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We consider implications of the loop proceéss: yy in the minimal supersymmetric standard model with
R-parity violation ([Rp) for future experiments, where the sneutrino is produced as the only supersymmetric
particle. We present a scenario for tRg couplings, where this clean decay, although rare wittwBs(yy)
~10"%, may be useful for sneutrino detection over a range of sneutrino masses at the CERN Large Hadron
Collider. Furthermore, the newyy effective coupling may induce detectable sneutrino resonant production in
y collisions, over a considerably wide mass range. We comparey, gg throughout the paper with the
analogous yet quantitatively very different, Higgs boseryy, gg decays and comment on the loop processes
1—WW, ZZ. [S0556-282(99)06701-§

PACS numbds): 12.60.Jv, 13.85.Qk, 13.85.Rm, 14.80.Ly

The generalization of the minimal supersymmetric stanpling to down quarks or leptons. The decay of a sneutrino to

dard mode(MSSM) which includesR-parity violating Re)  a pair of photonspy— yy, in the MSSM with R, while
processes has been gaining increasing attention in the paglsemblingh— yy, has its own unique characteristics. In
few years[1]. The presence oRRp couplings drastically fact, as will be shown in this paper, although the branching
changes the phenomenology of supersymmetric theories, Qtio of v— yy is much smaller than that ¢f— yy, it may
opening new experimental strategies in the search for supepe compensated by a large sneutrino production rate as com-
symmetry. The sneutrino sector of the MSSM, in which wepared to the Higgs case at the LHC. The basic reaction that
are interested here, can exhibit new phenomena directly rege will consider is the inclusive, single productionpp

lated to the lepton-violatindRp operators, e.g., sneutrinos 7+X via the parton processe8b—7, b(or b) g—7
can be produced aschannel resonancd2—4], sneutrinos —  — - ~ ' -
P 2] +b(or b), bb—v+g and gg—v, all followed by v

and anti-sneutrinos can mips] and the sneutrino mixing ) |
phenomenon can drive large tree-le@P-violating asym- ¥~ At the LHC this yy mode is found to be useful as a
sneutrino discovery channel over a sneutrino mass range ap-

metries[4]. ) ) )
; . . . ._proximately equal to the corresponding Higgs mass range
In this paper we study another issue in sneutrino physm% y €d P g M99 9

unique to the MSSM withRp, namely the role of rare |.e.,mhsl40 G_e_v)' In add't'onj botih and» can bE pro-
sneutrino decays in collider experiments. As is well known,duced inyy collisions, though with a smaller rate for
rare decays can play a crucial role in collider experiments, _The relevant lepton number violatinge Lagrangian is
An example is the rare Higgs boson de¢ayh— y+y, which
has a branching ratio @@(10~3) for m,<2my, [7]. In spite 1
:)rl:_tms small branching ratio, it is now v_V|der believed that Ly=> Nl jEE"_)\i,jkLinDEr 1)

is rare decay mode may be the best discovery channel for a 2
Higgs boson with a mass140 GeV at the CERN Large
Hadron Collider(LHC). It also has implications for Higgs wherel andQ are the Si2)-doublet lepton and quark su-
bosoq production i_nyy collisions. _On the other hand, _the perfields, respectively an&C and D¢ are the lepton and
effective hgg coupling @=gluon) is unimportant for dis- 4,ark singlet superfields, respectively. Also, the flavor indi-
covery ofh in view of the large QCD background, but iS ceg; i k are such that, for the pure leptonic operator in Eq.
believed to be the main mechanism for Higgs boson produc(l), i #]. Throughout this paper we will neglect another pos-

tion at the LHC. sible lepton-violatingRp term of the formL;H,, in the super-

Here we will concentrate on the decay—yy, wherei  potential; the effects of such a term have been considered
=e,u, 7 indicates the sneutrino flavor, and briefly commentelsewhergsee[1], and references thergin
on the other rare decay channels—gg, ZZ, W"W". In order to calculate the decay rate @f— yy it is con-

TheseRp sneutrino decays into vector bosons, occur at th§anient to define7ji=(7/i++i7zi,)/ﬁ and work in ,[he;/ii

one loop-level with an insertion of on&, sneutrino cou- . . ~
P P mass basis. The relevaRp couplings ofv'. to down quarks

and leptons are then given by
*On leave from Physics Department, Technion-Institute of Tech- ~ ., ~ .
nology, Haifa 32000, Israel. v, djdg: I)\ijk/\/z' v_djdy: _7\ijk7’5/\/§- 2
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;L/j/k: i)\ijk/\/zi ;i—/j/ki _7\ijk')’5/\/§- 3) Eq. (1) (i.e.,. qnly the heayier third gengration fermion{s have
a non-negligibleRp coupling to sneutrings the sneutrinos
The calculation can now be simply performed in analogycan be produced as a single supersymmetric particle at the
with the CP-even(h) and C P-odd (A) neutral Higgs decays LHC and in a futureyy linear collider[Photon Linear Col-
to a pair of photons in the MSSI8] (and similarly for a pair  lider (PLC) [11]], but not ine*e™ and ™ u~ colliders.
of gluons: As will be shown below, due to the high production rate

of 7', predominantly through théb and bg fusion pro-

2 3
~ @ mﬂ > C oo, cesses, the decay. —yy may prove to be a useful detec-
Fvi—yy)= 512773;1 m_dedj)\i” Fudq) tion mechanisn{a la h— yy) at the LHC. At the Tevatron,
: due to the lowb-quark and gluon content of the beams, the
N i)\ F= 16 2 @ vy decays of sneutrinos cannot be used to detect them; as we
m, U2 T/j)( i) comment later, it appears difficult to “save” this detection
: mode at the Tevatron even in a modified scenario.
agm% 5y ) Scenario 2: All\{j; =0 and only\33#0. B
rv.—gg= ; ‘—)\i’“ Fifra)l In this scenario the onliRp interactions present coupié
256m°j=1 | My, ! with i =e, u to a pair ofr leptons. In this case sneutrinos will

(5  not be produced singly in eithere™, ™ ™ colliders or in

where in Eq.(4) the sum runs over all down fermions, while had“?” colliderq13]. Thereforeyy— .. Ina future PLC_’
in Eq. (5) only down quarks are included. Furthermohg, ~ '€mains as the sole process for production of a sneutrino as
=3 is the number of colorsgy =—1/3 is the charge of the only supersymmetric particle withiR, MSSM.

]

quark d;. The functionsFy(7), where 7= 4m2/m§, are Within the above scenarios, for—yy, gg, we can as-

defined as followg9]: sume without loss of generality, that only flavor diagoral
couplings are present. Furthermore, for definiteness, in both

Fio=—211+(1—-nf(7)], Fy=—27f(7), (6) scenarios we will only consider couplings of thesneutrino,

i.e., i=2, although our results hold for thesneutrino as

where well; for i =3 the results for” decay toyy will have only
[sin™X( \/1_/7')]2, if =1, quarks in the loop, as the’ 77 coupling\ 333 is forbidden.
Before presenting the results of our study we remark that,
f(n)= — E[m(,? Ig)—im]?, if 7<1 @) just as in the case of Higgs reactions, higher-order correc-
4 o ’ tions (mainly QCD, may be substantiglL4] for both decay
and widths and production cross sections. Since such corrections

have not been calculated for sneutrinos, and since the discus-
sion here is exploratory, all higher-order corrections will be
ignored. The values of the parameters used here rare:

Note thath,z(m)/m—>0 for m—0. =1.8 GeVm,=4.5 GeVa=1/128 ano_las=0.118.
From the above equations we observe that, unlike the We note that bounds on the sneutrino masses can be ob-

Higgs caseW bosons, charged Higgs particlésresent in talnedlwitho-ut reference to a specifige scenario usin
some extensions of the SM2/3 charged quarks and neutri- SN€utrino pair production at, for example, the CEBNe

nos do not appear in the loop. This results from the absencgPllider LEP2. This can be done, for instance, through
of the relevant terms in th&p Lagrangian. In addition, sfer- Rp-conserving MSSM .|nteract|on$ee, -e.g.[15]), and the
mion loops resulting from &f, fg coupling are excluded. Subsequent decays into four fermion states, i.ey

This is similar toA— v, gg but, unlike the corresponding — 7777, bbbb, bb77 in scenario 1, owv— 7777 in sce-
decays oh in the MSSM[8], is due to the chirality conserv- nario 2. However, the pair production cross section strongly
ing y (andg) coupling to sfermion$10]. Finally, sneutrino  depends on the values of tifig-conserving MSSM param-
couplings to a pair of left-handed or right-handed sfermionsgters. Thus, one cannot exclude light sneutrinos with masses
i.e., 7f f_ and7fxfr, are generated by the superpotential=50 GeV from current LEP2 dataee, e.g.16]). Recently

and therefore suppressed by the correspondiight) fer- ~ resonant sneutrino production has been searched fdr7in
mion masses. Since,/m,<1, for f=b or , these type of note however that none of their scenarios is the same as ours.

sfermion loops were neglected. There are also bounds for tl couplings relevant to the
We now describe two possible scenarios, each one cibove scenarios for=2, i.e., on\j; and Np3s. These
which has distinct phenomenological implications for col-bounds are usually given at theslor 20 level and are
lider experiments. deduced by using some simplifying assumptions, e.g., only
Scenario 1: OnlyA{;,# 0 and \j33#0. one coupling at a time is assumed to be nonzsee[1], and
Within this scenario, which may be theoretically moti- references therejnFurthermore, the bounds are usually pre-
vated by imposing a mass hierarchy on #e couplings in  sented forn;=100 GeV, wheref# v is the sfermion in-

ne=1+x1-7. (8)
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FIG. 1. The ratioR of the production cross sections branch-
ing ratios for decays tgy, between sneutrinos and Higgs bo$én
is defined in Eq(9)], at the LHC with\/s=14 TeV, as a function
of the massn, = M =M, in scenario Isee textwith A\=1 and
N'=0.5 (dash-dot, 1 (dashed, or 1.5 (solid). Only leading-order
terms are kept ifR, also no cuts are imposed.

volved in the process employed to obtain the bounds, al
such constraints become weakemagsincreases.

The 1o upper limit on A3 is about 0.4 for
mp=100 GeV,; it is derivedsee[18] and its update ifl]),
from the data for the ratid (Z— hadrons)I'(Z— u* u ™).
The upper limit risegpractically linearly with mg, reaching
O(1) for my around 500 Ge\[18]. We can therefore take

0.5<\;35<1.5, without violating any existing bound; this

will be the range investigated within scenario 1.
The 1o upper limit on\,33 was extractedsee[2] and its

update by Dreiner in[1]) from the ratio R=I'(7
10°
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FIG. 2. (a) The branching ratio Bi* — yy); the numbers for*
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—evy)[T'(7—upvy) and it scales with the stau mass Xag;
<0.06(m/100 GeV). Both\ 33 and \ »35 contribute toR,
where their contributions may appear with a relative minus
sign[2]. Therefore, either by assuming that=500 GeV
and requiring an effect larger thamrlor assuming that there
is a(possibly partigl cancellation between the contributions
of NqgzandA,33t0 R, N,33=1 is not ruled out. Hereafter,
we fix the value ofA 533 to unity, for both scenarios.

We now consider the prospects of discovering sneutrinos
at the LHC via their decay to a pair of photons within sce-
nario 1, then briefly comment on the corresponding effects at
the Tevatron. Within the present scenario, theb coupling

is much larger than thebb one, and the effectivegg cou-
pling is smaller than théngg one. Therefore, at the LHC,
single sneutrinos are expected to be produced mainly from
the parton processes listed below, which result fronuthbe
coupling, while the Higgs boson is considered to be domi-
nantly produced througlyg fusion. The leading processes
contributing to the inclusive single sneutrino production,
pp— v, +X at the LHC, are B

(1) s-channel resonant sneutrino productibmxﬂii .

(2) Associated production of sneutrino andbget: bg
—bv., where thev is obviously either emitted from the
outgoingb (ans-channel processor from the incoming (a
t-channel processin both cases one needs to add the corre-

ngponding cross sections with—b, which is equivalent to
multiplying theb-quark result by 2. This is the analog to the
processey— ve, discussed if19].

(3) Associated production of sneutrino andgget: bb
—7.g, again where the sneutrino is emitted either from the

b or from b.

We have also studied the—23 subprocesgig— v bb.
Naively, this process is a source for large logarithms. How-
ever, to avoid double counting, since the logs are already
included in the definition of thé-quark parton distributions
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are very similar(b) The number ofu sneutrinos withCP=+, plus

the number ofu sneutrinos withCP= —, at the LHC withL=100 fb . Both figures are in scenario(see text See also caption to Fig.

1.
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[20], we have done a rough estimate of the rates for the 2

— 3 subprocess without including these logs. The remaining o a(pp—rE +X)Br(vi—yy)
contributions for the 2-3 subprocess are estimated to be R= ' 9)
much smaller than the21 and 2—2 processes mentioned o(pp—h+X)Br(h—yy)

above and therefore is not being included in our calculations.

The cross sections f&r’; production in a hadron collider . . _ o -
are then obtainef21] by folding the parton-level cross sec- Will provide a simple guide for the possibility of using
tions with the relevant parton distribution functions in the — 7 as a detection channel for sneutrinos at the LHC. The
beams, neglecting all higher-order corrections, as mentionelot of R as a function of;=m;, for \s=14 TeV (corre-
above. We follow this procedure, employing the CTEQ4Msponding to the LHE is presented in Fig. 1 where, as
parametrizatiorj22] and find that the cross sections for the throughout this paper, we taker,=nm.=nv.. We note
first and second processes above are approximately equal §0.; 1o branching ratioB (7 — yy) ~T (7 — y7) within

each other and larger than the third process by about an order o . e
of magnitude; nevertheless, for completeness, the latter is 10% and the production cross sections#trare equal up
also included23]. to ~50%. Cross sections and branching ratios were calcu-

Since sneutrino and Higgs production rates and decays af@ted to lowest order in EW and QCD, as mentioned before,
expected to have similar higher-order corrections and are exand without cuts. Results for three values\df=A\ 33, all
pected to be subjected to comparable experimental cuts, a¥ith A=A23;=1 are displayed; note that we assume that
since the expected statistical significance of the yy sig-  Poth couplings appear with the same sign.

nal at the LHC is knowri24], the ratio We approximate the branching ratio?a@—wy by
~ T(vh—yy)
Br(vhi—yy)=—= ——— — SEA ; == (10
L(vh—bb)+T (-7t )+ T (=X /) +T (4 =X )
|
where(see Bargeet al. in [2]): Fig. 1 are encouraging and a further study of the two photon

L . decay modes of sneutrinos produced singhR;IMSSM is
F(v’i‘—>X+/’)~O[1O*2m;ﬁ><(1—m;(+/rr‘rvﬂ)2], (11 warranted. Later we will consider the QCD background to
- pp—>7/’;+X—> vyy+X. The conclusions are similar to the
F(T/’i—>;(°1/)~(9[10*2rrm><(1—m~2~0/mg )2]. ones above, though they should be verified by including ra-
- Ve X7 " diative corrections.
(12 In Fig. 2(a) we plot Br(v*— yv), which is approximately
Evidently, with \’ =1, for example, theRp-conserving de- equal to Br¢“ — yy), as a function of the sneutrino mass, in
cay channels of the sneutrino, if open, are always smallescenario 1. It is interesting to note that while B¢ yvy)

than theRp decays to a pair db quarks: sharply falls oncen,=2m,y, from ~10~ 2 around 150 GeV,

3 to ~10 7 at 550 GeV, Br’(;"i‘.—wy'y) smoothly drops only by

T (7 —bb) = (Noad? —— 13 about an order of magnitude as one goes frops- 50 to 550
(vi—=bb)=(hzed)" 75 M 3 Gev, where it is~10"".

In Fig. 2(b) we show, again for scenario 1, the total num-

Therefore, for simplicity, we takeéconservatively, I'(v4 ber of u sneutrinos, botﬁ;"jr and7* produced at the LHC
=X )+ (*—=X%»)=10"2m ., ignoring the phase- Wwith a high luminosity of 100 fo!. Taking \'=1, and
space factors 7in Eq$1) and(lZ)t. comparing the expected number of sn(ijtrinos produced sin-

As can be seen from Fig. 1, the rafioin Eq. (9), obeys gly at the LHC (mainly through thebb and bg fusion
R=1 for m;=85,110,140 GeV, when’'=0.5,1,1.5, re- Mmechanisms with the expected number of Higgs boson pro-
spectively. Moreover, it is interesting to note tiRe: 10 with ~ duced(predominantly througlyg—h [7]), we find that for
\'=0.5,1,1.5 forn;<50,70,85 GeV, respectively. Now, M;=mp=100 GeV the number of sneutrinos is more than
for pp—h+X followed by h—yy the values fors/\JB  two orders of magnitude larger, while for 500 GeV it is
range between 2.3 and 7.1 fo, between 80 and 140 Gev @bout an order of magnitude larger. _
[24], whereSis the signal for single Higgs boson production [N order to better estimate the feasibility of detecting the
and its subsequent decay into two photons at the LHC witfneutrino through its decay to a pair of photons, one has to
higher-order corrections included, aigdis the QCD back- study the signal to background ratio, i.p— vi+X
ground. Since the higher-order corrections are expected to be yy+ X versuspp— yy+ X from the continuum. At the
similar for the numerator and denominatoiRnthe results in  LHC, as a result of the higlyg luminosity, the box graph
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FIG. 3. The statistical significanc® B, for a signal frompp
—PH4+X— yy+X, as a function of the* mass at the LHC with
L=100 fb !, in scenario I(see text A cut on the photon scatter-
ing angle|cos#<0.5 is imposed. The signal is defined in Eg5)
and the background is given in Ed.4). See also caption to Fig. 1.

contribution togg— vy is comparable to the tree—levqﬁ

PHYSICAL REVIEW D69 035010

with X\’ =0.5, S/\B>1 only if m;- <70 GeV, thus in this

case the outlook is not that optimistic. We therefore discuss
the numerical results only fox'=1,1.5. We observe from
Fig. 3 that, for\' =1, a 1o signal is possible at the LHC for
m;»=<125 GeV. If \'=1.5, then a & sneutrino signal

through';/’;—wy may be possible fonr;» <180 GeV. Fur-

thermore, the 3 discovery sensitivity seems attainable for
m;«=85,120 GeV when'=1,1.5, respectively. It is inter-

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

We close this discussion of single sneutrino production in
hadron colliders within scenario 1, with a comment about
single sneutrino production at the Fermilab Tevatron. As
mentioned before, due to the small probability of findinlg a
quark or gluon in a protofor antiproton at s=2 TeV, the

bb and bg luminosities at the Tevatron, are too small to
allow detection of sneutrinos through their two photons de-
cay mode. We can, of course, envisage a modified scenario
in which the sneutrino, which for definiteness is again taken
as v*, is produced from the valenadd annihilation. How-
ever, it is unlikely that 5, is of O(1), asrequired in order

to render the production rate large enough. This is due to a
gauge hierarchy argument, and to the fact that, in this case,
there is no possibility of a cancellation between the contri-

—y7y one and also has to be considered. Comprehensivgutions of two\’ couplings[2].

background analysis is beyond the scope of this withis
can be found, for example, ii24] for h— yv at the LHQ.

Finally, let us investigate scenario 2 and its implications
for e-sneutrino andgu-sneutrino production in a future PLC.

For the purposes of this paper it suffices to calculateAs mentioned earlier, if only\;33#0, for i=1,2 then the
do/dM,.(qg— y7y), whereM _ is the invariant mass of the only production mechanism of aichannel sneutrino is via
photon pair, and multiply it by a factor of 2 to account for yy fusion, yy_ﬁ;'i . Following[26], we find that the num-

the box-mediated subprocegg— yy [25]. The number of  por 671 produced in a polarized PLC isee alsd27)):
backgroundyy events is therefore taken here as -

dL 4772F(T;L—> vY)
o 97— = g ———5—X(1+hshy)
B_ZXdM (qq_)’y’Y)XAM'y'yv (14) - YY Wy)/:rn;i m’]‘}i
YY + +
whereAM ., is the mass resolution bin for the reconstruction o Lee | [ Eee| Y T (V.= 7yy)
of the yy in_variant mass Whic_h we take_: to bAMw =1.54x10"X fo-1) | Tev keV
=10‘2Mw, i.e., 1% accuracy in measurinf ., is as-
sumed. i\ 2
The signal form;ﬁfwm;g, is given by X Gei/ F(m;i )X (1+hshy), (16)

whereh,,h, are the helicities of the initial photons aiit
andL .. are thee® e~ machine energy and yearly integrated
luminosity, respectively. F(W,,)=(E¢c/LeddL,,/dW,,
depends on the machine parameters and 8(df) [26]; for
simplicity we takeF(W)=1 [27]. Note again that fom;i+

S=| > o(pp—rret X)X LXBr(vE— yy) [ X (1-t).

T (15

We have included the factor (4t) in Eq. (15) to take into
account the reduction in signal within one bin since the
sneutrino width is larger than 1% of its mass. Specifically,
we choosd = 1/2 thus decreasing the signal by half.

In Fig. 3 we show the statistical significangéyB for the

proces pa?é_‘_ +X— yy+X as a function of the sneutrino
mass. In calculating botB and B we employ a cut on the
photon scattering angleosd|<0.5 and again we take a high
yearly luminosity at the LHCI(=100 fb ). We find that,

=m; we haveT'(v,—yy)=T(» —yy), so that the
number of ¢, +7" ) produced NG 31 )=2N5i . In what
follows we considerv” production with the relevant cou-

pling \,337# 0; the analysis foﬁji production is similar.
In Table | we give, forrrrv/izrm;_LZSO— 300 GeV, the

scaled partial widtih (v# — y7y)/\ 353 and the expected num-
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TABLE I. The;ﬁ‘_ﬂ vy width in keV (the widths forv* — yy are larger by~10%) and the approximate

number of?’t‘ produced in a futureyy collider, scaled by)\§33, for Ecc=0.5 TeV. We takel,,
=20 fb ' andL.=100 fb ', with m;»=50—-300 GeV. All entries are within scenario(2ee text

me, Gev= 50 100 150 200 250 300
(V4 — yy)I\343, keV 2.8 2.7 25 24 2.2 2.1
NG 150y IN333 (Lee=20 fbh) 2700 650 270 150 90 60
NGs <50 N335 (Lee=100 ) 14000 3300 1400 730 440 290

ber of ¥+ 7* also scaled by\3,;. [Recall thatI'(v* event rates sharply drop such that there are fewer th@h

— yy)*\3,3; see Eq(4) and assume scenario 2 witk 2.] bgckground events .foM ,y=300 GeV. Therefore, even
In the table,N(;ﬁ+;;_L)/)\§33 is given for a polarized PLC With a heaﬁ’ sneutrino of mass300 GeV, ?/l\/§2_4 for
with initial photon helicitied28] h;h,—1 and for twoe*e-  ee=20 " andS/VB=10 for Le,=100 fb"*. This can
luminosity values ofL,.=20 fo * and a high luminosity be compared with the-channel neutral Higgs case, where
PLC with L..—100 -1 both for E..—0.5 Tev Evi. the statistical significance of the signal frongy—h

ee ’ ee " "

dently, for\ ,35= 1, from thousands to hundreds of sneutrinos—¢¢, bb drops below~3 for m;=160 GeV (when L,

with masses 50—300 GeV, respectively, may be produced i 20 fb™!) [26] due to the opening of the decay chanhel

a PLC with an integrated luminosity df..=100 fb L. —VV,V=W or Z, and even before that t¥V*. For a

Similarly, hundreds to tens of~sneutrinos may be produced ikeavier Higgshﬂtt_becomes important. Higgs bosons can

Lee=20 fb ! within the samev’ mass range. then be detected in a PLC through these new decay modes
Given the event rates in Table |, one can estimate th¢30], which have their own backgrounds and are not avail-

statistical significance of the sneutrino signal in a PLC.able for sneutrino decays at tree ley@hving neglected mass

Within scenario 2+Wi_th>_\233¢ 0, the u-sneutrino will decay  mixings in the superpotentialTherefore, botfy andh may
predominantly tor” 7, if we assume, for simplicity, that its e resonantly produced at a future photon-photon collider,
Rp-conserving decays are either suppressed by phase-spage, ghserved through their decays.

factors in Egs(11) and(12), or are kinematically inacces- To summarize, we have demonstrated that within certain

sible. With these assumptions, Bf(—7"7)~1 with ef- .o iRp MSSM, the loop-induced decay— yy may
fect|v~ely no+de7p<.andence OWyz3. The ma|n.background 0 he used as a tool for detecting singly produced sneutrinos at
Yy—vioT TS ther(ifo[e from the continuumchannel high luminosity LHC over a significant mass range, if the
tree-level procesyy— "7~ However, a S|g+n|f|_cant_ reduc- elevantR, couplings are large enough, yet still within their
tion of this background is achieved if the" 7 pair are gy arimentally allowed bounds. In addition we have dis-
restricted to be in &@,=0 state by using polarized photon ¢ sseqd, at some length, resonant sneutrino production in a
beams 26,27, vy collider.

In [26] the number of tree-levettchannel exchange con- " "zt the | HC the main single sneutrino production mecha-

tinuum yy—Cc, bb events, as a function of thaq (4 hisms would bebb and bg fusion, while the Higgs boson
=¢, b) invariant mass and in 10 GeV mass bins, was calyj pe produced viagg fusion. At the Tevatron, sneutrino
culated in order to estimate the background y¥o—h . - .

— = , production throughdd fusion (irrelevant for resonant Higgs
__’CC’ bb. A cut on the scattering angl|e:os«9|_<0.7 Was  hoson productionand its decay, via the two-photon mode,
imposed, and onlyq, J,=0 states were taken int(j account. appears too small. Resonant sneutrino production in a hadron
We will use these r_esul~ts to estimate opy— 7" 7 back-  cqjlider throughqq fusion, has already been discussed in the
ground. Note that sinck3x <10 GeV, we will assume that iierature[1-4]. Here we add two processes, where one of
all the sneutrino events fall in one b'rl- B them, namelybg— b is as significant adb—7 at the

To a good approximationy(yy— ") can be calcu- | e ang suggesi— vy as a relatively clean decay mode
lated - from o(yy—cc) by multiplying the latter by of sneutrinos as a signal for their detection. Though sneutri-
(QcNc) “=27/16, and disregarding the very mild changenos may be more abundantly produced than Higgs bosons in
due to the replacement.—m, [29]. The significance of the hadron colliders, their branching ratio tgy are usually
v“ signal is given byS/\/B, where S= NG +7)ljcosei<07  Smaller(except for very high masse&hese two effects thus

T _ . compensate each other. The relatively cleap mode re-
:: eBer(Ig\feTgro::e)ssanSzngl\lt%yrg;aIt;[igéﬁcssgﬁ‘?'rﬁr?hmatt?; mains a promising prospect for detection, at least for masses

) ' =125-180 GeV forA’=1-1.5, as can be seen from Figs.
Lee=20 fo-! and m;ﬁ=50, 100, 150, 200 GeVS/\/E 1 and 3. g
=46, 8, 3, 4, respectively. Fdr,,=100 fb ! the corre- Sneutrinos can also be produced in future colliders
sponding numbers ar&/B=103, 17, 7, 9, respectively. with a statistically significant signal, over a wide;, range.

We also note that withM,,=200 GeV the background In particular, we have investigated a scenario in which all the
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couplings of the’ type vanish and only\;33#0. In this A few directions for future research are listed below:
case,yy colliders will be the only venue to produce resonant (1) EW and QCD corrections to the lowest-order pro-
s-channel sneutrinos. In fact, the effect of a nBwone-loop  cesses presented here may need to be calculated.

vyy coupling is much more pronounced injay collider (2) More realistic background estimates have to be per-
than at the LHC. The reason is thatproduction viayy  formed, including signal to background ratios for the com-

fusion is proportional td" (37— yy) which is only about one Peting processesp—v+X—bb, 7%~ +X. Similarly, the
order of magnitude smaller thefi(h— yy), whereaspp interesting triple-fermionic final states irpp— vb+X
—7V+X—yy+X is proportional to Brg—yy) which is —bbb, br*7 +X in which the single sneutrino frorhg
about three orders of magnitude smaller thenhBe(yy) in .71 p decays tdbb or 7* 7, should be studied.
the interesting mass range;, or my<140 GeV. (3) Can one gain much by requiring thatbgjet accom-
The situation is less optimistic with regards to use’of pany the two photons, thus enhancing the sensitivity to the

—@gg: for sneutrino detection it will béas in the Higgs case processei;)g—> 5+ b?
swamped by the QCD background while as far as produ - ~

(4) The importance of the loop processes>sWW, ZZ
tion at the LHC goesgg— v will be overshadowed bjbb remains to be assessed.

—p andbg—v+b, unlike the Higgs case where it will be

mainly produced througlyg fusion. We acknowledge partial support from the US Israel BSF
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