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Have Gluinos been Observed at the pP Collider?

E. Reya and D. P. Roy '
InstitutfurPhysik, UniversitatDortmund, D 460-0Dortmund50, West Germany

(Received 14 May 1984}

The recently observed five single-jet events with missing pT )35 GeV can be consistently
explained by gluinos (g), i.e., the supersymmetric partners of the gluons (g), produced via

qq ggand gg gg, with a mass in the range 15 & m- & 45 GeV. Reducing the pT'" cut to
the 4(T level further constrains this range to 25 & m- & 45 GeV.

PACS numbers: 14.80.Er, 13.85.Hd

Following several authors, ' we have recently sug-
gested2 that gluino production at the pp collider
leads to large missing-pT events, which should be
detectable with the existing data for a gluino mass
m- up to 50 GeV. In the meantime several interest-
ing events with large missing pT plus hadronic jets
have been reported from the pp collider by Arnison
et al. However, their experimental cuts are far
more severe than those used in Ref. 2, so that no
meaningful comparison is possible between the re-
ported events and the results of this analysis. The
purpose of this note is to estimate the gluino contri-
bution to jet-plus-missing-pT events with the exper-
imental cuts of Ref. 3 and compare the result with
the events reported there.

%e use the standard quark-antiquark and gluon-
gluon fusion mechanisms of gluino pair produc-
tion, "4
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curves). The effects of requiring a trigger jet of
pz & 25 GeV and pseudorapidity iqi ( 3, appropri-
ate for the UA1 experiment, are also shown (mid-
dle curves). In each case, the difference between
the total result (solid curves) and the one-jet contri-
butions (dashed curves) is dominated by two-jet
events up to a gluino mass of 40 GeV, above which
three-jet events become comparable. At very low
gluino masses of about 5 GeV each qq pair emerges
as a single jet, so that two-jet events dominate the

qq

each of which decays into a photino y via5

g qqy.

The production and decay formulas can be found in
Ref. 2. As in Ref. 2, we use a fairly large value of
the QCD parameter A (0.4 GeV) and a broad gluon
distribution, which seem to be phenomenologically
favored. Varying the input parameters within
reasonable bounds would change the cross section,
for a given gluino mass, by at most a factor of 2.
The missing pT is obtained by vectorially adding the
transverse momenta of the two photinos, while the
two pairs of qq jets in (2) are combined according to
the UA1 jet algorithm to obtain the large-pT ha-
dronic jets. More precisely, the quark jets emerging
within a cone of 1 sr are coalesced into a single jet,
and a pT of 2 GeV is added to each resulting jet to
account for the soft-scattering contribution ( = 2
GeV/sr). s 7 In counting the number of jets, only
those with pT ~ 10 GeV are retained.

Figure 1 shows the cross sections for total and
one-jet events with missing pT& 15 GeV (top
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FIG. 1. Predicted cross sections for total and one-jet

events originating from the subprocesses in Eq. (1) and
the gluino decay in (2) for the pp collider energy
ps=540 GeV. The indicated experimentally observed
"gold plated" events of Ref. 3 correspond to the same
cuts as the bottom curves, i.e., pT'") 35 GeV and
pT") 25 GeV. The allowed gluino mass region lies
between the two shaded vertical bars.
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TABLE I. Predictions for the number of total and
one-jet events as well as for the average value of ~Er~
with a cut pr "' & 4a according to Eq. (3) for the pp col-
lider energy Qs = 540 GeV. The numbers in parentheses
are obtained by numerically simulating the experimental
4o cut according to Eq. (6). The data are taken from
Ref. 3.

I-
(GeV) &tota1 (GeV)

15
25
35
45
55

Expt.

162 (71)
102 (54)
60 (44)
27 (25)
10

24

107 (49)
60 (33)
21 (16)
6 (5)
1

16

68
69
74
81
91

total cross section. At an intermediate mass of
about 15 GeV the qq pairs open into separate jets
which are individually soft (mostly pT ( 10 GeV)
and this results in the dominance of one-jet events.
As the gluino mass increases further, however, they
become harder because of the larger Q value, and
the two-jet events again dominate. The same
phenomenon also accounts for a comparatively
larger suppression factor due to the triggering re-
quirement (pT' & 25 GeV) for intermediate gluino
masses. It should be noted, however, that the loss
due to the additional triggering requirement is not
particularly severe. For an integrated luminosity of
100 eventslnb, appropriate for the UA1 experi-
ment, one expects ~ 100 total events ( ~ 10 one-
jet events) with pp"' & 15 GeV, for a gluino mass
of up to 40 GeV. Ho~ever, the rates are sensitive
to the choice of the pr'" cut, and the present ex-
perimental choice is significantly larger than the
15-GeV value used in Ref. 2. The experimental
choice of this quantity and its effects on the event
rates and distributions are analyzed in detail below.

The experimental cut is

pT"'& 4o with o =0.7~ET~'~

in gigaelectronvolt units, and measures the uncer-
tainty in the missing-pT measurement. Depending
on the scalar transverse energy of the event, the
pT"' cut varies over the range 20-35 GeV with a
mean value of about 27 GeV. There are five one-
jet eventss (eight total events) above the cut

p miss ) 35 GeV

This cut is particularly clean for two reasons: (i) It

holds for the entire range of scalar transverse ener-

gy I ET I; (ii) it effectively eliminates the alternative
sources of jet plus missing-pT events. Since these
events can not be explained by alternative mechan-
isms, they seem particularly suited for a quantita-
tive analysis in terms of gluino production. They
are indicated at the bottom of Fig. 1 and compared
with the expected number of total and one-jet
events for various gluino masses. Allowing for an
uncertainty of a factor of 2, one sees that the ob-
served numbers of events' are consistent with a
gluino mass anywhere in the range

15& m, &45 GeV, (5)

with an optimal value of about 35 GeV.
We now proceed to cross check this result and to

constrain the gluino mass range further by reducing
the pT

"' cut to the 4a- level of Eq. (3). A total of
24 events have been observed in this range, of
which 16 are one-jet events. These are compared
with the model predictions in the above gluino mass
range of 15—45 GeV in Table I. Since the present
cut depends on ET we also show the predicted and
experimental values of average ~ET~. The former
are seen to be typically 20% lower than the ob-
served value of ( ~ ET ~ ) . Consequently our pT

"' cut
is somewhat lower than the experimental one,
which results in an overestimation of the number of
events. We have checked that the experimental

pT
"' cut can be numerically simulated by redefining

the model cut as

p
miss & 4 x 0 7 ( ~

E i + Q )1/2

where 5 is the difference between the experimental
and the theoretical values of (~ET~) for a given
gluino mass. The model predictions with this cut
are shown in parentheses. Again, allowing for an
uncertainty of a factor of 2, we see that the experi-
mental numbers are now consistent with the model
prediction over a restricted gluino mass range of
25-45 GeV. The optimal value is again 35 GeV.

We now proceed to check the experimental distri-
butions with our supersymmetric-model predictions
for the optimal value of m- =35 GeV. Figure 2(a)
compares the pT

'" distribution of the sixteen
single-jet events with our model prediction. One
finds a good agreement over the whole range
pT"') 4o-. The five "gold plated" events corre-
sponding to pT

"'~ 35 GeV are of course the right-
most ones, having a typical experimental uncertain-
ty of ApT "'= + 7 GeV. Since the experimental pT"
distribution of these five events is also available we
compare it with our prediction in Fig. 2(b). The
agreement is again very encouraging.
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Kowalski" obtain a significantly smaller total event
rate for a 4a. cut: about ten events for m- =10—40
GeV (their Fig. 4). Experimentally, however, 24
events have been observed (Ref. 3). Thus, con-
trary to the conclusion attributed to this analysis in
Ref. 3, it actually implies that the data of Ref. 3 can
not rule out low gluino masses down to 10 GeV.
However, a subsequent analysis by the same au-
thors' yields a total event rate similar to ours. The
remaining main difference between these two anal-
yses and ours is the relative one- and two-jet contri-
bution to the total predicted event rate. Here we
only wish to emphasize that for low gluino masses
(m-=5-10 GeV) one expects the total cross sec-
tion to be dominated by two-jet events similarly to
the case of b-quark production via gg~ bb (Ref.
11); a similar remarks holds for the maximum jet
pT distribution as well.

p',
" (Gev)

FIG. 2. Predictions for (a) the pr '" distribution of the
sixteen single-jet events and (b) the trigger pr" distribu-
tion of the five "gold plated" events at Qs = 540 GeV,
with the optimal gluino mass value of m- = 35 GeV. The
observed events, indicated by the solid dots, are taken
from Ref. 3.

Finally, following Ref. 3, we have also computed
the number of one-jet events in the interval 15
GeV & pT"'& 4o., satisfying the isolation condi-
tion defined there. We find only two additional
events from this interval for a gluino mass of 35
GeV. We have also subjected the total sample of
eighteen predicted one-jet events to their aplanarity
cut3 cosP ) —0.8, where $ is the azimuth angle
between the jet and the remainder p T. This does
not significantly reduce the number of events with

pT
'" & 35 GeV, but cuts those below 35 GeV to

about eight events. This is evidently consistent
with the observation of about fifty events with a
QCD background of similar magnitude. 3

To summarize, we have shown that the five
single-jet events with missing transverse energy
larger than 35 GeV, recently observed at the CERN
pp collider, can be consistently explained by the su-
persymmetric subprocesses qq gg and gg gg
and the subsequent gluino decay g qqy with a
gluino mass in the range of 15 & m- & 45 GeV.
The optimal value for m- is about 35 GeV. Reduc-
ing the pT"' cut to the 4o. level further constrains
the gluino mass to the range of 25 & m- & 45 GeV.

Note added. —In a similar analysis, Ellis and
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