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A study of events containing at least four high transverse momentum jets and a search for double parton scattering (DPS) have 
been performed using data collected with the UA2 detector at the CERN lbp Collider (x/s= 630 GeV). The results are in good 
agreement with leading order QCD calculations. A value of at~Ps < 0.82 nb at 95% confidence level (CL) is obtained for the DPS 
cross section. 

1. Introduction 

Since its early opera t ion  the CERN pp Col l ider  has 
been an excellent facili ty for the s tudy o f  the produc-  
t ion proper t ies  o f  high t ransverse m o m e n t u m  (Px) 
jets.  Deta i led  studies have focused on many  topics, 
f rom the measurement  of  inclusive je t  cross sections 
and a search for quark substructure,  to studies o f  the 
dynamics  o f  the product ion  processes and fragmen- 
tat ion propert ies  [ 1 ]. In all cases the results have been 
found to be in good agreement  with predic t ions  of  
per turbat ive  quan tum chromo-dynamics  ( Q C D ) .  

In this Let ter  results are repor ted  on a study o f  
events conta ining at least four  high PT jets  in the final 
state. The observed product ion  proper t ies  are com- 
pared  to the predic t ion  o f  leading order  Q C D  calcu- 
lations. Several authors  [2] have suggested an addi-  
t ional  mechanism for mult i - jet  p roduct ion  in 
hadronic  interact ions,  in which mult ip le  indepen-  
dent  hard par ton  interact ions  occur within the same 
~p collision. Because of  the dominance  of  the two-jet  
cross section, these mul t i -par ton  interact ions  should 
be observed most  easily in four-jet  final states. Dou- 
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ble par ton scattering resulting in four-jet final states 
has been s tudied and l imits  on the cross section for 
this process will be given. 

The following section briefly describes the parts  of  
the upgraded UA2 detector  of  relevance for this anal- 
ysis, while the event  selection is descr ibed in section 
3. The QCD model  used to s imulate interact ions is 
descr ibed in section 4, and compar ison  with data  is 
made  in section 5. The search for DPS is discussed in 
section 6. 

2. Apparatus and data taking 

The UA2 detector  was substant ial ly upgraded [ 3 ] 
during the per iod  19 8 5-19 8 7. Jet ident i f icat ion and 
energy measurements  are now prov ided  over  the full 
az imuthal  range 0 ° < ~ <  360 ° and the pseudorapid-  
i ty region I q L < 3. The ca lor imeter  is d iv ided  into a 
central  part  (CC)  covering pseudorapid i t ies  I r/I < 1 
and two end caps (EC)  covering the region 
0 .9<  I~/I <3.0 .  Both CC and EC consist o f  electro- 
magnet ic  and hadronic  compar tments  and  are sub- 
d ivided laterally into independent  cells. In the EC the 
two cells closest to the beam axis (2.5 < I q l < 3.0 and 
2.2 < I r/I < 2.5 ) cover 30* in azimuth, while the other 
cells have constant  segmentat ion Atp=15 ° and 
At/= 0.2. Each cell in the central  ca lor imeter  covers 
A ~ =  15 ° and A0= 10 °. The electromagnet ic  com- 
par tments  are mul t i layer  lead-scint i l la tor  sand- 
wiches with a thickness of  17 radia t ion  lengths (r.1.) 
in the CC and varying between 17.1 and 24.4 r.l., de- 
pending on the polar  angle (0) ,  in the end caps. The 
hadronic  compar tments  are mult i layer sandwiches of  
iron and scintillator corresponding to about 4.5 (CC)  
or  7 (EC)  absorpt ion  lengths, including the electro- 
magnet ic  part.  Cells with only hadronic  calor imetry  
cover the pseudorap id i ty  interval  0.9 <[~/I < 1.0 to 
measure  the energy o f  part icles which could other-  
wise escape detection in the interface between EC and 
CC modules.  Each EC is made  up from 12 modules.  
To min imize  dead space in the boundar ies  between 
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two neighbouring EC modules, each module has been 
rotated by 50 mr around its symmetry axis normal to 
the beam. 

The initial absolute calibration of the calorimeter 
was obtained by exposing every cell to beams of elec- 
trons, pions and muons of known momenta.  The cal- 
ibration stability has been monitored by measuring 
the calorimeter response to radioactive sources 
(6°C0). The accuracy of this relative response moni- 
toring has been measured by periodic recalibrations 
of  a part of  the calorimeter using test beams. The un- 
certainty on the absolute calibration is determined to 
be + 1% for the electromagnetic energy scale and 
+ 2% for the hadronic energy scale. Since hadronic 

jets deposit typically one half of  their energy in the 
electromagnetic compartment, the uncertainty on the 
absolute energy scale is + 1.5%. 

The calibration procedure ensures a correct energy 
measurement for particles with momenta  equal to 
those of  the calibration beam. Since a jet fragment 
typically carries a small fraction of the original par- 
ton momentum, jet energy measurements are sensi- 
tive to deviations from calorimeter linearity at low 
momenta.  Test beam measurements performed with 
the end cap calorimeter showed deviations from lin- 
earity at very low momenta (below 1 GeV). For ex- 
ample, only 70% of the total energy of a charged pion 
with a momentum of 200 MeV is measured in the 
calorimeter. The test beam results are well repro- 
duced by simulations of  hadronic showers based on 
ref. [4 ] and parametrizations of the calorimeter re- 
sponse are included in the detector simulation model. 

The analysis presented here is based on data re- 
corded during the 1988 and 1989 Collider runs at 
x/~= 630 GeV. Events are selected by a multi-level 
trigger [ 5 ] that, at the lowest level, is obtained from 
a coincidence between a minimum bias signal, ensur- 
ing the presence of  an inelastic lop collision, and re- 
quirements on the total transverse energy measured 
in the calorimeter cells and single- and two-jet trig- 
gers [ 6 ]. Multi-jet triggers are then formed at the sec- 
ond trigger level, requiring the presence of at least four 
jets with transverse momentum in excess of  8 GeV. 

The luminosity measurement [ 7 ] is provided by 
eight scintillator telescopes at small angles to the 
beams, four on each side of  the detector. The data 
presented in this letter correspond to an integrated 
luminosity of fSa  d t =  7.6 + 0.4 p b -  t, where the error 

is dominated by a 4.7% uncertainty in the knowledge 
of the lOp total inelastic cross section. 

3. The data 

Jets are identified through their energy deposition 
pattern in the calorimeter according to the following 
algorithm. Adjacent cells with transverse energy in 
excess of  400 MeV are joined into clusters. Cluster 
centre and radius in the 0 and ~a directions are de- 
fined from the individual azimuthal and polar angles 
of the cells belonging to the given cluster with the ap- 
propriate energy weighting. Only clusters above 15 
GeV in transverse energy and within the range I q I < 2 
are retained. For each event the n jets are sorted in 
decreasing order of  transverse energy and labelled 
from 1 to n. Exclusive topologies are selected by re- 
quiring ET.n+ l < 10 GeV. 

In addition to the previous kinematical cuts some 
further requirements are necessary to suppress a lu- 
minosity dependent background resulting mainly 
from multiple lop collisions within the same bunch 
crossing. These events are characterized by the pres- 
ence of jets with large reconstructed radii and, at the 
same time, large amounts of unclustered energy in the 
calorimeter. Only events where the jet system carries 
at least 40% of the total transverse energy measured 
in the whole calorimeter are retained. For an n-jet 
event an average cluster radius for the jet system has 
been defined as R = Z~ (ri /n),  where ri = (r~i + r~,) ~/2, 
and required to be less than 20 ° . Finally, to select 
events well contained in the calorimeter the missing 
transverse momentum is required to be less than 20 
GeV. 

The combination of the above cuts retains 9947 
four-jet, 281 five-jet and 7 six-jet events. Using the 
total integrated luminosity, these give uncorrected 
observed cross sections a4 = 1.3 nb, a5 = 0.037 nb and 
a6 = 0.0009 nb, respectively. The largest contribution 
to the error on these cross sections originates from 
systematic uncertainties that are studied through 
Monte Carlo simulations and will be discussed later. 

4. The QCD multi-jet model 

The present study relies on comparisons between 
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measured distributions associated with the multi-jet 
data and the QCD predictions. It is therefore neces- 
sary to describe the QCD model and its implemen- 
tation in a Monte Carlo simulation. 

The QCD multi-jet model is essentially based on 
the matrix element calculation of ref. [ 8 ] (KS) and 
ref. [ 9 ] (BGK).  The BGK programme calculates the 
complete matrix elements for tree level contributions 
up to order ot~ and also provides optionally several 
approximate calculations. A comparison of these 
much faster approximate calculations with the exper- 
imental data is interesting in order to estimate multi- 
jet backgrounds at the next generation of hadron col- 
liders. The exact calculation of BGK has been used 
in comparisons with the four- and five-jet data. Ap- 
proximate expressions for the matrix elements 
(ESFAG), where only the purely gluonic diagrams 
are included in the calculation and an effective struc- 
ture function [ 10] ~ is used to account for diagrams 
including quarks, have been used for comparison with 
the five-jet data. The KS programme calculates ma- 
trix elements for tree level contributions up to a 4. 
Approximate expressions for the matrix elements, 
where only the quark-antiquark diagrams are evalu- 
ated and the effective structure function approxima- 
tion is used, have been used for comparison with the 
four-jet data. 

For all the calculations the parton distributions 
have been chosen to be those of ref. [12] with 
AQCD = 200 MeV, and the QCD scale a z  was defined 
as the square of the maximum transverse energy of 
the final state partons. The absolute cross sections are 
sensitive to these choices, through as, which enters 
the calculation of the n-jet cross sections with the nth 
power. The sensitivity of the absolute QCD cross sec- 
tion to AQCD and the choice of  Q2 scale has been stud- 
ied at parton level only by varying the structure func- 
tions among the sets of refs. [ 12-15] and using 
different choices of  Q (average PT or di-jet invariant 
mass of the event). Within these choices the theoret- 
ical uncertainty associated with the lack of knowl- 
edge on Q2 and AQcD is approximately a factor 2 on 
tr4. 

Finally, to avoid divergences in the matrix ele- 
ments, due to the bremsstrahlung nature of gluon ra- 

¢1 For an experimental measurement of the effective structure 
function see ref. [ I 1 ]. 

diation, only final state partons well separated in 
phase-space and above a certain PT threshold are con- 
sidered. This has been implemented in the model by 
retaining only events with parton transverse energies 
and space separation greater than 12 GeV and 30 ° 
respectively. The uncertainties on the absolute cross 
sections for exclusive n-jet final states due to the 
choice of  these cuts are estimated to be smaller than 
the theoretical uncertainties quoted in the previous 
paragraph. 

The hadronization of the outgoing partons is ac- 
complished using a model based on the fragmenta- 
tion function of ref. [ 16 ], modified to allow for gluon 
radiation from the original partons. After being ra- 
diated according to a bremsstrahlung energy spec- 
trum, the gluons are fragmented independently. This 
fragmentation model, when used in conjunction with 
the UA2 calorimeter pattern recognition, produces 
additional clusters in 5% of the events for cluster 
transverse energies greater than 15 GeV. This en- 
sures that the jets in the final state are predominantly 
associated to the hard-scattering matrix element and 
do not originate from the soft fragmentation process. 

The acceptance of the UA2 calorimeter and the de- 
tails of  the detector response have been included in 
the calculations using a Monte Carlo simulation. The 
underlying event, produced by interactions of the 
spectator partons, has been simulated by superim- 
posing real events, collected with a minimum bias 
trigger, on the jets generated by the hard collision. 

The multi-jet trigger used at the second level in the 
UA2 trigger scheme is very efficient in collecting 
multi-jet events. However, the final sample is formed 
by events originating from several first level jet trig- 
ger streams. An algorithm simulating these jet trig- 
gers, and reproducing the observed data rates, has 
been written and implemented within the Monte 
Carlo simulation of the QCD model. This ensures that 
possible trigger biases are taken into account and al- 
lows a determination of the trigger efficiency for DPS 
events. 

Finally, an independent fast approximation model 
(NGLUON)  [ 10] has been compared to the four- 
and five-jet data. This approximate method is based 
on the observation that for a particular helicity state 
of the gluons the amplitude for the process gg--, ( n -  
2)g has a simple analytical form. All the remaining 
helicity amplitudes are then assumed to give the same 
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contribution and an effective cross section is ob- 
tained from the analytical amplitude result simply by 
multiplying by a combinatorial factor and using the 
effective structure function approximation. A com- 
plete simulation, including fragmentation and detec- 
tor modelling has not been performed. However the 
detector angular resolving power, studied by super- 
imposing pairs of two-jet events, has been included 
and the parton level cut-offs have been modified to 
mimic the cuts used in the analysis. For this parton 
level study each parton is required to be within the 
fiducial I r/I < 2 range and to have a transverse energy 
in excess of 15 GeV. These values have been chosen 
to be as close as possible to those used in the final 
analysis. 

5. Comparison with data 
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Given the limited statistics of the five- and six-jet 
data samples, a complete comparison was carried out 
only for the four-jet data. Unless otherwise specified 
all the simulated distributions are normalized to the 
data and the errors shown are statistical only. 

A four-jet system can be entirely described by nine 
variables, three describing the orientation of the jet 
system in space and six describing its internal config- 
uration. The general topology of the event can be de- 
scribed by the sphericity distribution. This has been 
computed defining the cluster axes as the lines join- 
ing the cluster centroids to the nominal interaction 
vertex and assigning three-momenta to the massless 
jets according to their reconstructed energies in the 
centre-of-mass system. Fig. 1 shows the invariant 
mass and sphericity for four-jet events. The QCD 
calculation of KS is represented by the solid histo- 
gram and is in good agreement with the data. No sig- 
nificant deviation from this QCD prediction is 
observed. 

A more detailed understanding of the features of 
four-jet events can be obtained by examining the dis- 
tributions of the six space angles, cos £2~, in the centre- 
of-mass system. Only five of these angles are inde- 
pendent variables, the last one being fixed by the in- 
variant mass of the jet system. Four of these angles 
are shown in fig. 2 where the solid histograms repre- 
sent the QCD prediction resulting from the KS Monte 
Carlo simulation. The data are well described by 

Fig. 1. Invariant mass (a) and sphericity (b) of the four-jet sys- 
tem. Only statistical errors are shown. The solid histograms rep- 
resent the results of the leading order calculation of ref. [ 81 fol- 
lowed by the full detector simulation. 

> 
w 

1000 

750 

500 

250 

0 

1200 

800 

aO0 

0 

i 1111,1,1[,1,,1,,11 1 

C0S~14 

I , I i ~ l l l l l ) l , ) l l l l , i  

COS~4 

,,1111 1 iii,i , ,i, ,,,1 

COSQ2~ 

• +4-+ 

i , r I t, , t I I, I III ' 'I , l 

cosQ3+ 

- 1 0  -OS 0 0 5  1.0 - 1 0  -0.5 0 0 5  1.0 

cos  Qij 

Fig. 2. Four of the six space angles in the centre-of-mass system. 
The data points are plotted against the leasing order calculation 
ofref. [ 8 ] followed by the full detector simulation. 
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leading order QCD. The expected enhancements  in 
the regions o f  small angular separation, characteristic 
ofbremsstrahlung radiation, are significantly damp- 
ened by the angular resolution o f  the calorimeter. To- 
pologies where the four-jets are evenly distributed in 
two opposite hemispheres (2 versus 2) or unbal- 
anced ( 1 versus 3) can also be recognized. 

An interesting study is the measurement  o f  the in- 
clusive PT-spectrum for multi-jet events and its com- 
parison to the absolute prediction o f  the exact and 
approximate leading order QCD calculations. The 
observed (acceptance uncorrected) inclusive PT 
spectrum is shown in figs. 3 and 4. Each jet contrib- 
utes one entry to these distributions and the data 
points represent the measured spectra for four-jet, 
five-jet and six-jet data samples. The four- and five- 
jet data are compared with several leading order QCD 
predictions, whereas the very limited sample of  six- 
jet data is only shown to indicate the qualitative re- 
lations between the spectra. In fig. 3 the solid lines 
represent the exact calculation o f  BGK for four- and 
five-jet production. In fig. 4 the solid line represents 
the calculation o f  KS for four-jet events. The dash- 
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Fig. 3. Measured inclusive PT spectra for multi-jet events: ( O ) 
four-jet events, (A) five-jet events, (@) six-jet events. The 
spectra are not corrected for acceptance. The overall, PT indepen- 
dent, systematic uncertainty is not shown, whereas the PT depen- 
dent part has been added quadratically bin by bin to the statisti- 
cal error. The two solid lines represent the absolute prediction of 
the leading order QCD calculation of ref. [9] for four and five 
jets. 
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Fig. 4. Comparison of the inclusive Pr spectrum resulting from 
the approximate QCD calculations described in the text to the 
multi-jet data. The solid curve represents the calculation based 
on the work of ref. [8] for four jets. The dash-dotted line is the 
result of the ESFAG approximation of ref. [9], while the two 
dashed curves are the results of the patton level study of the 
NGLUON approximation of ref. [ 10]. 

dotted line is the result of  the ESFAG approximation 
of  BGK for five-jet events. Finally, the two dashed 
lines show the results of  the N G L U O N  approxima- 
tion for four and five jets. In this case the four-jet cross 
section has been normalized to the exact BGK case. 
The main purpose o f  the study in this case is to ex- 
amine whether the overall shape o f  the inclusive PT- 
spectrum can be described by an analytical calcula- 
tion based on purely gluonic matrix elements only. 
Within the statistical errors the spectra predicted by 
the leasing order QCD calculations, exact or approx- 
imate, are in good agreement with the measured data, 
although the high PT regions are not completely re- 
produced by the approximation. This is not surpris- 
ing, in view of  the lack of  the relevant quark-anti-  
quark contributions in this model. The results for the 
absolute cross sections and the comparison with the 
measured values are tabulated in table 1. For  the par- 
ticular choice o f  structure functions and Q2 which has 
been made, the exact calculations agree in absolute 
normalization with the data. 

Several sources of  systematic uncertainties have to 
be considered. The uncertainty on the absolute en- 
ergy scale of  the calorimeter results in a px-dependent 
error, which using the approximate form exp ( - bPr) 
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Table 1 
Uncorrected multi-jet cross sections. The Monte Carlo results, 
for n-jet production, are absolute predictions of leading order 
QCD calculations obtained using the structure functions set of 
ref. [10], AQco=200 MeV and QZ=E2 ..... BGK and KS refer 
to the calculations of ref. [8] and ref. [9], respectively. The 
EXACT calculation and the ESFAG approximation are de- 
scribed in the text. The theoretical uncertainty resulting from the 
lack of knowledge on Q2 and AQC D is approximately a factor of 2 
on a4. The overal systematic error on the measurement amounts 
to 51%. 

m tr (BGK) [nb] a (KS) [nb] tr (DATA) [nb] 

EXACT ESFAG 

4 1.28 - 1.21 1.31 
5 0.040 0.047 - 0.037 
6 - - - 0.0009 

for the je t  spectra with b = 0.1 G e V -  1, has been com- 
puted for each PT bin and added  in quadra ture  to the 
stat ist ical  error  o f  the measurement .  The overall  er- 
ror  resulting from energy scale uncer ta int ies  is 23%. 
The cont r ibut ion  to the systematic  uncer ta in ty  re- 
suiting f rom the l imi ted  knowledge o f  the ca lor imeter  
response to low energy hadrons  amounts  to 28%. 
Fluctuat ions  o f  the under lying event,  s tudied by 
varying the number  o f  m i n i m u m  bias events super- 
imposed  on the jets  o f  the generated hard  collision, 
result in an error  o f  20%. The largest cont r ibu t ion  to 
the systematic  uncer ta inty  is caused by the l imi ted  
knowledge of  the f ragmenta t ion  process. This  effect 
has been es t imated  by varying the parameters  of  the 
model  and corresponds  to a m a x i m u m  var ia t ion  o f  
40%. The overall  PT independent  systematic  error, 
es t imated by adding  all cont r ibut ions  in quadrature ,  
amounts  to 51%. 

6. Search  for double parton scatter ings  

In a s imple model  o f  mul t i -par ton  interact ions  the 
cross section for DPS can be wri t ten as 

O'DPS - -  2 aeff ' 

where a2 is the two-jet  cross sect ion and a~fr is inter- 
pre ted  as a scale pa ramete r  related to the dis tance 
among the par tons  inside the proton.  Theoret ical  

speculat ions suggest aeff to be smaller  than the total  
inelast ic hadronic  cross section, measured to be ap- 
p rox imate ly  40 mb [ 17 ]. The factor o f  two in the de- 
nomina to r  has been suggested by the authors  o f  ref. 
[ 18 ] and originates from the poissonian nature o f  the 
probabi l i ty  o f  having mult ip le  interact ions.  A mea- 
surement  of  aDPS provides  direct  informat ion on the 
scale pa ramete r  aerf. Evidence for DPS has been re- 
por ted  by the AFS Col laborat ion [ 19 ] from a study 
o f  mult i - jet  events at the CERN ISR (pp  collisions at 
x /~=  63 GeV) .  

The good descr ipt ion o f  the four-jet da ta  sample in 
terms of  s tandard  QCD processes, which are domi-  
nated by double  bremsstrahlung (DB) ,  suggests that  
very litt le room is left for other  mult i- jet  product ion 
mechanisms,  such as DPS. In order  to quant i fy this 
s ta tement  a modi f ied  version o f  the P Y T H I A  gener- 
a tor  [ 20 ], in which two hard scatterings are forced to 
occur within the same ~p collision, has been used to 
mimic  DPS events. The acceptance o f  the calor ime-  
ter and the detai ls  o f  its response have been simu- 
lated as in the Q C D  model  descr ibed above. 

Given  the substant ial  s imilar i t ies  among DPS and 
DB events the search for DPS is carr ied out on a sta- 
t istical basis. In a four-jet final state, resulting from 
the s imul taneous  interact ion of  two pairs  of  consti t-  
uent partons,  the expectat ion is to f ind pairwise cor- 
relat ions among the final state jets.  The main  feature 
is the presence o f  two je t  pairs,  each with jets  bal- 
anced in t ransverse m o m e n t u m  and produced  at op- 
posite az imuthal  angles. 

Based on these considerat ions  a var iable  sensitive 
to the presence of  such two je t  pairs  has been con- 
structed [ 21 ]. This var iable  is def ined as 

2S 2 m i n (  JPTi +PTj I : IPTk +PTtl : "~ = + / 
IPTk I + IPTll 

where the min imiza t ion  is pe r formed  over  the three 
possible permuta t ions  o f  je t  pairs.  For  a DPS event  S 
should be close to zero, because of  the transverse mo- 
men tum balance of  the two je t  pairs.  Gluon radia t ion  
( ini t ia l  and  final ) and  wrong je t  assignment  because 
o f  the f ragmenta t ion  and the intr insic  detector  reso- 
lut ion for the measurement  o f  t ransverse m o m e n t u m  
imbalance  result in an S d is t r ibut ion  that  is smeared 
and slightly shifted with respect to the naive expec- 
tation. This is shown in fig. 5a where Log(S)  has been 
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Fig. 5. (a) Log(S) distribution for the four-jet data (points), 
double parton scattering Monte Carlo events (hatched histo- 
gram) and double bremsstrahlung Monte Carlo events (solid 
histrogram). To avoid problems of normalization the areas of all 
the histograms have been set to unity. (b) The comparison of the 
best fit (solid histogram) to the distribution measured for the 
data. 

plotted for the data together with the events of the 
double bremsstrahlung QCD Monte Carlo and the 
double parton scattering events generated by the 
modified version of PYTHIA. To emphasize the dif- 
ferent shapes all the distributions have been normal- 
ized to the same area and Log(S),  rather than S it- 
self, has been used. The accumulation of DPS events 
for values of  Log(S) near zero is due to the finite res- 
olution of the detector for transverse momentum 
balance. 

The DPS content of  the four-jet data sample is de- 
termined in the following way. The four-jet sample is 
assumed to be an unknown mixture of  two classes of 
events, resulting from DPS and DB processes. The 
Monte Carlo simulations of DPS and DB events have 
been used to extract the predicted shapes of the 
Log(S) distribution. Such distributions are then 
weighted with factors NoPs and Non and the weighted 
sum is then compared to the distribution measured 
for the four-jet data using a minimum X 2 method. The 
reliability of this fitting method has been verified us- 
ing Monte Carlo event samples, constructed from 
known amounts of  DPS and DB simulated events. 

The same Monte Carlo study shows that Log(S) is 
the most sensitive variable found for detecting a pos- 
sible signal from multiple interactions. 

The ~2 per degree of freedom as a function of the 
DPS content of  the four-jet sample reached a mini- 
mum for 755 -+ 165 DPS events. The best fit, includ- 
ing the DPS and DB contributions, is compared to 
the distribution measured for the data in fig. 5b. 

The number of events found by the fit has been 
converted to a cross section by correcting for various 
efficiency factors and including the systematic uncer- 
tainties. These uncertainties associated with the de- 
tector modelling have been studied by varying the 
calorimeter response, its energy scale and the simu- 
lation of the underlying event in the calculation of 
the predicted DPS and DB shapes of the Log(S) dis- 
tributions and by repeating the fit. The overall sys- 
tematic uncertainty from these sources corresponds 
to +_ 109 DPS events. 

The combined efficiency of the analysis cuts has 
been evaluated using the PYTHIA generated DPS 
events and it amounts to (60_+25)%. The uncer- 
tainty on this number originates mostly from the lim- 
ited knowledge of the calorimeter response to low en- 
ergy particles. The trigger efficiency for DPS events 
has been estimated to be (91.5+9si~)% using the trig- 
ger algorithm implemented in the Monte Carlo sim- 
ulation. The geometrical acceptance, expressing the 
probability that the two jet pairs of a DPS event are 
reconstructed in the UA2 calorimeter as a four-jet 
event, has been measured using Monte Carlo simu- 
lations. This acceptance amounts to (34.4 _+ 3.5 )%. 
The global correction factor is et = ( 18.8 _ 5.5)%. 

Finally, before converting the observed number of  
DPS events to a cross section one more source of 
background has to be subtracted. With the improved 
performances of the CERN pp Collider during the 
1988 and 1989 runs the probability of having multi- 
ple pp interactions within the same bunch crossing 
averaged 10%. If  both interactions result in two-jet 
pairs then this class of events is indistinguishable from 
the DPS signal and its contribution has to be statis- 
tically subtracted. Using the leading order calcula- 
tion of ref. [8 ] and the full detector modelling this 
background is estimated to be 60 +_ 40 events, where 
the error is dominated by the uncertainty on the two- 
jet cross section. 

152 



Volume 268, number 1 PHYSICS LETTERS B 3 October 1991 

The cross sect ion for DPS product ion  is evaluated  
f rom the formula  

Noes --Nb 
aDPS= f ~dt'et ' 

where NDeS is the number  o f  events found by the fit, 
Nb is the number  o f  background events, f ~ d t  is the 
total  in tegrated luminosi ty  and et is the global effi- 
ciency for double par ton scattering events. Adding the 
stat ist ical  and  systematic  errors on NDPS in quadra-  
ture, the value aDps= 0.49 _+ 0.20 nb is obta ined,  im- 
plying aDPS<0.82 nb at 95% CL. Using the s imple 
formula  relating aDPS and aeff this t ranslates to 
aeff> 8.3 mb  at 95% CL. 
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7. Conclusions References 

A study of  mult i - jet  events, using da ta  collected 
during the 1988 and 1989 running periods, has shown 
that  leading order  QCD calculations describe the data  
well. Shapes o f  d is t r ibut ions  and absolute normal i -  
zat ions  are well reproduced  within the stat ist ical  and 
systematic  errors o f  the measurement .  A search for 
addi t ional  product ion  mechanisms  o f  four-jet  events 
has been carr ied out  and,  in the absence of  an unam- 
biguous signal, an upper  l imit  on the product ion cross 
section for these processes has been placed. 
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