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A HYBRID 4rr DETECTION SYSTEM FOR 100-GeV PHOTON PHYSICS AT NAL 

Z. G. T. Guir-agoss ian and F. Villa
 
Stanford Linear Accelerator Center
 

ABSTRACT 

Utilizing an extensive simulation technique, a five-meter superconducting 

magnet with a streamer chamber is proposed as a NAL facility for 1OO-GeV photon 

physics. The system is extended necessarily by wire spark-chamber planes. ely 

detectors, and a rr/K Cerenkov counter. A tagged photon beam study is also made 

with new yield calculations. 

1. INTRODUCTION 

In this study we propose a hybrid 4rr detection system specifically for 100

GeV	 photon physics at NAL. It is clear that the proposed system can be extended 
1

readily for rr/K beam physics in this energy range. The system consists of a 4-5 

meter diameter superconducting magnet, a streamer chamber and several wire spark 

chambers together with neutral detectors and a rrl K threshold Cerenkov counter. Its 

performance has been examined by extensive Monte Carlo simulation of events. The 

subject of photon physics at NAL has been discussed in previous studies by Heusch, 2 
3Wilson, and Toner. 4 

The study of photoproduc tron processes is a necessary c orrrp.l.e rn en t to the 

understanding of hadron-hadron interactions in that it supplies a separate method for 

the investigation of dynamical processes and examines the link between both types of 

interactions. Current theories of Regge exchange, diffraction scattering, and vector

meson dominance are directly influenced by such a Joint understanding of photopro

duc tion processes and hadron -hadr-on interactions. At NAL, for the first time. ap

preciably useful photon and electron beams will be available at high-energy proton 

accelerators so that photopr-oduc tion and electroproduction programs can be supported 

as well as hadron physics programs at the same facilities. 

Specifically, we propose a detection system for the study of the following 

processes: 

1. Vector meson photoproduction as a function of k
y' 
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2. Search for massive vector particles. 

3. Measurement of the total hadronic ,/p cross section, (Jtot (yp), as a function 

of k 
'/ 

4. Measurement of the Compton scattering c ross section, (Je£ (vp) , as a function 

of k 
'/ 

5. The A-dependence of processes 1-4 by the measurement of the above, photo

produc ed On complex nuclei: Be, C, Al, Cu. Ag, and Pb . 

6. The 4T1 detection ability should make such a system to be attractive as well 

for	 the study of electromagnetic processes with selective triggers. 

It is clear that particular detection systems can be designed for the specific 

study of anyone of the above experiments. These have been discussed by others. 

Here, we propose a general detection system for the above experiments, where 

modifications can be made in a modular fashion for specific studies of varying com

plexity. 

II. BEAM 

The	 preparation of a tagged photon beam for NAL was studied by Heusch , 2 
3

Wilson, and Toner. 4 We have re-examined these studies and summarize here our 

choice of parameters for such a beam. Also, an independent yield calculation is made 
5

based on the rnul.tiper-ipher-al model of Chew and Pignotti which reaffirms the results 

obtained by the statistical thermodynamics model of Hagedorn and Ranft. 6, 7 

Figure 1(a) shows the forward differential distribution in the cross section of 

TT+, TT -, and Tl
o production from 200-GeV pp collisions as computed from the multi 

peripheral model. The TT0 yield is approximated by the average of TT+and TI- pro
0

ductions. For computational purposes the TI yield is parametrized by a fourth order 

polynomial (open circles). 
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The most efficient primary production target T should be a material of low Z and 

small ratio \/X of collision to radiation length. For practical reasons this is 
o 

chosen to be to cm of Be. This corresponds to 1/ 3 ~c and attenuates :S 20% of the 

primary photons from"
0 

- yy decays, by e +e - pair production. A clearing magnet 

sweeps all charged particles away from the first radiator R For efficient electron
1. 

conversion, R should be a material of highest Z and largest ~c/Xo ratio. It can be1
4

shown that if R is more than (0.2-0.3) X in thickness, then this becomes an inefficient
1 o 

radiator which depletes the high -energy components in the electron spectrum due to 

thick radiator straggling effects. For this purpose, R is chosen to be 1.5 mm of Pb.
1 

Figure 1(b) gives the forward ,,0 yield from the primary target T, the primary photon 

spectrum from T, and the electron yield at R The spectral integration procedures
1, 

are indicated on this figure. 

The processes which enter in the preparation of a tagged photon beam (,,0 - ,/,/, 
+ _ _I 0 

'/- e e ,e - e ,/) have small characteristic angles (8" =mJl/E,.." 8 =m /E ).
'/ rr- -r- em e e 

The typical transverse momentum due to these is -100 MeV/c. In view of this, the 

beam transport design can be made, from the primary ,,0 to the final tagged photon, 

as if we had a charged pion beam. Figure 2 summarizes the schematic layout for 

such a beam. Electrons are chosen over positrons because of the higher abundance 

of positively charged hadrons produced at R 1 due to the large neutron background in 

the primary photon beam. We note that hadron production here proceeds with trans

verse momenta 3 or 4 times larger than in the electromagnetic processes. For this 

reason, a dispersion -free image of the primary target is required so that most of the 

hadrons can be collimated out of R the thin tagging radiator. This focused and
2, 

achromatic electron beam is reimaged on the final beam monitor, a quantameter. 

Such refocusing allows for the detection and separation of forward photons produced 

at the experimental detector's target. R is a 0.02-0.05 X high-Z radiator. A beam
2 o

2
profile of 1-2 ern is expected. The photon tagging method is well known; we choose 

a tagging counter bank of twenty 1% c>E/E intervals. 

III. EXPERIMENTAL TARGETS 

Considerations of the experimental detector target size include the following 

conditions: 1) ability to reconstruct interaction vertices as accurately as possible, 

2) ability to detect a given minimum recoil proton momentum, and 3) ability to main

tain a constant level of background for a fixed experimental arrangement. The first 

condition, together with the expected pencil-like photon beam profile, determines 

transverse dimensions not exceeding 2 X 2 em. Since our targets are placed inside a 

magnet, in the cases of hydrogen and deuterium the requirement of maximal track 

length within the magnetic fi elddic tates a target length as short as possible. If. in 
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addition, we choose a value of 150 MeV Ic for the minimum detectable recoil proton 

momentum, then the use of high pressure gas targets for hydrogen and deuterium is 

favored over liquid targets. Finally, condition (3) requires that all targets be made 

of equal radiation length. The target materials of interest are hydrogen, deuterium, 

Be, C, Al , Cu, Ag, and Pb , For hydrogen and deuterium we choose high pressure 

gas targets (- 500 psi) with dimensions of 2 X 2 X 30 crn , Such targets are currently 

being constructed at SLAC with fiberglass containers. 

IV. EXPERIMENTAL DETECTION SYSTEM 

Hybrid experimental detection systems are a natural consequence of high -energy 

accelerators. As beam energy increases more JBdl is required to measure mo

menta and longer lever arms for accurate angular definitions. General purpose large 

devices tend to be unyielding to modifications from experiment to experiment. They 

are expensive both in construction and operation. As a result of these, hybrid de

tector systems for hadron physics at NAL have been considered by T. Fields et al. ,8 
9

A. Roberts and T. G. Walker, and W. D. Walker. 10 Here, a small hydrogen bubble 

chamber is used for vertex definition and event recognition followed by large spectrom
11 

eters and optical spark chambers. On the basis of data reduction ease, R Hulsizer 

proposed to substitute a streamer chamber in place of a bubble chamber for the above 

hybrid systems. 

Design Criteria 

We have designed a hybrid system specifically for photon physics at NAL. Some 

of the criteria that enter into such a design are the following: 

1. Ability to detect signals unambiguously from the processes under investi

gation, over backgrounds which are about 150 times larger than these. e +e - pair 

production is 150 times larger than hadron photoproduction. Such a large background 

does not exist in hadron physics experiments. 

2. Provision of visual guidance for event definition at a minimal cost. 

3. High accuracy in event reconstruction. 

4. Discrimination against a large background level demands a fast triggering 

ability together with a good device memory and a rapid cycling capacity. 

5. At these energies, the highly forward collimation of events requires a large 

lever arm for acc urate angular definition of tracks. 

6. The proper identification of chosen reactions requires the ability to detect 

externally the presence of charged and neutral kaons and event-associated neutrals 

(whether these are forward 'V's or a peripheral neutron). 

7. A general data-reduction method is needed which can be applied to the entire 

experimental program. 
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8. The detector configuration should be suitable for both standard and automatic 

data-reduction facilities. 

9. Finally, manageable detector-system dimensions enter in the- very important 

considerations of fabrication cost. device installation, and operation. 

The above criteria are by no means exhaustive. However, we think that at least 

these should be considered in any first-order estimation. 

Final Configuration 

Among several configurations investigated by Monte Carlo simulation of events, 

we present that which conforms best to our criteria. Figure 3 displays schematically 

the entire detector layout. A 5-meter diameter, 20-kG superconducting magnet with 

a f -meter gap contains a streamer chamber with dimensions of 5 X 2 X f meters. The 

magnet allows for a three-view photography system 8 meters above the beam line. 

The incident photon beam is convergent. focused onto the final 'I beam detector. 

Forward charged pions are distinguished from kaons in symmetrical, four -segment, 

4.5-meter long, 40X40 em threshold Cerenkov counters. Five sets of wire spark

chamber planes (modules) of 2 X 4 meters dimension are positioned at 3 -meter inter

vals behind the magnet. One -meter long shower counter wings are placed on both 

sides of the wire spark chambers to detect the presence of lower energy electrons. 

At the end are located the high -energy electron, 'I and hadronic particle discrimin

ation arrangement, and the 'I beam veto and monitoring quantameter. The magnet is 

surrounded by neutral particle detectors. The major components of this arrangement 

are now discussed. 

V. HYBRID SYSTEM COMPONENTS 

A. Magnet 

Clearly. this is the costliest item in the system and, for this reason, it re

quires a careful analysis. Our complete-event simulation studies have convinced us 

that for fOO-GeV physics, this fOO kG-m magnet is sufficient for accurate event re

construction in the hybrid system. However. our computer simulation was done as

suming a uniform field strength. Briefly, 60 kG-m hurt the physics, 80 kG-m can be 

considered adequate. For this reason our proposal is based on a fOO kG-m inhomo

geneous magnet, since an acc i.r-ate field map of better than 0.2% for a magnet of this 

size would be impractical to expect. This magnet could conceivably be air core 

superconducting coils with some superconducting mirrors or additional iron. Field 

inhomogeneity of - 50% around the forward beam envelope as seen in Fig. 3 can be 

tolerated adequately. Event reconstruction programs with helical trajectory inte

gration routines have been in operation at SLAC. As compared with bubble-chamber 

homogeneous magnets, the trajectory integration reconstruction program operates a 
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factor of 5-10 times slower. This can be compensated by the decreasing cost per 

cycle time on the developing new computers. We believe that a 5-meter diameter 

20-kG air core superconducting magnet, with some 50"/. inhomogeneity around a 

defined envelope can be constructed at less cost than homogeneous field magnets and 

can perform adequately for accurate event reconstruction in 100-GeV physics ex

periments. 

B. Threshold Cerenkov Counters 

The design of this system is based on the expected charged pion and kaon mo

mentum vs transverse exit coordinate distributions. These have been obtained 

through our simulation studies (see below). The counters are segmented to sample 

several ranges. This Cerenkov counter is used to improve the distinction between 

events containing charged ,,'s and K's. Tentatively, this will be 4.5 meters long and 

operating at atmospheric pressure. The inner center sections cover a transverse 

dimension of ±40 crn . Each counter here has transverse dimensions of 40X40 crn , 

filled with He gas at STP, giving Cerenkov light of 4.5 photons/meter (threshold 

"y = 119). The two outer sections, 40 ern wide upbeam and 60 cm wide downbeam, 

will be filled with Ne gas at NTP, giving 12 photons/meter (threshold of"y = 85). 

Parabolic mirrors focus the Cerenkov light onto 9 -Inch photomultipliers positioned 

above the beam plane. 

C. Wire Spark Chambers 

The five sets of wire spark-chamber modules, as seen in Fig. 3, are a 

necessary and integral part of this hybrid detector system. They serve to define a 

large lever arm for the charged tracks and thus to increase their angular definition. 

In actuality, since the magnet is expected to have a highly inhomogeneous field, these 

wire spark chambers will also be useful for a more accurate momentum determin

ation, provided that a good field map is made. (In practice, the trajectory integration 

will be carried outside the magnet with increasingly larger step sizes.) The first 

four modules have one meter long shower counter wings added on each side, with 

vertical dimension 10 cm. These are positioned at the beam plane and serve to indi

cate the presence of lower energy electrons which come from photoabsorption by the 

e +e - pair production process. The last set of planes, WSC5, can be used strictly for 

reaction-induced photon identification and angular- definition. Our simulation studies 

show that this module is highly efficient for the detection of ,,0 ~ "Y"Y in the reaction of 

"YP ~ wOp (see Fig. 5). Also, our simulation studies show that sufficient dimensions 

for the wire spark chambers with this magnet are 2 X4 meters. 

In our configuration, each WSC module is actually made up of pairs of 

xx-yy-uu-vv planes, with 0, 90, 30, and 120 degree orientations respectively. The 
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chambers are made with 1 mm wire spacing, and within each pair of planes only the 

wires of one plane are used actively for readout. A small on-line computer of 

PDP-15 type is used to collect data from these chambers along with monitoring all of 

the counter information. 

Considering the size of these chambers and the neighborhood of an inhomoge

neous magnetic field, we have considered a recent development in wire spark -chamber 

technology which is based on field emission transistor (FET), individual wire readouts. 

The advantages in such a system are 1) practically unlimited memory time, 2) each 

wire pair acts independently of its neighbor, thus the number of sparks that can be 

sustained is not a limitation, 3) the chambers are insensitive to the presence of mag

netic fields, 4) and an accuracy of 500fl in space is obtained, as in other such systems, 

for track coordinate definition. 

D. Neutral Detectors 

An integral part of our triggering system is the ability to detect the presence of 

reaction-produced photons together with a knowledge of the maximum number of 

reaction -associated photons. The position of WSC 5 and the open area surrounding the 

magnet gap are used for this purpose. 

E. Trigger System 

Our trigger system should 1) identify the presence of a tagged photon at the ex

perimental target, 2) exclude the large electromagnetic background, primarily from 

e +e - pair production, and 3) inhibit the presence of large numbers of reaction -as 

sociated neutrals. Because of the high duty cycle and good time resolution at hand, 
+ 

we let the e e pairs go through the entire detection system. To demonstrate feasi
4

bility let us assume a tagged photon beam at 5X10 equivalent quanta/pulse with a 

0.03X experimental target. This gives 1,500 e +e - pairs/pulse. The streamer 
o 

chamber has a memory time -s 10 /-lsec and a trigger logic with 10 nsee time resolution 

can be expected. The probability that a hadronic event will be lost because such an 

event and a pair occur at the same time interval is 

8 
1,500 e +e -/pulse X10- sec = 3X10-5. 

0.50 sec/pulse 

The probability that a hadronic event and an e +e - pair shall be found together in the 

streamer chamber is 

1,500e+e-/pulseX10- 5 sec 
0.03.

0.50 sec/pulse 
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Thus, 30/0 of the streamer -chamber pictures will contain a e +e - pair and a hadronic 

event. The presence of pairs is recognized by the scintillator, lead, WSC 5, and 

shower counter hodoscope arrangement and the i-meter long shower-counter wings 

of the first four wire spark -chamber modules. 

The streamer chamber and the wire spark chambers will be triggered by a sig

nal with the following logical components: 

Objective Reason 

1"/. t>E/E electron beam hitting yes
 
the radiator R
 z 

Tagged electron, one and only one yes 
'I beam and energy 

Guard against trident and other second no proper identification 

order e/ 'I processes 

Streamer chamber charged particle no 
guard counter 

One charged particle on the hodoscope yes outgoing hadr-ons 
in front of the last wire spark 
chamber and/ or other SC sur
rounding counters 

+ 
Large pulse height from WSC(1-4)-wing no No e e pairs 

shower counters or behind WSC5 produced 
shower counter, initiated by a 
charged particle 

Pulse from the 'I beam detector behind WSC5 no beam 'I absorption 

All other guard counters no background rejection 

VI. EVENT SIMULATION 

A complete Monte Carlo simulation of events has been performed upon vector 

meson photoproduction processes at 100 GeV. The following design parameters are 

input to the programs: 

1. A photon beam of 100 GeV with 1"/. ±t>E/E resolution. 

Z. A 5-meter diameter, i-meter gap, ZO-kG uniform field magnet. 

3. A 5-meter long, Z-meter wide and i-meter high streamer chamber. 

4. A 30-cm long, 1 Xi cm cross section, high-pressure hydrogen gas target. 

We define the origin of our space-coordinate system to be located at the begin

ning of the magnet and situated at the center, transversely and vertically. Let x be 

the beam direction, y transverse, and z vertical directions. The target is placed 

between x = 15 to 45 cm and the five wire spark-chamber modules at x = 8, 11, 14, 

17, and ZOrn. 
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A three -view camera system is assumed for the streamer -chamber photography, 

with maximum off-axis viewing angle of 25·. The camera plane is located at z = 8 

meters with (x,y) coordinates of (3,1). (3, -ii, and (1.25, 0) meters. The streamer 

chamber is photographed with a demagnification of 80, using 35 mm perforated film 

with 25 mm useful width. The lenses have a 9.875 cm focal length and the lens nodal 

plane to film plane distance is 10 cm. We have assumed a space reconstruction un

certainty derived from an 8-micron film-plane error, which includes both measuring 

errors and residual optical distortions. 

By Monte Carlo simulation, tracks are generated in space as they would appear 

to come from the vector meson photoproduction processes. That is, the vector 

mesons are produced with a known momentum transfer dependence of e -At, have a 
2

decay distribution in their own rest frame of sin e and have a Breit -Wigner resonant 

shape with known masses and widths. Event vertices are chosen randomly within the 

above target volume. With this definition, tracks are generated within the streamer 

chamber, trajectories integrated within the specified magnet and, whenever possible, 

continued to intersect the wire spark -c hambe r planes. With the known track trajec

tories for a given event, space coordinate points are generated every 30 cm if the 

track segment is inside the streamer chamber (every 10 ern if the momentum is less 

than 1 GeV / c) and at the wire spark chamber hit positions. 

Since a measurer will not be able to distinguish between two small-opening forward 

tracks near the target, we deleted generated film points in the beginning of any for

ward track if its other neighbor had a transverse separation of less than 4 mm in 

space. 

In this manner we have generated 200 random events for po, w
O 

, and ",0 photo

production reactions. Figures 4(a I, 4(b). and 5(a) show the charged particle hit plots 

for the three reactions at the last wire spark chamber (WSC 5). Figure 5(b) shows the 

,,0 - yy hit plot from w 
O 

photoproduction. It is seen that with very high effieiency the 

presence of associated photons can be detected. We stress that these chambers' use

fulness for charged tracks lies in determining the angular definition of forward tracks. 

Figures 6(a) and (b) show the momentum vs transverse displacement of ,//K+ 

tracks. This information is used to design the threshold Cerenkov counters situated 

immediately behind the magnet. These distributions are obtained at a position 3 m 

behind the magnet. 

To test the detection efficiency and resolution of this system, these events, in 

Monte Carlo generated film plane data form, were processed by the space

reconstruction and kinematical fitting programs SYBIL and TEUTA and tested for 

several reaction hypotheses. Track mass assignments were permuted to examine 
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false fits, 4c and 1c category fits were done, altogether for nine hypotheses, on all 

the "events." We find that based upon kinematical fits alone, 90% of all the events 

are truly identifiable. A very good criterion in this identification is the computed 

mass of the beam particle. Our beam was assumed to have an energy uncertainty of 

301% and angular uncertainty of 2 mrad. All "false" mass permutation fits gave 
2

photon masses in the GeV range, true constraints had -0.3" m 2 " +0.3 GeV
+ - 0 y

Figure 7 shows the 1T 1T 1T effective mass distribution obtained after recon-
O

struetion and kinematical fit of yp - w p events. From this we conclude that ±10

MeV mass resolution is expected from our system, which is adequate for physics 

purposes. If need be, a factor of two improvement can be obtained readily by using 

70 mm film. The choice of 35 mm film is due to economic reasons and we feel that 

the achievable accuracy is much better than the one used in this simulation study. 

VII. STREAMER CHAMBER AND MODULATORS 

The streamer chamber proposed here has a gap which is slightly larger than 

the present SLAC chamber. The existing high-voltage modulators driving the SLAC 

streamer chamber will be adequate for our purposes. That is, a specific technical 

development is not necessary and existing designs can be scaled up. Other current 

improvements, 12 specifically for the removal of flares, will be incorporated in the 

final design of such a system. Hence, we do not foresee the necessity of any further 

technical development to implement our proposal. 

Data Rate 
4

We expect a maximum of 5X10 tagged equivalent quanta/pulse. Assuming a 

30-cm long liquid hydrogen target and a atot(yp) " 100 "barn for total hadronic photo

production cross section. Previous experience from SLAC photoproduction experi

ments in the streamer chamber leads to an expected trigger rate of 5 triggers / sec. 

This rate can be handled with existing streamer -chamber cameras and no new techni

cal developments are needed. Under actual conditions we believe the data rate will be 

about 1 good event/ sec. 

VIlI. COST ESTIMATE 

The 5-meter super-conducting magnet cost estimate is based on initial calcu

lations by H. Brechna (SLAC). Figure 8 shows the initial estimated dimensions of the 

superconducting coils and iron yoke. The magnet's top opening is required for the 

streamer chamber's viewing purposes. This design of the coils and yoke is made to 

compensate for the top opening and to give a 20-kG field with 20% inhomogeneity over 

±2.5 meters. 
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Superconducting Magnet Cost Estimate. 

Coils and iron 1,300,000 

500 W refrigerator 300,000 

Installations 100,000 

Auxiliary 100,000 

Subtotal $ 1,800,000 

Other System Components: 

3 cameras (with 2 spares) data 150,000 
board, vacuum loops, and 
control electronics 

1 million volt modulator and streamer 160,000 
chamber power supply 

Streamer chamber 100,000 

Wire spark chambers 350,000 

WSC modulators, electronics and readout 300,000 

Building and utilities (at $ so/ft 
2

) 500,000 

Counters 100,000 

Computer with on -line data reduction capability 500,000 

$ 2,160,000 
Tagged photon beam facility 400,000 

Total $ 4,360,000 

IX. CONCLUSION 

We have designed a 41T hybrid detection system for accurate photoproduction 

studies in the 100-GeV range. Our simulation studies show that with such a system, 

once a signal's presence is detected, it can be resolved with reliability and accuracy. 
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Fig. 3. Proposed hybrid experimental detection system. 
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