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%'e compute cross sections for production of pairs of strongly interacting supersymmetric (SUSY)
particles in pp collisions as a function of collider energy. For a scalar-quark or gluino mass of 80
GeV, we find that the ratio of the SUSY cross section to the standard-model background increases

by a factor of about 10 when v s is increased from 630 to 1600 GeV. If decays to photinos are

dominant, we show that in the first 2 years of running, experiments at the Fermilab Tevatron collid-

er should be sensitive to gluino {scalar-quark) masses up to at least m =150 GeV (m& ——120 GeV).
g

%'e show characteristic missing-pT distributions expected if SUSY particles with such masses are
produced. For SUSY particles of large mass, we stress the importance of scalar-quark and gluino

decays to 8'and Z gauginos.

I. INTRODUCTION

Supersymmetry (SUSY) as a symmetry of nature intri-
gues many physicists as a solution to the hierarchy prob-
lem, as a possible path towards unification with gravity,
and as an aesthetically appealing symmetry not yet ob-
served at the level of elementary-particle interactions. '

Confirmation of its existence can come only through the
observation of supersymmetric particles, which have yet
to be seen. Recently, interest has focused on the possibil-
ity of searching for strongly interacting supersymmetric
particles —scalar uarks (q ) and gluinos (g )—at the
CERN pp collider. The signature for these SUSY par-
ticles is the presence in an event of one or more hadronic
jets accompanied by large amounts of missing transverse
momentum pr. The missing transverse momentum is
carried off by weakly interacting photinos produced in the
decay of the scalar quarks or gluinos.

The report in 1984 by the CERN UA1 collaboration of
five monojet events with anomalously large pz led to
hopes that the discovery of strongly interacting SUSY
particles (SISP's) was imminent. Subsequently, detailed
calculations of pz spectra from the decays of the inter-
mediate vector bosons W+-and Z showed that the mono-

jet sample was not inconsistent with standard-model back-
grounds. In a later run of the UA1 experiment a smaller
number of events with pz was observed per unit of in-
tegrated luminosity. The small number of events with

pT in the accumulated CERN collider data sample was
used by several groups to establish limits on the masses of
scalar quarks and gluinos, ' ranging from m-&60 GeV
to m-& 80 GeV, and m-~ 65 GeV to m-~ 80 GeV, de-

pending upon the selection made of events with pz and
the specific event generator used. Because of the sharp
decrease of cross section with the mass of the SISP's at a
given collider energy, it is doubtful the CERN UA1 and
UA2 Collaborations will be able to push these limits
much beyond their present values. However, the success-
ful operation of the Fermilab pp collider at v s = 1.6 TeV
(to be extended to 2 TeV) encourages hope of extending
the search for SISP's to a much higher mass region.

In this paper, we study the cross sections for producing
SISP's at the Fermilab collider, and compare to those at
CERN energies. First, we attempt to quantify the
SUSY-signal-to-standard-model-background ratios for a
range of machine energies. Next, we identify the regions
of m- and m- which collider experiments should be able
to probe in the first 2 years of Fermilab Tevatron opera-
tion. Finally, we indicate salient features of scalar quarks
and gluinos in this mass range which may aid in their
identification. In particular, we note how the pz. spec-
trum scales with the mass of the associated SUSY parti-
cles, and we point out the likelihood of SISP's decaying to
W gauginos ( W) and Z gauginos (Z) in addition to the
decays to photinos (y) usually considered. At CERN col-
lider energies, the F- and Z-gaugino decay modes have
the effect of reducing the multijet + p T cross section typi-
cally by at most a factor of 2, but the reduction could be
much larger for higher-mass SUSY particles accessible at
the Fermilab collider. As a result of the new decay
modes, however, there would be additional signals includ-
ing leptons: events with n jets+ m leptons+pT, where
m =0—3, and n =0 n,„, wher—e n,„ is the maximum
number of jets resolvable by the detector. In this paper,
we assume that the photino (y ) is the lightest SUSY parti-
cle and that its lifetime is sufficiently long that it escapes
detection.

II. SUSY SIGNAL
AND STANDARD-MODEL BACKGROUND
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The dominant processes for producing pairs of SISP's
in pp collisions are the following reactions:

(la)
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The gluino is usually assumed to decay mainly via

g ~gq~gg, Nl- Q EPZ- ~

Scalar quarks have the following dominant decay modes:

q~qy„m- ~ m-;e g

Decay modes to gauginos (W and Z) may also be al-
lo~ed, and wi11 be discussed later. %e ignore production
mechanisms involving SISP s in the initial state because
they are of negligible importance compared to Eq. (1) for
the high-mass SISP's considered in this paper.

The production and decay modes listed in Eqs. (1)—(3)
give rise to events in which there are n hadronic jets plus
missing transverse momentum ( n jets+p T ). The jets arise
from materialization of the final-state quarks and gluons,
whereas missing pT is carried away by the y's. The exact
n jet+ pT event topology depends on the experimental
cuts implemented, and upon the definition of a "jet." The
presence of large pr distinguishes the supersymmetry sig-
nal from multijet production which proceeds via quantum
chromodynamic (QCD) mechanisms.

Many authors have developed event generators to simu-

late production of SISP's. In the most recent analysis by
Barnett, Haber, and Kane the limit rn-&60 —70 GeV

parton-parton~Z +jets, with Z~vv,

parton-parton~ W+jets, with W~fv,

or W~rv~f+pr
or W +rv +$-+p—r .

(4a)

(4d)

» Eqs. (4), l'indicates a charged lepton, e or p, which has

( m-& 65—75 GeV) is obtained, depending on the mass of
the q (g) (Ref. 5). The plot of the production cross sec-
tions versus SUSY-particle mass at vs =630 GeV shows
a typical declease ill 0'go~i of a factol betweeil 5 aild 10
when SUSY-particle masses are increasmi from 60 to 80
GeV (see, e.g., Figs. 3 and 4). This rapid decrease of cross
section indicates that it will be difficult to extend SUSY-
particle mass limits much beyond the above values at the
CERN pp colhder, at least until the new antiproton accu-
mulator begins operation. On the other hand, as noted in
Ref. 5, two dijet events with pT & 55 GeV in the second
data sample of the UA1 collaboration may be consistent
with a scalar quark of mass m-=70 —90 GeV. Moreover,
new events with pT &50 GeV in a third data sample'
seem to indicate the persistence of the pr signal. Super-
symmetric particles may be present in the CERN data,
but only at the edge of observability.

Various processes within the framework of the standard
model yield events with pT. These backgrounds must be
understood and removed from the data sample before a
SUSY signal can be claimed. Detailed calculations were
performed by Ellis, Kleiss, and Sterling' who found a sub-
stantial contribution from the following processes:

1 I I I I l I f l I 1 l I l I
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FIG. 1. Total cross sections vs collider energy for various SUSY-particle masses for (a) qq and qq, (b) gg, and (c) gq production.
In all cases, m =m& Also shown is the increase in total cross section for Z ~e e and 8' —~ev„F„(dashed c«ves).e I
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been "lost" either for instruinental reasons or because it is
buried in a hadronic jet. The number n of jets produced is
n )0, and pr arises from fina-state neutrinos, lost parti-
cles, and measurement errors. EBis, Kleiss, and and Stir-
ling find that

m&-1 TeV

o(Er"~40 GeV)=10—20 pb,

depending upon the choice of structure functions. These
results are not inconsistent with an explanation of the en-

tire observed pr sample in terms of standard-model
sources.

The first pp collisions at the Fermilab Tevatron collider
were observed in October 1985, at V s = 1.6 TeV, and ma-

jor data acquisition is expected to begin by the end of
1986. For scalar quarks or gluinos of mass -80 GeV the
main effect of an increase in v s is a decrease in the frac-
tional longitudinal momenta of the incoming partons,
which in turn results in a higher relative gluon luminosity.
For example, in pp collisions, at parton-parton center-of-
mass energy =160 GeV, the uu and gg luminosities grow

by factors of —10 and -200, respectively, when v s is in-

creased from 0.54 to 2.0 TeV. Since SISP's are produced
in the Born approximation, Eq. (1), via glue-glue and

glue-quark fusion as well as by quark-(anti)quark fusion,
the large increase of the gluon luminosity should lead to a
rapid rise in the SISP cross sections as Vs changes from
CERN to Fermilab collider energies.

Standard-model sources of pr are also fed by qg, gg,

qq, and qq interactions. In particular, gg and gq subpro-
cess play a role in the production of W's and Z's at large

pr. Nevertheless, the total cross section for the produc-
tion of these two bosons in pp collisions is specifie by the
Drell- Yan subprocesses, qq-+Z and qq ~O'. The energy
dependence for production of Z's and W's is therefore
characterized by the relatively slow growth with energy of
the qq luminosity. Since W and Z decays are believed to
be the principal standard-model sources of pz. , we expect
the standard-model background to grow much less rapidly
with energy than the SUSY signal.

In Fig. 1 we plot the total cross sections versus collider

energy for a range of SUSY-particle masses, for (a) qq and

qq, (b) gg, and (c) gq production. We set m-=m-. For a

given SUSY-particle mass, the choice of equal masses for
the gluino and scalar quark leads to the largest SISP cross
sections. This is the case because t-channel gluino and
scalar-quark exchange diagrams contribute with full

strength and because there are large contributions from
the gq channel. We have assumed five degenerate scalar-

quark flavors, and m- =m, and have convoluted the4'
cross-section formulas of Harrison and Llewellyn Smith
with the parton distributions of Duke and Owens, "with

A~~0 ——200 MeV. Also shown in Fig. 1 is the increase in
cross sections for W and Z production. As anticipated,
the cross sections for producing SISP's rise at a much fas-
ter rate than those for producing W's and Z's. In fact, if
we assume a 1:1 SUSY signal-to-background ratio at
Ws =0.63 TeV for a SUSY particle of mass 80 GeV, then
we expect this ratio to increase by a factor of 12 when v s
is increased from 0.63 to 1.6 TeV.

A different choice of SUSY-particle masses is made in

0.01
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FIG. 2. Total cross sections vs colhder energy for (a) qq and

qq production when m =1 TeV and (b) gg production when

m& ——1 TeV.

III. SEARCHING FOR SISP'S
AT THE FERMILAS TEVATRON COLLIDER

In this section we attempt to identify the regions of m

and m~ which Fermilab collider experiments should be
able to probe. The search for scalar quarks and gluinos at
Fermilab will be qualitatively different from the search at
CERN in several respects: (1) for a SUSY particle of
given mass, the smaller fractional longitudinal momenta,
x, associated with the incoming partons result in a higher
fraction of gluon-initiated events; (2) if the bounds of Bar-
nett, Haber, and Kane are valid, the search region will be
substantially higher, i.e., 60 & ms„s„(150 GeV, meaning
that the expected pr spectrum will be harder, and back-
grounds from standard-model sources of less consequence;
(3) if X=1 supergravity models are used as a guide, it is
likely that scalar-quark and gluino decays to 8' and Z
gauginos will become important, ' and it will no longer be
sufficient to restrict one's analysis to the case of SISP's
decaying to photinos.

%e begin our discussion by showing expected topologi-
cal jet cross sections as a function of mass of the SISP's.
Subsequently we examine transverse-momentum distribu-

Fig. 2 where we illustrate the extreme cases of (a) qq and

qq production with m =1 TeV and (b) gg production
with m-=1 TeV. The value 1 TeV is the theoretical

upper limit' on SUSY-particle masses. In these extreme
cases, SISP production cross sections are smallest because
only s-channel diagrams contribute and gq production is
suppressed. The SUSY signal-to-background enhance-
ment should be about 9.2 and 9.6 in Figs. 2(a) and 2(b),
respectively, when vs is varied over the range 0.63—1.6
TeV. With such an enhancement of signal, and signal-to-
background ratio, any SISP's lurking at the edge of obser-
vability in the CERN collider data should be visible easily
in Fermilab collider data.
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tions, and we end this section with a treatment of SISP
decays into Wand Z gauginos, Wand Z.

A. Topological jet cross sections

io 000
t

(0) v s=0.63 Te V

fs = tO0

UA t canto

As indicated in Eqs. (2) and (3}, a gluino decays into

two partons plus missing energy, whereas a scalar quark

decays into either one or three partons plus missing ener-

gy. The partons materialize as hadronic jets. %'hether

one, two, or more hadronic jets will be resolved in a given

event depends upon the capabilities of one's detector and

the definition adopted for a jet. Since the principal signa-

ture of a supersymmetry candidate is the presence of
missing pr, we compute topological jet cross sections for
a specified selection on jr.

We adopt the following cuts inspired by those used by

the CERN UAl Collaboration carrying them over to the
Fermilab case as a rough approximation. First we order
final-state partons according to their transverse energies

Ez, and then coalesce partons lying within

'I 00
b

I i I i I
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FIG. 3. Topological-cross-section estimates vs scalar-quark
mass for qq and qq production when m = oo for (a) V s =0.63
TeV and (h) Ms=1.6 TeV. Both plots incorporate the cuts
described in the text.

b, r =(bg +hP )'~ (1 . (5)

As usual rl and P are rapidity and azimuthal angle vari-
ables. We then require

pr & Max(15 Gev 4n)

~=0.7 GeV'" ' g E,+20 GeV '".
PRftol1S

We restrict jet transverse momenta and rapidities such
that

ler, I
&25 GeV, IIur), l

&12 GeV

In implementing these cuts, we are not trying to simulate
in detail any specific detector; we are concerned mainly
with the overall qualitative behavior of the supersym-
metric events.

Our principal intent here is to define the range of
masses of the scalar quark and gluino which may be ex-

plored by Fermilab collider experiments. Corresponding-

ly, we set m ~ oo which, as explained above, minimizes
g

the predicted cross section for q production. In Fig. 3 we

show the expected topological cross sections for qq and qq
production versus m at (a) 0.63 TeV and (b} 1.6 TeV.
The gg case with m-= co is illustrated in Fig. 4.

The limits derived by Barnett, Haber, and K.ane,
m &65—75 Gev an-d m-&60—70 Gev, for ~s=630g~ —1GeV were based on a data sample with 270 nb of in-

tegrated luminosity. This figure is comparable to the 400
nb ' which it is hoped will be accumulated during the
first 2 years of operation of the Fermilab collider. ' As-
suming then that Fermilab collider experiments will be
sensitive to the same cross sections as the UA1 experi-
ment at CERN, we can use Figs. 3 and 4 to extrapolate
the lower bounds of Barnett, Haber, and Kane, from

CERN to Fermilab collider energies. We find that during
the first 2 years of operation, Fermilab collider experi-
ments should be sensitive to at least m-=120 GeV and

q
m-=150 GeV (when m = oo and m-= oo, respectively).
These are conservative lower bounds. As explained ear-
lier, more realistic choices for SISP masses will result in
larger cross sections than the lower limits shown in Figs.
3 and 4.

For the particular choices of SISP masses made in Figs.
3 and 4, we note that the topological signatures are very
similar at 0.63 and 1.6 TeV. The major effect of the in-
crease in v s is to increase the magnitude of various topo-
logical cross sections. The SUSY-particle mass at which
the n jet and n +1 jet cross sections become equal remain
nearly the same. The event topology is governed mainly
by two factors: the SUSY-particle mass and the SUSY-
particle transverse momentum. For SUSY-particle
masses in the range of interest at the Tevatron, the ratio
of the dijet to monojet yields in Figs. 3 and 4 exceeds uni-
ty and grows monotonically with the SUSY-particle
masses. In Fig. 4, with the jet definitions we have adopt-
ed, we note that the ratio of the trijet to monojet cross sec-
tions also exceeds unity for gluino masses greater than 50
GeV and rises rapidly thereafter.

B. Transverse-moment~ Qistrjbutjons

It is an interesting result of our Monte Carlo calcula-
tions that the mmn trmsveme momentum of SUSY pa~i
cies ((pr. ) ) changes little with increasing collider energy.
In fact, for m-=80 Gev (m-=oo), we find (pr ) =55
GeV at ~ ~ =o 63 Tev, »d (pr ) =53 GeV at vs =1.6
TeV—a slight decrease in mean p~. This can be under-
stood by noting that for qq production at 0.63 TeV
(m-=80 GeV), 20% of the cross section comes from
glue-glue fusion with (pr ) =30 GeV, and 80%%uo comes
from the qq fusion with (pr ) =61 GeV. In the 1.6-TeV

case, we find 70% of the cross section is from glue-glue



10 000—

ME

1 1 11 t I
/

11 t 1 ) 1

(b)Ws 1 8 TeV

II
f

1

(0)~i=0.88 TeV

ITl~ = Co

THE FERMILAB COLLIDERPROSPECTS FOR SUPERSYM

1 000

100b

10

I

140 180 1808080 80 100 120
l 1 I

40 80
I t

100 20
mo {0~v)

= .63 TeU and (b) s = .s =1.6 TeU.

20 40

w = for {a) s =O.f r g production w
&
—— owhen m =00 oluino mass or gs sections vs g. To log1cal cross

The cuts for both plotsaret esa

while the other 30%
'

o is from)=40 GeV, w i e
i ilar for gg

fusion with (Pr — w 1 e

qq and has (pr
For m = V we findp

'
ith m-=oo. For m = wproduction wit s

— For m-=
)=75 GeV at s= .

distribu-
t vs =1.6 TeV. Thea

ntum are due to the ac di
14 fi erent ortions are di

from allspectrum ro1 t the expected pr
r events, using the . ese

P

s section, arnormalized

S -particle mass r g' t in
I energy or

re 1011 Of 111ost 111

va ro
' 60(rn (150 GeV, is cvatron collider, V is c

mlmIDuIDm pr cutof pr, an

have, roughly

'
h . Theyon r off sharply with pz.on roduction drop o h

s uence for the ig
ilab collider t an

shou
ible at the Fermj. a cparticles access' e a

at CERN energies.

1 l t

(o) qq, qq

0.03
rn =80 GeV4

and Z gauginosC. Decays to $V an

e have assurn that
a into o

'
own in Eq. (2),

thus far, we

ses of scalar ferm' cal qu
ching ractions.

ions (scalar qut models, masses ca) qgrava y
) are expectand scalar leptons

'
le masses, the gg pr spec-able SUSY-particle masses,For comparab e

r as sho%'ntrum is softer, h
mean pz. is roughly

( T)P

narrower t annarr than in thei
'

are in general narr t an
sc - case. Standard-I e

h distributions are
scalar-quark case.

0 120 140
I

80 1020 40 80

}fort e two extremen ln mIsslng pT pT
roduction with m&

——of (a) qq an qq
er the curves is normd tion with m =~.

insensitiveto unity; . the results are i

and 2 TeU.



H. BAER AND E. L. BERGER 34

C0
O
«i OB

u
CO
C~ o.4V
C
ei
IS

0-
60 Bo 100 i 20

mz (GBV)

l

60 80 100 120 60 80 100 120 140

m& (GBV) mo (QBV)

FI(G. 6. Branching fraction to gauginos (y, 8',Z) vs SUSY-
particle mass for m =8 GeU, m - =60 GeV, and m- =68 GeV,

for left- and right-handed (a) down-type scalar quarks, {b) up-

type scalar quarks, and for {c)gluinos.

those of the light gauginos W and Z are expected to be
less than the masses of the associated vector bosons (when
the photino is light}. '5 In addition to the decays of Eq.
(2), we would then expect

q~ ~qS', (10a}

Qs.,a ~QZ (10b)

g~qqS',

g ~giMg

(10c)

(10d)

The branching fractions to W gauginos can frequently be
large.

In Fig. 6 we plot the branching fractions of (a) down-

type scalar quarks, (b) up-type scalar quarks, and (c}
gluinos into gauginos as a function of SISP mass. We set
the W-gaugino mass, m& ——60 GeV, and Z-gaugino mass,
m- =68 GeV; these choices are motivated by the theoreti-

cal arguments mentioned above and by possible lower
bounds' from CERN collider data. The couplings of
Ref. 12 are used. The branching fraction for
ua(da)-+Z+u(d) is very small, approaching 12%%uo as
m-~ oo, and the decay ua(da )~ W+d(u) does not ex-
ist. However, the branching fractions for
uL, (dL, )~Z+ u (d) can be as large as 24% (32%%uo) for large
scalar-quark masses, while those for uL, (dL)~W+d(u)
can be even larger, approaching 63% (64%%uo). As shown in
Fig. 6(c), the gluino branching fractions to gauginos are
also large when ms & mz, m~. As m- approaches infini-

ty, the branching fractions for g ~y, W, Z are 0.15, 0.55,
and 0.30, respectively. The usual assumption, made in
Ref. 3, of 100% branching fractions for SISP decays to
photinos may not be reasonable for scalar quarks and
gluinos ~hose mass is greater than m-. In the para-

graphs to follow we examine the effects of SISP decays to
gauginos for the separate cases of qq, gg, and gq produc-
tion.

1. qq and qq production

If m-= oo, scalar quarks are produced in the ratio

9'zq~:q1. 9'++9~6'I = 1:1-'0 .
As m- is decreased to a more realistic value, t-channel
graphs begin to contribute to the total cross section, and

events containing both left-handed and right-handed sca-
lar quarks become more numerous. They can even dom-
inate the scalar-quark pair cross section at CERN energies
when m- is light enough (=m-) (Ref. 14). Calculations
of scalar-quark pair production ( m- & 60 GeV) with
scalar-quark decays to gauginos have been performed for
the CERN collider. ' It was found that typically the n

jet+p T cross section was reduced by at most a factor of 2
for the range of scalar-quark masses accessible to experi-
mental detection at CERN. In addition, there can exist n

jet+ m lepton+pal signals at an observable level. The
reduction by at most a factor of 2 arises in part because
left- and right-handed scalar quarks are produced in equal
numbers and the decay of right-handed scalar quarks
remain predominantly to photinos. For m- & 120 GeV at
vs =1.6 TeV, scalar-quark pairs are produced primarily
by gg fusion. Hence pairs of left-handed and pairs of
right-handed scalar quarks will be produced in equal
numbers, and few left-right pairs will occur. Since the
right-handed scalar quarks decay principally to photinos,
as shown in Figs. 6(a) and 6(b), we expect the CERN col-
lider results mentioned above to remain valid for the more
massive scalar quarks accessible at Fermilab.

2. gg production

Detailed calculations have not been published for gluino
pair production including decays to gauginos. If
m-~m~, the gluino would decay according to Eq. (2b)
into a quark —scalar-quark system. The scalar quark is
equally likely to be right or left handed. Ultimately, de-
cays to photinos would account for more than 50% of the
gluino decay rate. On the other hand, if m - —&m-&m,
we must consider

g~gW, W~Q'q y or ivy (1 la)
and

g~qqZ, Z~qqy or lly . (1 lb)

As a result of these competing decay modes, the branch-
ing fraction for gluinos to photinos could be as small as
15%. The reduction arises because the couplings of W's

and Z's to qi, are much larger than those to qz. This ef-
fect can result in gluino decay through a virtual qL, 10
times as frequently as through a virtual qa(m- =m- ).

&r.

Alterations to include these decays will have to be made
in the Monte Carlo simulation programs of many of the
papers of Ref. 3 if the authors wish to apply their calcula-
tions to Fermilab collider energies. If the decays shown in
Eqs. (11) are allowed, the pz. spectrum will be consider-
ably softened, and gg events will be more difficult to dis-
tinguish from standard-model background processes.

3. gq production

If m ~ m-, the g from the qg final state will decay ac-

cording to Eq. (2b): g~qq or qq. The final-state scalar
quarks will occur in the ratio

ILAIL,

-9'z A:ql.A = &:&:2 .

At least 25% of the cross section will be associated with a
hard p T spectrum. However, if m- & m-, gluinos will de-
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cay through virtual scalar quarks, and the branching frac-
tions shown in Fig. 6{c)will apply. As little as 8% of the

cross section may exhibit the hard pr spectrum charac-
teristic of direct decays of SISP's to photinos.

IV. CONCLUSION

We have performed a comparative study of scalar-

quark and gluino production at the CERN SppS and Fer-
milab Tevatron pp colliders. For a broad range of in-

teresting scalar-quark and gluino masses, cross sections
are expected to rise rapidly with energy as v s is changed
from 0.63 to 2 TeV. Moreover, the rate of growth of su-

persymmetric sources of pr is much greater than that of
standard-model (background) sources associated with 8'
and Z production. If the events observed by the UA1
Collaboration with pr p 50 GeV are indeed due to SUSY
particles near CERN s limit of observability, then Fermi-
lab collider experiments should be able to confirm this

signal easily. If SUSY particles have higher masses, the

first 400 nb ' of data at the Fermilab collider should pro-
vide evidence of their signals up to at least m-=120 GeV
and m-=150 GeV. If decays to photinos are dotninant,
as is usually assumed, the higher mass SISP's accessible at
the Tevatron will be characterized by a very hard pT spec-
trum, and thus there should be less confusion between sig-
nal and background processes. However, if decays into 8'
and Z gauginos are allowed along with photinos, then a
fraction of the cross section will have a softer pT spec-
trum and may then be hard to distinguish from back-
ground. In this case, it is possible to have an observable
signal including leptons: events with n jets+ m
leptons + p z .
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