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ABSTRACT

We review the most recent data from e+e" and pp
colliders and discuss the resulting constraints on the
parameters of the Minimal Supersymmetric Standard
Model, and their implications for future supersymme
try searches. We review the patterns of cascade decays
of squarks and gluinos, and discuss the present status
of supersymmetry event generators for hadron collid-
ers. We present the results of detailed simulations of
tT and same sign dilepton events from supersymme-
try at the Tevatron. Although the ET signal continues
to be viable, it is concluded that the same sign dilep-
ton signal may be too small unless squarks and gluinos
are approximately degenerate. The $r and same-sign
dilepton signals from supersymraetry and the Standard
Model backgrounds at the SSC are also discussed in de-
tail. We also discuss other promising ways of searching
for supersymmetry at the SSC including events con-
taining Z° bosons, and events containing n isolated
leptons (n > 3). Finally, we discuss how supersymme-
try searches might be modified if the Higgs sector is
more complicated or if R—parity is not conserved due
to baryon number violating interactions.

I. INTRODUCTION

The interest in phenomenological supersymmetry

"Work supported by U.S. Department of Energy

(SUSY) stems from the fact that it provides a poten-
tial solution to the fine-tuning problem when the super
partners of known particles are lighter than 0(1 TeV),
making them accessible to experiments at present or
future high energy particle colliders. Supersymmetry
is a new type of symmetry that interrelates bosons and
fermions. Since it is not possible to identify any of the
known particles as super partners of one another, one
is led to introduce partners for every known particle,
with the same gauge quantum numbers but differing
by 1/2 unit of spin. The development of strategies to
search for these new particles with the predicted prop-
erties is the subject of this report.

The Minimal Supersymmetric Standard Model[l]
(MSSM) is the supersymmetric extension of the Stan-
dard Model (5M) with the minimum number of new
particles and new interactions. In any SUSY theory,
each particle has a supersymmetric partner with the
same internal quantum numbers. There is, however
one additional complication. In the SM one Higgs
doublet, together with its complex conjugate, is suf-
ficient to give masses to both the T$ = \ and Tz = — \
fermions. In supersymmetric theories, these masses
come via the superpotential which is restricted to be
an analytic function of the fields so that it cannot de-
pend on the complex conjugate fields. Thus, in a SUSY
theory, it is necessary to have at least two doublets of
Higgs fields in order to give masses to all the quarks.
Furthermore, two Higgs doublets are necessary for can-



eell&tioa of anomalies.

Once electtoweak symmetry is broken, the particles
with the same spin, electric charge and color mix to
form the mass eigenstates. The mixing between the
partners of the left- and right-handed fermions, fa and
/ R I is proportional to the corresponding fermion mass
so that for practical purposes, these are in fact the
mass eigenstates (except for the top system which does
not enter our considerations). Their interactions are
essentially fixed by gauge symmetry. If, for simplicity,
we assume that their masses are fixed by the SUSY
mass gap at a unification scale, the mass at low energy
can be computed by renormaiization group evolution
from just one common scalar mass mo. The gluinos
(g) are the only spin-^ colour octet fermions and so
cannot mix, and hence, their interactions are fixed by
QCD. This leaves us with the electroweak gauginos
and higgsinos which are both spin-i weakly interacting
particles and so mix once SU(2) x U( 1) is broken. After
mixing, there exist four neutralinos, \ ° , \2, x^. \1 and
two charginos \ f , \ f . labelled in order of increasing
mass.

The mixings are in general model dependent. In the
minimal model, however, they can be parametrised in
terms of just a few parameters. We can choose these
to be (l) a supersymmetric higgsino mass, /i. which
mixes the superfields fc; and hv that give masses to
the up and down type fermions respectively, f'2) the
ratio tanj3 = u;/t'i of the Higgs fields h; and h\ (this
together with Mw fixes the vevs) and (3) the soft su-
persymmetry breaking SU(2) and U(l) gaugino masses
M and M'. If the model is embedded in a GUT. these
(as well as m$ arise from a common gaugino mass and
hence are related by renormalisation group scaling by
M' = (3g'2/Sg2)M, M = {g-/g;)mit where g': g and
g, are the coupling constants of the U(l), SU(2) and
SU(3) gauge groups at low energy.

Finally, the Higgs boson sector[2] of supersymme-
try, unlike that of the general two doublet model, is
greatly restricted by supersymmetry and completely
determined by just one more parameter which we may
choose to be the charged Higgs boson mass mtf ± • Af-
ter the Higgs mechanism, the physical spectrum in this
sector consists of a charged boson (H+), two neutral
scalars (h°) and (H°), and a pseudoscalar (.4°) (the
term scalar and pseudoscalar refer only to their inter-
actions with matter fermions). The masses of these
are given in terms of tan*3 and the charged Higgs bo-
son mass (which is restricted to be larger than Mw)
in, for example, Ref. [2l. The SUSY Higgs masses obey
the constraints m\« < min(Mz, M*) x | cos(20)| < M?
and Tritfo > M%. This is essentially due to the fact that

in the MSSM the quartic self interactions are fixed by
the gauge couplings.

To summarise, the masses and mixing angles which
determine the couplings of all supersymmetric parti-
cles are determined in terms of the five parameters
(mj, mo, Mi tan/?,

Supersymmetry relates the interactions of particles
and sparticles. For example, the vertices for the gauge
interactions of sparticles can be obtained from those
for particles by changing particles to sparticles pair-
wise (note that angular momentum would not be con-
served if we changed only one particle to a sparticle
since their spin differs by 1/2). For gauge interactions,
one can thus define a multiplicatively conserved quan-
tum number R which is 4-1 for ordinary particles and
- 1 for their SUSY partners. If we further assume that
the non-gauge interactions also conserve baryon and
lepton number. R is strictly conserved. This has im-
portant phenomenological implications: 11) spanides
can only be pair produced from collisions of ordinary
particles, (it) the lightest SUSY particle (LSP) cannot
decay into just ordinary particles and hence must be
absolutely stable, and (Hi) any other sparticle must
decay into a lighter sparticle along with ordinary par-
ticles, the decay chain terminating in the stable LSP.

The LSP is likely to be electrically and color neu-
tral[lj. Otherwise, the stable LSP's produced in the
early universe would have combined to form exotic iso-
topes of atoms or nuclei, which have been excluded for
the range of masses for which SUSY can be used to sta-
bilize the gauge hierarchy. The LSP can thus only be
a sneutrino or a neutralino. The sneutrino as the LSP
is heavily disfavored[3] by a combination of astrophysi-
cal considerations and LEP data so that we assume the
LSP to be xi- Being weakly interacting, the LSP will
escape detection in an experimental apparatus so that
SUSY events would be signalled by apparent missing
energy and momentum from the LSP's resulting from
the decays of the produced sparticles. Although it is
possible to construct phenomenologically viable mod-
els that violate R— conservation, such models need the
introduction of additional baryon or lepton number vi-
olating interactions which are absent in the MSSM. For
most of this report, we will work within the framework
of the MSSM, and return to non-minimal models only
in Sec. VIII.

II. RESULTS FROM eAe" COLLIDERS:
CONSTRAINTS AND IMPLICATIONS

A. Results from LEP- (M. Takashima)

The results of direct searches for supersymmetric



particles at the four LEP experiments are summarized
in Table 1.

Table 1. Searches for supersymmetric particles at
LEP. All limits are upper limits at 95% confidence
level assuming the lightest supersymmetric particle

(LSP) is massless.
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B. Co7zjiraiai5 on iAe Higgs Sector of the MSSM-
(H. Baer, M. Takashima, and X. Tata)

The search(l4] for the Higgs bosons of the MSSM
has focussed on the two reactions:

(1)

(2)Z — A°h°.

The search for Z — Z'hP in SUSY proceeds in the
same manner as the search for Z -* Z'S^^, where
HSM ls t h e S M Higgs- However, the Z width into the
lightest SUSY Higgs is modified as follows:

T[Z ~ Z'hP) = sin2(a -P)T(Z - Z'H°SM) (3)

where a is defined in Ref. [2j. We plot in Fig. 1 the re-
gion in the mH+ vs. tan/3 plane * l jie T{Z —* Z'h°) >
T{Z — Z'H%M\ n*tf«M = 41.5 GeV). This constraint
implies tan$ > 1.6.

The width for Z — A°h° is given by

To obtain the ALEPH bound[14] of mh. > 36 GeV, we
require the branching ratio B(Z — A°h?) < 4.7 x 10"4.
This region is also plotted in Fig. 1, and results in the
constraint that mH+ > 91 GeV. The lightest value of
mha is allowed at the intersection of the two excluded
regions. Future simulations using the MSSM should
be run using mff+ and tan/3 values in the allowed re-
gion. We see that future searches in the Z —» A°h°
channel will not result in qualitative changes in Fig. 1,
since almost all the area where Z —» A°h? is al-
lowed kinematically, is already excluded. Further con-
straints from LEP must come from further searches for
Z —» Z'h°. LEP can probe up to approximately the
mfco ~ 50 GeV region. Further progress must come
when the CM energy of LEP is increased. LEP-200,
with v^ = 200 GeV and / Ldt - 500 pb"1 has the
capability to explore up to mjo ~ Mz, which is the
tree-level limit for mM in the MSSM. Thus, LEP-200
has the possibility of either discovering SUSY Higgs',
or ruling out the MSSM, with its minimal Higgs sector.
This question is addressed in more detail in a report
by Gunion and Roszkowski[15j.

10 i

LEP constraints on MSSM Higcs

m H + > 9 i GeV

tan p > 1.6

80 90100 200 300 400 500

m
H+

(GeV)

(4)

Fig. 1. Region of tan/3 vs. m^+ plane excluded due
to LEP Higgs searches.

C. Constraints from Searches for Charginos and
Neutralinos- (H. Baer and X. Tata)

The masses and mixings of the gaugino/Higgsino
sector of the MSSM are determined by the three pa-
rameters (m^,^, tau/3), if one assumes the grand uni-
fication condition on gaugino masses. The LEP ex-
periments can place constraints on these parameters
in a variety of ways[3], which are summarized by the
various excluded regions in Fig. 2, which is plotted for
tan/3 = 2. Many of the points in Fig. 2 are excluded
by more than one constraint, since there is a good deal
of overlap of the various regions.



Constraints which exclude regions(l6j of the y. vs.
m§ plane include the following:

(i) m- - < m^o so that x\ « not the LSP (vertical

hatches),

(it) the non-SM, non-hadronic decay width of Z° ob-
tained from the peak cross-section exceeds 0.022 GeV
and so violates the constraint jV,, < 3.13 '§95% CL (di-
agonal hatches labelled AV(Z — invisible neutrals)),

(iit) the branching fraction for the decays Z —
\1\31 X̂ X°> e<c- (which n a v e D c c n excluded by the
A L E P H " Collaboration^"] at the level of a few times
10~4), exceeds 2 x 10"4 (grey shading),

( :P) m - < 45 GeV, which violates the chargino bound
from the LEP experiments (diagonal hatches labelled

(r) the SUSY contribution to the Z° width exceeds
AT = 0.063 GeV which is excluded at the 95°o CL.
This region virtually coincides with that excluded by
(«•) since the charginos make up most of the SUSY
contribution to the Z° width.

In the future, LEP can rule out some small addi-
tional regions by improving on anomalous Z branching
ratio bounds, and measuring the Z invisible width to
greater precision. LEP-200 can probe roughly the re-
don up to the m + = 100 GeV contour, which is also
shown in Fig. 2, and which is addressed in more detail
in a separate contribution by Gunion and Haber[l8|.
Chen et al.ll] have shown charginos of such masses are
distinguishable from SM WW backgrounds by using
suitable cuts. The region beyond the m^- = 100 GeV
contour will only be explored at supercolliders.

1000

-400 -200 0 200 400
V. (GeV)

Fig. 2. Region of/i vs. m^ plane excluded due to
LEP gaugino/Higgsino searches.

In Fig. 3, we show contours of the allowed regions
of/i vs. m$ parameter space for several tan/? values,
ranging from the lower limit tan/? = 1.6 from Higgs
searches, to tan/3 = 100. We see that LEP has al-
ready excluded a substantial region of the parameter
space. For p > 0, already the region of the MSSM
for rrij < 200 GeV is ruled out, which substantially
overlaps with the region to be probed by the CDF and
DO experiments at the Fermilab Tevatron pp collider.
For ft < 0, m$ < 160 GeV is ruled out for tan/3 > 10.
Hence, Tevatron searches may wish to focus on the
region p. < 0 for 1.6 < tan/3 < 10- a region not in
conflict with LEP constraints, although independent
exclusion of all accessible regions of parameter space is
still important, since the MSSM is only a rough guide
to possible phenomenology.

1000

800

> 600
2.
j f 400

200

-400 -200 0 200 400
H (GeV)

Fig. 3. P.egion of \i vs. mj plane excluded due to LEP
Higgs searches, for various allowed values of tan/3.

The SUSY physics possibilities of e+e~ colliders for
energies beyond that of LEP-200 were not addressed at
this workshop: these possibilities, however, have been
extensively discussed in Ref. [I9j.

III. RESULTS FROM pp COLLIDERS:
CONSTRAINTS AND IMPLICATIONS -

(A. Beretvas on behalf of the CDF Collaboration)

Preliminary analysis of pp collision events at v/s =
1.8 TeV using events with large missing transverse en-
ergy and two (four) jets in a minimal SUSY model
places new limits on the masses of squarks (gluinos).
The data sample ( 4 pb"1 ) was taken in 1988-89 and
is approximately 160 times as large as the data sample
from our earlier 1987 run ( 25 nb"1 ).

In supersymmetty, the quark, gluon and photon
have as supersymmetric partners the squark (<j), gluino
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{§) and photino (7). R-parity conservation implies
that supersymmetric particles are pair-produced, tn
our model we assume that all 6 flavors of squarks
are degenerate in mass. We further assume that the
photino is the lightest SUSY particle. The photino is
also stable and does not deposit energy in the detec-
tor. Indeed one of the most important signatures of
new physics is the appearence of large missing trans-
verse energy (£T). The dominant sparticle production
and decay modes depend on the relative masses of the
squark and the gluino. The case m$ < mj yields two
jets, and the case m j < m7- yields four jets. We note
that the final states are always composed of normal
quarks and gluons and photinos.

In 1987, CDF (Collider Detector at Fermilab)
searched for SUSY events in a sample of 25.3 nb"1 of
integrated luminosity. The results were at the 90% C.
L., m7- > 74 GeV and m$ > 73 GeV[20|. The present
analysis is on the data (4.05 = 0.2S pb ~ l) taken dur-
ing the 1988-1989 run. The data set for this analysis
was 200000 events triggered by a ET trigger. Also re-
quired was a coincidence in forward-backward scintil-
lation counters which signaled a p p interaction.

Data were filtered by the following require-
ments

(1) Missing Er (E!T) is the vector sum of the
transverse projections of energy deposition in all the
calorimetry cells. The magnitude of the missing Er
was required to be greater than 40 GeV.

(2) Calorimetry energies were first clustered with a
nearest-neighbor algorithm, and clusters separated by
R=[(Ji7-} -i- {6<jr)\ °-5 < 0.7 were combined. The high-
est Er cluster was required to be central ([ 17 | < 1.0),
and to have Er > 15 GeV, charged fraction > 0.2, and
0.1 < electromagnetic fraction (EMF) < 0.9. The sec-
ond jet was required to have Er > 15 GeV, | t; | < 3.5
and 0.1 < EMF < 0.9.

(3) The significance of the Er of an event was char-
acterized by the quantity S = 2 T / JE'T , where ET is
Er summed over the central and plug calorimeters.
To reject ElT events due to calorimetry measurement
fluctuations, we required S > 2.4.

(4) An important source of background events with
large ElT was two-jet events where the energy of one of
the jets was mismeasured. Any event with a cluster of
E r > 5 GeV within ± 30 ° in <j> from the back-to-back
direction of the highest Er cluster was removed.

(5) We tried to remove three-jet events, where the
ET is caused by the mismeasurement of the energy of

one of the jets. For such events, the ElT dk?eticn is ap-
proximately parallel to a jet direction. Thus all events
with I <bjtt - <Pf!r I < 30° were removed.

(6) All events with electron candidates with Ej- >
15 GeV were removed.

(7) All events with muon candidates with Pj- > 15
GeV/c were removed.

(8) All events with z vertex positon more than 60
cm from the center of the detector were removed.

(9) All events with multiple vertices were removed.
as the E!T is not well-defined for these events.

(10) A few more events were removed after brine
identified as cosmic ray (1 event), beam-gas (2 events I.
readout problems (2 events), and electronic noise 13
events).

The final sample consisted of 98 events.

Standard Model backgrounds

To understand whether the set of 98 events is con-
sistent with standard model background, we studied
several sources.

We will find W plus > 2 jet events in our sample, if
the electron has low Pt, or is lost in a detector crack,
or is non-isolated. A W plus one jet event may be in
our sample if the elecron is misidentifed as a jet. From
a visual scan of the 98 events we found five W — e
1/ events. From a knowledge of the electron efficiency
and the size of the detector cracks, we estimate that
there are 6.4 such events in the sample, including the
observed 5.

(2) W — /xj/jets

We will find W plus > 2 jet events in our sample,
if the muon is outside our detector coverage, or is not
detected. As the muon distribution from W decay is
the same as that of the electrons from W decay, we
can simulate W — \i v by removing the energy which
the electron deposits in the calorimeters from the W
— e v events. We find 19 events which pass all the
cuts. Based on this number and the efficiencies (for
the electron cuts, the missing Er trigger, the cracks
region ) we estimate that there are 16.6 such events
in the sample.

(3) W — r u jets

We will find W plus > 2 jet events in our sample, if
the tau decays to an electron which has a low Pt or is
lost in a crack. Similarily if the tau decays to a muon



which is outside our coverage or not detected. We will
also find the event in our sample if the tau decays to
hadrons. We can also find W plus 1 or more jet events
in our sample when an energetic tau decays to hadrons
which are seen as a jet. Again as the tau distribution
frcm W decay is the same as the electron distribution
from W decay, we can simulate the tau sample by tak-
ing the electron sample and replacing the electron by
a tau. The tau then decays and the standard cuts
are applied. We find 15 events passing our cuts. After
correcting for the efficiencies this implies that there are
30.7 events in our sample. Aa a check we scanned the
98 events and found 9 taus where the tau has decayed
to a hadron. A simulation of our scan criteria tells us
we should expect to see 11 events.

(4) Z — v 17 jets

We expect to find these events in our sample. Again
one can estimate this sample by taking the Z — e e
sample and replacing the electrons with neutrinos. Be-
cause we have a much larger W — e i/ sample the to
sample was used to estimated this background. This
is the largest background and is estimated to be 32.7
events.

(5) QCD events

The principal source is 3 jet events where one of the
jets is lost or mismeasured. We estimate the back-
ground from QCD processes and b quark decays to be
4 = 4.

In summary we estimate from our own data that
there are 36.4 ± 14.1 (stat) ± 11.6(sys) events from
intermediate Boson decays, and 4 ± 4 from QCD.

SUSY simulation

We have estimated the expected number of SUSY
events for different combinations of (m,-,mj) in the
mass range 140- 500 GeV using ISAJET[21]. The
systematic uncertainty in our expected SUSY events
comes from the following factors.

(1) The uncertainty in our integrated luminosity is
6.8%.

(2) The uncertainty in the choice of Q2 scale in
IS A JET is 15%.

(3) The uncertainty in the overall calorimetry energy
scale is 1%.

(4) The uncertainty in the ET trigger efficiency is
4%.

(5) We use EHLQ1 structure functions[22], which
have the lowest predicted SUSY cross sections. No

systematic uncertainty is included for structure func-
tion uncertainty.

The total systematic uncertainty is 17%, adding the
various contributions in quadrature.

SUSY particle mass limits

We have seen that the number of observed events
(98) is consistent with that expected from the stan-
dard model plus QCD (90 ± 15(stat) ± 12 (sys)). To
actually set the limits we consider 2 cases:

(1) m,- < mj

We have 3 events with tT > 100 GeV and 2 or more
jets. We estimate the background is 1.3 events with a
systematic uncertainty of 8% and a statistical uncer-
tainty of 1007c, we find the 90% C.L. is 6.0 events.

(2) m7- > mj

We have 2 events with ET > 40 GeV and 4 or more
jets. We estimate the background is 1.3 events with a
systematic uncertainty of 8% and a statistical uncer-
tainty of 100%, we find the 90% C.L. is 4.8 events. The
preliminary results are shown in Fig. 4(23.24].
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Fig. 4- The 90% C.L. excluded region in the ( m$,m?-)
plane.

IV. CASCADE DECAYS - (H. Baer. X. Tata.
J. Woodside)

Early searches for supersymmetry at the CERN
SppS focussed[25] on sparticle masses 0 < m^mj <
40 - 50 GeV. For these masses, over most of the range
of parameters of the MSSM, it is a good approxima-
tion that g — qqy with m^ ~ 0, when m$ < m?-.
If m7- < mg, then it was almost always a good ap-
proximation that q — q r However, as higher values



of mj and n»| were probed, these simple branching
fraction assumptions were no longer valid, and many
new decay modes of squarks and gluinos into all ac-
cessible neutralinos and charginos became important.
These branching fractions were calculated within the
framework of the MSSM model at first for sparticle
decays into the lightest chargino and two lightest neu-
tralinos(26], and later extended to decays into both
charginos and all four neutralinos[27]

If mj < m,-, then the gluino may decay via the fol-
lowing modes, if kinematically accessible:

§ — (« = 1 - 4 ) (5)

g-qq'xf 0 = 1-2) (6)

9 — 3\? (t = 1 - 4 ) (")

where the latter decay takes place via a it loop. If
m.j < nij. then squarks may decay via

4L - q \ ? (i = i - 4) (3)

u — zx;
in. — <l\°

0 = 1.2) (9)

( £ = 1 - 4 ) . (10)

Since q~R doesn't couple to charginos. its decay into
them is never allowed.

The charghio and neutralino branching fractions
must also be computed. These consist of both 2-body
and 3-body decays. For instance. \\ has the following
final state possibilities:

xl-xt + f-f' (ID

\

- * ? + 7

X°2 - X ? or H° or ,4°)

X?-/ + / ' « / / '

(14)

(15)

(16)

(IT)

Decay modes for other charginos and neutralinos are
similar but more complicated: for brevity we don't list
them all.

In general, produced SUSY particles will decay via
multi-step cascades which terminate in the LSP. The
precise branching ratios and sparticle masses depend
upon where one is in "the 5-M dimensional parameter
space of (mj, m .̂/z, tan*3, TTI#-) plus mt. The general
consequences of these cascade decays of gluinos and
squarks is that one gets complicated final states con-
taining many jets, leptons, and missing energy. The

missing energy in cascade decay events is typically
smaller than from the case where gluino or squark
decay directly to the LSP[28j. This results in a di-
minishing of mass bounds obtained by assuming di-
rect decays of the gluinos and squarks to the LSP.
For m.j — 150 GeV, cascades result in a diminution
of bounds of-«- 10 - 30 GeV, depending on the values
of SUSY parameters[29]. The cascade decay branch-
ings have been calculated by many groups. A set of
subroutines which evaluate all modes of gluino, squark
and chargino decay, and almost all modes of neu-
tralino decay is available under the collective name of
SUSYBF(30J.

V. EVENT GENERATORS - (H. Baer)

The event generator ISAJET(21] generates gg, gq.
qq. gG and qG events, where G — 7. IV" or Z. The G
are assumed pure gauginos, with the mixings of their
standard model counterparts. ISAJET has the virtue
of containing both initial and final state QCD showers,
Field-Feynman hadronization, and an n-cut Pomeron
model for the underlying event. Decays of sparticles
are input via a decay table. These can be input by
hand, (a lengthy task for many cascade decays), or
input via computer program. Jim Freeman[29] has
produced an interface program which takes the spar-
ticle masses and branching fractions from the above
SUSYBF programs and enters them into the ISAJET
decay table. H. Baer has upgraded and modified this
interface program, which is currently obtainable from
A. White. ISAJET run in conjuction >vith the cascade
decays from SUSYBF is the most detailed simulation
for gluino pairs. The case fo1: squark pairs is less clear,
since ISAJET does not discriminate between L- and
i2-type squarks. Currently, ISAJET produces squarks
democratically, and some sort of averaging has to be
done when implementing cascade decays.

A program SUSYSM has recently been developed by
Baer and Tata which has the cascade decay mechanism
built in from the start. The user must input a point
in SUSY parameter space. The program calculates all
the various cascades using the same SUSYBF routines.
SUSYSM discriminates between different squark types,
and has 136 different squark subprocess cross-sections
included. SUSYSM can simultaneously generate gg,
qq, and gq events and keep track of squark type and
flavor. The SUSYSM program uses the standard com-
mon block convention to keep track of event param-
eters and history as outlined in Ref. [31], and uses a
standard particle labelling scheme. SUSYSM has been
interfaced with the JETSET routines of Sjostrand[32]
to incorporate final state string hadronization. The



current disadvantages of SUSYSM are, apart from be-
ing new and not well-used, 1) QCD showering only oc-
curs in the part of the final state handled by JETSET,
2) there is no consistent scheme for calculating the un-
derlying event, although the SUSYSM event can be
generated to overlay a soft-scattering event generated
by PYTHIA[33], and 3) the string assignments are not
exact for the hard scattering subprocess. In practise,
(3) should not be a major effect in the environment
of a hadron collider event, and is anyway probably at
least as valid as independent fragmentation.

VI. PROSPECTS FOR THE FERMILAB
TEVATRON COLLIDER

A. Missing Energy Signal- (N. Amos, K. De, A- White.
P. Yamin)

The latest results from CDF repotted above show-
limits on the gluino and squark masses of approxi-
mately 150 and 170 GeV respectively.These limits, ob-
tained by assuming direct decays only of the gluino and
squark, are expected to weaken by 10 - 20% when full
cascade decays are allowed. The new results, however,
represent significant progress over the earlier CDF re-
sults.

New results have also been presented by the LEP
experiments and, as discussed in above Sec. II, already
are able to eliminate large regions of SUSY parameter
space relevant to searches at the Tevatron.

In order to understand the potential for SUSY
searches from the next Tevatron collider run detailed
simulations were carried out at this workshop. The re-
sults of these simulation are reported fully in the sec-
tion on Tevatron experiments, but we reproduce the
essential points here. Gluino production was consid-
ered for two masses, 150 and 200 GeV, representing
the latest GDF limit and a possible search limit for
the next collider run. We have taken M = -300 GeV
and tan j3 = 2.The simulation consisted of a simple
model of the DO detector used with ISAJET to create
gluino pair production and the two most important
background processes: QCD heavy quark production
with semileptonic decay, and Z boson plus jets with
Z decay to neutrinos. The results for 150 GeV gluino
mass shows an excess signal over background consis-
tent with an independent CDF estimate, while for 200
GeV the Z plus jets background is close to the SUSY
signal after cuts (see Fig. 5 ). The excess cross-section
in the latter case is less than 1 picobarn. This together
with ihe usual efficiency factors and the expected 25
inverse picobarns integrated luminosity from the next
run indicate that 200 GeV is the practical limit to

be attained during this run. It is interesting to note
that LEP with one million Z's will be able to constrain
much of SUSY parameter space up to a similar value
of gluino mass. Since the one million Zs are expected
to be accumulated on the same time scale as the next
Fermilab collider run, LEP forms direct competition
for CDF and DO in the near future.
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B. Same-Sign Dileptons from Gluinos- (N. Amos,
K. De, A. White, P. Yamin)

The cascade decays of supersymmetric particles may
open up new channels for finding relatively background
free events. Specifically, cascade decays would give rise
to multi-lepton events with a large number of jets. We
investigated the signal from such channels for gluino
decays using the ISAJET event generator. The cas-
cade decays were implemented in ISAJET using decay
tables supplied by H. Baer and A. White. A simple
calorimeter simulation with jet finding written by F.
Paige was used for analysis. The calorimeter cover-
age was assumed to be ±4.5 in pseudorapidity with a
granularity of .1 in pseudorapidity and .1 in aiimuthal
angle. Energy clusters within a cone of .7 in radii and
transverse energy > 5 GeV were defined as jets.

A sample of 10,000 gluino decays at the Tevatron
renter of mass energy of 2 TeV were generated. The
gluino mass was set to 150 GeV in ISAJET, while the
squark mass was set to twice the gluino mass. The
supersymmetric parameters ft and tan/? were chosen
to be -300 GeV and 2 respectively. To simulate QCD
background, a sample of 115,000 two jet events with
transverse momentum between 50 and 500 G«V were
also generated.

We looked for events with two like sign leptons of



the same type. The transverse momentum of one lep-
ton was required to be greater than 20 GeV, for the
other lepton greater than 10 GeV. An isolation cut of
less than 5 GeV energy deposited within a .2 radius
cone was imposed on each lepton. We also required
a minimum of 4 jets with transverse momenta greater
than 10 GeV. The transverse momentum of at least 1"
jet had to be greater than 40 GeV. A sphericity cut of
.2 was also imposed on the event.

In Fig. 6, we show the distribution of gluino events
passing the above cuts as a function of the total miss-
ing transverse energy of the event. The QCD back-
ground with the same cuts is also shown in the same
plot. The gluino signal is large and unambiguous com-
pared to the QCD background. If gluino decays pro-
ceed through cascade modes and the gluino mass is
around 150 GeV, we will be able to see clean QCD
background free events at Tevatron energies. After
making a cut of ET > 24 GeV, we find the total signal
rate equal to 0.024 pb, with a background of 0.003 pb.
For an integrated luminosity of 100 pb~ l, this would
result in 2.4 signal events, with no background.

150 GeV Gluino production at 2 TeV
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Fig. 6- The ET spectrum from same-sign dilepton
events from gluino pairs and QCD background at the

Tevatron.

C. Same-Sign Dileptons from Gluinos and Squarks-
(H. Baer, X. Tata, J. Woodside)

The same-sign dilepton signal is valuable due to very
low background rates. Unfortunately, the signal rates
at the Tevatron collider are very low, when one consid-
ers only gluino pair production. However, if m^ ~ m ,̂
then one gains a considerable rate enhancement due
to same-sign dileptons from gq and qq production. Us-
ing the program SUSYSM at the parton level, we have
generated plots for same-sign dilepton cross-sections
after cuts at the Tevatron collider, assuming mj = m?-.
These results are shown in Fig. 7. The cuts used are
the following: (t) pr(lepton)> 15 GeV and |T7[| < 2.5,

both leptons isolated such that in a cone AiZ < 0.4
about the lepton direction, the total transverse energy
E-EV < 3 GeV. We have also coalesced partons in cones
of A.R < 0.7, and called them jets if pr > 15 GeV. The
rale enhancement is a factor of 5 —10 over results from
just gluino pair production. Out plot shows the num-
ber of jets associated with same-sign dileptons. The
dominant signal topology at the Tevatron for mj = m,-
should be same-sign isolated dileptons in association
with ET and 2-3jets[28],

10°
SS - dleptons + n - jets + £T from

8TeV "
150 GeV

100 200 250

5 (= mq ) (GeV)
SCO

Fig. 7- Cross-sections for same-sign isolated dileptons
plus £T plus jets after cuts from giuinos and squarks.

VII. PROSPECTS FOR SUPERCOLLIDERS

A. Deicctability of a 300 GeV gluino with the SDC
at 40 TeV.- (R.M. Barnett and A.P. White)

As part of a study of the tT performance of the
SDC detector for the SSC we have investigated[34]
the detection of a signal from 300 GeV gluinos in the
presence of backgrounds that are detector independent
(due to multi-jet events) and detector-dependent (due
to Z+multi-jets, bb, and ti events). To isolate the miss-
ing energy signature for gluinos we required a mini-
mum of three jets with pr > 70 GeV since gluino pair
production always gives at least four quctks in the ini-
tial decays. Gluinos of mass 300 GeV can decay into
three modes assuming m$ < m$: a) qq\°, b) qq\f,
and c) qqxi where \\ is the lightest supersymmetric
particle. The xt anc^ Xj can each in turn decay to give
a x°- Gluino pair production always gives two \° lead-
ing to missing energy. The result of a simulation of the
gluino pair signal, using a simple representation of the
SDC calorimeter system (\ti\ < 5, drjd<p = 0.05 x 0.05,
]5% e.m. resolution, 50% hadronic resolution, and no



shower development) is shown as the solid histogram
in Fig. 8.

The primary detector-dependent background arises
from non-Gaussian tails associated with jet mismea-
surement due to resolution, cracks, or beam hole losses.
Fortunately, the resulting EJT distribution is quite dif-
ferent from the signal and may be eliminated by a cut
on the aiimuthal angle between the ET and ihe nearest
jet (ou? cut was set at 40 degrees).

The background from Z+multi-jets (with Z decay
to neutrinos) is small. However, the background from
heavy quark (b,t) production with subsequent semi-
leptonic decays can be large. Cuts to reduce this
background include sphericity (the signal gives more
isotropic events than this background), and the az-
imuthal cut described above.

As shown in Fig. 8, we are able to isolate t'i? gluino
signal for ET above 100 GeV and expect approximately
one million events per year with the cuts described.
Results for gluino searches via ElT and same-sign dilep-
tons at the EMPACT detector are given in a separate
contribution[3S] to these proceedings. The possibility
of obtaining a gluino mass measurement from events
containing same-sign dileptons is also reported in a
separate pioceedings[36]>
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B. Multi-Upton signatures from gluinos- (H. Baer,
X. Tata, J. Woodside)

It is by now well known[27] that the decays of heavy
squarks and gluinos can lead to a variety of potentially
interesting final states via which to search for SUSY
at hadron supercolliders. Signals of possible interest
include

(i) events with large ElT and with at least 4 jets,

(u) same sign dilepton events[37],

(Hi) events with a high-pr % + ST[38,39], (where Z -*

if),

(iv) two Z + frr events[39],

(v) Z + an isolated lepton + E!T events,

(vi) n-iso!ated leptons + ET events, where n > 3.

Our purpose is to make a scan of parameter space to
see which signals are promising, and where in parame-
ter space they occur. Detailed background studies can
be found elsewhere or are in progress.

II- ?s. an--! in *.h« rimini9 1" c- O.is sectior, 2 r-C«s-, m
a Z boson that decays via the e or n mode; we assume
that it will be possible to reconstruct the Z in these
decays at a generic SSC detector. The isolated lep-
tons can either come from the decays of charginos and
neutralinos that are produced in squark and gluino de-
cays, or from heavy quarks (c ,6 ,<) produced in these
decays. Here, we have focussed on events containing
several isolated high-pr leptons since other signatures
have previously been studied. Note that an event can
be counted in more than one of the categories (i)-(fi)
above.

The rates for these various event topologies are
model-dependent. We use the event generator
SUSYSM, which incorporates the masses, mixing an-
gles, and branching ratios predicted by the MSSM. The
cross sections for the different final states are shown in
Fig. 9 as a function of (a) m^, for fi = —150 GeV, and
(b) n, for nij = 750 GeV. We have faced tan/3 = 2,
mH^ = 500 GeV, and mt = 140 GeV; the results
should not be very sensitive to variations in these pa-
rameters. The region excluded by LEP data is shown
between the vertical lines of Fig. 9b. Squarks are
expected to be heavier than gluinos. We have fixed
m?- = 2mj so that most of the contribution to the cross
section is from gluino pairs (if squarks are lighter, their
production will enhance the rates shown).

Our calculations were done at the parton level,
before explicit hadronization was introduced into
SUSYSM. To better simulate the effects of jet spread-
ing near potentially isolated leptons, we incorporated
in our calculations the jet-spreading profile as mea-
sured by the UA1 collaboration[40]. We have then
coalesced partons within Ai? = 0.7 to form jets. In
addition, we have made the following cuts:

1.) pr(jet) > 50 GeV, |rj(jet)| < 5.5,

2.) for isolated leptons, pr(lepton) > 20 GeV,
|ry(lepton)| < 2.5 and no hadronic activity > 8 GeV
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in a cone of AR = .2 about the lepton,

3.) for signals (n>(")< w e h a v e t w l a i r e d

100 GeV, whereas for (i) we have imposed
150 GeV.

5QQ 1000 1S00 2000

mr

o 10"

400

Fig. 9- Cross-sections after cuts for various event
topologies versus a) mj, and b) ft, at the SSC.

As can be seen from Fig. 9, there are observable
rates for all signals in at least some regions of pa-
rameter space. The two largest cross-sections come
from BT + n > 4 jet events, and same sign dilepton
events. Detailed signal to background studies for these
two topologies at several particular points in param-
eter space are presented elsewhere in these proceed-
ings[34,35]. Rates lor events containing one or more
Z — ee or fip. are very dependent upon branching ra-
tios, and do not occur everywhere in SUSY param-
eter space. The largest of these rates is for single
Z + ET, which has Dr-.U-Yan 7+jets as its major back-
ground. If one requires, in addition, another isolated
lepton (perhaps from a chargino decay), then one suf-
fers roughly a factor of 5 loss in signal, but background
should drop by a larger factor. The backgrounds for
Z + f events come from WZ and Z + QQ production,

where Q = c, 6 or t. The cross-section for events con-
taining a pair of leptonic £'s is also shown; these occur
at a rate of up to 10 events per year for our cuts, but
occur only in a limited region of parameter space. The
signal and background for some special choices of pa-
rameters have been discussed in Ref. (39).

The intrinsic complexity of c&reade decay events can
result in a plethora of charginos, neutralinos and heavy
flavors (including top) in the final state, with tha po-
tential to produce very many isolated leptons. We
show in Fig. 9 the rates for events containing 3,4 and
5 isolated leptons. All these topologies should occur
at observable rates of up to ~ 10,000 events per SSC
year. The major SM backgrounds come from tt pro-
duction, both at lowest order and in association with
other heavy flavors or vector bosons, and from multiple
vector boson production, for example WZ. Estimates
of rates for these unusual event topologies from SM
sources are currently being carried out[41].

We scanned the explicit even< histories of isolated
Uileptons for m$ = 400 and 800 GeV. About half the
trilepton events from 400 GeV gluinos contained an
isolated lepton from 6 or c decay. This can occur when
6's and c's are produced in the cascade at very high
P7 - 100 GeV, and almost all the decay energy is
given to the lepton and neutrino. The trileptons from
the 800 GeV gluinos were almost all truly isolated,
coming from direct decays of very massive particles.

In Fig. 10a, we have shown the ElT distribution in
isolated trilepton events for gluino masses of 400 and
800 GeV,where we have fixed p. = -150 GeV and
taken the other SUSY parameters as above. Cuts for
the n iolated lepton sample as described a'.>ov» have
been incorporated (except the cut on the particular
quantity whose distribution is shown). We see from
Fig. 10a that in spite of the cascades of decays neces-
sary for multiple lepton production, the tT distribu-
tions are quite hard. Even for the lighter gluino case
shown, more than half the events satisfy the 100 GeV
cut we have imposed whereas for the 800 GeV gluino
case section the efficiency exceeds 80%. In Fig. 10b,
we show histograms of # of jets in isolated trilepton
events. As may be expected, the number of jets in
these events increases with increasing mj. One-jet
and two-jet topologies dominate for m$ = 400 GeV,
whereas for m5 = 800 GeV, most events contain two
or three jets. Almost a quarter of the events contain
four or more jets if m§ = 800 GeV. The fastest jets
in these trilepton events typically have px ~ 150 (300)
GeV for m§ = 400 (800) GeV, with tails extending
to 400 - 600 GeV. The fastest of the trileptons has

G V f r m j = 400 (800) GeV.
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The slowest of the three leptons has a pr distribution
which peaks below oar nominal cutoff of 20 GeV.
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In summary, although there are observable rates for
interesting event topologies from gluino pair produc-
tion at the SSC, estimates of the SM backgrounds are
necessary before it can be definitively concluded that
SUSY can be detected vie these signals. Work on this
is in progress.

VIII. BEYOND THE MINIMAL MODEL

A. Gluino Decays in Non-Minimal Su-persymmetrif-
(D. Dzialo-Karatas and L. Roszkowski)

In the simplest extension of the MSSM we investi-
gate possible departures from the predictions for gluino
decays. We show that, in comparison with the MSSM,
the gluino decay rate to the lightest neutralino can be
significantly greater or smaller, depending on the na-
ture of the latter particle.

The gluino is likely to provide the first manifestation
of supersymmetiy. As the supersymraetric partner of
the gluon, it has a large production cross section at
hadron colliders and thus it should be copiously pro-
duced. Many studies have been devoted to possible
gluino signatures at present and future hadron collid-
ers (see above). Most of those studies have been done
within the context of the MSSM, the simplest super-
symmetric theory of interest to phenomenology. One
should, however, keep in mind that supergravity model
building yields in general much richer and more com-
plex theories at the etectroweak energy scale. It is,
therefore, of great importance to establish to what ex-
tent the various predictions of the MSSM are relaxed
or altered when one considers more complicated (aud
more realistic) models.

In this section we choose one such model. It is the
simplest (minimal) extension of the MSSM. In this
non-minimal model (NMM), a gauge singlet Higgs field
iV is added to the Higgs sector already containing the
two necessary doublets Hi and ff;. The model is de-
scribed by the superpotential W = XHiH2N - K/3 JV3

in contrast to W = -fiHiH2 of the MSSM. The mo-
tivation for considering this model comes again from
supergravity where at least one, and typically more,
singlet Higgs bosons can be present at the electroweak
energy scale. Furthermore, in this model the effec-
tive H1H2 mixing parameter fi is naturally within an
order on magnitude of mz, unlike in MSSM where
it is virtually unconstrained. The Higgs sector of
the NMM model has been worked out in Ref. [42].
Here we consider gluino decays into the charginos and
neutraitnos. Furthermore, we choose the region of a
light gluino (rij < 2mt), which is currently probed
by the Tevatron, and set the quark masses equal to
zero. This is justified since the qq couplings to hig-
gsinos are <x mq/mw, and are therefore negligible rel-
ative to the qq couplings to gauginos in the consid-
ered region. First we review the basic properties of
the chargino/neutralino sector of immediate interest
to us. (The detailed study of this sector can be found
elsewhere[43].) The neutralino sector is expanded to
include the supersymmetric partner of the field N (the
singlino). There are now five nrutralinos with mass
eigenstates denoted by ^°, i = 1,...,5, in ascending
mass order. The chargino sector remains the same as
in the MSSM. We denote the two chargino mass states
Xi and x^ < with m.± < TTI.±. Instead of three free
parameters, as in MSSM (typically chosen as tan/5 =
U2/t't, fi and M = gl/9Vn~ — 0.3m-), there are now
five parameters which by analogy with the MSSM we
choose to be: tan/3, M, effective fi — —\{N) — —Ax,
and the Yukawa couplings > and K. We focus on the
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legion of small Af <— 75 GeV, corresponding roughly
to m- < ~ 250 GeV, and neglect the top quark fi-
nal state. We find first that, in this region, the LSP
is always lighter than about 55 GeV (and becoming
lighter with decreasing Af), almost independently of
the parameter p. Secondly, in this region and for small
\fi\ (roughly below 100 GeV), the LSP is almost al-
ways a light photino ?• (As |/x| grows, the LSP be-
comes less photino-like but it remains ptedominantly
a gauginc-type state.) In contrast, in MSSM, for small
\fi\ the LSP is the photino only in the region below
|/t| = " i - = 8/3sin:0vvAf =: 0.6Af in the n - M
plane, and for bigger M it becomes a light higgsino.
Thirdly, for */A < 0 there exists[44,45,43] a new light
(— 5 GeV) higgsino-like state which forms a fairly nar-
row band in the ft - M plane. This band is strictly
vertical for tan 5 = 1 and becomes somewhat bent as
tani3 grows. (For very small |A| and/or \K\ (<- 0.15)
other hiegsino-like states are also possible[43l in the
region of \fi[ <- 20 GeV.)

Below we discuss the gluino decay to those two dis-
tinct cases of the LSP. We set the Yukawa couplings
below their infra-red values,[42] A = 0.5 and K = -0 .5 ,
and take tan 0 = 2-
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the chargino mass below 45 GeV and has been
excluded in MSSM by LEP. In NMM, this
experimental lower bound is expected to be

somewhat weaker[45].

We present our results in Fig. 11 for the LSP being
almost the photino (we take n = —25 GeV) and in
Fig. 12 for the new higgsino-like state which, for this
choice of parameters, forms a narrow band around n =
-65 GeV. We plot the gluino branching fractions for
the processes g -» qq — qqx1,...,s an<* 9 — 99 — WXT.2
as a function of the gluino mass. For clarity, the chan-
nels with BF's below 0.2 are not presented. For com-
parison, we also plot the gluino branching ratio to the
LSP in the MSSM. It is clear that in Fig. 11 the gluino
decay to the LSP dominates in NMM over the whole
range of mj, and in particular it is significantly bigger
than in the MSSM case. The reason for this is that as
m5 (and hence M) grows, the LSP in MSSM changes
its nature from almost the photino to a higgsino-like
state whereas in the NMM, the gaugino-Iike LSP (the
photino, in fact) persists even for bigger gluino masses,
as discussed above. Thus in this case where the LSP
is the photino, in the NMM one can expect potentially
much more missing energy and a stronger lower bound
on the gluino mass than in MSSM. In contrast, the
new higgsino-like LSP shares only a minor fraction of
the gluino decay (<~ 0.15) and the cascade processes
become dominant. A detailed MC study is required to
establish the precise bounds on the gluino mass that
can be inferred for each case from the present experi-
mental data. Nevertheless, even this brief analysis in-
dicates that in a large portion of the parameter space
corresponding to a light gluino, the BF of the gluino
to the LSP is typically much larger than in MSSM,
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and therefore one should expect a stronger bound on
m$. The exception to this rather general rule is the
new higgsinc-like LSP that exists for certain choices of
parameters. In this case one has to consider cascade
decays into other inos, mainly x° and Xi whose BF's
then dominate.

In summary, we have found that in the simplest
extension of the Minimal Model, the gluino decay
l i .e can in general be significantly different from the
MSSM. We have pointed out that, relative to MSSM,
in s. large portion of the parameter space, for which the
gluino is fairly light (<~ 250 GeV), the gluino decay to
the LSP is significantly enhanced. For certain choices
of parameters, a new light higgsino-type LSP exists, in
which case gluino decays to heavier inos dominate.

B. Can SUSY hide via R-violating and B-violatmg
interactions?- (H. Baer, G. Bhattacharya, X. Tata)

There exist viable models(46j in which the LSP is un-
stable and decays into ordinary particles. In all such
scenarios, at least one of baryon number B or lepton
number L is not conserved. Constraints on such in-
teractions have been examined in the literature. Since
there may be no $T in SUSY events in this case, it
is natural to ask if SUSY can effectively hide at the
Tevatron or SSG beneath QCD backgrounds if such
interactions are present.

The "worst case"1 scenario at a hadron collider is
when the LSP (x°) decays purely hadronically via x —*
qq~ —» qqq which can occur via baryon number violat-
ing terms of the form fykv'd'di in the superpotential-
[i,j,k run over the three flavors). Since the superpo-
tential is a color singlet, j ^ It. Lack of neutron-anti-
neutron oscillation[47] requires fui, < 10~°. There is,
as far as we are aware, no constraint on f^,,. In princi-
ple, this can lead to B, B, mixing which will be tested
in the future.

In a previous study [48], it has been claimed that de-
spite the fact there are essentially no ET events, gluinos
can easily be detected via the same-sign dilepton signal
of the type already discussed. This analysis, however,
assumes the branching fraction for the decay g —• qq\"^
to be as given in the MSSM. This is, however, incor-
rect if the gluino decay g — cbs which occurs via the
unconstrained fchi coupling is large. Assuming that
only fcbl ^ 0, we have for m7-fl > nij,

V{g - cbs) - r(g - cbi) =
2048 T 3 (18)

where we have neglected quark masses. For / = 1
and tan/3 = 2, the branching fraction for the R-
violating decays varies between j and | versus p for

ni} ~ 150 GeV, a typical gluino mass to be probed at
the Tevatron. It is somewhat smaller if tan/3 > 2. For
a 600 GeV gluino, this branching ratio ranges from \
to about i . Note that if / = 2 (this is still in the
perturbative range since $- = £ < 1) the R-violating
decay mode can account for over 90% of all gluino de-
cays. The same-sign dilepton signal is thus reduced
by an ammount (1 - 5)2from its value in the MSSM,
where B is the branching fraction into the R-vioIating
mode.

This led us to study whether it would be possible to
extract the gluino signal if the gluino always decayed
into 3 quarks, so the gluino pair event would contain
up to 6 jets, but no ElT. We also simulated the multi-jet
background using the program PAPAGENO[49]. Our
study focussed on the possibility of extracting the sig-
nal for 150 GeV gluinos at the Tevatron. Jets are de-
fined to be parton clusters with p j > 20 GeV, where
partons are coalesced in cones of Ai? = 0.7. We plot-
ted the E|Erl a n d "*(6-j<"t) distributions for the signal
and background. We found that over the whole range.
the background exceeded signal by at least a factor of
20. Similar results hold for higher gluino masses at the
SSC. Hence, it appears to us that gluinos could effec-
tively hide beneath standard QCD backgrounds if their
leptonic decays are strongly suppressed as, for exam-
ple, in the baryon number violating model discussed
above.

IX. SUMMARY AND CONCLUSIONS

If fundamental scalar particles exist, then nature
ought to be supersymmetric. In this case, the SM is
just a part of the more complete Supersymmetric Stan-
dard Model. If nature is not supersymmetric, then
the Higgs sector of the SM is likely only an artificial
construct, and the scalars will either be some sort of
composite states, or some other mechanism will be re-
sponsible for electroweak symmetry breaking.

The Minimal Supersymmetric Standard Model pro-
vides a theoretical framework for working out observ-
able consequences of supersymmetry. Like the Stan-
dard Mode), there exist a number of free parameters
which determine particle and sparticle masses and mix-
ings. Most of the work on phenonienological supersym-
metry has focussed on the MSSM; it has the lowest
dimensionality of parameter space through which cne
must roam to calculate all observable consequences.

Important constraints on slepton masses and the
parameters of the Higgs sector and gaugino/Higgsino
sector of the MSSM have recently been obtained by
experiments at LEP. Future experiments at LEP-200
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will ptobe much more of the MSSM parameter space,
with the possibility of exploring the entire -parameter
space of the Higgs sector. The Feimilab Tevatron is
exploring the MSSM parameter space in & complemen-
tary manner, mainly through searches for evidence of
gluinos and squarfcs up to masses of about 200 GeV.
Much of the work presented in this report has been
done assuming gaugino masses to be equal at the GUT
or Planck scale. This input is a bit of theoretical prej-
udice about what physics should be like at ultra-high
energy scales, and has the practical advantage of re-
ducing the dimensionality of the parameter space of
the MSSM. Experimentalists should keep this in mind,
and perform independent searches for sparticies even if
it looks like a different type of experiment has already
ruled out a certain region of SUSY parameter space.

Theoretical prejudice is that the superpartners
should have masses on the order of the weak scale (—
0(100 GeV)), and certainly not greater than (O(few
TeV)). Hence, a thorough search for supersymme-
try can cnly be carried out at supercolliders such as
the SSC and LHC. At the high sparticle masses to
be probed at hadron supercolliders, sparticle decays
and event topologies become increasingly complex and
model dependent. This has the advantage, however,
of opening up numerous channels with different back-
grounds through which to search for SUSY. Examples
include multi-isolated-leptons and events containing Z
bosons. If evidence for one superparticle is found, then
one ought to find all the other superpartners as well,
and sort out the sparticle spectrum, masses, and cou-
plings. Such detailed information will likely require
building an e+e~ collider which operates at the TeV
scale.

Predictions for new physics based upon the MSSM
should be viewed as indicative, since other only
slightly more complicated models with acceptable phe-
nomenology exist. These include models with ex-
tended Higgs sectors, which could elude Higgs searches
at LEP-200, and models with lepton or baryon vi-
olating interactions which do not conserve R-parity.
The former case of models with extended Higgs sectors
should give qualitatively the same phenomenology as
the MSSM (such as ET and same-sign dilepton events),
and hence the MSSM should also provide some sort of
guidance for this class of models. In models which con-
tain R-parity violating interactions, the phenomenol-
ogy can be very different. For instance, the LSP may
decay in these models, and not give rise to the classic
"missing-energy" signal for supersymmetry.
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