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Abstract

Forward shower counters equipped with position detectors able to locate in
space the centre of gravity of energetic electromagnetic showers to * Z mm
have been used to measure an inclusive P distribution in the rapidity range
1.6<|lyl<2.5 for neutral electromagnetic particles produced in
proton-antiproton collisions at /8=540 GeV. The covered p, range extends

up to 12 GeV/c.




The transverse momentum spectrum of charged particles produced 1in
proton—antiproton collisions at /s=540 GeV has been measured 1in the UAl
experiment  up to p,=10 GeV/ec in the central rapidity region
lyl< .51). In this paper, we report on a measurement of the tranverse
momentum spectrum of neutral electromagnetic particles produced at forward
angles, but still in the rapidity plateau, 1l.6<|y} < 2.5. The measurement
was performed by triggering the UAl detector on localised_large transverse
energy deposited in the end cap electromagnetic shower counters.

The UAl central detector is surrounded by shower counters with fine sampling
placed inside the magnet c¢oil as shown in figure 1. The end cap
electromagnetic shower counters cover both ends of the central detector at 3
metre distance from the beam crossing point. With respect to the beam axis,
they cover an angular range of 5°< 8 < 250. They consist of a
sandwich of 27 radiation lengths (r.l.) of 4 mm lead sheets and 6 mm
scintillator sheets. As shown on figure 2, they are subdivided into 32
identical azimuthal cells of angular size A¢ x A8 = 11.2°x 200.
Each cell is subdivided in depth into four segments (4r.e.,7r.2.,9r.2.,7
r.%2.). The light produced in each segment 1s seen by wave shifter plates at
the periphery, which in turn are connected via light guides to
photomultipliers located outside the magnet. The position of the shower is
measured with a position detector located inside the calorimeter at a depth of
11 r.e. i.e. after the first two segments. The position detector, shown in
figure 2, consists of two planes of orthogonal proportional tubes of 2x2
cm’ cross-section. The deposited charge is read om both ends of the wire
of each tube, so that each plane measures independently the space position of
the shower : barycentre of the tube coordinate and barycentre of the charge
division coordinate. The position detector locates the centre of gravity of
energetic electromagnetic showers to + 2 mmz) in space.

All segments have been calibrated relative to each other within + 3% with
a 4 Curie Co'' source moved from cell to cell along a circle of 1 m radius
; the absolute energy scale comes from the measured ratio of the response of
the calorimeter to an electron beam of known energy and to the same cobalt
source. Although the final calibration procedure should be more precise, the

estimated



uncertainty on the absolute energy scale for the data presented here is %
5%. This uncertainty translates into a 30% uncertainty on the inclusive
cross-section. The intrinsic energy resolution of the calorimeter is
15%//Et, where E, is the transverse energy E,=E sing.

The attenuation length of the scintillator has been chosen to match the
variation of sine over the radius of the calorimeter : 0.3m < < 1.5 m.
All segments have been mapped with the cobalt source. Figure 3 shows the
response of one particular segment to the cobalt source as a function of r. Up
to r = 1.2 m. the attenuation is exponential. The variation of sing as a
function of r is shown for comparison. It can be seen that without anmn
attenuation correction the calorimeter measures the transverse energy directly
to better than a factor of 2. This propérty was used to trigger on showers
with large transverse energy. A trigger was generated whenever the sum of the
signals of two adjacent azimuthal cells exceeded a given threshold. The
integrated luminosities for the two thresholds used are listed in Table 1.

From a total of 5000 recorded triggers 77 neutral electromagnefic showers
with Et> 3.8 GeV have been reconstructed which satisfy the following
criteria :

i)} A vertex is found in the central detector, but no charged track points

to the two triggering cells.

ii) The deposition of energy in the four segments of the two triggering
cells should be compatible with the longitudinal profile of an electromagnetic

shower.

iii) The position detector should show only one cluster for the two
triggering cells, with a total charge deposited compatible with the emnergy

measured in the scintillators.

Four p. bins have been defined (see table 2). The acceptance in each bin
has been evaluated using a Monte Carlo programme, assuming no direct

production of single photons. A mixture 2/3n°+1/3no has been generated

with a P, spectrum identical to the measured charged particle spectrum at



this energyl)_ Each decay photon is tracked into the calorimeter ;
photomultiplier and position detector signals are generated. An event is
accepted if the above selection criteria are satisfied and if the raw
"transverse energy respomse" is above threshold. At large transverse momenta
the acceptance is close to 1 since the two decay photons always merge into one
unresolved cluster. Table 2 gives the acceptances for the two different
threshold values used. Finally one has to correct for the loss of no's'or
n's accompanied by another charged particle or another photon in the two
triggering cells. Assuming charge independence, one can use the large P,
charged particle data to estimate the probability to find an isolated
largept wo in the solid angle defined by the two triggering cells ; it
is found to be 42% and independent of P.. This overlap correction is
dominated by randOm overlaps of uncorrelated soft particles. The number of
correlated hard secondaries is small : less than 10% of large P, charged
hadrons are accompanied by a secondary with P> 1 GeV/c in ay x be = 1
x 22° '

The invariant cross-section deduced for the reaction pp+hn + dnything,
in the rapidity interval 1.6<|yl{< 2.5, where ho is an unresolved
mixture of wo, no, v's is given in Table 2 and displayed in figure 4
as a function of P, (open squares). The charged particle spectrum, averaged
between positive and negative particles (crosses) measured with our central
detector') has been added for comparison on figure 2. Given that the two
spectra are for different particle mixtures, the agreement 1is good. When
comparing to ISR data in the same P range, we reach independently the same
conclusion as with the charged particle spectrum. The yield of large Py
particles increases strongly with /s as expected for the constituent hard
scattering interprefation. At pt=10 GeV/c the invariant cross—section

increases by 3 orders of magnitude between /s5=63 GeV and Ys=540 GeV,.
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TABLE 1

Triggers and integrated luminosities

Trigger threshold Number of equivalent fu dt

inelastic collisions

s _
Et > 4 GeV 78,000 1.95 10 cm

30 -
Et > 6 GeV 231,000 5.77 10 cm
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Figure captions

Fig. 1, The UAl detector.

Fig. 2. Exploded view of the end cap electromagnetic calorimeter showing the

segmentation in 32 azimuthal cells and the position detector.
Fig. 3. Response of a particular calorimeter segment to the Cobalt source as a
function of r. Variation of sin® over the same radius range is shown for

COmpArison.

Fig. 4. Single particle invariant cross—section as a function of P, measured at the

proton~antiproton collider and at the ISR.
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UA1 Collaboration
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