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In supersymmetric models with explicit breakingRparity the lightest supersymmetric parti¢leSP) may
be the lightest stau;. Such a scenario would provide a clear signRaparity violating SUSY, although its
phenomenology may resemble that of a charged Higgs bHsanWe discuss various ways of distinguishing
aLSPr, from H™ at future colliders, and address the case-pfnimicking the signal foH*. As an example
we suggest that the recent L3 signal t8f H™—qq’'qq’ andH*H™—qq’ 7v, could be more easily ex-
plained by a LSPr.
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[. INTRODUCTION though this relationship may be relaxed in extensions of the
R-parity violating extensions of the minimal supersym- MSSM, or in other non-supersymmetric models with an ex-
metric standard moddMSSM) have received much atten- tended Higgs sector, the contribution ldf- to the decayb
tion since the observation of neutrino oscillatiqdg. Small ~ — sy often imposes a strong lower bound bhy=. In com-
neutrino masses can be naturally generated through trilinegyarison, the presence of a light is compatible with the
and/or bilinear lepton number violating interactiof 3]. experimental measurement bf-sy. Secondly, decays of
Moreover the particle content of the MSSM remains intact. AH = —ff’ are proportional to the mass of the fermion and
clear signal oR-parity violation would be the single produc- involve the parameter tgh (=v,/v;). Therefore for a
tion of supersymmetric particles, and/or observation of agiven M= the branching ratio$BRs) are calculable func-

charged lightest supersymmetric particleSP). The latter  tions of tang. In contrast,r;— ff’ decays involve the arbi-
situation is allowed in arR-parity violating supersymmetric trary R-parity violating couplingsh and \’. Therefore in
model because the LSP is unstable. A charged or coloreganeral there are many more decay possibilities For
stableLSP would conflict with cosmological observations by . ' [5 g].

forming readily detectable anomalous heavy isotd@@éslf

, i X Furthermore our assumption of a LS® can provide a
the LSP is unstable then such cosmological constraints be- . L L~
come irrelevant. In this paper we focus on the case of th&nique phenomenology which includes the possibilityrof

_ ; ~ closely mimickingH =. If My=<m, thenH= decays mainly
LSP being the lightest scalar tat,.

S ) into cs and v and the misidentification can occur if the
In a generaR-parity violating supersymmetric model, the

h | £ th h v relevant\ and\’ couplings are both nonzero. This possibil-
phenomenology of the stau has been known to possess Magy has not yet been seriously considered due to the usual
similarities with that of the charged Higgs bosbin [5,6].

i : - assumption that onB-parity violating operator is dominant
For example, at future”e " colliders b9t+h~can be pair pro- 4t 4 time while the others are negligible. The CERNe™
duced by the same mechanisme” —r; 7, HTH™ with  cojlider LEP has carried out searches Taras the LSP but
very similar rates, especially if they is mainly left handed. the dominance of one coupling is always assurfidd The
Therefore distinguishing; from H™ is an issue of signifi- possibility of misidentifyingr; andH™ has important impli-
cance and importance at future colliders. There are, in princations for future colliders, and merits further experimental
ciple, at least two ways in which andH* may differ phe- and theoretical consideration. Any signal in a given search
nomenologically: the mass spectrum and the decay modefor H* should be interpreted with care in order to be sure
Firstly in the MSSM, the mass ofl® (M=) originates that the signal really is &l . Observation o~ is expected
from the supersymmetric and gauge-invariant superpotentialp provide a useful measurement of farsince this param-
and at the tree leve¥l ;- is related to the pseudoscalar masseter strongly determines its phenomenology. Therefore, mea-
M, and theW boson masMly, by M31=Mi+ M2,. Al-  surements of tag from H=*-like signals should await

complementary confirmation.

An example ofr; —H™ misidentification affecting the in-

*Email address: akeroyd@kias.re.kr terpretation of experimental signals is the recently reported
"Email address: liuc@itp.ac.cn L3 excess of 4.4 in the channelsH*H™ —qq'qq’ and
*Email address: jhsong@kias.re.kr H*H™—qq v, [8]. The data is compatible withV =
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=68 GeV, BRH*—cs)~90% and BRH"—7v) The R-parity violating Yukawa interactions involving
~10%. As shall be discussed later, many popular extensiongleptons are given by, in four-component Dirac notation,
of the SM have difficulties in incorporating such light
charged Higgs bosons. Neither the MSSM, nor the next to
MSSM (NMSSM), nor two Higgs doublet modelHDM)

can accommodate the above L3 results. In contras,veith )
mass around 68 GeV and with observed branching ratios caﬁ
0

L=\ el ekrl +(e* (v) el —(i—])]

. o ince the sleptons can decay into SM leptons and/or quarks,
e ey Erremeteso2ce. Mo cosmologeal condton for the LSF 1o be charge anc
R red . ' color neutral becomes inapplicable. We restrict ourselves to
wise its dominant decay mode would be into a tau leptdn (

and a LSP neutralinoy0). The latter decays would give rise phenomenological implications of the case where the stau is

: . . . the LSP.
to a signature '”C%'T‘pa“b'e. W.'th the observed .BRS" The mass matrix squared for the left- and right-handed
missing energy fol" if R parity is conserved, or high mul-

tiplicity fermionic events ify® decays. stau’s(neglecting possibl€ P-violating phaseksis given by

This paper is organized as follows. In Sec. Il we specify X, ZT)

the conditions for a LSPr; in the context of aR-parity 7y
violating model. In Sec. Il we briefly summarize the L3 TooT
results and consider its interpretation adain some popu- whereX_, Y., andZ. are
lar supersymmetric and non-supersymmetric models with o 7
two or more Higgs doublets. It shall be shown that it is
difficult to accommodate the L3 excess except for models
with 3 or more doublets. In Sec. IV we offer an attractive
explanation of the L3 data in terms of the stau LSP. In Sec. V

we compare the phenomenologyfandH™ at future col-
liders, and specify the conditions where the phenomenology
is very close and where it can differ. Finally, Sec. VI contains
our conclusions.

M~i=( €)

1
X, =m +mi+ E(m%— 2m&,)cos 28,
L

_ 2 2 2 2
Y,.= rrrTR+ m<+ (my,—mz)cos 23,

(4)
Z.=m|A +putang|.

Here m%L L are respectively the left- and right-handed soft-
SUSY—bréaking stau masses squargd;s the soft trilinear
coupling for ther. Diagonalizing this matrix leads to two
mass eigenstates andr,, with m;, =n; .

Il. STAU AS THE LSP IN THE MSSM WITH EXPLICIT Rp

Explicit R-parity violation in the MSSM is generated by
adding all possible renormalizableviolating couplings to

the superpotentigl9]: As one can see, the massnfdepends on a combination

of u, tanB and soft SUSY breaking parameters, all of
which are very weakly constrained by experiment. This is in
contrast toMy+ in the MSSM, which is constrained by the
sum rule obtained from the scalar potential. Hence a fight
is permitted if one ofm%L and m§R is chosen to be suitably

1 _ _
5 NijkLiL i Ect N LiQ; Dy,

Wép: 2

D

where i,j,k=1,2,3 are generation indices,\jjx
=—\jik, Li (Qj) are the leptoriquark SU(2) doublet su- N
perfields, ancE; (D;) are the leptor(down-quark SU(2)  small. Therefore a LSPr; is certainly possible in the
singlet superfields. Th8-violating couplings\"UDD are R-parity violating MSSM. We note that models which as-

set to zero in order to forbid proton decay. In addition, aSume universality of scalar masses at the grand unified

bilinear terme;L;H, may be added, which generates a tree-theory (GUT) scale will not in general produce a LSR.

level mass for neutrinos through their mixing with the neu-Models with anomalous breaking of supersymmetry gener-
tralinos. Such a bilinear term is also known to induce mixing@lly require the sleptons to be lighter than the other SUSY
betweerH™ and; [10]. The smallness of the neutrino mass particles[11], and thus a LSP stau may arise in such models

indicated by the Super-Kamiokande data would suggest
suppressed; [3], and thus small mixing betwedgd* and
7. If this mixing is unsuppressed then a L$Pin a purely
bilinear R-parity violating model would decay promptly via
its H* component, withH* like BRs[10]. For suppressed

BrovidedR parity is also broken.

A comment on constraints from the dechy-svy is in
order here. It is known that a light charged Higgs boson
(My=<M,,) can give an unacceptably large contribution to
the measured decdy— sy, as shall be discussed in the next

= i section. HoweverR-parity violating supersymmetric models
mixing 7; would decay with a long lifetime, again with~  have been shown to be weakly constrained by lthesy

like BRs. We shall be working in th&-parity violating  decay due to the large number of free parameters coming
model defined by the superpotential above, and we shall sggom new (complex Yukawa couplingg12]. In the scenario
that the large range of values of theand A" couplings  of the LSP stau, the dominant contribution lie-sy from
enable the LSR, to have a richer phenomenology than thatthe R-parity violating Yukawa interactions in E@2) is me-

of the LSP7; in the purely bilinear case. diated byr, and a top quark, giving a contribution propor-
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tional to |)\é3$é3ﬂz_ The adjustment of these parameters is, TABLE I. The four distinct structures of the 2HDM.
in principle, always possible to avoid tHe—sy bounds.

Therefore a LSPr; is certainly a viable option in the

Model | Model I' Model Il  Model Il

R-parity violating MSSM. u (up-type quarks 2 2 2 2
d (down-type quarks 2 2 1 1
Ill. L3 EXCESS AND H?* INTERPRETATION e (charged leptons 2 1 1 2

Based on the recent search for pair-produced charged

Higgs bosons with data collected at 200 GeVs i, B(m?3m?), the permitted region for tg would give
<209 GeV, the L3 Collaboration has_reported signals in theBR(Ht*)TV )=90%, in clear disagreement with the L3

channelsH “*H™—cscs andH"H™ —cs7 v, [8]. The data  signal.
is compatible with a 4.4 fluctuation in the background, and  Charged Higgs bosons also arise in nonsupersymmetric
is best fitted by eH= with M= =68 GeV, BRH"—cS)  models with two or more Higgs doublets. The Higgs poten-
~90% and BRH™—7»,)~10%. Although similar ex- tjal of such models is not restricted by the constraints of
cesses have not been observed by OPAL, DEPLHI, andupersymmetry and thus there are no mass relations among
ALEPH, the full confirmation of the L3 results still awaits the Higgs bosons. In principld - is a free parameter,
future experiments. There is a possibility that differences inyhich may be chosen such thist,-<M,,. However, the

the search strategies among the four collaborations may begbserved decay rate df—sy is known to provide strong
partial explanation of why the above three experiments havgonstraints on such a ligit™* (see below:

not observed the L3 excess. In particular, the DELPHI search |n 3 2HDM with natural flavor conservatida 8] there are
utilizes c-tagging sinceH ™ —cs is expected to be the domi- foyr distinct models depending on how the Higgs doublets
nant quark decay channel. Note that the DELPHI searchyre coupled to the fermiorishe Yukawa couplings[19]. In
would not be sensitive to anomalous decay modes of thgaple I, we summarize which type of fermions coupletp
charged scalar, e.g., decays to light quark jets. The compagmd H,. The Higgs sector of the MSSM requires model II

ibility of the four experiments is currently being investigated type couplings. The Yukawa interaction fer* is given by
by the LEP working groupfl3].

Discovery of aH* would be immediate evidence of phys- g My | my | —
ics beyond the minimal SM, since the latter predicts the ex- L= T Vo Xug;Vjidgi+ Mo Y UgVijdy
istence of only a single neutral Higgs boson. In various mod- 2 w w
els the Higgs sector is extended to include two or more m
. . . . . |. _
Higgs doublets, leading to a physical Higgs spectrum with + —I)Zvuem H*+H.c. 7
charged Higgs bosons. The MSSM requires two Higgs dou- Mw

blets, and the supersymmetric structure of the theory impos
constraints on the Higgs potential. This constrained tree-lev
Higgs potential ensures the following sum riilet,15:

jﬁere u_ andug (d_ anddg) respectively denote left- and
right-handed up(down) type quark fields,v, is the left-
handed neutrino field, anek the right-handed charged lep-
Mﬁf M2+M32,. (5)  ton field. TheV is the CKM matrix. Table Il shows the cou-
plings X, Y andZ in the 2HDM[19].
Equation(5) is only significantly affected by one-loop cor-  Ina MHDM with N doublets N=3), the couplingX, Y
rections in the parameter space of very low 6], which ~ andZ are arbitrary complex numbers which originate from
is now experimentally excluded. The current lower boundthe mixing matrix for the charged scalar sect@0]. In a
from LEP M,=90 GeV impliesMy==>110 GeV, taking model withN doublets there areN— 1)H™’s, each with fer-
H= out of the discovery reach of LEF27]. Thus any signal mionic couplingsX;, Y; andZi(i=1,2,...N—1). These
for pair-produced charged Higgs bosons at LEP would b&ouplings obey various sum rules due to the unitarity of the

evidenceagainstthe MSSM. matrix which diagonalizes the charged scalar mass matrix
In the NMSSM where a Higgs singlet fieM is added to  [21]. We shall only be concerned with the lightés$t, and
the superpotential, the above relation is modified to thus drop the subscript
The phenomenology of charged Higgs bosons differs
MatzMi'f' M\Z,V—)\sz. (6)  from model to model. Of particular importance is the"

contribution to the decap—sy [22,23. To leading order,
Here the\ contribution arises from theyNH;H, term in  its decay rate is known to be
the superpotentialM 5 is now an entry in the extended 3
x 3 pseudoscalar mass matrix, and does not necessarily cor- ~ TABLE Il. The values ofX, Y andZ in the 2HDM.
respond to the mass of a physical Higgs boson. Clearly

My==<M,y is possible if\ is suitably large. Requiring that Model | Model I Model Ii Model II
Ay remains perturbative up to the GUT scale, Rf7] ¢ —cot —cotg tang tang
showed thatM = <M,y is possible for 1.%¥tang<3.5. If cotB cot3 cot3 cot3
H= is lighter than theW boson, its main decay modes are 7 —cotB tang tang —cotp

into cs and 7v. Since I'(H —7 »)/T(H —cs)
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2.5
emGFmb

a * ATRY 2
I'(b—sy)= > [VisVip| 2D (mp) |2, (8)

71,4

where theD is the effective Wilson coefficient. Thel™
contributions modify theéD into
2
m; )
2
M}«

my
vl 9)

H*

2
m;

2
w

D(My)=Dgp +|Y|?Dyy

+(XY*)Dyy

The analytic form of the functionBgy, Dyy, andDyy at
next to leading order in QCD can be found in Regf2]. In
type Il and Il 2HDM's, the value ofXY* is fixed to be one,
which imposes a lower limit oM,+=160 GeV, with the
bound becoming stronger with increasing [22]. In type |

and ' 2HDM’s and a MHDM, the absence of such a con-
straint permits aH™= to be light enough to explain the L3

data.

AssumingMy+=68 GeV, we nhow check whether any of

PHYSICAL REVIEW 55 015008

antib quark tag. Note the possibility thatkh™ with a large
BR(H*—cb) might escape the DELPHI search strategy.

IV. STAU LSP INTERPRETATION OF L3 EXCESS

In this section we show that the L3 excess can be natu-

rally explained by a LSR;. Attributing the L3 excess to stau
pair production is attractive in the sense that it would be a
SUSY explanation of the data, and a signal of a model which
generates a mass for neutringse., a R-parity violating
mode). Unlike the Higgs case, theR-parity violating
Yukawa couplings are not proportional to the fermion mass,

and thus the decay channels to light quaf&s)., 7~ —ud)

can be sizable. Note that the L3 conclusion of 90%
BR(H™—cs) is based on the assumption of charged Higgs
bosons. In fact, the search is sensitive to any light quark, e.g.,
u d. The relatively large ratio of the hadronic to leptonic BRs
may be partially explained by the availability of several un-
suppressed hadronic decay channels. As mentioned in Sec.
I, a LSP'7; in a purely bilinearR-parity violating model
would also giveH™ like signals since it would decay via its
H* component. However, whether or not the observed BRs
could be obtained lies outside the present study, and would

these models can accommodate the branching ratios of the

H* as observed by L3. We define the following ratio:

T(H*—cs)  3|Ved (MZ]YI*+miX[?)

R=
I'(H*—7v,) m2|Z|?

, (10

which is constrained by the L3 data to ®=9. In the type
| and I' 2HDM’s whereX=Y =cot g, the term proportional
to mg may be neglected. In type | 2HDMR~9 cannot be
attained since the cgtdependence cancels out/iy leaving
R~0.5. In model | one haskR<0.5 for tang=1. Although
lower values of ta would increaseR (R~9 is possible
for tanB=0.45), such low values of tgh together with
My=68 GeV enhances too much tie" contributions to
the b—sy decay[see Eq.(9) and Table I| [22]. Thus we
conclude that neither type | nof RHDM can achieveR
~9 as required by the L3 data.

Higgs triplet models(HTM) are another source dfi*

require a careful analysis of the correlation between the
—H™ mixing and the bilineaR-parity violating parameters,
the latter being strongly constrained from the observation of
neutrino oscillations.

The stau interpretation of the L3 excess requires three
conditions. First, the stau should be the LSP, which is cos-
mologically permitted inR-parity violating supersymmetric
models. In theR parity conserving MSSM the lightest neu-
tralino (x9) is the LSP and the stau would dominantly decay
into T}}(l). This gives rise to a signature incompatible with the
L3 data and the lower limi1>=80 GeV has been obtained
[28]. If the sneutrino is the LSP, the strong mass constraint
(m,=1 TeV) from the direct relic searches in underground
low-background experimen{29], rules out the presence of
such a light stau. Secondly, in order to explain the observed
decays intogqq’, 7; must contain some , since7g only
decay to leptongsee Eq.(2)]. We will see below thatr;

[24,25, and have the added bonus of providing a mass foshould be dominantly composed of in order to comply
neutrinos[26]. A H* composed dominantly of scalar triplet with the observed cross section. Thirdly, bothand \’
fields only couples very weakly to quarks, rendering its con-Yukawa couplings should be nonzero in order to allow both
tribution to b— sy negligible, and thus may be light. How- hadronic and leptonic decay modes. This is different from
ever, such models usually predict enhanced BRs to leptorthie widely applied assumption that ofeparity violating

through new Yukawa coupling24], or exotic decaydd™

operator is dominant at a time. Present searches at LEP for

—W*Z* —ffff [25]. Hence R~9 seems unlikely in a R-parity violating decays of scalar fermions are also based

HTM.
A MHDM can easily obtainR~9, provided|Y|~5|Z|.

on this one-at-a-time assumption. The current search for a
LSP stau only considers direct decaysgtgy’ via aA' cou-

Since|Y| and|Z| are essentially free parameters, one maypling, or direct decays tbv; via the X coupling[7].

choose|Y| and|z| appropriately, while simultaneously sat-

isfying the constraints fronb—sy and Z—bb. If |X]| is

Now let us check whethar(e*e™—7; 7;) can be com-
patible with that ofo(e*e”—H"H™). For simplicity, we

much larger thanY| and |Z| then H*—cb becomes the assume that thk;s; coupling is dominant over other cou-
dominant channel since the Cabibbo-Kobayashi-Maskawglings. Otherwise there would be extrahannel contribu-
(CKM) suppression oY/, is well compensated by the large tions. Therefore the dominant contributions are frerandZ

ratio of m,/mg [21,27]. We point out here that DELPHI

searches for events consistent withi — cs by imposing an

gauge bosons in the channel, which is the same as in the
R-parity conserving MSSM. In the absence of left-right mix-
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90 T T T T T T T Finally we show that the LSP stau interpretation can natu-
85 = .y rally explain the branching ratios of the charged scalar as
80 1= T observed by the L3. For the leptonic decay, the stau can
Zz: tan g = 30 T decay into 7v, and 7v, with nonzero\;s(i#3). Since

N133(<<0.004) is rather strictly constrained from the bound
on the mass of, [28,3(, we assume that the main leptonic
stau decay mode is intov, . For the hadronic stau decays,

we assume that ally; are the same order of magnitude.
. . | . Then various decay channels are opep:-ud,us,ub,cd,
00 150 200 250 300 350 400 450 500 cs,ch. The ratioR defined in Eq.(10) becomes

Mz, (GeV)

65
60
55

mz, (GeV)

2 3
FIG. 1. Allowed region in the if; ,nm; ) plane by the mass > |)\§ij|2
~4= i=1/=1
constraint M>=68+2 GeV and o(e“e —7 7 )lo(e“e” R:; (11
—H'H7)>0.9. A.=x=100 GeV. The solid-lined band is for INos3d?
tanB=3, the dashed-lined band for t&3 10, and the dotted band
for tan=30. The bounds on tha;j and \{;, have been obtained from

various physical processea,33<0.06 is obtained from

ing in the stau mass matrix, and assuming that 7, the 1 (7—evy)/T(7—uvv) [2831; A3,;<0.16 from BR(
couplingsZ7; 7, and y7;7; are equal to the analogous — 7Vx) [32];X32,<0.20 fromD®—D? mixing [33,34. Thus
couplings forH*. Therefore the cross sections are the samde~9 can be naturally accommodated in the scenario of a
if 7, andH™ have the same mass.#f has a component of LSP ;.
7r then o(e"e”—7, ;) is reduced compared to that for
o(e"e”—HTH™) since ther* 7,Z coupling is proportional
to (cog 6:—2 sir? &), with #; being the left-right stau mix-
ing angle. In this section we will discuss how = of the MSSM and

To obtainM7 =68 GeV one merely requires the various g LSP7; may be distinguished at future colliders. Note that
SUSY parameters to be chosen appropriately. In the case &f~ of the R-parity violating model under consideration is
no mixing (6;=0), requiring 7, =68 GeV limits n;, expected to possess a phenomenology.very similar to that of
~53, 49, and 48 GeV for tai=3, 10, and 50 respectively. the MSSMH ™, and so our commenNts will be valid for both
Including stau left-right mixing increases the allowed regioncases. As discussed previously, a LFhas more possibili-

for m? . Since the stau production cross section should noi€S for ff” decays, which are proportional to arbitrary cou-
L plings N and\’. In general there would be no tendency to

be decreased too much by the mixing, we constrain the ratigecay into the heaviest allowed fermion, unlike the case for
of o(ete”— 71, 7;)/o(ete"—=H"H™) to be larger than H*. For a givenM- the BRs ofH™ are calculable func-
0.9. With A.=100 GeV andu=100 (200) GeV, Fig. 1 tions of tan8 and hence are much more predictable, with
(2) exhibits the allowed region in thert;_,nr; ) plane after Hi—jtb_ dominating for My==m;+m, and H*—7v,
requiringM~, =68+2 GeV. It can be easily seen that larger dominating forMy-<m+m,. The H™—cs decays can

oot hich for | dq1 . compete withH=— 7v_ only for very low tang, which is
stau mixing, which occurs for large t#hand large]p|, in- already disfavored experimentally. Therefore sizable BRs for
creases the alloweutr; . ~ . ~

L T1—ev;,uv; would be clear signals fot;, as would en-

hanced BRs to light quarks,—ud,cs etc. Note that these
90 T T T T T T T latter decays may also dominate for the reg'nm;lzmt,
while for my = the dominate decay would ¢~ —tb, which
gives a very different signature. A high-energle ™ collider
would be an ideal place to distinguish the flavor of the jets
from 7,—ff’ decays.

As pointed out in the previous section,f is mainly g
then its production cross sectiof{e"e” — 7 77) would be
suppressed compared to that tefe"e” —H*H ™). In gen-
eral, one would expect; to be a mixture ofr; and7, , and
so there would always be some suppression compared to the
H*H~ production. Given the expected high luminosity of

FIG. 2. The same plot for=200 GeV. The band with larger proposed linear colliders, even relatively small differences in
dots is for tan3=10. the rates might be observable. However, one-loop corrections

V. DISTINGUISHING BETWEEN H* AND LSP 7,
AT FUTURE COLLIDERS

mz, (GeV)

tan 8 =10

| | | | | | |

100 150 200 250 300 350 400 450 500
Mz, (GeV)
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to o(e"e"—H"H") should not be ignored since these canLSP should be charge- and color-neutral, conditions which

be up to 30%[35], thus rendering difficult this method of apply only to stable particles.

distinguishingr, andH ™. The stau LSP assumption has important implications for
At hadron colliders, such as the Tevatron and LHC, aboth H* and stau searches. A left-handed stau possesses

sufficiently light H* may be produced by the decay many phenomenological similarities witH™. Two major

—H*b. At the Tevatron Run Il discovery in this channel is differences betweeal andH* are the mass spectrum and
possible for small or large tgf [36], with improved cover-  the decay modes. Whereas the presence of a light charged
age at the LHC. Thereforetd™ signal would provide infor-  Higgs boson =< M,y) in many popular extensions of the
mation on tarB. However, in the LSP scenario, the decay SM is severely constrained by the supersymmetric structure
t— 7,b may be open with a rate depending on the arbitraryof the theory and/or other phenomenological constraints such
coupling \ 435 [34,37]. HenceH™ like signals and corre- as the decap—svy, a light stau is naturally accommodated
sponding measurements of tanin this channel should be within a reasonable SUSY parameter space. In models with
interpreted with care. anomaly-mediated breaking of supersymmetry the stau
At the CERN Large Hadron Collidét HC) the discovery  would be a natural candidate for the LSP, provided tRat

of H* for My==m, is considered challenginf38]. Cur-  parity is also violated. It is feasible that a LSP stau is lighter
rently the most effective method is to use the productionthan the charged Higgs boson, and thus may be observed first

mechanismgg(qq)—H~tb followed by H*— v, decay at future colliders. The distinction of, signals fromH™

[39]. This method offers reasonable detection prospects fogigna|s is, in principle, possible by examining the decay
tanp=15, where BRH~— 7v)~10% for this region. Us- modes. For a giveii™ mass, its decays are essentially de-
ing the above production mechanism followed by the decayermined by the decaying fermion mass and the parameter

H*—tb requires highly efficienb tagging[6] due to the ~ o
) ~ tang. In contrast,r; decays possess many more possibilities

huge hadronic backgrounds. Fey, the analogous mecha- e (o the arbitrariness & parity violating couplings. and
nism gg(qq)— m,tb can be used6], and offers sizeable ).

cross sections fok 35,>0.01. Detection of a LSR; in its One of the most remarkable implications in our scenario
light hadronic decay modes would be unlikely due to theis the possibility that a LSP stau may imita#e . In particu-
large QCD background but; decay tol »; should provide a 1ar, when bothR-parity violating couplingsix and\’, are
very promising signature. For=e, u the signature would be Nhonzero, a light LSP stau may possess like hadronic and
distinct from that ofH™. For| = r there is the possibility of ~leptonic BRs and thus may be misconceived as the charged
a much larger BR}la 7;), which would enhance the signal Higgs boson. This misidentification possibility has received

) v ~ little attention due to the usual simplifying assumption that
size compared to that fod~. Note also thatr; may be

: one R-parity violating operator is dominant at a time. One
prqduced as a-chann_el resonance at hadron collidpts], possible example ofi = misidentification is the recently re-
while the corresponding rates fét~ would be very small

due to the suppressed Yukawa couplings to the light quark orted L3 excess of 4ot in the search for pair-produced
Finally we mention the possibility of very different life- harged Higgs bosons. Altributing the signalHo produc-

) . ~ i tion has severe problems in many popular models such as the
times forH= and ;. In generalH™ is expected to decay MSSM, NMSSM, and 2HDM. We have shown that the LSP
promptly, especially ifH~—tb decays are open. Since the stay interpretation offers a more attractive explanation of the

71 decay rates are proportional to the arbitraryand A" gata and simply requires that the LSR is mainly left-
couplings, the various partial widths may be very sup-handed with simultaneous nonzero values for the couplings
pressed. The LEP searches, assuming one coupling is domj-and\’. The L3 data can be summarized by the following
nant, are sensitive ta,\'=10"° [7]. If 7, possessed very three characteristics: pair-produced singly charged particles
similar BRs toH* (e.g, 7;—tb dominating forM;lzth with mass around 68 GeV; a production cross section com-

the lifetimes would be very different i 35; were consider- parableoto_ that foH~; decay_BRs of 90% into light quarks
ably less than the corresponding“th Yukawa coupling. and 10% into a tau lepton with a neutrino. All three features

This might leave an observable decay length in the detectof@n be explained in the LSP; scenario without any fine-
which could not be attributed to ld=. If A\,\'<10"5 then  tuning, and within the experimental bounds Riparity vio-

"7, would decay outside the detector, but could be detected Agtlgﬁ];ﬁ) u%ggsaigd diguss\;ebdreha:)klv:?osdcizlt?r: Tgiszsétau LSp
a long lived charged particlet1]. Y 9

from aH™ signal at future colliders. First, anomalous decay
modes into light fermionge.g.,ud, ew, or uv) would be a
VI. CONCLUSIONS robust signal of the LSP stau. Such decays are permitted
since theR-parity violating couplings are in principle inde-
In the context of &R-parity violating model we have stud- pendent of the fermion mass, in contrast to the cask of
ied the phenomenological implications of the assumptionyhich has a tendency to decay into the heaviest available
that the lightest supersymmetric parti€leSP) is the lightest  fermions. Secondly, the tree-level pair-production cross sec-
stau (r;). In such a model the LSP is unstable and is not intions for the LSP stau and~ at futuree*e™ collider may
conflict with the usual cosmological requirement that anydiffer since the mixing between the left- and right-handed
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stau’s decreases the cross section compared to that for fact that a LSP-; may mimic the phenomenology &f* and
H*. However, the one-loop corrections to these rates can bius signals foH* and corresponding measurements of the

sizable and complicate this method of distinguishingrom ~ Higgs sector parametefg.g., tang) should be interpreted

H*. Note also that; may be produced asschannel reso- with care.
nance at hadron collidefg0], while the corresponding rates
for H*= would be very small due to the suppressed Yukawa ACKNOWLEDGMENTS
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