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We have studied the reaction yp + Xp at high energies and low 

t at the tagged photon laboratory at Fermilab usin~ our recoil 

detector TREAD (The Recoil Energy and Angle Detector). TREAD is a 

high pressure hydrogen gas time projection chamber that serves both 

as a target and as a detector of the recoil protons. The angle of 

the proton is obtained from the drift time of the ionization deposited 

in TREAD. The ionization drifts up to 75 cm in a high electric field 

(2 kV/cm) and is amplified and collected by sense wires mounted on 

end plates. The recoil energy is determined from the quantity of 

light the protons produce by stopping in scintillation counters. We 

present details ,of the apparatus as well as data on the missing mass 

distribution and we test factorization rules. 
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We present preliminary results of an experiment, running at the 

Fermilab Tagged Photon Laboratory (TPL), which measures the diffraction 

dissociation of photons on hydrogen, yp + Xp , in the region M 2 < 40 GeV2 ,x 

momentum transfer squared It I < 0.1 (GeV/c)2 , and photon energies 

70 < Py < 170 GeV. The experiment is designed to study the known resonances, 

to search for new resonance structures, and to measure the low t missing 

mass continuum. In hadron dissociation the missing mass distribution can 

be understood as arising from Pomeron exchanges1
, 2 ) in the Regge model. In 

particular, the hadron diffractive cross sections vary predominantly as 

11M 2 and scale to the corresponding total cross sections, behaviour which x 

is well described by the Triple Pomeron coupling. This experiment tests this 

behaviour for the photon, which is only partly hadronic in nature, to see 

whether the underlying dynamics is similar. 

In this paper we only summarize the construction and performance of 

the apparatus; details are given in another paper)). The experiment uses 

the recoil technique to measure the missing mass from a photon-proton inter

action. The recoil detector (see Fig. 1) is a unique high pressure time 

projection chamber (TREAD - The Recoil Energy and Angle Detector) that 

measures the energy and polar angle of recoil protons in the region 

10 < T < 50 MeV and 45° < e < 90°. The variables t and M 2 are 
X 

determined from the measured quantities p
y 

, T, and e , 

t = -2M ·T (1) 
p 

M/ = 2po IltT (cos e - lftT 12M 
p ) 

(2) 
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where M is the mass of the proton and is the photon energy. TheP 

,

tagging system in the TPL provides the photon energy to 2%. The high 

pressure chamber is filled with hydrogen. allowing it to act as the target 

as well as the recoil track detector. This obviates the use of windows 

between the target and detector region. TREAD consists of two cylindrical 

drift regions arranged in tandem. each 45 cm in diameter and 75 cm long. 

The beam is directed along the axis of the cylinder. An electric field is 

established between a plate at the center of the cylinder and the end plates. 

Ionization electrons from recoiling protons drift along the elctric field 

lines to the end plates where they are detected by a set of concentric 

octagonal sense wires. The pulse height is also obtained. providing the 

energy loss of the recoil protons. dE/dx. The kinetic energy of the recoils 

is determined by stopping them in plastic scintillation counters located 

inside the pressure vessel. Typically, at 15 atmospheres with 2 kV/cm 

(130 kV on the HV-plate) drift field and 7 kV on the 35 ~m diameter sense 

wires. the drift velocity is 0.5 cm/~sec and the spatial resolution is 

200 ~m. Under these conditions. TREAD achieves a resolution of ~ 2/M 2 = 0.03 x x 

in the region 0.05 < M 2/S < 0.1. limited largely by the multiple scatteringx 

of the protons in the hydrogen gas. This level of performance demands tight 

controls on variations in the electric field, in the pressure. in the tempera

ture. and in contamination by oxygen and other impurities that attenuate the 

sense wire signal. The electric field was shaped to the necessary accuracy 

by a cylindrical cage made of wires that carried a graded potential from th~ 

high voltage to the ground. The temperature was maintained constant by an 
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automatically controlled heating jacket surrounding the vessel. A transducer 

controlling input and output solenoid valves maintained the pressure. The 

I 

gas was kept at the necessary level of purity by recirculating it through a 

purifier consisting of catalytic converters followed by molecular sieves. 

Analog information, such as the drift time and pulse height in the chamber 

and the gain of the phototubes, was monitored with alpha sources mounted 

either in the chamber or on the counters. 

Fig. 2 shows a scatter plot of the recoil kinetic energy against 

dE/dx measured by the wires. The prominant band represents the recoil 

protons for which the energy loss varies as lIT. Multiplying dE/dx times 

T produces Fig. 3. The peak contains the recoil protons. 

As a test of the performance of TREAD, and to compare with hadronic 

reactions, we ran with a 170 GeV/c n beam and collected data on the 

reaction n p + Xp. The missing mass, calculated by Eq. (2), is shown in 

Figure 4. The peak is due to elastic scattering. We find that the high 

mass cross sections are consistent with the more precise data of experiment 

1)E-396 at Fermilab in which the same recoil technique was used but the 

recoil angle was measured with small drift chambers rather than with a time 

projection chamber. Preliminary results for photon dissociation are shown in 

Fig. 5. The prominant peak is the p. If we normalize the high mass cross 

sections to the total cross sections of each particle, we find that up to 

about 15 GeV 2 the pion and the photon cross sections are the same to 10% 

statistical accuracy. Above 15 GeV2 the photon cross section becomes higher 

than the pion cross section. 
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