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Several aspects of QCD are to be investigated by E-705, a Fermilab experiment set-up to 
measure the hadronic production of charmonium chi states and the direct production 
of photons with high transverse momentum. The physics motivation, the apparatus 
and data taking parameters are described and preliminary results from the analysis are 
presented. 
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The E-705 spectrometer. 

The Fermilab High Intensity Area Spectrometer, installed on the Proton-West beam 
line, was utilised during the 1987 /88 Fixed Target run to collect data on the hadronic 
production of charmonium x states as well as of photon directly produced with high 
transverse momentum. As shown in fig.I ,  the spectrometer consisted of a 32.9 cm (0.24 
interaction lenghts for protons) Lithium target, a tracking system, an analysis magnet, 
an electro-magnetic calorimeter and a muon detector. The tracking system included 
proportional and drift chambers, for a total of 19 planes in front of and 12 behind the 
magnet. All the chamber were desensitised in a central region around the beam, but 
for part of the run an additional set of 9 proportional planes with fine wire spacing was 
employed to record tracks produced at a small angle with the beam. 

The electro-magnetic calorimeter 1 l represented a very crucial element of the appara­
tus, since both the x and the direct photon measurements require a good determination 
of photon energy and position. It consisted of two sections,an " active converter" ,  3.5 
radiation lenghts thick, where electro-magnetic showers would be initiated and the cen­
troid of the shower determined, and a "main array" where the whole shower would 
be contained. The active converter consisted of a sandwich of lead and proportional 
tubes in the central region, and of bars of scintillating glass, followed by two planes of 
proportional tubes, in the wings 2 l . The main array was a stack of scintillating glass 
and lead glass blocks of two different sizes, 7.5x7.5 cm2 in the central region and 15x15 
cm2 in the outside of the stack. The scintillating glass, a new material for which our 
setup represents the first application in a High Energy Physics experiment, was chosen 
because of its higher light yield when compared with traditional lead glass -about a 
factor of 5- as well as for its much higher (about 100 times) resistance to radiation dam­
age 3) . The stability of the photomultipliers viewing the 1�lass blocks was monitored by 
pulsing a bundle of green LED's whose light was distributed to each block by means 
of fiber optics. The absolute calibration of the array was determined periodically by 
positioning each calorimeter element in the path of an electron beam transported into 
the experimental area. The calibration was performed at different energies, ranging 
from 2 to 100 GeV. 

Fig. 1 : The E-705 spectrometer. 
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The muon detector consisted of four planes of scintillation counters inserted into 
three gaps of a massive steel and concrete hadron absorber. The thickness of the 
absorber was such as to range out muons with less then 6 GeV /c incoming momentum, 
and a µ was defined as a triple coincidence of corresponding elements from the three 
planes of vertical counters. 

The experiment took data with two major triggers, dimuon and high Pt photon, at 
interaction rates exceeding 106 interactions/sec. The dimuon trigger consisted of two 
stages: first the presence of two muons in two different quadrants was required; next, a 
hard-wired processor •) would perform an online computation of the invariant mass of 
the dimuon system, rejecting low mass triggers, for an overall triggering rate of l.4·10- • / 
interaction. The high Pt photon trigger was derived from a fast analog processor 5) which 
detected local maxima (" clusters" ) of energy deposition in the calorimeter by comparing 
each block with its neighbours. Next, the processor obtained the total energy of each 
cluster, converted it to transverse energy, and accepted the event if it was above a preset 
threshold. For a nominal threshold of 4.5 Ge V, the processor was running at a rate of 
10- 5 triggers/ interaction. Lower p, events were also accepted, at rates suitably pre­
scaled to limit Data Acquisition dead-time, by imposing three additional thresholds, 
nominally set at 1.7, 2.5 and 3.5 GeV. 

The D ata Acquisition system •) , consisting of intelligent CAMAC Controllers and a 
VME based Event Builder, was capable of standing a rate of 200 events/sec for a 20% 
dead-time. For a total number of 8•101 1 interactions in the target, the experiment logged 
about 200 million triggers onto more than 6000 tapes, running with both negative and 
positive beams at 300 GeV /c. 

Hadroproduction of charmonium x states. 

The main objective of the experiment is a systematic study of the mechanism for the 
hadronic production of bound cc pair, performed through a measurement of total and 
differential cross-sections of the charmonium P-wave triplet (x' s) . Summarizing very 
briefly') , it has been suggested that, within QCD, charmonium x's should be produced 
more copiously than J /I/J's, since x production can proceed from lower order diagrams 
than the J / 1/J 's. Such a prediction for " x  dominance" did not appear to receive full 
confirmation by the data (only 30% of J / 1/J production by pions seems to derive• ) from 
primary x's, so that alternative mechanisms were proposed. In order to throw light 
on the whole issue, it would be necessary to measure, with good statistics, total and 
differential (vs.xF , Pt , decay angle) cross sections for individually resolved x states, 
ideally with different incoming beams and at different energies, so that the elementary 
quark-quark and gluon-gluon subprocesses could be recognised and their relative im­
portance quantified. As a specific example, X2 low Pt production by protons should 
be an almost pure two-gluon process, and its measurement would allow to perform 
a model independent determination of the gluon structure function. Experimentally, 
the measurement's biggest challenge is represented by the mass resolution one needs 
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to achieve in order to separate the individual x states. The mass separation of only 
45 Mev between the Xi and X2 calls for a mass resolution of the order of 15 MeV or 
better, which in turn translates into few % and few mm accuracy for the measurement 
of photon's energy and position respectively. The E-705 electro- magnetic calorimeter 
was designed in an attempt to achieve such a performance;  analysis of the calibration 
data recorded throughout the run shows that the intrinsic resolution of the system is 
in agreement with the early test results • l , and it can be represented by: 

u/E = 1.3% + 1.8%/VE + 4.8%/E for the Scintillating Glass 

and 

u / E = 1.3% + 5.0%/VE + 5.0%/ E for the Lead Glass, 

the 1/E term being well explained by pedestal fluctuations. Such a resolution, when 
reproduced in the data, would be adequate to resolve the x states. The analysis of the 
data, which is in progress, first isolates the t/J events from the sample of dimuon triggers 
(fig 2) . Next the x signal is looked for in the t/J - 1 invariant mass spectrum (fig. 3) . 
The evidence for a peak at the right position is promising, even though more refined 
analysis is still needed in order to achieve the best resolution. 
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Fig. 2 : J /t/J mass spectrum, 
20% of our data sample 
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Direct Photon Production 

The direct production of photons with large transverse momentum, believed to pro­
ceed, �t the lowest order, from the basic parton processes of quark-antiquark anni­
hilation and quark gluon Compton scattering, has been the object of a large set of 
experimental and theoretical investigations•) .  Even so, there is still room for an im­
provement in the range covered by the existing data, as well as in its statistical and 
systematic precision. In this context, our experiment, with an integrated luminosity 
of about 7 pbarn- 1 for both 7r+ and 7r- induced events, should allow to perform the 
best comparison to date of the positive vs. negative pions direct photon signal. Good 
statistics data ( 6 pbarn- 1 )  will also be available for the proton beam, together with a 
smaller sample (.16 pbarn- 1 )  of antiproton induced events. The same electro-magnetic 
calorimeter described above plays the crucial role in the recognition of the direct pho­
ton signal. For such a measurement, the capability of resolving closely spaced showers, 
which allows to separate real photons from 7r0 's decaying with a small opening angle, 
is one of the most essential parameters. Our 30 Ge V calibration data show that the 
hodoscopes imbedded in the calorimeter allow to recognize two showers as distinct if 
their separation is at least of 2 cm, corresponding to a 2 mrad opening angle. Similarly 
to the x analysis, the photon analysis is also in progress: fig. 4 shows our current high 
p, 7ro signal (p, > 3Gev/c) , while figure 5 is the 7r0 cross section, inferred from a very 
small fraction ( 2%) of our data, and compared with the results from W A10'0 ) . 
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Fig. 4 : 'Y - 'Y mass spectrum, 
2% of our data sample. 
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