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ABSTRACT

The production of transverse energy clusters in minimum bias proton-antiproton collisions
at the CERN SPS Collider is studied with the UA1 detector over a new range of centre of mass
energies (Vs = 0.2 — 0.9 TeV). This study is intended to investigate how low in transverse
momenturmn perturbative QCD is able to describe the dynamics of hadron collisions. We observe that
clusters with transverse energy in excess of few GeV exhibit properties in agreement with QCD
expectations for parton scattering, supporting their interpretation in terms of jet production. We find
that the jet-event rate represents a sizeable fraction of the inelastic rate and is increasing with Vs

over the measured energy range.
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1. Introduction.

The production of hadronic jets at the SPS Collider and at the ISR has been clearly
demonstrated by selecting events with large total transverse energy, LEr, of all particles emitted in a
given central rapidity interval, An, over the full azimuthal angle, A¢ = 2r [1]. There is now little
doubt that high pr jets are the observable result of a hard scattering between the hadron constituents,
partons, and that the direction and energy of the jets (defined by a suitable algorithm) provide a
good measurement of the emitted partons. As ZEt decreases, one reaches a regime where the
interpretation of the event toplogy becomes more difficult. There can be several reasons for this: 1)
multiple parton-parton interactions [2], ii) an increasing relative contribution to the transverse
energy from gluon radiation as the momentum transfer, Q2, decreases [3], iii) an increasing relative
contribution from events of high multiplicity, without evident jet production, that can produce large
2ET.

The cross-over value in ZEy, above which jets are observed to dominate, depends on s
and on the chosen rapidity interval An [4]. For example at Vs = 630 GeV, for An = 2 the
cross—over occurs at about 60 GeV [5], for A1l = 6 it occurs above 180 GeV [3]. These high
cross-over values imply that ZEr triggers over Ad = 2x are not suitable to study hadronic jets with
small transverse energy. In order to extend the study of jet production at low energies it is necessary
to use a localized Ey trigger rather than a global ZEy trigger. Previous studies [6] have shown that
an appropriate solid angle is in the region AR = V(An2+ A$2) = 1. It is then interesting to
investigate whether the transverse energy clusters selected in this way behave as expected for QCD
jets even at low values of Er.

In this paper we present a study of the properties of clusters selected by the UA1 jet finding
algorithm [6] down to the smallest possible threshold value. This study is applied to minimum bias
trigger data, collected in the centre of mass energy range Vs =0.2 - 0.9 TeV; this extended energy
range was made possible by the successful operation of the SPS pp Collider in pulsed mode [7].

The two main limitations that have to be taken into account when dealing with low
transverse energy jets are that :

i) the experimental definition of a jet, rather clear at high E, becomes less reliable when the

scattered parton Ey is not large with respect to the contribution from the "underlying event” (i.e. the
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contribution from the spectators and initial state bremsstrahlung);

ii) at low Et values it becomes more difficult to describe parton-parton collisions by QCD
perturbative calculations and the direct identification of partons with jets may be questioned:[8]. .

The purpose of this investigation [9] is to determine how the measured cross section for
clusters of Er > Epin compares with QCD calculations. We shall present evidence that one can
usefully define jets down to Er,,;, = 5 GeV and that the QCD calculated and experimental cross
sections agree over a very wide range of Er > Erp,,;,, . As stressed in points i) and ii) above, the
interpretation of the production of low Er clusters in pp collisions in terms of QCD jets cannot be
unique. Anyway an analysis of transverse energy clusters, as defined by our jet finding algorithm,
can be a clear quantitative point of reference also for alternative interpretations. On the other hand,
we must recall that jets have been defined in e*e” collisions down to energies as low as a few GeV
and that the spin of the quark was determined from the jet axis angular distribution at
Vs=7 GeV [10].

In Sec.2 we present the event selection criteria and give a description of the UA1 jet finding
algorithm. Sec.3 is devoted to the analysis of the properties of the clusters reconstructed by the
algorithm: shape, angular distributions and production rate. In Sec.4 we discuss the corrections that
we apply to the energy and rate of the clusters to account for the jet fragmentation, the algorithm
selection and the experimental resolution. After that we derive the inclusive cross section that can be
compared with QCD calculations. Results on the rate of events with low transverse energy clusters

are presented in Sec. 5.

2. Data sample and selection criteria.

The SPS Collider was operated in pulsed mode between beam momenta of 100 and 450
GeV/c. The cycle was of 21.6 seconds with a flat top of 4.0 s, a flat bottom of 8.2 s and two
energy ramps of 4.7 s each. The UAI detector has been extensively described [11]. Its main
characteristics are full solid angle calorimetric coverage and a charged particle tracking chamber,
C.D,, in a dipole magnet. The detector was triggered through all of the SPS cycle requiring at least
two charged particles in opposite rapidity hemispheres in the range 1.5 < In| < 5.5. This trigger

[12] accepts almost all of the inelastic non diffractive cross section. The trigger cross section at \/,s =
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546 GeV is derived from measurements of the total interaction rate [13], the data at all other
energies are normalized to that energy since the Collider luminosity was proportional to the beam
momentumn [7]. It should be noted that, when comparing data taken at different c.m. energies, most
of the systematic effects due to the detector response and to the beam parameters cancel, since the
data were taken with the same circulating beams and in the same experimental conditions.

The present analysis is based on 188000 events collected during the Pulsed Collider run in
March 1985, 18 % at flat bottom, Vs = 0.2 TeV, and 34 % at flat top, Vs = 0.9 TeV, while 48 % of
the events were taken in the energy ramps and have been subdivided for the analysis into five c.m.
energy intervals roughly equispaced in In s. The total integrated luminosity was 5.1 pb-l. A sample
of 41000 minimum bias events at Vs = 546 GeV and 66000 events at Vs = 630 GeV collected
during the 1983 and 1984 Collider runs respectively, are used to compare minimum bias and jet
trigger data under the same experimental conditions.

Events are retained for analysis if they fulfil requirements on timing of the trigger
hodoscopes, on the vertex reconstruction by the C.D. and on the total energy deposited in the
calorimeter. With these cuts the residual background due to beam-gas interactions and halo particles
was less than 2 %, while the efficiency for selecting pp non-diffractive interactions was higher
than 96 %.

Clusters are defined by the UA1 jet finding algorithm [6] which is based on calorimeter
transverse energy depositions in N—¢ space. Calorimeter cells with Ey larger than 1.5 GeV are
used to initiate a jet. The Ey deposited within a distance AR = v (An2+ Ad?2) = 1 is associated to the
jet initiators. The cluster energy and axis are defined by the vector sum of all energy depositions in
the cone of radius AR = 1. In the following, E;®* refers to the transverse energy as reconstructed
by the algorithm. Clusters are considered only if their axis is in the pseudorapidity interval ml < 1.5
(central calorimeter) and have azimuth [A¢| = 30" from the vertical where the two calorimeter

halves join.

3. Analysis of cluster production. Can we consider them as low energy jets?
In a previous analysis [6] the properties of events containing high E1 jets were exarmined in

terms of the transverse energy flow around the jet axis, d?E1/dAndA¢. We have shown that, for Ep
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larger than 20 GeV, both the width of the jet and the transverse energy density outside the jet cone
are roughly independent of the jet Er. Using the present data sample we can now study the
evolution of the properties of transverse energy clusters from the high Er"@ region, where jet
production is well understood in terms of hard parton scattering mechanism, down to very low
values of E"™.

Fig. 1 shows the transverse energy flow around the cluster axis, integrated over Ap = + /2
from this axis, for different Epya¥  thresholds at Vs = 630 GeV. From 60 GeV down to events
with Er"® larger than 5 GeV the cluster profile is broad, with a base—~width of the cluster that
remains rather constant. At lower values of Ep"® the cluster profile becomes narrow due to the bias
of the algorithm that requires an initiator of E1 > 1.5 GeV. At low Ey the cluster width is essentially
the size of a calorimeter cell.

To study the shape of low transverse energy clusters we have plotted the ratio, F, between
the Er contained in a cone of radius AR = 0.2, comparable with the size of the calorimeter cells,
and the Er contained in the cone of radius AR = 1. Fig. 2a shows the distribution of the average
value of F, {ZET(AR=0.2) / ZEr(AR=1)), as a function of Ey/# for minimum bias and jet trigger
data at Vs = 630 GeV. As the transverse energy of the cluster increases, {(F) shows a fast decrease
from the initiator threshold, where F = 1. For Ey™® > 5 GeV, (F) flattens off and then increases
up to the high Er jet region. This increase is rather well reproduced with a QCD Monte Carlo [14]
and it is due to the limited transverse momentum of the fragments around the jet axis.

Events containing high Er jets are also characterized by a transverse energy outside the jet
cone [6] larger than the average value measured in minimum bias events. Fig. 2b shows the
behaviour of the transverse energy density, dEy/dn, measured in Ad = + /2 around the cluster axis
and at An = 1.5 from the cluster axis, as a function of E;’#® for minimum bias and jet trigger data
at Vs = 630 GeV. The transverse energy density shows an increase from the average value
measured in minimum bias events, that is about 1.5 GeV per unit of pseudorapidity in A¢ = =, and
tends to flatten off for Eya > 15 GeV.

To check that the observed clusters are not an artefact of our calorimeter, we have studied
the charged particle average transverse momentum flow around the cluster axis for Eye* > 5 GeV

using the C.D. which has a far better space resolution. We observe clusters with similar shapes
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both in pseudorapidity and azimuthal angle (see Fig. 3).

We now examine the angular correlations between clusters. At Vs = 900 GeV, in the sample
of events containing at least one cluster in [n] < 1.5 and with E{74¥ > 5 GeV, we find that 34.4 % of
the events contain a second cluster selected with the same criteria. The QCD Monte Carlo [14]
prediction at Vs = 900 GeV is 35.9 %. The absolute value of this fraction, £, is very sensitive to
the efficiency of finding a second, lower E, jet. This efficiency depends on the Et threshold and
also on Vs through the influence of the transverse energy density in the underlying event. If
corrections are applied for these effects, we find that f is roughly independent of both E774% and
Vs , as expected for jet production. We have already shown [15] that the angular distribution for
high Er jet pairs is rather independent of the two-jet invariant mass, M, in good agreement with
QCD which predicts only slow variations due to non—scaling effects. The angular distribution,
(1/N)dn/dcos8, of the two highest Ey clusters in their centre of mass system, is shown in Fig. 4a
for different mass thresholds and compared to a leading order QCD prediction. The two-cluster Ad
distribution is shown in Fig. 4b together with QCD Monte Carlo predictions. The agreement with
QCD is satisfactory for M > 20 GeV/c2 corresponding to about Ep® > 7.5 GeV.

We now discuss which fraction of the reconstructed clusters-can be attributed to QCD jets
rather than to transverse energy fluctuations in soft collisions., In ref.5 UA2 extracted a
parametrisation for the soft and hard cross-sections directly from the data. Over the pseudorapidity
interval Iml < 1, their parametrisation is such that the hard cross—section prevails over the soft
cross—section for ZEt 2 60 GeV. For a two cluster inclusive cross-section of total transverse
energy Er = E1q + Ex ( By and By, are the transverse energies of the two highest Ep clusters
produced in Ml < 1), the same parametrisation predicts that the cross—over in Er occurs at Er = 25
GeV. The UA2 analysis indicates that clusters with Et £ 15 GeV are mostly due to fluctuations of
the soft component.

This conclusion is based on a phenomenological parametrisation of the hard cross—section
that is not derived from QCD. To describe the hard cross section, the experimental distribution,
dn/dEy, was extrapolated below 65 GeV by an exponential in Et joining smoothly with the large
Er data [5]. Fig. 5 shows the event yield as a function of Ep for the UA2 and the UA1 experiment.

For comparison, the UA1 data are analysed in the restricted pseudorapidity range Inl < 1. Although
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they are obtained with a different calorimeter and cluster algorithm, the two sets of data are in good
agreement, This is also shown in Fig. 6, where the fraction of the transverse energy contained in
the two highest Ey clusters, h; = Erq/ ZEq, hy = (Er + Ep) / ZEr, is plotted as a function of Er.

The two lines shown in Fig. 5 are the UA2 parametrisation for the hard cross—section
(dashed line), with its extrapolation by an exponential below 65 GeV, and the ISAJET [14] absolute
QCD prediction (full line). If we replace the phenomenological UA2 parametrisation of the hard
cross—section by the ISAJET prediction, we conclude that the observed cluster yield is consistent
with a QCD model down to values of the transverse energy smaller than 15 GeV.

Atlow Ep values QCD predicts that in more than 70 % of the cases only one of the two
clusters is emitted in the central rapidity interval Inl < 1. The By variable was discussed for the
purpose of comparison with UAZ2, but it is more appropriate to discuss our single inclusive cluster
yield as a function of the cluster Ey. We compare this yield with the predictions of two different
phenomenological parametrisations of the minimum bias inelastic pp collisions.

Fig. 7 shows the uncorrected cluster yield as a function of Et7#" in Il < 1.5 at Vs =09
TeV. The solid lines are the predictions of a minimum bias event generator [16] based on
longitudinal phase space hadronization of the spectators. The Monte Carlo generated events have
been fully simulated in the detector, and then processed and analysed in the same way as real
events. The clusters reconstructed by this Monte Carlo mainly originate in large multiplicity events.
We see that transverse energy fluctuations from soft collisions account for only 18% of the cluster
yield for Ep7%* > 5 GeV and that the Ey distribution is much steeper than for the data. It is
interesting to investigate whether “non QCD” event generators based on cluster emission [19, 20]
are able to produce cluster yields comparable to our measurements. These Monte Carlo event
generators introduce a number of phenomenological assumptions based on the characteristics of the
minimum bias pp collisions as measured by the Collider expeniments. In Fig. 7 we show the
results of the reconstruction in our apparatus of events generated with the UAS cluster Monte Carlo
[21] at Vs = 0.9 TeV (dashed lines). The cluster yield is still too low to account for the measured
distribution.

This and other [22] statistical models, based on phenomenological assumptions, are able to

reproduce some of the features of the production of low Et clusters. These models, though useful
tad
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for a phenomenological approach, do not provide a description of the underlying dynamics of
cluster production and cannot predict an absolute cross section.

Qur aim in this paper is to investigate to what extent QCD, in its perturbative approach, can
explain experimental results. The evidence presented above on the cluster shape, angular
distribution and production rate suggests that the observed clusters with Ep > 5 GeV are consistent
with having a substantial component of QCD jéts. Of course we cannot assume from our results
that a simple jet interpretation is unique when we go down to 5 GeV. This value does not represent
any definite threshold for the onset of hard interactions. In fact hadronic interactions will evolve
with continuity from low to high values of transverse energy; the 5 GeV cut used in this analysis
represents a reasonable limit from where experimental results can be compared with QCD models.

On this basis, we now proceed to compute the inclusive jet cross section.

4 . Inclusive jet cross section.

To derive the inclusive jet cross section, corrections are applied to the number of the
reconstructed clusters and to the transverse energy recostructed by the algorithm.

First the yield of clusters has been corrected for the contribution from fluctuations of the
transverse energy density as calculated with the minimum bias Monte Carlo [16].

As a second step, we relate the transverse energy reconstructed by the algorithm, Er ¥, to
the transverse energy of jets as modelled in QCD jet-event generators. We have used two different
Monte Carlo programs, ISAJET [14] and COJETS [23], which give results in good agreement with
each other. In the Monte Carlo the jet momentum is defined as the vector sum of the hadronic
fragments of the parent parton(s) and it is compared with the energy reconstructed by the algorithm.
Partons produced within a distance of AR = (.75 are merged in a single jet since the algorithm is
not able to detect them as separate jets. Correction factors are derived at different c.m. energies to
relate the cluster E/# to the jet transverse momentum, py. Since available jet event generators do
not reproduce well the rise of the transverse energy in the event as a function of Er™® | plotted in
Fig. 2b, to derive this correction we have replaced bin by bin in the Monte Carlo the measured value
of the transverse energy density.

The efficiency of the algorithm to find a jet of transverse momentum pr is evaluated
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requiring that a cluster is reconstructed with its axis within an association distance AR = 0.75 from
the jet direction. The jet finding efficiency is about 55 % for py = 5 GeV/c and is higher than 90 %
for pr=10GeV/e.

The same procedure is used to evaluate the resolution function due to the fluctuations of the
calorimeter energy response and of the jet finding algorithm. Averaging over the acceptance, the
relative resolution for a 10 GeV/c transverse momentum jet is about 30 %. Finally the effect of the
resolution function on the jet differential cross section is evaluated assuming a QCD leading order
prediction [24] for the parent distribution .

We have checked that the result of the above corrections is stable with respect to smali
variations of the initiator threshold, from 1.35 to 1.65 GeV transverse energy, and of the
association distance AR, from 0.65 to 0.9.

The inclusive jet cross section, d20/dpydmn, averaged over the range Inj< 1.5, is shown in
Fig. 8 as a function of the jet pr and compared with jet trigger data [26] for Vs = 546 and 630 GeV.
The systematic error, due to the jet energy scale and to the resolution function corrections, depends
upon the jet py and is estimated to be a factor of two for pr = 5 GeV/c and a factor of 1.7 for py
larger than 15 GeV/c. Also shown in the Fig. 8 is a QCD leading order calculation [24] obtained
using the structure function parametrisation of ref.25 with Agcp = 0.2 GeV and scale Q2 = pp?.
The theoretical prediction is scaled up by a factor of 1.5, as was done in ref.26, in order to agree
with the experimental cross section for large transverse momentum jets, pr = 60 GeV/c.
Perturbative QCD is expected to break down at low momentum transfer, moreover at low pr its
predictions depend strongly upon the behaviour of the gluon density at low x which is not measured
directly but extrapolated from VN deep inelastic scattering data [27]. Nevertheless, the behaviour of
the jet inclusive cross section, now measured over nine orders of magnitude, shows impressive
agreement with perturbative QCD predictions within the systematic uncertainties.

Fig. 9a shows the jet inclusive cross section measured during the Pulsed Collider run at
different c.m. energies. The same results are also given in Table 1. On average, the experimental
data are a factor of two higher than leading order QCD predictions. As explained before, systematic
uncertainties, both in the data and in the calculation, can account for part of this discrepancy. Most

of the systematic errors cancel in the ratio of the inclusive cross section at different c.m. energies
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shown in Fig. 9b together with the QCD prediction. From 0.2 to 0.9 TeV c¢.m. energy, the
inclusive jet cross section increases on average by a factor of about ten for pr = 10 GeV/c. The
trend of the data indicates a rise of the cross section with \/s, at fixed pr, faster than foreseen by

leading order QCD with the present choice of structure functions and Q2 scale.

5 . Jet-event cross section.

The number of events containing at least one cluster with Et larger than 5 GeV is used to
evaluate a cross section due to hard processes. We define o, as the cross section for producing at
least one cluster with E1 > 5 GeV, as defined by our algorithm, at any rapidity. We measure it by
searching for clusters in the restricted region |nj< 1.5 and then the cross section is corrected for
the n] < 1.5 acceptance using the Monte Carlo generated jet-events. This correction varies from 10
% at Vs = 0.2 TeV to 32 % at Vs = 0.9 TeV. Fig. 10 shows the jet-event cross section, Tjers S 2
function of the c.m. energy. The £ 20 % quoted systematic error accounts for the uncertainties in
the background, efficiency and acceptance corrections. In the same figure we report results of the
total pp cross section and of the inelastic non single diffractive cross section [28],

Attempts have been made [29], inspired by QCD, to model the low x parton scatt_eﬁn £ Cross
section at Collider and higher energies. The results depend strongly upon the parton transverse
momentum threshold, pr¢¥, assumed in the calculation. The relation between the parton py and the
jet transverse energy is experimentally poorly defined in this region due to uncertainties in the
calorimeter-energy scale, in the energy corrections and to smearing effects on the steeply falling Ey
distribution. According to the Monte Carlo results, a nominal 5 GeV cut on the cluster transverse
energy, as reconstructed by the algorithm, results in an effective average parton pr threshold
between 3 and 4 GeV/c. Moreover this effective threshold depends upon the c.m. energy.
Predictions based on QCD [24, 30] for pr*# in the range 3 to 4 GeV/c give results compatible with
the measurement, though they are very sensitive to the choice of the parameters, pr¢% , Q2 scale and
to the behaviour of the structure functions at low x.

The jet-event cross section is rising from the ISR, where it is of order 10-1 mb [31],
through the Pulsed Collider energy range up to about 18 mb when approaching 1 TeV c.m. energy,

giving a sizeable contribution to the total pp cross section. The observed rise of the inelastic cross
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section may be associated with the increase of the jet-event cross section as suggested in ref.32.

6 . Conclusions.

We have analysed a sample of minimum bias trigger events collected with the UA1
dectector at the SPS Pulsed Collider from 0.2 to 0.9 TeV centre of mass energy.

A search for transverse energy clusters has shown that a substantial fraction of events
contain at least one cluster with Ep larger than 5 GeV. These clusters exhibit characteristics similar
to high Et jets. The two cluster correlation in A¢ and cos@ supports an interpretation in terms of
hard parton scattering. The inclusive cluster yield is higher than foreseen by statistical models based
on extrapolations of lower energy results.

Considering this evidence, we have extended the study of inclusive jet production in pp
collisions from large transverse energies down to the low Et region, xT=2ETN s = (.02, and we
have compared our results to perturbative QCD predictions. The agreement of the inclusive cross
section with QCD over several orders of magnitude is quite remarkable. However with increasing
c.m. energy the experimental data tend to be higher than the QCD predictions.

We have shown that the contribution of events with clusters to the inelastic non diffractive
cross section becomes large when approaching 1 TeV c.m. energy and may be associated with the
increase of the pp inelastic rate over the Pulsed Collider energy range.

QCD is able to account, within the limitations discussed in the text, for the production of
clusters down to transverse energies in the region of 5-10 GeV. The understanding of these results
in terms of low x parton scattering is relevant for future hadron colliders, in the multi-TeV region,

where hard processes are expected to be an important source of the total inelastic rate.
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Fig.1

Fig.2

Fig.3

Fig.4

Fig.5

Fig.6

Fig.7

Fig.8

Fig.9

Fig.10

Figure captions

Transverse energy density around the cluster axis, with A¢ =+ n/2, for different Ey7aw
thresholds from jet trigger (a,b) and minimum bias (c,d,e) data.

a) Average value of F = ZET(AR=0.2) / ZE1(AR=1) and b) transverse energy density,
dE4/dn in Ad¢ = &, away from the cluster axis (at An = 1.5) as a function of the cluster
transverse energy, Ep/aw .

Average transverse momentum flow around the jet axis as a function of a) An and b) A¢
at Vs = 0.9 TeV, as resulting from tracks measured in the Central Detector.

Two-cluster angular distributions: a) (1/N)dn/dcos6 for different mass thresholds,
b) (1/N)dn/dA¢ for different E;m thresholds.

Event yield as a function of Ep = Eq, + E,. The corresponding results of UA2 are also
given [5]. The dashed line is the UA2 parametrisation of the hard cross—section, the full
line is the ISAJET [14] absolute prediction.

The ratio hy= Er4/ZEy (a) and hy= ( Eqy+ By VEEr (b) as a function of By = Epy+ Ep,.
The corresponding results of UA2 are also given [5].

Inclusive cluster yield as a fuction of E7® at Vs = 0.9 TeV compared to a “minimum
bias™ Monte Carlo {16] (straight line) and results obtained by us using the UAS random
cluster Monte Carlo [19] (dashed line). The two lines define the statistical accuracy of the
Monte Carlo calculations.

Inclusive jet cross section at 1} =0 as a function of the jet py for a) Vs = 546 GeV and
b) Vs = 630 GeV. The line is a QCD calculation [24] scaled up by a factor of 1.5.

a) Inclusive jet cross section at 1 = 0 for different values of Vs. (See Table 1). The ISR
data are from ref.31. The lines are QCD calculations [24] scaled up by a factor of 2.
b) Inclusive cross section ratios as a function of the jet py.

UAT trigger cross section, G,,;,, and jet-event cross section, Oy, as a function of Vs.
Also shown are results on the pp total cross section and inelastic non single diffractive
cross section. The full line is the o,,, fit of ref.33, the dashed line is (2/3) g,,,, the
dot-dashed lines are from ref.30.

Page 16



Jet inclusive cross section

Table 1

/5 = 200 GeV V5 = 500 GeV /5 = 900 GeV’
o o d*e
P aprdn |, =g P e pr dprdn|,=o
(GeV/e) (ub GeV—1) (GeV/e) (ub GeV—1) (GeV/e) (b GeV 1)
5-6 119. =+£16. 5-6 275. =+138. b-6 482. +59.
67 56.3 £ 5.9 6-7 170. £ 18. 6-7 295, £2b.
7-8 20.0 &+ 2.8 7—-8 105, £10. 78 180. +11.
8§-9 12.0 £ 1.5 8-9 59.9 + 6.6 8-9 116.0 £ 6.3
9-10 8.9 £ 1.2 9-10 37.5 4+ 4.8 9-10 77.0 £ 4.1
10-11 4.514+ 0.82 10-11 26.7 £ 3.9 10-11 61.1 + 3.3
11-12 2.25+ 0.57 11-12 14.7T £ 2.9 11-12 42.2 + 2.6
12-14 1.17+ 0.41 12-13 12.0 £ 2.6 12-13 33.56 £ 2.3
14-16 0.53+ 0.20 13-14 9.1 £ 2.3 13-14 22.0 &+ 1.8
16 -22 0.10x 0.06 14-156 4.80% 0.17 14-15 18.4 £ 1.7
15-17 3.93% 0.11 15-16 16.7T £ 1.6
17-22 0.73+ 0.33 16-18 0.5 £ 1.4
22-29 0.27T% 0.19 18-20 5.02+ 0.96
2022 3.19+ 0.78
22-24 2.09% 0.65
2430 1.104+ 0.47
30-36 0.244+ 0.10
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