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ABSTRACT 

The QCD 2-7 3 contribution to large missing tran;verse momentum 

events from light gluinos of mass 3-5 GeV is estimated by using 

the gluon-to-gluino splitting approximation to the squared matrix 

elements and the scale dependent gluino fragmentation function. 

The 2--7 3 processes give the dominant contribution over the 2-7 2 

contribution, confirming the trend observed 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. Nonobservation 

of such effects in the 1984 data would rule out mg down to 

5 GeV but probably not below 3 GeV. 

INTRODUCTION 

The light gluino scenario 1 · 2) has received much attention 3- 9) 

as a possible supersymmetric interpretation 10 ) of the observed 11 ) 

unusually large missing transverse momentum Vf
1

) events associated 

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

tino gives the monojet events with largej1T clustering around 

jl'
1 
~50 GeV (Jacobian peak). The light gl_uino (mg=3-5 GeV) is then 

needed to obtain sufficient production rate via the process qg --7 qg. 

{;r~ invited tcd.k given at the Quark Structure of Matter Meeting, 

StJ-osbourg-KarJsruiH= (September, 1985). 
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Recently, the UA1 Collaboration reported 12 ) new results on large 

JfT events from the 1984 run of the CERN collidcr at JS ~ 630 GeV with 

an integrated luminosity of 263 nb- 1
. With the four triggers 

la: 

lb: 

lc: 

ld: 

ET('E.M. cluster')>10 GeV 

ET ('jet' ) > 25 GeV 

L.: ET > 80 GeV 

/r.E~ - ZE~I > 17 GeV and ET(jet) > 15 GeV 

(1) 

and the selection criteria which include 

2a: 

2b: 

2c: 

,Jf
1 

>max { 4tr, 15 GeV } 

p1
(jet) > 12 GeV (2) 

No jet . G k . +3D w1th Pr>B eV bac -to-back to monoJet (- o ) or 

~1ithin 
+ D 
- 30 of y'T vector 

they observed 29 monojet events by combining both the '83 and '84 data. 

The last trigger condition (ld) was introduced in the '84 run to 

trigger on the events with transverse momentum imbalance with respect 

to the vertical plane which includes the colliding beams. The last 

selection criterion {2c), which we callj1T isolation cut, rejects 

events which come from fluctuation of the normal (QCO) dijet events. 

Shown in Fig. 1 are these 29 rnonojet events 12 ) plotted against 
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the likelihood of being a tau, L (vertical axis), and the jet trans
verse energy (horizontal axis). Open circles show the '83 data 11 ) and 
the closed circles show the '84 data 12 ). T_he events with L )0 and 
and EJT<40 GeV are the W-71V candidates. The standard model contribu
tions to the mono jet events l3) are expected to populate in the L (0 
region. A most striking feature in this plott is the clean separation 
of the <:-like (L>2) and the non ~-like (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 < E JT < 46 GeV. These events are somewhat isolated from 
the others in the EJT-L plane and might signal new physics 12 ), If we 
interpret this as a signal of the light gluino scenario, then we should 
regard it as a first clean evidence of the Jacobian peak predicted by 
the two-body C(...;.q~ decay. Although the relative production rate 
(4 from the '83 data and 4 from the '84 data) is not as expected from 
the naive luminosity consisting, which implies 2 3 times more events 
in the '84 run, the absolute rates are both not far from the naive pre
diction 2): 2 ...... 3 events in the '83 data and 5""6 events in the '84 
data for (~.~) = (100,3} GeV. 

q 9 

It is still an open question whether the scenario provides an ex
planation of the narrowness ( L > 0) of the observed jets, All we have at 
hand are qualitative expectations that the jets from Q ~ q~ 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 radiative correction 2 •3) that the q
jets from the q...:;. q ~ decay may be even narrower than those observed 
in e+e- annihilation. 

Hence it is even more important to investigate the consequences 
of the light gluino.s seriously at hadron colliders and at beam dump 
experiments 14 ) 
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QCO 2 -> 3 CONTRIBUTIONS fO LARGE j!"T EVENTS 

If the light gluino exists, then not only the qg production which 
leads to desired signals but also copious production of a 9-pair is 
expected from the subprocesses, gg ---7 gg and qq -7 gg: The two gluinos 
produced back to back in the transverse plane each hadronize into 
gluino-hadrons <9nl and then decay into ~'s. The imbalance of the two 
(unobservable) ( transverse momenta is then measured as _.p'T. This con
tribution was estimated by various authors 3-?) and they generally 
agree that such a contribution does not rule out the scenario because 
of the large ambiguity in theoretical estimates, with the one exception 
of Ref. 6 where similar results were interpreted as evidence against 
light gluinos by allowing less ambiguity in theoretical estimates. 

However, Herzog and Kunszt B) pointed out that the QCO 2--7 3 pro
cesses, gg......;:. 9gg and qg __,.. q§§', give rise to large ..Pr events with the 
rate larger than the 2-7 2 (gg -7§'9 and qq~g§J contributions for 
smaller gluino masses (m~ = 10 to 20 GeV). Fig. 2 shows schematically 

9 

·+ ,+· T, ~~·-· -+, 
' (a) (b) (c) (d) lei 

Fig. 2 

the five typical momentum configurations for the process gg---7 g§'9 where 
the matrix element becomes large. Curly lines and solid lines denote 
gluon and gluino three-momentum vectors, respectively, in the collid
ing gluon c.m. frame. The configurations may be labelled as (a) g~ 9 
splitting, (b) 9-excitation, (c) gluon emission colinear to a gluino, 
(d) gluon emission colinear to initial gluons, and (e) soft gluon 
emission. Among these, the latter three configurations give similar 

--
~--~-~ __...___..____.,___.__,..____..J""___.,__,..,._ 
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final states to the leading order one, i.e. a back-to-back gluino pair. 

Hence the loop correction in the same order is required t6 know the 

actual magnitude of the correction. In particular, the leading logarith

mic terms in the configuration (c) and (d) are already taken into 

account by the scaling violations of the 9 fragmentation function and 

the g distribution in a nucleon, respectively, On the other hand, the 

configurations (a) and (b) appear only in the~; or higher orders. The 

2----7' 3 processes hence give the leading contributions to these two con

figurations where two high pT gluinos are almost collinear (a) or only 

one gluino has high pT (b). In fact, Herzog and Kunszt observed that 

the collinear gluino configuration (a) gives the dominant source of 

large)PT for lighter gluinos because the magnitudes of two photino 

transverse momenta add up to give large)fT in this collinear configura

tion whereas they tend to cancel out in the 2-7 2 contributions '"here 

only the difference of the two photino transverse momenta gives~T in 

the back-to-back configuration. 

To examine this g-t9 splitting effect quantitatively for there

levant mass range, mg = 3-5 GeV, we introduce an approximation which 

makes use of the universality of collinear singularities. The simplest 

source for two gluons is a scalar source (~ ), which can be expressed 

by the effective Lagrangian 15) 

L~ _i_ <j>F"rvp• v 
~1\ /" 

(3) 

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

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

JD 
J T'('/>~Jffl 

2 T'C¢~!3) 
- "'' - .87L TA 

jt 3 , , r • .t'i .,_ 
ct--) {3[2-{l-.'e]-~=e 

'S :r~- (4) 

h 2 dfh'"".l"\2. w ere T A "' 3, q denotes the mass square o t e g-pa1.r, s = -m¢ , 

(3 = C 1- 4-mf/11 )1./z., and & is the polar angle of the 9 momentum in 

the "9--pair rest frame 1·1here the f momentum direction is chosen as the 

- ----~---............- ~--~ ~~--
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polaraxis. This distribution reduces to the universal g-79 splitting 

function in the q2;s --70 limit. I retain the (1-q2;s) 3 factor to 

suppress the contribution from the region where our approximation is 
. l . " d 16) . . not vab.d. (Recent y, 1.t was roun that our approx1.mat1.on over-

estimates the exact 2-7 3 cross section by a factor of 20 % in the re

levant region.) 

By aligning the jet axis to those of the dominant 2-7 2 subpro

cesses (gg ----7- gg and qg 7 qg) in the formula 

d & (ab -7 c§"§'J d & (ab--» cg) dO (g --7- 99> (5) 

with the decay function as defined by Eq. (4), we obtain a simple 

2~ 3 subprocess cross section which simulates the exact 2-73 cross 

section in the collinear 9-pair configuration (Fig, 2a) but gives 

negligible contributions in all the other configurations shown in 

Fig. 2. 

NUMERICAL ESTIMATES 

In the f ollm.;ing numerical estimates <·Je use the standard 2 -7 2 

fusion cross SHctions 1
7) for qq --799 and gg~ 99 with m.....- set to in-

q 
finite and th-~ <::pproximation (5) for the 2.....:;. 3 processes 

(gg 7 g§9, q~ ~ q§g, qQ --7 gQg) . We employ a running coupling constant, 

the scale-dep::;ndent g 4g'h decay function with E,... = E b (mb;m ...... ) 2 , the 
- 9 9 

collinear gh--'> r decay function and the jet selection algorithm of 

Refs. 2 and 5, and the parton distributions of Duke and Owens iS) \·lith 

A= 0.2 GeV (set-I). Only the three selection criteria (2a,b,c) are 

imposed on tile cluster transverse momenta in the parton level where 

the /r resolution of the UA1 detector is approximated by 

~ ,;:.. v~ 

rr" o.? [ L. I PT I + < ET>,P] Ur,VJ 
r~..-t .. >"\s 

(6) 

with a constant scalar transverse energy contribution from the specta

tor fragmentation, <ET> = 25 GeV or 40 GeV. 
sp 
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Shmm in Figs. 3a and b are the 2 --7 2 and the 2 4 3 subprocess 
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Fig. 3 
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Missinbg pT distributions from the 2-7 2 (a) and the 2-7 3 

(!J) proc_esses fqr _ mg = 3_ GeV in pj) collisions at SS = 630 GeV. 

Dashed and solid lines are obtained by imposing the cuts (2a) 

and (2b) with <E
1

7' = 25 GeV and 40 GeV, respectively 
sp 

contributions to the ¥r distributions without the Jfr isolation cut (2c) 

for 1i1g = 3- GeV at JS = 630 GeV. The- importance of the 9 ~ 911 fragmen

tation effect is clearly seen in the hgui-es. Also shmm is the signi

ficance of the 4~cut (2a); dashed and solid lines denote the results 

obtained by imposing the 4&" cut with spectator ET = 25 GeV and 40 GeV, 

respectively. In minimum bias events 19 ) one finds <ET~sp~(20-30)- Gev 

while in W/Z prodUction it is conSiderablY larger 20): <tT>sp = 
(35-40) GeV. The typical mass scale of the fl-pair production processes 

which give rise to the large ..Pr 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 ----31'99 should give more spectator ET from ini

tial state bremsstrahlung than the qq annihilation process at the same 

mass scale. Her1ce the solid curves 11ith <E1> "' 40 G~V would provide 
sp 

more realistic estimates. By comparing Fig-. 3a and 3b, it is cleat that 

th.;-2~ -·3 processes give th"e domfriani --source Of large ,.p'T events. 
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\·Je show in Figs. 4a and b the same distributions as in Figs. 3a 

al rs = 630 ~ bl 

1000t 
mg= SGeV 

1000 

2-2 contribution /~ 

' ' 
2--3 contribu\iQI) 

100 100 ' /-, I 
> , ' f l-·, ~fragmentation • , 
"' I 
:;; 10 I, ..... , no fragmentation 10 I ,ri. I 
-" / ) ' I I I, 

I ,;; I 

ill / 
I u 

1 I 1 
b 

u / with 
with 1 fragmentation 

01 fragmentation 01 

O.Dllllllitltlrtttlllllittrrlt~ I O.ot 
20 30 1,() 50 GO 70 20 30 '0 50 GO 70 

}'1 IGeVI /'1 IGeV I 

Fig. 4 Same as Fig. 3 but for mg = 5 GeV 

and b but form~= 5 GeV. All the qualitative features remain un-
9 

changed. A notable difference is that although the cross sections for 

mg = 5 GeV is the same (2 -7> 2) or smaller (2-----;;. 3) than those for 

mg = 3 GeV, the J(T distributions after fragmentation is substantially 

larger at mg = 5 GeV. As mg decreases, the fragmentation effect be

comes more important and the collider experiments eventually loose their 

sensitivity to detect 9's through the Jfr signal. As we shall see in 

the following, the present collider experiment is sentitive down to 

m~ = (3-5) GeV, which is at the border of the sensitibe region of beam 
9 14) dump experiments 

Shmm in Figs. Sa and bare the monojet and dijet.fl'r distributions 

summed over the 2-?' 2 and 2 7 3 contributions with <ET:>sp = 40 GeV 

for mg = 3 GeV and 5 GeV, respectively. Also shown are the distribu

tions after imposing the Jfr isolation cut (2c). It is clearly seen 

7_o 
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a) rs = 630 b) 

IOOOf 
m~= 3GeV 

1000 mg: SGeV 

:;: 
• "' D 
~ 

.:: 
u 

b 
u 

Fig. 5 
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100 2-2. 2..._3 100 

--ljet 

10 ----2jet 10 
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',1'1 isolation 
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J'1 1G•VI 

Missing pT distributions of monojet (solid lines) and dijet 

(dashed lines) events summed over 2---7 2 and 2.......,. 3 contribu

tions calculated with the gluin:J fragmentation effects and 

with the cuts (Eqs. (2) form ..... = 3 GeV (a) and 5 GeV (b) in 
- 9 

pp collisions at ~ = 630 GeV. Results with and without the 

Jfr isolation cut (2c) are shown separately. <ET>sp = 40 GeV. 

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

of the monojet signal survives the cut ~lith the distribution peaked 

around f'r = 25 - 30 GeV. It should be remarked that even after the flr 
isolation cut the remaining monojet events from this source should have 

substantial minijet (pr<8 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 gluinos. The inte

grated cross sections with <ET/ = 40 GeV at JS = 630 GeV are tabu-
'P 

lated bel011. The cross sections with <ET. > = 25 GeV are typically a 
'P 

factor of two larger. 

Table. 

-,.,---~-----....-- . ..__,_----- ..... ----------~ 
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Integrated cross sections of)PT events for mg = 3 GeV 

{5 GeV) satisfying the cuts (2a) and (2b} with 

<ET>sp = 40 GeV in pp collisions at JS = 630 GeV. 

0'(1 jet + Prl in pb 0'(2 jets + Prl in pb 

2 -7 2 contribution 12.0 (36. 7) 14.0 (25.7) 

2 -7 3 contribution 18.8 (52.8) 33.5 (66.4) 

'urn 30.8 (09.5) 47.5 (92.1) 

after Jlr isolation 
(2c) 16.6 (47.6) 0.3 (1.6) 

CONCLUSIONS 

\oJith an integrated luminosity of 263 nb- 1 at SS = 630 GeV and by 

taking into account the azimuthal angle acceptance factor of 7/9 for 

the flr events 11
), we expect 3.4 (9.7) monojets for mg = 3 GeV (5 GeV) 

which satisfy all the selection criteria (the trigger condition (1b) 

is almost automatically satisfied). From Fig. 1, the UA1 Collabora

tion observed only 10 monoj et events in the region L <O and E JT< 40 

GeV where the light gluino signal is expected. The above numbers imply 

that a significant fraction of the 10 monojet events in this region 

should come from gluinos if mg = 5 GeV. Our estimate is rather con

servative by using a large <ET>sp (= 40 GeV} 1 small running coupling 

constant (/\ = 0.2 GeV), a soft gluon distribution, no K-factor, and 

by neglecting 9-excitation contributions (see Fig. 2b). Hence it is 

probably safe to conclude that the present collider data rule out light 

Gluinos dmm to m"'"-'5 GeV as long as m,...;m,... (0.9. 2) 
g r g 

On the other hand, light gluinos with m~<3 GeV would be diffi-
9 

cult to rule out at hadron colliders at present due to the increasing 

sensitivity of the )iT signal cross sections to the details of the 9 
fragmentation and ~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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because the present gluino mass bounds 14 ) were obtained under several 

naive assumptions v1hich may or may not be realized in nature. 
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