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There are many theoretical reasons why heavy quasistable charged particles might exist. Pair production of
such particles at the Fermilab Tevatron can produce highly ionizing tracks or fake muons. In gauge-mediated
supersymmetry breaking, sparticle production can lead to events with a pair of quasistable sleptons, a signifi-
cant fraction of which will have the same electric charge. Depending on the production mechanism and the
decay chain, they may also be accompanied by additional energetic leptons. We study the relative importance
of the resulting signals for the Tevatron run Il. The relative fraction of same-sign tracks to other background-
free signals is an important diagnostic tool in gauge-mediated supersymmetry breaking that may provide
information about mass splittings, t@and the number of messengers communicating supersymmetry break-
ing. [S0556-282(99)06301-9

PACS numbse(s): 11.30.Pb, 12.60.Jv, 14.60.Hi, 14.80.Ly

Low-energy supersymmetry has emerged as an excelleMSSM fields. In these gauge-mediated supersymmetry-
candidate solution to the hierarchy problem associated withreaking (GMSB) models, the absence of large flavor-
the existence of the small ratid, /M pianekin the standard Violating effects in low-energy physics is a natural conse-
model. However, the existence of squarks and sleptons in thguence of the flavor-blindness of the standard model gauge
minimal supersymmetric standard modMSSM) seems to interactions. The supersymmetry-breaking sector of the
lead to another potential difficulty: the supersymmetric flavortheory couples to some new “messenger” quark and lepton
problem. If the soft supersymmetry-breaking mass paramsuperfields with vectorlike SU(3)X SU(2). X U(1)y inter-
eters for squarks, sleptons, and gauginos do not greatly eRetions. For example, suppose that the messenger quarks
ceed 1 TeV, as suggested by a solution to the hierarchy prot&nd leptons come ilNpess copies of the5+5 represen-
lem, then arbitrary mixing angles associated with these maggtion of the global S(b) symmetry which includes
terms can induce unacceptably large flavor-changing effect8U(3)c X SU(2). XU(1)y. Because of the effects of dy-

in low-energy processes such as-ey, KO KO, b—sy, namical supersymmetry breaking, there is a small splitting

. 7' . _among the messenger fermion and scalar masses. In the sim-
etc. Conversely, the required absence of such flavor violation ;
lest types of models with only orfe-term supersymmetry

can be viewed as a strong constraint, and therefore a POW&Steaking order parameter, this can be parametrized as fol-
ful clue, regarding the nature of supersymmetry breaking.

. . lows. For each messenger fermion with masgg, the mes-
Historically, the more popular approach has been to as- g R

sume that supersymmetry-breaking effects have their origiﬁenger s_calar partner masses are g_lver_ml;» VltA/m‘/’i’

in a “hidden sector,” and are then communicated oty whereA is a constant mass scale which is the same for all of

dominantly by Planck-suppressed effects to the fields of thethe messenger supermultiplets. In order for the messenger
MSSM. However, within this framework, the absence ofScalars not to develop color- or charge-breaking vacuum ex-
low-energy flavor-changing neutral currents really dependectation values, it is necessary thet-m, for each mes-

on further implicit assumptions, since priori it is just as  senger supermultiplet. It is usual to assume that the messen-
likely to mediate supersymmetry breaking to the MSSM withger particles are roughly degenerate, with masses all of order
flavor-violating Planck-suppressed operators as with flavorM ,.cs SO thatA can be treated as a perturbation with respect

blind ones. One may impose an approximate flavor symmeto M os& my, .

try on the relevant terms in the lagrangian, but it is rather ith these assumptions, the MSSM gaugino and scalar
controversial Whet_he_r this can be well-motivated theoretisoft supersymmetry-breaking masses can be easily calculated
cally by deeper principles. at leading order in an expansion /M e [2]. Gaugino

~ An alternative hypothesigl,2] is that the ordinary gauge masses are communicated from the messenger sector to the
interaction SU(33XSU(2).XU(1)y are responsible for NMsSM at one loop,

communicating supersymmetry breaking effects to the

EF
M 2= Npesd\ - (a=1,2,3, (D)
*Present address: Physics Department, Northern lllinois Univer- ™
sity, Dekalb, IL, 60115 and Fermi National Accelerator, Batavia,
IL 60510. and are proportional to the corresponding squared gauge
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couplings. Squark, slepton, and Higgs boson squared massesate, unmixed states. However, because of the hierarchy
arise at two loops and are given by m.>m,, the stau mixing is not negligible unless tans

close to 1, so that
2

ce, 2) My, <mg =m;,_. &)

3
2_ 2 %a
m¢_2Nmes¥\ a§=:l (477
Therefore, it is useful to distinguish between two qualita-
whereC{ is equal to for each squark and 0 for other sca- tively distinct scenarios, depending on whether or not the
lars; C‘f is equal to3 for weak isodoublet scalars and 0 for right-handed selectrons and smud@g and Zig) can have
weak isosinglets, and:‘fz?an,,/S for each scalar of weak kinematically allowed decays into the lightest stgau If the
hyperchargeY, with @, in a grand unified theoryGUT) ~ mass differencen; —my exceeds about 1.8 GeV, then one
normalization. Equation$l) and (2) are subject to correc- can have three-body decays
tions in A/M essWhich turn out to be usually quite sm@8] ~ s
and will be neglected in the following. The sparticle spec- Ir—/ T 4
trum can now be computed by using renormalization grou
equations to run the masses E(b. and(2) and other cou-
plings from the scalév ,.ssdown to the electroweak scale
[4—6]. This class of models is therefore highly predictive
with input parameters\, M ess Nmess tanB, and sgng),
and the phenomenology is quite distinctie-15]. T 76 (5)
The prediction of a Goldstino or gravitind) [16,7] as -
the lightest supersymmetric partidleSP) is another general Conversely, if/g and7; are degenerate in mass to within
feature of GMSB models. In terms of the parametérand ~ less than 1.8 GeV, then the aforementioned three-body de-
M mess@boVve, the supersymmetry-breaking order parameter i§ayS_are not kinematically allowed. In this “slepton co-
(F)=CAM pess WhereC is a dimensionless constant which NLSP” scenario, the three sleptoBg, g, and7, each act
can be of order unityfor “direct” gauge-mediation mod- €ffectivelyas the NLSP despite E(@), in the sense that they
els), or much larger than tfor “indirect” gauge-mediation only have kmemauqally allowed de(;ays into the Gpldsﬁno.
models, but not much less than 1. Each of the MSSM spar—-l_—he lightest stau will decay according to E@ whﬁe the
ticles can decay into final states including the Goldstino ofightest selectron and smuon decay accordirggte-e G and

gravitinoG, with rates proportional to 4F)2. However, the ~Hr— /G, respectively. ,
decays of MSSM sparticles to the Goldstino will typically be !N this paper, we will consider slepton co-NLSP models
dominated by other kinematically allowed decays, except irfnd stgu NLSP mgdejs, with the subsequent decays to the
the case of the next-to-lightest supersymmetric particlé30ldstino or gravitinoG assumed to be very slow, so that
(NLSP). If R parity is conserved, as motivated by the ab-they always occur out5|d§ the detect@f.m;tead those de-
sence of rapid proton decay, then the NLSP can only deca§@ys occur promptly, or with a macroscopic decay length but
to its standard model partrier and the Goldstino or grav- Within the detector, then the signals from additional hard
itino. Whether the NLSP can decay quickly enough to beleptons and/or decay kinks or impact parameters will be even
visible within a collider detector depends on the identity andMOre spectacularThe quasistable sleptons arising from su-
mass of the NLSP, and on the Goldstino decay congfgnt Persymmetric events can then ma}mfest themselves in differ-
If (F) is less than a few thousand TeV, then one can hope tgNt Ways in a detector, depending on how fast thezy are
observe decays to the Goldstino within a typical collider de{17,18,14. The relevant kinematic variable By=(E2/n"r|
tector, with potentially spectacular consequences. Con--1)Y2whereE is the relativistic energy of the slepton in the
versely, if (F)>10° TeV, then all decays involving will lab frame. ForBy=1 or so, the ionization rate- dE/dx of
occur far outside the detector. the slepton as it moves through the detector material is mini-
In GMSB models of the type discussed above, the NLSAMal, and the fast slepton penetrates the detector, mimicking a

is generally either the lightest neutralinbl{) or a charged “mMuon.” Slow sleptons withgy=1 have a greater-than-
slepton, depending on the model parameters. In this papefiinimum ionization rate as thgy move through the detector
we will concentrate on the latter case. The three lightest slegnaterial. The ionization rate increases sharply33s de-
tons generally consist of the nearly unmixed and degeneraf@®ases, so that fg8-y<<0.85 or 0.9 the resulting highly ion-
right-handed selectron and smug and &g, and a mixed 1Zing track(HIT) can be readily distinguished from that of a
stau mass eigenstatg. The reason for this is that each of Muon[17,18,5,14 . _

the slepton (mas8)matrices contains an off-diagonal term AF the Tevatrpn run Il, the mOS_,t important sparticle pro-
— um,tan 8 wherem, is the mass of the corresponding lep- duction mechanisms are then typically slepton production
ton. This provides for slepton mixing and lowers the corre- — e~ ~ e —

sponding slepton mass eigenvalue. In the case of the selec- PP=CrCr, Mrhir OF 7171 ©
tron and smuon, this effect is quite small, only reducing the
mass of the smuon by at most a few tens of MeV, and the
mass of the selectron by much less. Therefore we will simply *An exception occurs ifmy, —m; [<m, andm7_>my,, which
neglect smuon and selectron mixing and treat them as degeverresponds to a neutralino-stau co-NLSP scenario.

F%or /'=e or u, and similarly for?’;{r . In that case we have a
“stau NLSP scenario,” in which all supersymmetric decay
chains end up ifr;, with a subsequen(possibly very slow
'decay

035008-2



CORNERING GAUGE-MEDIATED SUPERSYMMETR. .. PHYSICAL REVIEW D 59 035008

and/or chargino or neutralino production Fermilab (CDF) detector in order to cut down on back-
grounds. The lower limit o8By ensures that the slepton will
pp—CiC; or CiN,. (7)  Penetrate the calorimeters. Second, events are triggered with

at least one fast quasistable slepton which mimics a high-

Of course, other processes can contribute small amounts f&£ntral muon. This requires the trigger slepton to satisfy
the signal. Production of heavier slepton pairs3Y>0-85 and/5|<1.0. The lower limit ongy is to ensure

V.37 7T 777 is generally less important than E) that the fast slepton will have a reasonable probability of
WY L sl Lyl Ll L y . e . . .

- ; . penetrating the detector within a narrow time window in or-
but may still be observable. Other chargino and neutralln(ger o sati%fy identification requirements for a muéNote

. . A+ R— AR =~ =~ . . .

combinations(C; C; ,Ci"N;, and N;.N;) might give Sig-  y o i o slepton with mass greater than 90 GeV satisfies these
nificant contributions, especially if the higgsino contents Ofrequirements it will necessarily have,>50 GeV in the
theNy, N> andC, are not negligible. Production of gluinos 456 of the first trigger ang;>30 GeV in the case of the
and squarks is generally_ quite negligible within the class of,.ong trigger, so we do not require a sepapateut) We
GMSB models we cc_)n5|de_r, because_z they tend to b_e relah’nd that in most of the cases studied below, the percentage
tively heavy. In the simulations described below we S|mplyOf supersymmetric events which pass at least one of these

include all contributions to sparticle pair production. WO trigaer reauirements is quite hiah. tvoically between 70
Each supersymmetric event leads to a pair of quasi-stable 99 q q gn. typically

0,
sleptons which may be identified as either a “muon” or aanif?S . i . i identi ticl
HIT. In addition, a high percentage of these events can ac- €ran event comes in on r.|g.ger, we iden ify partic es
tually have quasistable sleptons with the same charge in tpccording to the following criteria: a quasistable slepton is

. . ~ o~ . identified as a HIT if it hagn|<1.0 and 0.4 8y<0.85 and
final state. For example, in the case®f N, production, the p:>30 GeV: a quasistable slepton is identified as a “muon”

N will decay equally to sleptons with either charge. Eventsit it fajls the HIT requirement and satisfids;|<1.7 and
with CyCy (or ¥, 3/, /| /) production will lead to  By>0.85; a real electron or muon must satih<1.7 and
roughly equal numbers of like- and opposite-charge sleptop;>12 GeV; a jet must satisfly| <3.0 andp+>15 GeV.
NLSP’s whenever any part of the decay chains involves a In the case of a HIT, “muon” or a real lepton, we impose
real or virtual neutralino, because the neutralinos are Majoan isolation requirement that within a cone
rana particles and do not know about electric charge. In thg/(A )%+ (A $)?<0.4 there should be no other HIT,
slepton co-NLSP scenari@3&g , Zigfir ., and7;7; pro-  “muon” or lepton and that the total hadronic energy should
duction always leads to opposite-charge sleptons. Howevenot exceed 5 GeV. We have chogepand|7| cuts here that

in the stau-NLSP scenaries®r andzis g production usu- — are quite conservative, in part to mitigate the effects of fake
ally leads to roughly equal numbers of same-sign andackgrounds from jets and lepton identification efficiencies.
opposite-sign staus in the final state. This is because thé&/e believe that they can be adjusted to reflect the real char-
three-body decays; — /"~ 77, go through a virtual neu- acteristics of the CDF and DO detectors in future runs with-

tralino, so that the charge of tf| is nearly uncorrelated ©Out @ huge effect on the results given below, because most of

. . ~ _ the signal occurs with quite higb; central leptons.
with the charge of its parenty whenle 'S not much larger Within this trigger sample, we now define the following

thanmy . As my, /m7_increases, the branching fraction for gignajs: (1) HIT, events with at least one isolated slepton
the “slepton charge-flipping” decays’r—/ 7 7, in- identified as a HIT(2) SS, a pair oame-sigrfast sleptons
creases at the expense of the “slepton charge-preservingeach passing the “muon” cut above, with no other isolated
decays’z —~~ "7 [13]. However, for reasonable values leptons;(3) 3/, trilepton singaI con”sisting of two fast slep-
of mﬁl/m;R found in GMSB models with &, NLSP as tons which each pass the “muon” cut above, and exactly

died h h ber of trate and il ns one additional isolated or w, and no jets{4) 4/, four or
studied here, the number of events fr@f€; andZirfir  more isolated lepton candidates, including two fast sleptons
production with like-sign staus will be comparable(&dbeit

3 - YV _which each pass the “muon” cut above.
smaller thaim the number with opposite sign staus. If, as is In the trilepton signal case (3, we demand that no pair
often the case in models, the mass differem:eR— m;, is

of oppositely charged muon candidates reconstructs to an
not too large, then the and ther produced in the decay will  invariant massm,*10 GeV in order to reduce the back-
b_e very soft and will fail to pass cuts for lepton identifica- grounds fromWzZ production. (Here we use the invariant
tion. mass as reconstructed from the three-momenta of the par-
In order to define our signals, we require that events pasgcles assuming they are essentially massless, which does not
at least one of the following two triggefsFirst, events are  coincide with the true invariant mass since at least one of the
triggered if at least one quasistable slepton |hgs<0.6 and  pair is actually a massive sleptpiWe also do not allow any
By>0.4. The pseudorapidity requirement corresponds to thfsts in the event from initial state radiation or primary decay
highly-shielded central region of the Collider Detector atproducts. Such a jet veto avoids potentially large back-
grounds fromtt production. In the #+ signal we require
that it not be consistent wit@Z production. The invariant
2We are grateful to D. Stuart for explaining the trigger and HIT mass cuts to accomplish this are the same as for the 3
identification requirements relevant for CDF in run II. signal discussed above. We should also note that a signifi-

035008-3



STEPHEN P. MARTIN AND JAMES D. WELLS PHYSICAL REVIEW 39 035008

cant fraction of the #+ events will have 5 or 6 isolated

leptons arising from gaugino cascade decays. Since the 200 300 ey ‘E(i)ev] 500
“muons” in these events always haye>50 GeV formj 1000 1 T T [
>90 GeV, there should be essentially no background after 50.0 &
cuts for all of the signals proposed above, except the 3 [
signal whose backgroundrom W=Z production, etg.can

be rendered insignificant with sufficiently hgog cuts on the 100 Ey
“muons.” There are also possible backgrounds fraad* g 501
production and jets being misidentified as leptons. While itis « L
difficult to estimate reliably the size of these contributions 1ok

because of the important role of systematic detector effects,
we suspect that they will be under control because of the
higher py cuts employed specifically for our signals.

Let us now study the relative importance of the signals 0.1
defined above fopp collisions atys=2 TeV, as is relevant
for the Tevatron Run Il scheduled to begin in 2000. We will
examine representa'tlve models in the parameterization of FIG. 1. Cross sections in fb for producing various final states
Eqs. (1),(2). Our CO”'_der S'mUI_at'(_)nS have bgen performedfrom sparticle pair-production ipp collisions at\s=2TeV. The
usingISAJET [19]. A first quantitative study with somewhat yashed lines are rates for events with at least one slepton identified
different emphasis and different definitions of signals andys a highly ionizing trackHITs); four or more leptons including
cuts has been carried out in Rgi4]. one or more fast sleptons masquerading as “muons”9; tri-

We first consider a one-parameter famlly of Slepton CO-|ept0nS including one or more “muons” g;); and same-sign
NLSP models withNyess=3, tang=3, u>0 (in the sign  “muons” with no other isolated lepton§SS. The results shown
convention of Ref[20]), and varyingA with M s 3A. are for slepton co-NLSP GMSB models with varying= M {3,

(The factor of 3 here is rather arbitrary, but the sparticleand fixedNese 3, tang=3, andu>0. The solid line is the sum of
spectrum depends oWl .ss Only logarithmically anyway. the four signals.
Since the LEP2 Collaboratiorf45] should be able to rule

out slepton masses up to at least 90 GeV in the scenarios Wgy, the mass differencesr;_—m-_and m;,_—m;, are now
R 1 R 1

consider, we take A to vary over a range
. always greater than 3 GeV for; <250 GeV, so that the
27 TeV<A<80 TeV which corresponds to 90 Ge\h: ¥S 9 _ ~ 1 ~ . .
1 three-body decaygr—er7, and ug— u77, are kinemati-

<250 GeV. In this family of models, t_h_e mass dlﬁerencesca”y allowed. These models are therefore examples of the
Mg~ M7y and M~ M7, are always positive and less than 1 stau NLSP scenario. The corresponding signal cross sections
GeV, so that the three-body decays in E4). are not open, are shown in Fig. 2. Again, the HIT signal is the largest one,
andeg, ur, and7; are effectively co-NLSPs. We note that put the SS signal is quite significant over the entire range,
in the lower mass regionsrt, <150 GeV) the chargino and amounting to about 20 to 35 % of the total signal events.
neutralino production rate constitutes the largest source d¥lost of these SS events arise from direct production of
supersymmetry events at the Tevatron. At higher mass ré&qz&z or fig fig With subsequent three-body decays. The ex-
gions (rrr,lz 150 GeV) it is slepton production which domi-

nates. In Fig. 1 we show the four signal cross-sections and me, [GeV]

0.5

100 150 200 250
m,, [GeV]

their total after the trigger, identification and isolation cuts 000,200 800 400 500
described above. Using a discovery criterion of seven total R ! r ! 3
signal events, we find that a discovery should be possible for 8007 ]
rml<(140,185,225) GeV in these models for an integrated

luminosity of (2, 10, 30 fo~!. Theser; mass limits corre- 10.0

spond to limits on the lightest chargino mass)c, = 50F

<(320,430,540) GeV in these particular models, but it is =
important to note that slepton production is the dominant ©
contribution to the signal for larger masses. The HIT signal 1.0g
is clearly the largest single one over the entire range, but the 05F
4/ + signal can be a significant component, and for smaller i
values ofm;_ the 3/ and SS signals can also be observed

with sufficient integrated luminosity. However, for larger o 100 150 200 250
sparticle masses, the discovery signal comes almost entirely m,, [GeV]
from the HIT signal.

Next we consider a similar one-parameter family of mod- F|G. 2. As in Fig. 1, but for stau NLSP models with tgn
els with all other parameters as before, but now with@an =10. Note that the component of the signal due to same-sign
=10. Because of the larger mixing in the stau (masBl-  “muons” is much more significant in this case.
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mg, [GeV]
m, —m,, [GeV] 500200 250 300
05 1.0 50 10.0 50.0 Y L I T " ]
50.0 K T I T I T T T I T ||| T T I ] F m7‘=110 GeV, u>0
total 3 m,, =110 GeV tenf=3
: N=3, u>0 -
10.0
E - - _ _HITs _ _ E
10.0 5.0[ /7~ ---3
P — A = [y T ]
— 50' é N \\\_ﬂ+_‘\ E
é ~ ~ b ! X ~ T -
o P SRR ~J~ ™ 1.0 \\\\ —
2 - /- ~ o 1
- . ASS ~ o ]
1.0p-~ P N 05 v Moo =
F - : N 7 \ N
0.5 55 N s
s, ’ . N \
. : W oql Lo v
7 : N 2 3 4 5 6 7 8 9 10
ogl—L v 1 L. N
2 5 10 20 50
tang FIG. 4. As in Fig. 1, but for slepton co-NLSP models with the

mass of7, fixed at 110 GeV, taB=3, and varyingN ,ess
FIG. 3. Cross sections in fb for producing various final states
from sparticle pair-production ipp collisions atys=2 TeV, la- is also interesting to consider how the signals chan@e ..

beled as in Figs. 1 and 2. The results shown are for GMSB mOdellss varied? since this has the effect of changing the overall
with varying tans, and withA =M {3 chosen so thaty; is fixed ; ging

. oo ratios of the slepton masses to the gaugino mass parameters.
at 110 GeV, withN s 3, andu>0. The dotted vertical line is the P gaug P

nominal boundary between the slepton co-NLSP scen(ariothe in Fl%; Wighowd'i“i :/llgnalz aﬁ a fun_ct|on Pﬁ't‘ess Wlt?h t
left) and the stau NLSP scenarion the righ}. anp=3, p>0, andA =M pes{3 chosen in such a way tha

m;, is held fixed at 110 GeV(The lower endpoint of the
graph is determined by the fact that fdf,.=2.2, one finds

istence of the SS signal allows the discovery reachm}p to © inth I h | :
my, <mg_,mz_ In these models, so that we are no longer in

be slightly higher(about 10 GeVin these stau NLSP models .
than in the analogous slepton co-NLSP models in FiglrL. th.e slepton CO'NI.‘SP scenario. qu s_maﬂeﬁess thg NLSP
slepton co-NLSP models, dire&f8 , iifig . ands 7, will be an neutrallno,.leadlng to 'rr.ufsmg energy S|gn'als if the
production can never lead to a SS signahe 47+ signal  decays to the Goldstino or gravitir® take place outside the
can also be important for smaller valuesmil. detectorn. For all values ofN .55 the HIT signal is the larg-

In Fig. 3 we show the same signals but now with varyinQGSt component of the total. For the lower valuedlgf..,, the

tanB, with Nye=3, £>0, and A=M, {3 chosen so charginos and neutralinos are sufficiently light ti&fCy
thatm;_is fixed at 110 GeV. The mass difference betweerand C;'N, production dominate. Alyessincreases, th€,

8r (or equivalently,iig) and7; is followed on the upper andN, decays tend to yield more additional leptons, so that
horizontal axis. For tag=6.6 the three-body decays fég ~ the 47+ signal quickly overtakes the SS signal. For the
andzig open up, and the same-sign “muon” signal becomedargest values o, Slepton production dominates and
large® For very large values of taf, the masses of tHeéz  there is essentially no SS signal at all.
and .g must be much higher than the lighter stau mass, The situation is again quite different for stau NLSP mod-
which is fixed at 110 GeV for the figure. Therefore, the larg-els, as illustrated in Fig. 5. Here we have chosenA&10
est source for SS dimuon&g®r and fig g —gets quite  and all other parameters as in Fig. 4. This ensures that the
small again. Also, the additional leptons in the three-bodymass differencesy_—ny;. andmy —m; are greater than 3
decays become energetic enough to pass the lepton cuts, eV, so that the three-body decayseépfand i are open.
these events contribute to the”3and 47+ signals rather This in turn guarantees that over the whole rangeNgf.cs
than the SS signal. At the very largest values of afi; 7, shown, the SS signal is a significant component of the total.
becomes by far the dominant discovery process, leading t@Vith enough integrated luminosity it may be possible to ex-
essentially only a HIT signal. Figure 3 illustrates that thetract information about the number of messengers by mea-
ratio of HITs to SS dimuons is an interesting probe of gan suring the superpartner masses and comparing thand
in gauge mediated models. 4]+ rates. Even more information can be obtained by mea-
So far we have considered models with fiXdgles=3. It  suring the proportion of four, five, and six lepton events in
the latter sample. However, for any given model these ratios
are quite strongly dependent on the choice of legiprcuts

3There is a small range of ta®inear the boundary between the
two scenarios for which the mass differences —m,—m_—m;,
are positive but small, so that the three-body decays can have a'In the simplest GMSB model),ssiS taken to be an integer, but
macroscopic decay lengfti3]. We will not explore that interesting one can easily imagine more general frameworks of models in
possibility in the following. which the effective value foN,essiS Not so restricted.
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me, [GeV] different charge channels. In most of the models studied
50.0 Foy o . 300 above, the production cross section &f C; is larger than
m, =110 GeV, p>0 for C;N,, but it can also lead to same-sign sleptons in the

tang=10 |

~ total final state whenever any part of the decay chain goes through
10.0 - S~ : ~ a real or virtual neutralino. Only a small fraction of these
sofe <~ _ T - Hs ] events will be counted in the SS signal as defined above
= [ T~~~ - _ss ] which excludes events with HITs or additional leptons. How-
Nay S e ever, it is important to keep in mind that a sizeable fraction
o ‘o _/’ AN Tt of all the signals will have same-sign sleptons which can be

: an important observable. Thus one can, for example, mea-
0.5 - g sure the charges of the two tracks with the highmstvhich
I : 1 qualify as a muon candidate or a HIT, and then compare the
ratio of same-sign to opposite-sign charges. This observable
can be defined for each of the signals given above, and
N should give an important confirmation of the slepton inter-
pretation of these events, as well as some information about
FIG. 5. As in Fig. 2, but for stau NLSP models with the mass of the model parameters.
7, fixed at 110 GeV, tap=10, and varyiniNpess In our study the number of SS events compared to HITs
depends critically on detector performance. For example, in
which in turn depend on experimental realities that are diffi-the limit that detectors cannot distinguish between muons
cult to anticipate, so we will not analyze them here. and heavy charged particles at afly, the HITs signal will -
It is useful to remark on the proportion &:%- and of course go to zero and the other signals will rise. Ratios

BiTs events which lead to same-sign staus in the finaPetween SS,13 and 4+ signals will then have very similar
state. For example, in Fig. 5, the ratio of “slepton Charge_dependences to those found above, and information about the

flipping” decays =/ 1o “slepton charge- number of messengers and t}ﬁru:an b'e studied in a similar'
) R 1 . fashion. In other words, the qualitative features do not dis-
preserving” decays’r—/ " 7' 7, increases monotonically appear with variations in the detector parameters. In our
from 1 to about 4.6 adlyessincreases from the minimum  study we have attempted to mimic detector performance
value of 2.1 to 10. This increase is attributable to the corresimilar to that expected at CDF and DO.
sponding rise in the ratiy, /m7_, since off-shell neutrali- In conclusion, quasi-stable heavy charged particles are
nos in the three-body decays E(}) favor the slepton present in many extensions beyond the standard model. As
charge-flipping channel, while nearly on-shell neutralinos deexpected the reach in supersymmetry masses is very high in
not distinguish between the two channglg]. This means this scenario since highly-ionizing “cannonballs” in the de-
that for Npes=2.1, nearly 50% of th&i®r and fipgiig tector are hard to miss. Mass limits well in excess of the
events will have same-sign staus in the final state, while foeapabilities at the CERN"e™ collider LEP Il are possible.
Npmess= 10, the fraction with same-sign staus decreases t¢hdeed, the Tevatron run Il can probe much of the parameter
about 27%.(Note that for smaller values df .., the de- Space where GMSB sparticles might be expected to appear,
viation of this fraction from 50% is much less; for example, based on a solution to the hierarchy problem without signifi-
in the models shown in Fig. 2, it never gets below aboutcant fine-tunind21]. However, only a detailed study of rela-
46%) In addition, there is a large direct productionzif, tive rates of new physics final states along the lines of those
which further dilutes the ratio of same-sign stau final statesSuggested above will enable a self-consistent picture to be
It should also be noted that chargino and neutralino proformed of gauge-mediated supersymmetry at the Tevatron.
duction will lead to some same-sign events with branching

fractions that are functions of the model parameters. Cer- We are grateful to H. Baer and D. Stuart for useful con-
P ' versations. The work of S.P.M. was supported in part by the

tainly, all C;' N, events will lead to same-sign quasi-stablej 5. Department of Energy. The work of J.D.W. was sup-
Sleptons in the final Stats, Slmply because the decay of thsorted by the Department of Energy under contract DE-
neutral Majorana particl®&, must be democratic between ACO03-76SF00515.
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