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1. INTRODUCTION

The study of photon production at very low Pt (~ few MeV/c) has been a subject of
considerable interest in recent years. This interest was first triggered by an experiment
at the BEBC bubble chamber at CERN [1] which observed an excess of photons at very
small xp and low Pt in K+p interactions at 70 GeV. In that experiment, this excess
of "soft" photons was observed at a level about five times greater than expected from
hadronic bremsstrahlung. This was most suprising since at low Pu the rate of photon
production from bremsstrahlung can be calculated classically [2]. This suggested that
some other mechanism was responsible for the observed soft photon excess. Since that
time, several other experiments have also observed an excess of soft photons in high
energy hadron collisions [3]. One bubble chamber experiment [4] obtained a negative
result, i.e., a result consistent with hadronic bremsstrahlung, in n+p interactions at 10.5
GeV. However, this result was obtained at a considerably lower energy than the other
experiments, indicating that the photon excess diminishes with decreasing energy, and
suggesting that a possible energy threshold exists somewhere above 10 GeV. Another
experiment [5] recently carried out to study soft photon production in hadron collisions
at high energies will report on results at this workshop.

Experiment E855 [6] was carried out at the AGS at Brookhaven National Lab-
oratory to study soft photon production near center of mass rapidity ycm ~ 0 in
proton-nucleus collisions at 10 at 18 GeV/c. This was the first dedicated experiment
to study this phenomenon at these lower energies. It is important to note that the
related process of low mass dilepton pair production has been studied extensively at
these energies and an excess signal of dileptons above known hadronic backgrounds
has been firmly established [7]. E855 was designed to measure photon production from
Pi ~ 5 MeV/c up to several GeV/c. A search will be made for an excess of soft photons
in the Pt region below the Jacobian peak from 7r° decays, above that which is expected
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Fig. 1 E855 detector layout

from hadronic bremsstrahlung. Any observed signal will be correlated with the total
charged multiplicity in the event in order to determine its production mechanism. This
correlation can be used to distinguish purely hadronic sources of soft photons, such as
meson decays and bremsstrahlung, which vary linearly with the charged multiplicity,
and a thermal source of soft photons which would exhibit a quadratic dependence on
the charged multiplicity [8j. In addition, E855 will measure low energy photons from
nuclear decays which can be a background for measuring soft photons near */„„ ~ 0.
These photons are also interesting from a nuclear physics point of view, since the spec-
trum of photons from nuclei excited by incident high energy protons gives a measure
of the temperature of the excited nucleus and the amount of excitation energy which
can be transferred to a nucleus in a high energy proton collision.

2. EXPERIMENTAL

Two barium fluoride photon detectors, BAF1 and BAF2, were used in E855 to
measure photons produced over a large rapidity and Pt range. These detectors were
placed on the floor of the AGS in an very open arrangement to minimize the pos-
sibility of producing low energy photons from secondary interactions of particles in
material near the detectors. The experiment was carried out in the environment of the
E814 heavy ion spectrometer [9] which served as a host to provide numerous essen-
tial requirements needed to do the experiment. These included beam instrumentation,



Photomultiplier
Tube

BaF2
Crystal

T
5 cm.

Fig. 2 Central rapidity BaF2 detector

trigger logic, data aquisition and on-line monitoring. The arrangement of the detectors
in the E814 spectrometer is shown in Fig. 1. Each detector was located approximately
1.4 meters from the target and was on a stand which could be moved to various angu-
lar positions. Detector BAF1 was used to cover the rapidity range from +0.5 to -1.0,
including y ^ = 0. It was the main detector used to search for the anomalous soft
photon signal and to measure the spectrum of photons resulting from meson decays at
higher P< in the central rapidity region. Detector BAF2 was used to cover the rapidity
range from ycm = —1.0 to yem = —2.4 and was mainly used to measure photons from
nuclear decays produced at large angles in the lab. However, it was also sensitive to
photons from meson decays produced at backward rapidities.

Each barium fluoride detector consisted of 19 crystals arranged in a hexagonal
array. Figure 2 shows BAF1 which consisted of crystals 30 cm in depth (14.3 radi-
ation lengths) read out with fast, quartz window photomultiplier tubes (Hamamatsu
R2059's). Each crystal readout element was actually a pair of 15 cm long crystals
joined together with a uv transmitting grease. This detector was also used in the soft
photon experiment carried out by HELIOS which will be discussed at this workshop
[5]. BAF2 was very similar to BAF1, but each readout element was a single crystal 20
cm in length. Because if its shorter depth, it was used to detect lower energy photons
at larger angles. Both BAF detectors were equipped with scintillation counters cover-
ing the crystals to detect the presence of charged particles entering the detector. In
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addition, BAF1 had a second larger scintillation counter covering the entire detector
to identify potential secondary interactions in any material near the crystals.

The choice of barium fluoride as the detector material results from its unique scintil-
lation properties. Barium fluoride has two scintillation components: a fast component
with a decay time < 1 ns which contributes ~ 20% of the total light output, and a
slow component with a decay time ~ 625 ns. The fast component can be used with
a fast photomultiplier tube to achieve a time resolution ;$ 400 ps fwhm with large
crystals. This can be used for time of flight determination to reject out-of-time back-
grounds, such as low energy neutrons produced in the target and particles produced in
nearby material. The total light output is ~ 20% of Nal (approximately twice that of
BGO) and provides excellent resolution down to very low energies. The crystals used
in these detectors have an energy resolution AE(fwhm)/E ~ 13 % at 662 KeV and a
resolution of ~ 3%/\/JE? at higher energies.

A large array of scintillation counters was constructed to measure the charged
particle multiplicity in events containing photons of interest. This multiplicity array is
shown in Fig. 3. It consisted of 24 wedged-shaped counters covering a rapidity range
of ±0.5 units centered about ycm = 0 and an azimuthal range of approximately 300
degrees. The counters were 1 inch thick to give excellent pulse height resolution for
discriminating between one and more than one hit in each counter. In addition, the



light output uniformity was adjusted to give a uniform pulse height response of better
than 10 % over each counter. The whole array was mounted on a movable stand which
was positioned for optimum rapidity coverage for each of the two beam energies.

A four interaction length deep hadron calorimeter was placed behind BAF1 and
was used to measure the energy leaking out of the back of the barium fluoride array. It
consisted of alternating plates of copper and scintillator approximately 30 cm square
and was read out on four sides by individual wavelength shifter bars. It was used
to detect the presence of a large hadronic shower leakage from BAF1 which could
result from high energy neutrons interacting in the crystals. In particular, a high
energy neutron which interacts late can leave a small amount of energy in the barium
fluoride, thus simulating a low energy photon. However, this will be detected as a large
energy deposit in the copper calorimeter and can therefore be rejected. The copper
calorimeter was used in conjunction with the time of flight measurement for neutral
particles to reject both low and high energy neutrons.

The trigger for the experiment consisted of requiring a minimum energy deposit in
either of the two BAF detectors in coincidence with an interacting beam particle. The
beam was defined by two small scintillation counters used to count the beam and six
scintillation veto counters used to reject against possible interactions upstream of the
target. The six veto counters covered the region close to the beam and extended over
a large solid angle to veto against interactions occurring far upstream. Interactions
in the target were defined by the OR of the 24 multiplicity counters which, when
combined with a valid beam particle, defined the interaction trigger. This was placed
in coincidence with the OR of a trigger from BAF1 or BAF2. The trigger for the BAF
detectors consisted of requiring a minimum energy deposit ^ 10 MeV in at least one
crystal. This minimum energy requirement also required at least one TDC to fire in
the detector in order to define the event time used for the time of flight measurement.
In addition, a "before/after" protection of ± 1.5 /jsec was imposed on the triggered
events to avoid pileup from events close in time to the events of interest.

3. SIGNALS AND BACKGROUNDS

By far the largest background to the soft photon signal is due to the decay of
neutral mesons, predominantly TT°'S, produced in the collision. However, due to the
Jacobian which enters between the Pt spectrum of the meson and the resulting gamma
ray Pt spectrum, the number of photons produced with P(

7 ^ MmesOn/2 is strongly
suppressed. The ability to resolve an anomalous photon signal at low P< depends on
the accurate determination of the magnitude and shape of the meson decay spectrum
below the Jacobian peak of the TT°.

We have used the LUND Monte Carlo program (Fritiof version 1.7) [10] to estimate
the photon background from meson decays. The parameters of the LUND program
have been modified to better represent proton-nucleus data at AGS energies [11]. The
results of the Monte Carlo calculation are shown in Figs. 4a and 4b for p-Be and
p-W, respectively. As one can see, the spectrum of photons above Pt ~ 20 MeV/c is
dominated by meson decays, mainly from ffo's. However, this background drops very



I

F? (GcV/c)

0.02 0.0* 0.06

P? (GeV/c)

o.oa

Fig. 4 Contributions to low P% photon background from hadron decays (solid curve),
hadronic bremstrahlung (dotted curve) and nuclear decays (dashed curve)



rapidly below 20 MeV/c, which is where the soft photon signal is purported to be. In
addition to this Monte Carlo estimate of the background, we will also measure the 7r°
Pt spectrum using data taken in the experiment. We will do this by measuring the Pt

spectrum for photons at higher Pt (£ 100 MeV/c) over a rapidity interval ycm = +-5
to ycm = —1.0. We can then deconvolute the Pt spectrum for TTO'S which contribute to
the photon signal at ycm ~ 0.

Figure 4 also shows an estimate of the contribution of hadronic bremsstrahlung to
the low Pt photon spectrum. The curves were calculated by the method used in ref. [5]
which uses the formula derived by Ruckl [12]. Our calculation uses the charged particle
rapidity densities at ycm ~ 0 and the proton-nucleus total cross section to estimate the
contributions to the total hadronic bremsstrahlung. This includes contributions from
the initial charge transfer in the primary interaction, charged particles produced in the
collision, and rapidity correlations between final state particles.

Another potential source of low energy photon background comes from the decay
of excited nuclei. This can be an important process for a heavy nucleus excited by

. an incident proton. For such an excitation, there is a significant probability for pro-
ducing gammas with E^ab ^ 15 MeV which would appear as low Pt gammas in our
detector. The spectrum and angular distribution of these gamma rays is a subject of
considerable interest of its own right in nuclear physics. Figure 4 shows an estimate of
the contribution to the photon spectrum at low Pt from nuclear decays using a simple
model [6]. We will use the data taken with the BAF2 detector in the region around
90° in the lab to study gamma rays from nuclear decays. We expect little background
from meson decays and hadronic bremsstrahlung in this region. We v/ill also use this
data to estimate the amount of nuclear decay background in the BAFl detector at
Vcm ~ 0.

From our estimates of the various backgrounds contributing to the photon spectrum
at low Pj, we expect to be able to measure an anomalous photon signal at the few
millibarn level down to Pt & 5 MeV/c. We will also be able to measure the gamma ray
spectrum from nuclear decays as well as obtain information on its angular distribution.

4. STATUS OF THE DATA AND ANALYSIS

The data for E855 was taken during March and April of 1990. Approximately 23
million events were accumulated at 18 GeV on both beryllium and tungsten targets.
Roughly 2 million events taken with each target will be used to measure the soft
photon spectrum at ycm ~ 0. The remaining events will be used to measure the Pt

spectrum of photons from meson decays at other rapidities which contribute to the
photon background at ycm = 0. However, these events may also be used to study
the soft photon spectrum outside the central rapidity region once the Pt and rapidity
distributions of the neutral mesons are known.

Approximately 3 million events were also accumulated at 10 GeV with beryllium
and tungsten targets. These data will be used to study the energy dependence of any



observed soft photon signal at ycm ~ 0. These data can also be used to study the
energy dependence of the nuclear gamma ray spectrum.

The analysis of the data from E855 is now well under way. A considerable effort
has been invested in developing the programs required to analyze the data and the
actual analysis should now progress very smoothly. We will initially concentrate on
the proton-beryllium data taken at 18 GeV and will use the LUND event generator
and GEANT Monte Carlo program to simulate the meson decay background in the
detector. We will then analyze the tungsten data, compare our background estimates
using the data taken at different rapidities, and study the 10 GeV data. We expect to
have preliminary results on the possible existence of a soft photon signal from these
data within the next few months.

Finally, we have plans to extend the study of low Pt photon production to heavy
ion beams at the AGS. This would allow a measurement of the A dependence of any
soft photon signal which would be useful in studying the origin of a thermal photon
source. It would, however, involve the construction of new detectors to cope with
the much higher multiplicities of photons and charged particles in nucleus-nucleus
collisions. In addition, with the increased capabilities of the new experiment, it would
be possible to make a systematic measurement of bremsstrahlung radiation produced
by the stopping of a heavy ion projectile inside a nuclear target. This would provide
valuable information on the the phenomenon of nuclear stopping which is well suited
for studying at AGS energies.
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