Thereforegg→ ñ6
i in a future PLC,

remains as the sole process for production of a sneutrin
the only supersymmetric particle withinR” P MSSM.

Within the above scenarios, forñ→gg, gg, we can as-

sume without loss of generality, that only flavor diagonalñ
couplings are present. Furthermore, for definiteness, in b
scenarios we will only consider couplings of them-sneutrino,
i.e., i 52, although our results hold for thee-sneutrino as

well; for i 53 the results forñt decay togg will have only

quarks in the loop, as theñttt couplingl333 is forbidden.
Before presenting the results of our study we remark th

just as in the case of Higgs reactions, higher-order corr
tions ~mainly QCD!, may be substantial@14# for both decay
widths and production cross sections. Since such correct
have not been calculated for sneutrinos, and since the dis
sion here is exploratory, all higher-order corrections will
ignored. The values of the parameters used here are:mt

51.8 GeV,mb54.5 GeV,a51/128 andas50.118.
We note that bounds on the sneutrino masses can be

tained without reference to a specificR” P scenario using
sneutrino pair production at, for example, the CERNe1e2

collider LEP2. This can be done, for instance, throu
RP-conserving MSSM interactions~see, e.g.,@15#!, and the
subsequent decays into four fermion states, i.e.,ñ ñ

→tttt, bbbb, bbtt in scenario 1, orñ ñ→tttt in sce-
nario 2. However, the pair production cross section stron
depends on the values of theRP-conserving MSSM param
eters. Thus, one cannot exclude light sneutrinos with ma
*50 GeV from current LEP2 data~see, e.g.,@16#!. Recently
resonant sneutrino production has been searched for in@17#;
note however that none of their scenarios is the same as o

There are also bounds for theR” P couplings relevant to the
above scenarios fori 52, i.e., on l2338 and l233. These
bounds are usually given at the 1s or 2s level and are
deduced by using some simplifying assumptions, e.g., o
one coupling at a time is assumed to be nonzero~see@1#, and
references therein!. Furthermore, the bounds are usually pr
sented formf̃5100 GeV, wheref̃ Þñ is the sfermion in-
0-2
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R-PARITY VIOLATION AND USES OF THE RARE . . . PHYSICAL REVIEW D59 035010
volved in the process employed to obtain the bounds,
such constraints become weaker asmf̃ increases.

The 1s upper limit on l2338 is about 0.4 for
mb̃5100 GeV; it is derived~see@18# and its update in@1#!,
from the data for the ratioG(Z→hadrons)/G(Z→m1m2).
The upper limit rises~practically linearly! with mb̃ , reaching
O(1) for mb̃ around 500 GeV@18#. We can therefore take
0.5,l2338 ,1.5, without violating any existing bound; thi
will be the range investigated within scenario 1.

The 1s upper limit onl233 was extracted~see@2# and its
update by Dreiner in @1#! from the ratio Rt[G(t

FIG. 1. The ratioR of the production cross sections3 branch-
ing ratios for decays togg, between sneutrinos and Higgs boson@R
is defined in Eq.~9!#, at the LHC withAs514 TeV, as a function
of the massmh5mñ

1
m 5mñ

2
m , in scenario 1~see text! with l51 and

l850.5 ~dash-dot!, 1 ~dashed!, or 1.5 ~solid!. Only leading-order
terms are kept inR, also no cuts are imposed.
03501
d

→enn̄)/G(t→mnn̄) and it scales with the stau mass asl233

,0.06(mt̃/100 GeV). Bothl133 and l233 contribute toRt
where their contributions may appear with a relative min
sign @2#. Therefore, either by assuming thatmt̃*500 GeV
and requiring an effect larger than 1s, or assuming that there
is a ~possibly partial! cancellation between the contribution
of l133 andl233 to Rt , l23351 is not ruled out. Hereafter
we fix the value ofl233 to unity, for both scenarios.

We now consider the prospects of discovering sneutri
at the LHC via their decay to a pair of photons within sc
nario 1, then briefly comment on the corresponding effect
the Tevatron. Within the present scenario, theñbb coupling
is much larger than thehbb one, and the effectiveñgg cou-
pling is smaller than thehgg one. Therefore, at the LHC
single sneutrinos are expected to be produced mainly f
the parton processes listed below, which result from theñbb
coupling, while the Higgs boson is considered to be dom
nantly produced throughgg fusion. The leading processe
contributing to the inclusive single sneutrino productio
pp→ ñ61X at the LHC, are

~1! s-channel resonant sneutrino production:bb̄→ ñ6 .
~2! Associated production of sneutrino and ab-jet: bg

→bñ6 , where theñ is obviously either emitted from the
outgoingb ~ans-channel process!, or from the incomingb ~a
t-channel process!. In both cases one needs to add the cor
sponding cross sections withb→b̄, which is equivalent to
multiplying theb-quark result by 2. This is the analog to th
processeg→ ñe, discussed in@19#.

~3! Associated production of sneutrino and ag-jet: bb̄

→ ñ6g, again where the sneutrino is emitted either from t
b or from b̄.

We have also studied the 2→3 subprocessgg→ ñ6bb̄.
Naively, this process is a source for large logarithms. Ho
ever, to avoid double counting, since the logs are alre
included in the definition of theb-quark parton distributions
.

FIG. 2. ~a! The branching ratio Br(ñ1

m→gg); the numbers forñ2
m are very similar.~b! The number ofm sneutrinos withCP51, plus

the number ofm sneutrinos withCP52, at the LHC withL5100 fb21. Both figures are in scenario 1~see text!. See also caption to Fig
1.
0-3
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@20#, we have done a rough estimate of the rates for th
→3 subprocess without including these logs. The remain
contributions for the 2→3 subprocess are estimated to
much smaller than the 2→1 and 2→2 processes mentione
above and therefore is not being included in our calculatio

The cross sections forñ6
m production in a hadron collide

are then obtained@21# by folding the parton-level cross sec
tions with the relevant parton distribution functions in t
beams, neglecting all higher-order corrections, as mentio
above. We follow this procedure, employing the CTEQ4
parametrization@22# and find that the cross sections for th
first and second processes above are approximately equ
each other and larger than the third process by about an o
of magnitude; nevertheless, for completeness, the latte
also included@23#.

Since sneutrino and Higgs production rates and decays
expected to have similar higher-order corrections and are
pected to be subjected to comparable experimental cuts,
since the expected statistical significance of theh→gg sig-
nal at the LHC is known@24#, the ratio
ll

,

n
it

o
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(
s51,2

s~pp→ ñs
m 1X!Br~ ñs

m→gg!

s~pp→h1X!Br~h→gg!
, ~9!

will provide a simple guide for the possibility of usingñ
→gg as a detection channel for sneutrinos at the LHC. T
plot of R as a function ofmñ5mh for As514 TeV ~corre-
sponding to the LHC! is presented in Fig. 1 where, a
throughout this paper, we takemñ[mñ

1
m 5mñ

2
m . We note

that the branching ratiosG( ñ1
m→gg)'G( ñ2

m→gg) within

;10% and the production cross sections forñ6
m are equal up

to ;50%. Cross sections and branching ratios were ca
lated to lowest order in EW and QCD, as mentioned befo
and without cuts. Results for three values ofl8[l2338 , all
with l[l23351 are displayed; note that we assume th
both couplings appear with the same sign.

We approximate the branching ratio ofñ6
m→gg by
Br~ ñ6
m→gg!5

G~ñ6
m→gg!

G~ñ6
m→bb̄!1G~ñ6

m→t1t2!1G~ñ6
m→x̃1l !1G~ñ6

m→x̃0n!
, ~10!
ton

to

e
ra-

in

-

sin-

o-

an
is

he
s to
where~see Bargeret al. in @2#!:

G~ñ6
m→x̃1l !;O@1022mñ

6
m 3~12mx̃1

2 /mñ
6
m

2
!2#, ~11!

G~ ñ6
m→x̃0n!;O@1022mñ

6
m 3~12mx̃0

2 /mñ
6
m

2
!2#.

~12!

Evidently, with l851, for example, theRP-conserving de-
cay channels of the sneutrino, if open, are always sma
than theR” P decays to a pair ofb quarks:

G~ñ6
m→bb̄!5~l2338 !2

3

16p
mñ

6
m . ~13!

Therefore, for simplicity, we take~conservatively!, G( ñ6
m

→x̃1l )1G( ñ6
m→x̃0n)51022mñ

6
m , ignoring the phase-

space factors in Eqs.~11! and ~12!.
As can be seen from Fig. 1, the ratioR in Eq. ~9!, obeys

R*1 for mñ&85,110,140 GeV, whenl8*0.5,1,1.5, re-
spectively. Moreover, it is interesting to note thatR*10 with
l8*0.5,1,1.5 for mñ&50,70,85 GeV, respectively. Now
for pp→h1X followed by h→gg the values forS/AB
range between 2.3 and 7.1 formh between 80 and 140 GeV
@24#, whereS is the signal for single Higgs boson productio
and its subsequent decay into two photons at the LHC w
higher-order corrections included, andB is the QCD back-
ground. Since the higher-order corrections are expected t
similar for the numerator and denominator inR, the results in
er

h

be

Fig. 1 are encouraging and a further study of the two pho
decay modes of sneutrinos produced singly inR” P MSSM is
warranted. Later we will consider the QCD background

pp→ ñ6
m 1X→gg1X. The conclusions are similar to th

ones above, though they should be verified by including
diative corrections.

In Fig. 2~a! we plot Br(ñ1
m→gg), which is approximately

equal to Br(ñ2
m→gg), as a function of the sneutrino mass,

scenario 1. It is interesting to note that while Br(h→gg)
sharply falls oncemh*2mW , from '1023 around 150 GeV,
to '1027 at 550 GeV, Br(ñ6

m→gg) smoothly drops only by
about an order of magnitude as one goes frommñ550 to 550
GeV, where it is'1027.

In Fig. 2~b! we show, again for scenario 1, the total num
ber of m sneutrinos, bothñ1

m and ñ2
m , produced at the LHC

with a high luminosity of 100 fb21. Taking l851, and
comparing the expected number of sneutrinos produced
gly at the LHC ~mainly through thebb̄ and bg fusion
mechanisms!, with the expected number of Higgs boson pr
duced~predominantly throughgg→h @7#!, we find that for
mñ5mh5100 GeV the number of sneutrinos is more th
two orders of magnitude larger, while for 500 GeV it
about an order of magnitude larger.

In order to better estimate the feasibility of detecting t
sneutrino through its decay to a pair of photons, one ha
study the signal to background ratio, i.e.,pp→ ñ6

m 1X
→gg1X versuspp→gg1X from the continuum. At the
LHC, as a result of the highgg luminosity, the box graph
0-4
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contribution togg→gg is comparable to the tree-levelqq̄
→gg one and also has to be considered. Comprehen
background analysis is beyond the scope of this work~this
can be found, for example, in@24# for h→gg at the LHC!.
For the purposes of this paper it suffices to calcul
ds/dMgg(qq̄→gg), whereMgg is the invariant mass of the
photon pair, and multiply it by a factor of 2 to account f
the box-mediated subprocessgg→gg @25#. The number of
backgroundgg events is therefore taken here as

B523
ds

dMgg
~qq̄→gg!3DMgg , ~14!

whereDMgg is the mass resolution bin for the reconstructi
of the gg invariant mass which we take to beDMgg
51022Mgg , i.e., 1% accuracy in measuringMgg is as-
sumed.

The signal formñ
1
m 'mñ

2
m , is given by

S5F (
s51,2

s~pp→ ñm
s1X!3L3Br~ ñs

m→gg!G3~12t !.

~15!

We have included the factor (12t) in Eq. ~15! to take into
account the reduction in signal within one bin since t
sneutrino width is larger than 1% of its mass. Specifica
we chooset51/2 thus decreasing the signal by half.

In Fig. 3 we show the statistical significanceS/AB for the
processpp→ ñ6

m 1X→gg1X as a function of the sneutrin
mass. In calculating bothS and B we employ a cut on the
photon scattering angleucosuu,0.5 and again we take a hig
yearly luminosity at the LHC (L5100 fb21). We find that,

FIG. 3. The statistical significanceS/AB, for a signal frompp

→ ñm1X→gg1X, as a function of theñm mass at the LHC with
L5100 fb21, in scenario 1~see text!. A cut on the photon scatter
ing angleucosuu,0.5 is imposed. The signal is defined in Eq.~15!
and the background is given in Eq.~14!. See also caption to Fig. 1
03501
ve

e

,

with l850.5, S/AB.1 only if mñ
6
t &70 GeV, thus in this

case the outlook is not that optimistic. We therefore disc
the numerical results only forl851,1.5. We observe from
Fig. 3 that, forl851, a 1s signal is possible at the LHC fo
mñ

6
m &125 GeV. If l851.5, then a 1s sneutrino signal

throughñ6
m→gg may be possible formñ

6
m &180 GeV. Fur-

thermore, the 3s discovery sensitivity seems attainable f
mñ

6
m &85,120 GeV whenl851,1.5, respectively. It is inter-

esting to note that the discovery ranges for both the
Higgs boson and the sneutrino through theirgg decay modes
at the LHC, are about the same.

We close this discussion of single sneutrino production
hadron colliders within scenario 1, with a comment abo
single sneutrino production at the Fermilab Tevatron.
mentioned before, due to the small probability of finding ab
quark or gluon in a proton~or antiproton! atAs52 TeV, the
bb̄ and bg luminosities at the Tevatron, are too small
allow detection of sneutrinos through their two photons d
cay mode. We can, of course, envisage a modified scen
in which the sneutrino, which for definiteness is again tak
as ñm, is produced from the valencedd̄ annihilation. How-
ever, it is unlikely thatl2118 is of O(1), asrequired in order
to render the production rate large enough. This is due
gauge hierarchy argument, and to the fact that, in this c
there is no possibility of a cancellation between the con
butions of twol8 couplings@2#.

Finally, let us investigate scenario 2 and its implicatio
for e-sneutrino andm-sneutrino production in a future PLC
As mentioned earlier, if onlyl i33Þ0, for i 51,2 then the
only production mechanism of ans-channel sneutrino is via
gg fusion,gg→ ñ6

i . Following @26#, we find that the num-

ber of ñ6
i produced in a polarized PLC is~see also@27#!:

Nñ
6
i 5

dLgg

dWgg
U

Wgg5mñ
6
i

3
4p2G~ñ6

i →gg!

mñ
6
i

2 3~11h1h2!

.1.5431043S Lee

fb21D S Eee

TeVD 21S G~ñ6
i →gg!

keV
D

3S mñ
6
i

GeV
D 22

F~mñ
6
i !3~11h1h2!, ~16!

whereh1 ,h2 are the helicities of the initial photons andEee
andLee are thee1e2 machine energy and yearly integrate
luminosity, respectively. F(Wgg)5(Eee/Lee)dLgg /dWgg
depends on the machine parameters and is ofO(1) @26#; for
simplicity we takeF(W)51 @27#. Note again that formñ

1
i

5mñ
2
i we have G( ñ1

i →gg).G( ñ2
i →gg), so that the

number of (ñ1
i 1 ñ2

i ) produced isN( ñ
1
i 1 ñ

2
i ).2Nñ

6
i . In what

follows we considerñ6
m production with the relevant cou

pling l233Þ0; the analysis forñ6
e production is similar.

In Table I we give, formñ
1
m 5mñ

2
m 5502300 GeV, the

scaled partial widthG( ñ6
m→gg)/l233

2 and the expected num
0-5
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TABLE I. The ñ1
m→gg width in keV ~the widths forñ2

m→gg are larger by;10%) and the approximate

number of ñ6
m produced in a futuregg collider, scaled byl233

2 , for Eee50.5 TeV. We takeLee

520 fb21 andLee5100 fb21, with mñ
6
m 5502300 GeV. All entries are within scenario 2~see text!.

mñ
6
m , GeV⇒ 50 100 150 200 250 300

G( ñ1
m→gg)/l233

2 , keV 2.8 2.7 2.5 2.4 2.2 2.1

N( ñ
1
m 1 ñ

2
m ) /l233

2 (Lee520 fb21) 2700 650 270 150 90 60
N( ñ

1
m 1 ñ

2
m ) /l233

2 (Lee5100 fb21) 14000 3300 1400 730 440 290
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the
ber of ñ1
m 1 ñ2

m also scaled byl233
2 . @Recall that G( ñ6

m

→gg)}l233
2 ; see Eq.~4! and assume scenario 2 withi 52.#

In the table,N( ñ
1
m 1 ñ

2
m ) /l233

2 is given for a polarized PLC

with initial photon helicities@28# h1h251 and for twoe1e2

luminosity values ofLee520 fb21 and a high luminosity
PLC with Lee5100 fb21, both for Eee50.5 TeV. Evi-
dently, forl23351, from thousands to hundreds of sneutrin
with masses 50–300 GeV, respectively, may be produce
a PLC with an integrated luminosity ofLee5100 fb21.
Similarly, hundreds to tens of sneutrinos may be produce
Lee520 fb21 within the sameñ6

t mass range.
Given the event rates in Table I, one can estimate

statistical significance of the sneutrino signal in a PL
Within scenario 2 withl233Þ0, them-sneutrino will decay
predominantly tot1t2, if we assume, for simplicity, that its
RP-conserving decays are either suppressed by phase-s
factors in Eqs.~11! and ~12!, or are kinematically inacces
sible. With these assumptions, Br(ñ6

m→t1t2);1 with ef-
fectively no dependence onl233. The main background to
gg→ ñ6

m→t1t2 is therefore from the continuumt-channel
tree-level processgg→t1t2. However, a significant reduc
tion of this background is achieved if thet1t2 pair are
restricted to be in aJz50 state by using polarized photo
beams@26,27#.

In @26# the number of tree-levelt-channel exchange con
tinuum gg→cc̄, bb̄ events, as a function of theqq̄ (q
5c, b) invariant mass and in 10 GeV mass bins, was c
culated in order to estimate the background togg→h

→cc̄, bb̄. A cut on the scattering angleucosuu,0.7 was
imposed, and onlyqq̄, Jz50 states were taken into accoun
We will use these results to estimate ourgg→t1t2 back-
ground. Note that sinceGñ

6
m ,10 GeV, we will assume tha

all the sneutrino events fall in one bin.
To a good approximation,s(gg→t1t2) can be calcu-

lated from s(gg→cc̄) by multiplying the latter by
(Qc

4Nc)
21527/16, and disregarding the very mild chan

due to the replacementmc→mt @29#. The significance of the
ñ6

m signal is given byS/AB, whereS5N( ñ
1
m 1 ñ

2
m )u ucosuu,0.7

3Br( ñ6
m→t1t2) andB5N(gg→t1t2)u ucosuu,0.7 from the

tree-level process. Using the results in@26# we find that for
Lee520 fb21 and mñ

6
m 550, 100, 150, 200 GeV,S/AB

.46, 8, 3, 4, respectively. ForLee5100 fb21 the corre-
sponding numbers are,S/AB.103, 17, 7, 9, respectively
We also note that withMgg*200 GeV the background
03501
s
in

if

e
.

ace

l-

event rates sharply drop such that there are fewer than;85
background events forMgg*300 GeV. Therefore, even
with a heavy sneutrino of mass;300 GeV,S/AB*4 for
Lee520 fb21 and S/AB*10 for Lee5100 fb21. This can
be compared with thes-channel neutral Higgs case, whe
the statistical significance of the signal fromgg→h

→cc̄, bb̄ drops below;3 for mh*160 GeV ~when Lee

520 fb21) @26# due to the opening of the decay channelh
→VV,V5W or Z, and even before that toVV* . For a

heavier Higgs,h→t t̄ becomes important. Higgs bosons c
then be detected in a PLC through these new decay mo
@30#, which have their own backgrounds and are not av
able for sneutrino decays at tree level~having neglected mas

mixings in the superpotential!. Therefore, bothñ andh may
be resonantly produced at a future photon-photon collid
then observed through their decays.

To summarize, we have demonstrated that within cert

scenarios inR” P MSSM, the loop-induced decayñ→gg may
be used as a tool for detecting singly produced sneutrino
a high luminosity LHC over a significantñ mass range, if the
relevantR” P couplings are large enough, yet still within the
experimentally allowed bounds. In addition we have d
cussed, at some length, resonant sneutrino production
gg collider.

At the LHC the main single sneutrino production mech
nisms would bebb̄ and bg fusion, while the Higgs boson
will be produced viagg fusion. At the Tevatron, sneutrino
production throughdd̄ fusion ~irrelevant for resonant Higgs
boson production! and its decay, via the two-photon mod
appears too small. Resonant sneutrino production in a ha
collider throughqq̄ fusion, has already been discussed in t
literature @1–4#. Here we add two processes, where one
them, namelybg→ ñb is as significant asbb̄→ ñ at the
LHC, and suggestñ→gg as a relatively clean decay mod
of sneutrinos as a signal for their detection. Though sneu
nos may be more abundantly produced than Higgs boson
hadron colliders, their branching ratio togg are usually
smaller~except for very high masses!. These two effects thus
compensate each other. The relatively cleangg mode re-
mains a promising prospect for detection, at least for mas
&1252180 GeV forl85121.5, as can be seen from Fig
1 and 3.

Sneutrinos can also be produced in futuregg colliders
with a statistically significant signal, over a widemñ range.
In particular, we have investigated a scenario in which all
0-6
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couplings of thel8 type vanish and onlyl i33Þ0. In this
case,gg colliders will be the only venue to produce resona
s-channel sneutrinos. In fact, the effect of a newR” P one-loop
ñgg coupling is much more pronounced in agg collider
than at the LHC. The reason is thatñ production viagg

fusion is proportional toG( ñ→gg) which is only about one
order of magnitude smaller thenG(h→gg), whereaspp

→ ñ1X→gg1X is proportional to Br(ñ→gg) which is
about three orders of magnitude smaller then Br(h→gg) in
the interesting mass range,mñ or mh&140 GeV.

The situation is less optimistic with regards to uses oñ
→gg: for sneutrino detection it will be~as in the Higgs case!
swamped by the QCD background, while as far as prod
tion at the LHC goes,gg→ ñ will be overshadowed bybb̄

→ ñ andbg→ ñ1b, unlike the Higgs case where it will b
mainly produced throughgg fusion.

Loop-induced sneutrino decays toWW and ZZ, are ex-
pected at the same order as the decays togg ~disregarding
LiHu terms!. These decays may also be useful forñ produc-
tion ~e.g., throughWW fusion!, or detection~e.g., in ñ
→ZZ).
p.
.

B
s.

o,
r,

d

y

so

03501
t

c-

A few directions for future research are listed below:
~1! EW and QCD corrections to the lowest-order pr

cesses presented here may need to be calculated.
~2! More realistic background estimates have to be p

formed, including signal to background ratios for the co

peting processespp→ ñ1X→bb̄, t1t21X. Similarly, the

interesting triple-fermionic final states inpp→ ñb1X

→bbb̄, bt1t21X in which the single sneutrino frombg

→ ñ1b decays tobb̄ or t1t2, should be studied.
~3! Can one gain much by requiring that ab jet accom-

pany the two photons, thus enhancing the sensitivity to

processesbg→ ñ1b?

~4! The importance of the loop processesñ→WW, ZZ
remains to be assessed.
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