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IMPLICATIONS FOR SUPERSYMMETRY OF THE CERN MONOJETS*
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Results of a comprehensive study of supersymmetsic procezses which could give monejet events
similar to those observed at the CERN SppS are presented. U supersymmetsy i 1o be the

explanation of the monojets, strict bounds are obtained on possible supersymmetric masses.

In this talk, T will present work which was done in col-
Jaboration with R. Michael Barnett and Gordon Kane.' I
have also added here a aumber of new results which we have
obtained since the Santa Fe Meeting.

Because of recent interest in supersymmetric theories of
partticle physics, there has been considerable work to deter-
mine the likely signatures of supersymmetric pnr!.i:]a.= A
key feature of most of these models is that there exists a
lightest stable supersymmetric particle which is electrically
neutral and interacts weakly with ordinary matter (i.e. it
behaves very much like a neutrina}. For simplicity, we shall
assume Lhat this perticle is the photino, 7 {slthough our re-
sults are mare general than this assumption). This implies
that an experimenial signature for this new physics would
be events with unbaianced energy and momentura.

In this article, 1 shall focus on events of this type which
have been seen at the CERN collider by the UA1 3 collabora-
tion. They are characterized by ane or wnore large Lransverse
momentum hadranic jets and substantial missing transverse
energy. The most striking of the UA1 events are those where
there i5 exactly one large pr jet and substantial miscing en-
ergy - these are called manojet events. These events are iso-
lated by imposing a eeries of cuts and jet selection criteria.
The relevant variables include E'», the total scalar trans-
verse energy, wiich is found by aumming tranaverse energy
over all calorimeter cells, and EF***, the missing transverse
energy in the event. ﬂl“ denates the transverse energy of
the hadronic jet. The most impaortant cuts are: (a) EF** >
40 with 0 = 0.7 % Er. This cut attempts to eliminate
events with missing energy which result from nommiform

* Work supported in part by the Department of Energy,
contracts DE-AC03-765F00515 and DE-AMO3-765F00010.

calorimeiry and other mismeasurements. (b) Epé > 15
GeV, although we will impose & more severe constraint be-
fow. {c) Jets are defined according to the UA1 jet l.lgorithm.‘
In addition, it is required that the most energetic jet huve
energy E{." R 25 GeV. All additione] jets are counted az jets
only il E{-“ 2 12 GeV. For example, monojets have one jet
with E§ > 25 GeV and o additional jets with E3%'> 12
GeV.

The UA1 collaboration quotes the following number of
events which passed the cuts during their 1983 run® (cor«
respouding to 113 nb™! of data): 17 monajets, 5 dijrts and
3 three- (or more)-jet events. The UAI collaboration then
notices that a large fraction of events lie close to the 4o
cut on missing energy. To minimize the question of back-
ground, we have imposed one further cut in our analysis: we
demand that Ef** > 32 GeV. We would then be left with
6 monojets, no dijet~ and one three-jet event. These events
are well isolated and are more likely to live in a background

free region.

We study the possibility that the monojets arise from the
production of scalar-quarks and gluinos; the missing energy
is attributed to one or more photinos which eventually result
from supersymeouetric particle decay. Previous analyses of
the monojets in the context of supersymmetry can be found
in Refs. 5-8. The couplings of scalar-quasks and gluinos
»re precisely known, being related by the supersymmetry
to known gauge couplings. The supersymmetric masses are
unknown and taken to be free parametars. For simplicitly,
wz have assumed that five flavore of scalar-quarks are mass
degenerale and we take M = 0.

We have attempted to calculate every supersymmet-
ric process which couzd lead tc monojet events of the type
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observed by UAL. The aignature of a given process depends
on whetlicr Mz > M or Mz > My. For My > My, §—
¢35 and &~ ¢¢ or g4 with » relative branching ratio of
(4/3)a,/ael. In this case, we studied the production of
97, §7 and 57 final states. The relevant croassections for
the elementary sobprocesses can be found in Ref. 10. In
addition, If the gluino Is light encugh, it would be pertur-
hmclygcmntedu;wmpomntol‘lhapmhn."“ We
eakulated the gluine structure function for various gluino
maasses, 80 that we could investigate §+g¢ — Jwith §— ¢F
or g5, On the other hand, for My > M; the gluine and
scalar-quark decay via: §— g and § — ¢%. For this case,
we have studied the production of §§, 3, ¥§ wnd 74 £-
nal states. We employ the formalism of the QCD-improved
parton model {with no additional K-factot) and have used
the distribution functions of Rel, 12, Events are generated
using 2 Monte Carlo integration technique and all final-state
suparsymmetric particles are allowed to decay. We interpret
all final-state quarks as *hadronic jets,” and the UAL euts
and jot criteria are then implemented.

One aubtlety worth mentioning is that the parion model
methods described above cannol correctly predict the to-
tal scalar transverse energy, £r. This is true because Et
arises in put“ from the hadronization of quarks and glu-
ons which come from both jets and spectaters lefi behind.
However, Er is needed on an event-by-event basis, as it
plays a role in the missing energy cut. To circumvent this
problem we mal. Jirect use of the UAI daic. If one re-
moves the Jeading jet from the monojels, the remaining
events have an Ey that averages arour.d 5D GeV {with large
viriation). This is not surprising since ordinary two-jet
evonta have the property’* that when the two jeta are re-
moved, the remaining Er i= roughly 40-30 GeV (i.e. twice
that of minimum-bias events'™ ). Thus, when we obtain
svants from our Monte Carlo, we have chosen to identify
Er as Er m 3, Eri + £,, where Er, consist of gll final-
slate quarks whether or not they end up in jets which pass
the UAL cuts.® E, is chosen based on a tranaverse en-
ergy distribution which corresponds to what is observed in
minimum-bias events'® scaled p 80 2 to give an average
which we have taken to be 40 GeV. (The jets which do not
pass the cuts account for the xﬁ;‘.itining 1D GeV.)

We have computed cross-sections and distributions for
monojets, dijets, ete. originating from the supersymmetric
processes which succesafully pass the UA1 cuta. Note that
these events, which in reality contain many final state pasr-
tonc at large transverse energy, actually appear most often
=2 monojets {or perhaps dijets) due to the aature of the
UA1 cots and selection criteria, We present our results in
two stages. First, we investigate the guestion of how many
wmanojets and dijets successfully pasa the UAL cuts {with-
out regard to distributions). This allows us to make an ini-

tial determination of supemymmetric which can be

consistent with the observed event rates. Second, we exames
ine distributions of various quantities (Ef**, E}" and the
transverse mass, mz, of the monojets) in order 1o further
restrict the allowad region of supersymmetric parameters.

In Figs. 1-3, we present a number of predicted croes
sections for the production of monojets after imposing the
UA1 cuts and the additional restriction that EF** > 32
GeV. These Gguses aye computed only for a given mecha-
nism as indicated. Note that the predictions in Figs, 1-2
differ (sometimes significantly) fromthe resuils of Refs. 5-
8. We believe that these differences are due primarily to our
more stringent cut on ET'* and to our improved handling
of the UA1 cuts as described abaove. In particular, we expect
fewer monojets events as campated to Refs. 58 for small
Mg or My; 25 a result, we do got rule out gluino masses be-
low 40 GeV, We have it addition surveyed all the processes
described earlier for a large variety of masses and have ob-
tained results analogous to those of Figs. 1-3. For a given

0! =

a4

IO'! 1

= :

£ 1

5 sz, :
-— fp—dg-x &= (o1

E’ M- f‘; !

b /2:540 Gev :

|c'5 1 L] — — = ———

22 40 & LN

. Mg (Ge ..

Fig. 1. Predicted cross-sections (after
cuts) for pp — n-jois + missing trans
verse energy (where n = 1,...,4), résult-
ing from the production of §F.
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Fig. 2. Predicted crosssections {after
cuts) for £p ~ n-jets + missing transverse
enersgy (where n = 1 or 2), resulting from
the production of §7.
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Fig. 3. Predicted cross-scctions (after

cuts) for p — monojeta due to the sub-

pracess g+ § —~ §. We have generaled the

gluine distribution function for My = 10,
15, 20 and 25 GeV. For comparison, we
have used the EHLQ distribution functions
for the b and ¢ quarks, multiplied by 6 (the
apprapriate color (actor) for Mz = 5 and

30 GeV respectively. Results for the iwo
§ decay modes are shown separately.
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M and M;, we can then add up all contributions and deter-
mine the number of monojets and dijets which wonld survive
the cuts. The cutcoms of this procedure is shown in Figs.
4-5. We expect these results to be fairly reliable except for
M;or M;Ss GeV. In this regime, there are two problens:
Firet, although crossssections capidly increase for decreas-
ing Myor My, virtually nothing passes the cuts; as a result
one needs to generate an extremely large number of Monte
Carla eventa in order to get decent statistics, Secand, when
the probability for passing the :ntu‘becomu sroall, frag-
mentation and hadronization effects become important and
can totally alter the results {e.g. by changing the missing
cnergy spectrum such that far fewer events pass the EF'™

-3

cut). At this stage, constralnta on supersymmetric mames
can be read-off directly from Figs. 4-5. As an example,
current data wounld lead us to expect the allowed regions to
ke raughly 2-10 events per 100 nb~? ir Fig. 4 and more
monojets than dljets in Plg. 5»
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Fig. 1. The number of monojets per 160

ob ¢ from all supersymmetric sources pass-
ing the UA1 cuts and EF"** > 32 GeV are

shown as » contour plot as & function of

M; and'M F3
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Fig. 5. The ratio of the number of monojets
to the number of dijets passing the UAJ culs
and E* > 32 GeV are shown as a contour
plot as & function of M5 and Mj.

We now turn briefly to distributions. In Fig. 6, the mr
distribution for M;=20QeV and Mz = 100 GeV is shown.
‘The contributions of two subproccsses are shown separately;



the curves should be added to get the total result. By com-
paring with the actual data of Rel, 3, it is evident that the
turve for §§ production (the dashed curve) peaks at signif-
icantly lower values of myr than do the data; very similar
sesults occur for Ef® and EF', We have found thet the
same is true for any process with two supersy auneiric parti-
124 in the final state -+ long as the mnsyes of these particles
ate less than about 60 GeV (at which point, 1he absolute
rate becomes oo small). An improved fit (see solid curve
in Fig. 6) Is found from the decay of the scalar-quark from
7 + g ~ § when the scalar-quark has & mass of about 100
GeV. However, the §§ process continues to contribute about
§ events no matter how large My is, so that In thia scenario
we always expect events at lower mr, E;:" and E‘,‘-‘-““. One
must either argue that the efficiency for finding such cvents
is lower than the efficiency for events with larger ZP'%, or
argue that increased statistics will indicate the presence of
such events.
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Fig. 6. The transverse mass distribution
for monojet cvents passing the UAT culs
and EP# > 32 GeV. The aolid curve
showa events arising from §+¢ — §where
g —+ g+ Fand § — ¢+ 7 have been
summed. The dashed curve is from the
amsociated production {(and decay) of §§.

The conclusion we draw from the analysis of the digtri-
butions, Is that in order to get enough evenis at large values
of my of order 90-100 GeV, the §+q ~ § mechanizm must
be important. As s result, we find that the monunjets can be
condistent with supersymmetry if M 100 -120 GeV and
M3 S 20 GeV. This would imply that when further data has
been collected: (a) more events must found for mr below 90
GeV as shown In Fig. 6 {and aimilarly, more events should
be scen at lower Eff! and Ef*) which are attributable to

supersymmetty, and (b) dijets should be found st a rate
which is not to0 amall a8 compared to moncjets (see Fiz. 2).
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