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ABSTRACT

The QCC 2— 3 contribution to large missing transverse momentum
events from light gluinecs of mass 3-5 GeV is estimated by using
the gluon-to-gluino splitting approximation to the squared matrix
elements and the scale dependent gluinc fragmentation function.
The 2 —» 3 processes give the dominant contribution over the 2-— 2
cantribution, confirming the trend chserved by Herzog and Kunszt
for heavier gluinos. Most events have back-to-back jet configura-
tions in both mono- and dijet events and would appear as an ex-
cess of jet-jet fluctuation at the CERN collider. Nongbservation
of such effects in the 1984 data would rule out mg down to

5 GeV but probably not below 3 GeV.

INTRODUCTION

3-9)
11)

The light gluine scenario 1.2) has received much attention

10) af the observed

as a passible supersymmetric interpretation
unusually large missing transverse momentum gﬁ%) events associatad
mainly with a single jet at the CERN pp collider. The scenario assumes
squarks of mass ~100 GeV whose two-body decay into a quark and a pho-
tinc gives the monojet events with large,ﬂT clustering around

p} ~ 50 GeV (Jacobian peak). The light gluino (m§==3—5 GeV) is then

needed to obtain sufficient production rate via the process gg—» Gg.

i invited talk givem at the Quark Structure of Matter Meeting,
Strasbourg-Karlsruhe {September, 1985) .
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Recently, the UA1 Collaboration reported 12) new results on large

JZT gvents from the 1984 run of the CERN collider at [§ = 830 GeV with

an integrated luminosity of 263 nbfl. With the four triggers

la: ET('E.M. cluster') > 10 GeV
ib: Ep{'jet')>25 Gev (1)
1lc: £ E; >80 Gev

L R .
1d:  [ner - AET|>17 Gev and £ (jet) >15 GeV

and the selection criteria which include

2a: g >mex {4e, 15 GeV }

2h: pT(jet);>12 GeV {(2)

2c: No jet with pT:>8 GeV back-to-back to moncjet (t 300) ar
within & 30° nf,p} vector

they cbserved 29 mongjet events by combining both the '83 and '84 data.
The last trigger condition (1d) was introduced in the '84 run to
trigger on the events with transverse momentum imbalance with respect
last

selection criterion {2c}, which we callfﬁ% isplation cut, rejects

to the vertical plane which includes the colliding beams. The
events which come from fluctuation aof the normal ({CD) dijet events.

Shown in Fig. 1 are these 29 monajet events 12) pletted against
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3

the likelihood of being a tau, L {vertical axis), and the jet trans-

verse energy (horizontal axis). Open circles show the '83 data 1) and

the closed circles show the '84 data 12)

. The svents wiph L >0 aqd

and EJT<IdO GeV are the N—%?U candldates The standard model contribu-
tions to the monojet events 13} are expected to populate in the L <0
region. A most striking feature in this plott is the clean separation
of the 7z -like (L>2) and the non - llke (L < 1) events below

EJT = 35 GeV. Above this value of EJT' such a clean distinction dis-
appears and a cluster of eight events appears in the region

0 L<3, 38 GeV'<EJTA<46 GeV. These events are somewhat isolated from
)OI e
interpret this as a signal of the light gluino scenaric, then we should

the octhers in the EJT~L plane and might signal new physics

regard it as a first clean evidence of the Jacobian peak predicted by
the two-body §+q¥ decey. Although the relative production rate

{4 from the '83 data and 4 from the '84 dsta) is not as expected from
the naive luminosity c0n51stlng, which implies 2.3 times more events

in the 'B4 run, the absolute rates are both not far from the naive pre-
2) 2~3 avents in the '83 data and §~6 events in the '84

data for (ma,mﬁa = (100, 3} GEV.

dicticn

It is still an cpen questxon whether the scenar10 pr0v1des an ex-
planstion of the narrowness {L>>0) of the observed jets. All we have at
hand are qualitative expectations that the jets from § » g% decays
are narrower than ordinary jets at hadron colliders. First of all quark
jets should be narrower than gluon jets and second, there is an indi-
cation from the first order QCD radiastive correction 2:3) that the -
jets from the § 5 q¥ decay may be even narrower than those cbserved
in e*e” amnihilation.

Hence it is even more important to investigate the consequences

of the light gluinos seriously at hadren coliiders and at beam dump

experiments 14).
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QCD 2— 3 CONTRIBUTIONS TO LARGE‘Q} EVENTS

If the light gluino exists, then not only the 4§ production which
leads to desired signals but also copious production of a ﬁlpair is
expected from the subprocesses, gg—» G§ and gg-> G4, The two gluinos
produced back to back in the transverse plane each hadronize into

gluina-hadrons (G ) and then decay into ¥'s. The imbalance of the two

h
{unobservable) ¥ transverse momenta is then measured as AJT This con-

tribution was estimated by various authors 37

and they generally
agree that such & contribution does not rule out the scenario because
of the large ambiguity in theoretical estimates, with the ane exception
of Ref. & where similar results were interpreted as evidence against
light gluinos by allowing less ambiguity in theoretical estimates.
However, Herzog and Kunszt 8) peinted out that the QCD 2 — 3 pro-
cesses, gg—» 949 and qg — q5§, give rise to large,ﬁ} events with the
rate larger than the 2->2 (gg— 88 and qq—>§g) contributions for

smaller gluino masses (mg,: 10 to 20 GeV). Fig. 2 shows schematically

)"'ﬂ’\'rrrg‘rrn‘nrﬂ( W%( vvvi&vn-rrrn( yv;ﬂ\%—ﬁ y—%m
3
(b (c) (d) (e)

{al
Fig. 2

the five typicsl momentum configurations for the process gg—» ggg where
the matrix element becomes large. Curly lines and solid lines dencte
gluen and gluino three-momentum vectors, respectively, in the collid-
ing gluon c.m. frame. The configurations may be labelled as (a) g—» ]
splitting, (b) §-excitation, (c) gluon emissicn colinear to a gluino,
(d) gluon emission colinear to initiasl gluons, and (e) soft gluon

emission. Among these, the latter three configurations give similar
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final states to the leading order cne, i.e. a back-to-back gluino pair.
Hence the loop correction in the same order is required to know the
actuval magnitude of the correction. In particular, the leading logarith-
mic terms in the configuraticn (c) and (d) are already taken into
account by the scaling violations of the § fragmentation function and
the g distribution in a nucleon, respectively, On the other hand, the
configuraticns (a) and (b) appear cnly in the oig or higher orders. The
2—> 3 processes hence give the leading contributions te these two con-
figurations where two high o1 gluinos are almost collinear (a} or only
one gluino has high Py (b). In fact, Herzog and Kunszt observed that
the collinear gluino configuration (a) gives the dominant scurce of
large /p’T for lighter gluinos because the magnitudes of two photino
transverse momenta add up to give 1a1:'ge,ﬁT in this collinear configura-
tion whereas they tend to cancel out in the 2-—>2 centributions where
only the difference of the two photino transverse mementa gives gy in

the back-to-back configuration.

To examine this g-—» § splitting effect quantitatively for the re-
levant mass range, m@’ = 3-5 GeV, we introduce an approximaticn which
makes use of the universality of collineasr singularities. The simplest
source for two gluons is a scalar source (95 }, which can be expressed

by the effective Lagrangian 19)

1 apr o
L= —¢¢F¥F" . &)
A ¢ -

where F;., denotes the usual gauge covariant gluon field strength. By

attaching a gluinc-pair to a gluon leg emitted from the source, we find

d (>3448 ols 3 v g dE
- . = — T (1—'—‘ 2‘* 8 OI,GC'.JQ
D= ey Fw A T plalely, (@)

where T, = 3, q2 denotes the mass sguared of the g-pair, §= ”m; ,

2 1/2.
B= <1—=+m3./1‘)

the F-pair rest frame where the f-” momentum direction is chosen as the

and & is the polar angle of the § momentum in

r

polaraxis. This distribution reduces to the universal g—?@lsplitting
functien in the q2/§ —0 limit. I retain the (i-q2/§)3 factor to
suppress the contribution from the region where our approximation is

18) that our approximaticn over-

not valid. (Recently, it was found
estimates the exact 2— 3 cross section by a factor of 20 % in the re-

levant region.)

By aligning the jet axis to those of the dominant 2 —» 2 subpro-
cesses (gg > gg and q@—> qg)} in the formula

d& (ab— c§F) = d& (ab —>cg)dd(g— T8 (5)
with the decay function as defined by Eq. {4), we obtain a simple
2 —> 3 subprocess cress section which simulates the exact 2—> 3 cross
section in the collinear §-pair configuration (Fig. 2a) but gives
negligible contributions in all the other configuraticns shown in
Fig. 2.

NUMERTCAL ESTIMATES

In the fallowing numerical estimates we use the standard 2-32
fusion cross sactions 17) for gq->»3¢ and gg—» 39 with m. set to in-
finite and ithz approximation (5) for the 2> 3 prm:essesq
{99 ~> 389, 9i->q35, ad ->q¥5). We employ a running coupling constant,
the scale-dep=ndant ’§—>’g’h decay function with é,ﬁ = & b(mb/m§)2, the
collinear ﬁh—éy decay function and the jet selection algorithm of
Refs. 2 and 5, and the parton distributions of Duke and Owens 18) with
A= 0.2 GeV (set-I). Only the three selection criteria (2a,b,c) are
imposed on tihe cluster transverse momenta in the parton level where

*’;he/a/T resolution of the A1l detector is approximated by

o =07ty 171+ <E,7p 17 ey (6)
4 on s

with a constant scalar transverse energy contribution from the specta-

tor fragmentaticn, <E >sp = 25 GeV or 40 GeV.

1
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Shown in Figs. 3a and b are the 2= 2 and the 2> 3 subprocess
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Fig. 3 Missinbg By distributions from the 2-» 2 (a) and the 2= 3
(b) processes fqr_mﬁ = 3.GeV¥ in pp collisions at f§ = 630 GeV.
Dashad and selid lines are obtained by imposing the cuts (Z2a)

and (2b) with <ET7sp = 25 GeV and 40 GeV, respectively

contributions to the gﬁ distributions without the p% isaolation cut {2¢)
for iy = 3 Ge¥ at I8 = 530 GeV. The importance of the § 'i_:}h fragaen-
tation effect is clearly seen in the figures. Also shown is the signi-
ficance of the 4o cut (2a); dashed and solid lines denote the results
obtained by imposing the 48" cut with spectator ET = 25 GeV and 40 GeVv,
respectively. In minimum bias events '*) one Finds <E > =(20-30) Gev

e 20y SE. .

H A

T sp
(35-40) GeV. The typical mass scale of the §-pair production processes
which give rise to the large,p‘T signal is around -50-70 GeV. Although
it is slightly smaller than the W/Z masses, it is certain that the gluon
initiated processes as gg->9g should give more spectator E, from ini-
tial state bremsstrahlung than the qq annihilation process at the same
mass scale. Hence the solid curves with <Ef>gp = 40 Ga&V would provide
more realistic estimates. By comparing Fig. 3a and 3b, it is clear that

the 2-> 3 processes give the dominant source of large A events.

We show in Figs. 4a and b the same distributions as in Figs. Ja
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fig. 4 Same as Fig. 3 but for mg = 5 GeV

and b but for m~. = 5 GeV. All the qualitative features remain un-
changed. A notable difference is that although the cross sections for
mg = 5 GeV is the same (2 —+2) or smaller (2->3) than thase for

mg = 3 GeV, the pr’T distributions after fragmentation is substantially
larger at m§ = 5 GeV. As m. decreases, the fragmentation effect be-
comes more important and the collider experiments eventually loose their
sensitivity to detect §'s through the §s signal. As we shall see in

the following, the present collider experiment is sentitive down to

rn@» = (3-5) GeV, which is at the border of the sensitibe region of beam

dump experiments 14).

Shown in Figs. 53 and b are the monojet and dijet ,p’T distributions
summed over the 2-» 2 and 2 -2 3 contributions with <E.|.>Sp = 40 GeV
for m@, = 3 GeV and 5 GeV, respectively. Also shown are the distribu-

tions after imposing the ,g{T isolation cut (2c). It is clearly seen
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Fig. 5 Missing Py distributions of monojet (solid lines) and dijet
(dashed lines) events summed over 2— 2 and 2— 3 contribu-
tions calculated with the gluinn fragmentation effects and
with the cuts (Egs. (2) for m§ = 3 GeV (a) and 5 GeV (b) in
pp callisions at 45 = 630 GeV. Results with and without the
Ay isolation cut (2c) are shown separataly. <ET>sp = 40 GeV.

that this cut gets rid of dijet events almest completely. Only part

of the monojet signal survives the cut with the distribution peaked
around g = 25 - 30 GeV. It should be remarked that even after the g
isolation cut the remaining monojet events from this source should have
substantial minijet (pT(S GeV) activity in the back-to-back of mono-
jet direction. Hence if significant numbers of monojet signal survive
all the cuts, one should find evidence for light gluincs. The inte-
grated cross sections with <ET>sp = 40 GeV at Js = 630 GeV are tabu-
lated below. The cross sections with <E‘T>Sp = 25 GeY are typically a

factor of two larger.

B
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Table. Integrated cross sections of/;':»’T events for mg = 3 GeV
(5 GeV) satisfying the cuts (2a) and (2b} with
<ET>sp = 40 GeV in pp collisions at T8 = 630 GeV,

(1 jet + pT) in pb (2 jets + pT) in pb

2> 2 contribution 12,0 (36.7) 14.0 (25.7)

Z-> 3 contribution 18.8 (52.8) 33.5 (66.4)

sum 30.8 (89.5) 47.5 (92.1;

after /pf.l. isalation

(2c) 16.6 (47.6) 0.3 {1.8)
CONCLUSTONS

With an integrated luminosity of 263 nb'1 at J§ = 630 GeV and by
taking into account the azimuthal angle acceptance factor of 7/9 for
thelﬂT events 11), we expect 3.4 (9.7) monojets for m§.: 3 GeV (5 GeV)
which satisfy all the selection criteria (the trigger condition (ib)
is almost automatically satisfied). From Fig. 1, the UA1l Collsbora-
tion observed only 10 monoiet events in the region L <0 and EJT<14D
GeV where the light gluino signal is expected. The above numbers imply
that a significant fraction of the 10 monpjet events in this region
should come from gluinos if m~ = 5 GeV. Qur estimate is rather con-
servative by using a large <ET;;p (= 40 GeV), small running coupling
constant (A= 0.2 GeV), a scoft gluon distribution, no K-factor, and
by neglecting J-excitation contributions (see Fig. 2b). Hence it is
probably safe to conclude that the present collider data rule out light

glulnos down to m.§,~5 GeV as long as mff/mg <0.9. 2)

On the other hand, light gluinos with m§<3 GeV would be diffi-
cult to rule out at hadron colliders at present due to the increasing
sensitivity of the ’ﬁT signal ¢cross sections to the details of the §
fragmentation and ’g"h decay distributions. This gives an excellent
opportunity for future beam dump experiments to rule out or find a

signature of light gluinos, This-is not as easy a job as it seems
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14)

because the present gluino mass bounds

naive assumptions which may or may not be realized in nature.
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