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ABSTRACT

A measurement of direct photon production, as well as of ﬂo
and 1 meson production, has been perfiormed at Fermilab. Data were
taken for 200 GeV/c p and Tt incident: on Be, C and Al targets.
The ratio of y/m° inclusive cross sections is presented for transverse
momenta between 2 and 5 GeV/c.
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This report presents preliminary results from Fermilab experiment g§29,
whose purpose was to measure the production of single photons at large Ppr
and to determine whether liquid argon calorimeters could be used at the
high beam rates required to probe large-pT rhenomena at fixed-target machines.

The overall arrangement for the experiment is shown in Fig. 1. The
incident positive beam (B85% p, 15% n+) of 200 GeV/c momentum was defined by
several scintillation counters, including one precision XY measuring hodo-
scope. Twc Cerenkov counters {not shown) in the beam line were used to tag
each particle as either a pion or a proton. The targets {(Carbon, Beryllium
or Aluminum) were subdivided into two segments separated by 25 cm; two sets
of counters downstream of the target, situated just outside of the beam,
were used to define an interaction in the target. Various veto and halo
counters suppressed triggers from the halc around the beam; in addition, a
wall of scintillation counters ("veto wall”), that shadowed our electromagnetic
shower detector, was used to suppress triggers from particles produced by

interactions upstream of the target.

Charged particles emitted to one side of the target were detected in a
set of proportional wire chambers (PWC); these also identified the target
segment in which. the interaction took place. Photons were detected using a
Liqguid Argon Calorimeter (LAC), which we employed in a previous experiment.lj
The LAC is composed of a stack of 2 mm lead plates, separated by 2 mm gaps of
ligquid argon from copper-clad G-10 boards, which serve as readout boards.

The sensitive area of the LAC is 1.4 m X 0.81 m. The LAC has alternate layers
of X and Y readout strips;i the strips are 1.27 cm wide. There are no U or V
view readout strips; the correlation between the X and the Y view is made on
the basis of energy matching. The two views provide independent energy

measurements of a shower; the correlation algorithm finds for each X-view
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" of the shower the Y-view which most closely matches its energy. Details of
the LAC performahce are discussed elsewhere,l) here we mention only those
features which directly affect the present exéeriment.

The energy resolution for photons and electrons during the experiment
was 14%/VETE€§T, with an effective low-energy noise level of V500 MeV/photon
that had to be added in quadrature. The rms position resolution for electrons
was less than 1 mm. The overall resolution achieved during calibration was
better by a factor V1.5. Thus, it appears that pedestal drifts, reconstruction
algorithms and otﬁer systematics contribute substantially to the effective
resolutioil.

The LAC had a total thickness of 25 radiation lengths, and presented 0.9
absorption lengths to pions. The readout was subdivided so that the front
and the back 12.5 r.l. were read out separately. This helped in discrimin-
ating against hadrons. In Fig. 2a we show the probability that a hadron
depusits more than a certain fraction of its total energy as visible energy
EVIS in the LAC. Figure 2b shows the probability that a hadron deposits less

than a certain fraction of its visible energy in the back part of the LAC when

the total visible energy E {front and back) is at least 10% of the total

VIS

hadron energy. For comparison purposes, the same distribution is also shown

for electrons. A cut in EBACK/EVIS of 0.2 eliminates 90% of all hadrons, but

cuts the photon signal by only 10%.

The LAC provided the main trigger for the experiment. The total trans-
verse momentum of a photon is given by Pp = pY sin § = EY sin 0, where 0 is
the laboratory angle between the beam direction and the outgoing direction
of the photon. We implemented a |§1obal pT" requirement by adding all the

X-strip energies, suitably attenuated to achieve a global P - The Y-strips,

appropriately attenuated, were also added into the trigger so that an event
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passed the threshold if its total pT‘was 2 2.5 GeV/ec. In additioh. -
deposition of a "local pT“ of > 0.8 GeV/c was required in three neighboring
X-strips to satisfy the trigger. The latter served to suppress triggers by
multi-n° jets in which every 7° had a small Pp value (i.e., £ 1.6 GeV/c).

The efficiency of the trigger threshold was monitored by collecting a
fraction of the data with a lower threshold value for the global pT, and
}atching information for those events that satisfied the normal global--pT
requirement. Figure 3 shows the fraction of events passing the global Pp
trigger for data in which either a single 7° or a single photon appeared in
the LAC. The threshold curve for m° data appears to be consistent with that
obtained for triggers with only single showers.

The average photon multiplicity in the LAC for all data is 4.4 photons/
event. Most of these events correspond tc multiphoton jets. When one of
the photons is required to have a P > 2.5vGeV/c, the average photon multi-
plicity drops to 2.1 photons event. Any measurement of direct single-photon
production must include a study to ascertain ﬂo, N, W,...yields; this is
because, for each meson, there always exists a region of the phase space
volume where one of the photons from the meson decay has nearly the full
hadron momentum, while the other photons have low momentum and can either
escape detection or miss the detector altogether. Figure 4a displays the
invariant mass distribution of all two-photon events in the 7° and the n
mass regions. Figure 4b shows the same distributions for multiphoton events;
only those 2y combinations are plotted whose total Py, exceeds 2.5 GeV/c.
Clear ﬂo and n peaks are apparent in Fig. 4. (A small © signal has also
been detected at large pT.) The degree to which we understand the ° and,
to a lesser extent, the no and w data, determines the confidence that we can

assign to any direct photon excess that we observe. A particularly crucial
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test of ouf understanding of the background is contained in a comparison
between the observed and expected decay distributions for 7° and 7N signals.
In particular, the asymmetry in the laboratory energies of the two photons
from ° or from n decays [(El—Ez)/(El+Ez)], equal to the cosine of the

* helicity decay angle of the photon (with respect to the no(n) direction),
should be isotropically distributed between 0.0 and 1.0 for spin-zero objects.

Figure 5 presents the asymmetry distribution of both 7° and 7 mesons
observed in the detector. Also shown is the asymmetry distribution of the
two-photon background near the two meson masses. The background asymmetry
distribution peaks at large asymmetry; this is because most background events
consist of one high energy photon and one rather soft one. 1In contrast, the
7° and n events tend to be lost at large asymmetries. The smooth curves are
our Monte Carlo predictions for the background-subtracted 7° and n signals,
which clearly agree with the data. The agreement between the data and Monte
Carlo is particularly important here because events which are missing at large
asymmetries in Fig. 5 are just the ones that contribute to the background in
the single-photon events.

The A-dependence of the inclusive 7° and n yield above a pT of 2.5 GeV/c
in p-A data is shown in Fig. 6; the yield exhibits an Aa dependence. The
values of o for ° production and n production by both protons anc¢ pions are
given in Table I. Above a PT of 2.5 GeV/c, none of these wvalues show a
significant variation with The value of o for T production is similar
to that measured by the Chicago-Princeton group for charged pion productionZ);
although statistics are poor., the n yield may have a somewhat steeper
A~dependence.

The'pT dependence of 7° production in pp collisions is substantially

steeper than in Tp collisions.3) This interesting result, can, in principle,
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Table I. Aa-dependence of 1° and n production

Reacticn a

pN -+ 7°x 1.09 * 0.09
pN > X 1.14 + 0.21
7ty > 9% 1.0 * 0.3
7N - nx 1.8 * 0.6

be used to shed light on whether at large P hadrons in nuclei are produced
fhrough elementary interactions rather than, for example, through multi-
step rescattering processes. Our data, shown in Fig. 7, indicate the same
trend for the ratio of no'production by protons and pions on nuclear targets,

3)

as was observed earlier on hydrogen. Consequently, because rescattering
would tend to change the shape of the p/T production ratio with increasing
nuclear size, it appears that multi-step processes do not play a major role
in the enhancement of the ° yield at large pT on nuclei, at least out to

j
pT v 4 GeV/c.

We now turn our attention to single photon production. For pT > 3.5 Gev/c,
85% of the large P photons are isolated, i.e., no other photons ¢f> 1 GeV
accompany them in the detector. For w° production the situation is not as
dramatic, but even here less than one-third of the 7° mesons are accompanied
by additional photons.

Many of the single-photon events at large P correspond to random coin-
cidences between a beam interaction in the target and a photon (or hadron)
produced by an interaction further up the beam line. Although such events
are suppressed by the veto wall shown in Fig. 1, the suppression is not total.

However, two different cuts, one on the timing and one of the direction of

the incident particle as measured by the I.AC, can be used to reject such

-

background events.
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The LAC samples the shower in both its front and back sections. A&s
illusérated in Fig. 8a, the quantity AXB is the difference between the actual
shower position in the back and that predicted from the front, assuming that
the photon originated from the target. In a scatter plot of AXB against the
transverse position of the shower in the front of the LAC, shown in Fig. 9b,
two distinct bands of events can be seé;; one with AXB = 0, corresponding to
showers originating in the target, and another which identifies showers from
upstream sources.4) From the scatter plot, we conclu&e that we can measure
the direction of incident showers to * 30 mr (rms).

The signals from each of the X-strips of the LAC, and from some of the
Y-strips ware fed to time-to-digital pulse converters. In Fig, 9 we show the
timing distribution of all single showers for several ranges of Pgp- While for
the moderate Pq values nearly all LAC signals are in time with the trigger pulse
from the intexaction in the target, at large Pq most of the LAC signals are out
of time. Fixed delays in the LAC amplifiersrequired that the decision to accept
or reject a trigger had to occur within 250 ns of the arrival of photons at the
LAC. Because of this and because of intrinsic delay in the formation of the
veto, particles in the halo that arrived >50 ns after t=0 could not be wvetoed.
Note that despite tlhie rather long rise time of V200 nsec for the LAC pulse,

!timing accuracy to 16 nsec can be aghieved; at large Pgs ONe can clearly see
the r.f. beam structure with a 19 .asec repetition rate. 1In the distributions
shown in Fig. 9, events surviving the direction cut are shown cross-hatched.
At low P the two cuts, namely, directionality and timing, tend to reject
the same events and thus can be used to check eabh other; at larger Pqs both
criteria are needed to obtain a clean signal.

The inclusive y/no ratio, shown separately for pC and ﬂ+C data, with all
cuts applied, is shown as a function of P in Fig. 10. The data have been

integrated over V1.2 units of rapidity, centered at Yom = 0. The cross-
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hatched band is the Monte Carlo prediction for the background expected from
observed no, n, n' and w decays; it contains corrections for hadron intér—
actions in the LAC, effects due to trigger biases and reconstruction
inefficiency. Changing various cuts in the data (e.g., asymmetry, detector
aperture), or modifying the assumptions about threshold behavior or the
rapidity dependence of mesons that miss the LAC, affects the estimate of the
background. The widths of the bands in Fig. 10 reflect the uncertainty in
the parameterization of these backgrounds. For Pp less than 3 GeV/c our
data are consistent with essentially no direct photon signal (‘Y/"rro < 5%);
a definite signal in both n+c and pC data caﬁ be discerned at larger Pop-
The results for ﬂ+ and p are consistent with each other as well as with
ISR data.s) The magnitude 6f the effect at low Py values is not as large as
reported previously by another Fermilab experiment.s) Our results, consequently,
favor a lack of energy dependence in the Y)no yield at fixed Pp-
We wish to thank Drs. A. Brenner, N. Gelfand, P. Koehler, L. Lederman,
E. Malamud, J. Peoples and T. Yamanouchi at Fermilab for their support of
our experiment. °
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Experimental setup.

(a) Integral pulse height distribution in LAC for hadrons.
- {stri T
(b) Integral distribution of EBACK/EVIS for hadrons and electrons.
Trigger efficiency of the global Pp requirement for single 7°
and single photons.

Two-photon mass distributicn.
(a) Two photons hit LAC.
(b) Three or more photons hit LAC.

Asymmetry distribution for w°(n) + 2y decays. The asymmetry
distribution of the backgrouvnds near the two peaks are also
shown. The curves are Monte Carlo ¢alculations.

‘the dependence of the inclusive 7° and n vield on nuclear size
for pq > 2.5 GeV/c. (Integrated over MV1.2 units of rapidity,
centered at Yem = 0.

The ratio of T° production by protons and at as a function of
pT, for several targets. The hydrogen data are from Ref. 3.

The directionality cut:

(a) definition of AXB:

(b) for events with single showers, scatter plot of AXB vs.
transverse position in LAC,

Timing distributions for all single showers for several intervals
in Pp.- The shaded events survive the directionality cut.

The observed ratios Y/ﬂo. The lower shaded bands indicate the
backgrounds due to misidentified meson decays and other sources.
The additional band in the pC data corresponds to the y/m°
signal reported by Anassontzis et al. (Ref. 5) for pp data at
Vs = 31 GeV.
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