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ABSTRACT 

The SLAC electron-positron colliding beam facility and its associated 

magnetic detector facility are described. General experimental problems 

in performing photon-photon collision experiments at SPEAR and the pro- 

posed experiment of Masek et al. are discussed. -e 
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1. Introduction 

This talk will attempt to indicate in realistic terms the future prospects for 

photon-photon collision experiments at SPEAR. It will start with a description of the 

colliding bealia facility itself, both as it operates now and as it will operate after the 

completion of the SPEAR improvement program next year. The magnetic detector 

facility, which is the only permanent experimental apparatus at SPEAR, is also 

described. After some general remarks on the problems of doing two photon experi- 

ments at SPEAR, we will describe the one experimental proposal which has been 

formally submitted on this subject. 

2. The Colliding Beam Facility 

Construction of the SLAC electron-positron colliding beam’ facility, SPEAR, 1 
P 

began in August 1970 and was completed 20 months later in April 1972. The first two 

physics experiments began tuning their apparatus and taking data in January of this ’ 

year. One experiment, using the magnetic detector, has the primary goal of studying 

one photon annihilation into hadrons. 2 The other experiment is testing quantum elec- 

trodynamics by observing various nonhadronic final states. 3 

The layout of SPEAR is shown in Fig. 1. It is a single ring composed of 

separated function magnets. The rf system operates on the 40th harmonic of the 

1.28 MC orbit frequency. Only one of the 40 possible rf buckets is filled with electrons 

and positrons so that the beams collide only in the center of two interaction regions. 

This has important experimental consequences which we will discuss later. 

Recently, we have been running SPEAR at its present maximum practical 

energy, 2.6 GeV per beam. The typical peak luminosity has been 6 x 103’ cmq2 set-’ 

with 45 mA each of electrons and positrons circulating. The pressure in the inter- 

action region has been approximately 10 -8 torr. The rms length of the beam inter- 

action region is currently 15 cm. Beam lifetimes are typically two hours. The beam 

filling procedure is fairly complicated. Electron and positron beams are injected 

from the linear accelerator at 1.5 GeV and then accelerated in SPEAR to the desired 

energy. This process requires about a half hour. 
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SPEAR will have a major shutdown starting in July 1974 to complete an improve- 

ment program which will increase the maximum energy per beam to 4.2 GeV and 

eventually to 4.5 GeV. Physics experiments in the higher energy regions should start 

in January 1975. One very beneficial side effect of the improvement program will be 

an increase of the rf to 358 MC. This will decrease the beam bunch length by a factor 

of ‘7 and facilitate identification of hadrons by time-of-flight techniques and the separa- 

tion of beam-beam from beam-gas interactions. The gas pressure in the interaction 

region is expected to remain the same. 

To date, luminosities at SPEAR have been limited by the incoherent two-beam 

instability with natural beam sizes. Thus, up to rf power and voltage limits, the 

luminosity increases as E4. The region in which the luminosity has been measured is 

indicated by a solid curve in Fig. 2, and its extrapolation to higher energies is indi- 

cated by a dot-dashed line. Although it is theoretically possible to increase lumi- 

nosities to the aperture and rf power limits indicated in Fig. 2 by %rtificially~~ 

increasing the beam size, attempts to do so have been unsuccessful so far. Experi- 

menters are specifically requested not to design and propose experiments requiring 

higher luminosities than those indicated by the extrapolated’curve. 4 In fact, an 

experimenter should only expect to receive one quarter of the indicated luminosity 

averaged over clock time. The factor of one quarter accounts for beam lifetime, 

filling time, accelerator and SPEAR down time, and accelerator physics studies. 

3. The Magnetic Detector Facility 

The east interaction region contains no permanent experimental apparatus. It 

is intended that a diversified program of experiments will be conducted in it, each 

experiment to run for no longer than four calendar months. 

The west interaction region contains a large magnetic detector. Although it 

was designed specifically to observe one photon processes, with some modifications 

or additions, it may also prove useful for the observation of two photon events. 

A telescopic view of the detector is shown in Fig. 3. Starting from the inter- 

action region, the detector consists of a cylindrical scintillation counter about the 
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beam pipe, eight gaps of small-angle stereo cylindrical magnetostrictive spark cham- 

bers, a cylindrical array of 48 scintillation trigger’ counters, the aluminum solenoid 

coil, a cylindrical array of 24 lead-scintillator shower counters, 20 cm thick iron 

flux return, and two gaps of planar magnetostrictive spark chambers. 

The pipe counter, which is actually composed of two semicylinders, has a 

radius of 13 cm and a length of 91 cm. It is useful primarily in reducing triggers 

from cosmic rays. 

The function of the cylindrical spark chambers is to track the charged particles 

and measure their momentum, The chambers are supported entirely from their ends, 

so that there are no massive support structures in the region in which momentum is 

measured. The wires are laid at angles of f 2’ and f 4’ to lines parallel to the beam 

to provide small angle stereo and about 1 cm position resolution along the beam direc- 

tion. 

In addition to being part of the trigger, the trigger counters provide time-of- 

flight information for discrimination against cosmic rays and for s-K-p separation. 

The rms time resolution for each counter is 320 ps. 

The outer spark chambers serve primarily to separate hadrons and muons. 

Muons with momenta less than 500 MeV/c do not penetrate the iron flux return and 

cannot be separated from pions by the detector. Similarly, the shower counters do 

not provide any appreciable discrimination between pions and electrons below 

500 MeV/c. 

The solenoid is 3.6 m long and has a diameter of 3.2 m. The magnetic field of 

approximately 4 kg is longitudinal to the beam axis and is uniform to about f 2%. 

Currently, the detector can trigger on particles emitted with polar angles to the 

beam between 50’ and 130’ and can detect charged particles with polar angles between 

40’ and 140’. A set of magnetostrictive spark chambers made from printed circuit 

boards are now being-produced. They will be placed perpendicular to beam near the 

end caps and will allow charged particle detection from 20’ to 160°, or 94% of the 4s 

solid angle. 
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We have been able to reduce the trigger rate in the magnetic detector to a few 

triggers per second by requiring two or more trigger counters and their associated 

shower counters to fire. The discrimination level on the shower counters is set so 

that they are highly efficient for minimum ionizing particles. 

4. General Problems 

The single bunch operation of SPEAR causes a serious problem for two photon 

experiments. All of the events, whether real or background, occur in the one nano- _ 

second out of 781 in which the bunch is present in the interaction redon. As a result, 

for most purposes a detector with time resolution of one ns is not any more useful 

than one with a time resolution of a hundred ns. 

Let us assume that one wishes to do the ultimate two photon experiment by 

detecting all of the final state particles for all the processes which occur. It would 
’ 

be necessary to place @lectr~ detectors after the first set of quadrupole andbending 

magnets since approximately half’of the electrons from two photon events remain in- 
.. _ ,c. 

side the b+m pipe until they are bent out by the magnetic field. Severa people have 

investigated the positfoning of such detectors at SPEAR. 6-8 It turns out that all of the 

electrons could not be detected, but it might be conceivable to detect as many as 40% 

of them. The real problem with such detectors is that they would be intolerably ,, 

swamped with background. Under the current SPEAR run&g conditions as outlined 

in Section 2, an average of four electrons or positrons are lost from the beam in the 

long straight section around the interaction region for each pass of the two bunches. 

Most of these particles will end up in our electron detectors at precisely the proper 

~ t+ne to simulate or confuse a two photon event. 

In general one should exercise care in trying to use ‘any detector which subtends 

small angles relative to the beam. This is particularly true of detectors which are 

not energy sensitive. For example, the magnetic detector pipe counter (which is 

described in Section 3) has had counting rates as high as 50% of the orbital frequency. 

A group from LBL has suggested that two photon events’can be detected in the 

magnetic detector without detecting either the scattered electron or positron.’ They 
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point out that half of the two photon events have a hadronic transverse momentum of 

less than 20 MeV/c and this can be used to help distinguish these events from back- 

ground such as electroproduction in the residual gas. Although certainly some infor- 

m_aticn PP~ Fe obtained with th3F technique, it till not be easy. The beam-gas back- 

ground, i.e., 

e*-kCO 
2 

4 e* + hadrons (1) 

occurs at a rate approximately two orders of magnitude larger than that for 

e e - e+e- f hadrons 
+- 

for the present SPEAR conditions. Knies et al. ’ point out that -- 

* e*n-+ e pn- 

is particularly troublesome since kinematically it looks very much like 

+- +-+- ee-ceenr . 

Another background which can become troublesome when neither the scattered 

electron nor positron is detected is the hard radiative correction to one photon anni- 

hilation. I0 At 2.5 GeV, the cross section for 

e+e- +- 
-7fry (5) 

is larger than the cross section for 

+- +-+- 
ee-eera (6) 

for dipion masses in the region of the p mass. 

The detection of two photon production of pion pairs, reaction (6)) requires good 

particle identification. Its effective cross section in the SPEAR magnetic detector is 

13 and 7 times smaller, respectively, than that for the production of electron and muon 

pairs. As indicated in Section 3, such particle identification does not currently exist 

in the magnetic detector for particles with momenta less than 500 MeV/c. And 85% of 

the pions produced via reaction (6) which trigger the magnetic detector have momenta 

below that value. 
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I 
It is often assumed that one and two photon processes will be backgrounds for 

each other and will be difficult to separate experimentally. With the exception of a 

few special cases, such as the one we have just discussed, this is not the case in a 
-: 

large solid angle magnetic detector. Monte Carlo calculations for the SPEAR mag- 

netic detector using reasonable assumptions for multiplicities and distributions show 

that if a cut is made in the visible energy distribution at one-third of the total energy, i 
then 95% of all observed two photon events lie below the cut and 97% of all observed 

one photon events lie above the cut. 

5. Proposed Experiment 

So far only one experiment .to study two photon processes at SPEAR has been 

proposed. The proposal comes from a group of experimenters from the University 

of California at San Diego led by George Masek. l1 As we will see, this experiment 

will avoid many problems that we have discussed. 

The experiment will study the general two photon process 

e+e- 
+- 

-e e X (7) 

by detecting the electron, the positron, and one of the decay products of X. As well 

as measuring the two photon cross sections as a function of the mass of X, including 

the low-lying C = +l resonance states, the experiment has been designed to investigate 

the deep inelastic scattering of electrons on a photon target. l2 

Figure 4 shows a cross section of one detector arm, There are two arms 

symmetrically placed about the interaction region and each arm is cylindrically 

symmetric. 

Each arm contains two detectors. The inner detector covers the angular 

50 to 160 mrad and the outer detector covers the region 160 to 500 mrad. The 

region 

principal component of the inner detector is a 33 cm long NaI crystal viewed by eight 

13 cm photomultipliers. The crystal will measure electron energies with FWHM 

resolution of about 2%. Good energy resolution is needed to resolve the mass of 

hadronic state X. The NaI crystals give just enough resolution to resolve the no and 
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q final states. Although these crystals have excellent energy resolution, they are 
* 

seldom used in high energy physics because of their poor time resolution. As we have 

discussed previously, one of the advantages (or disadvantages) of SPEAR is that good 

tin?c resolut%n is unnecessary. Drift chambers in hont of the crystal measure the 

electron trajectory. 

The outer detector’s function is to detect electrons which scatter at Jarge angles 

and to detect decay products of X. In addition to drift chambers to measure particle 

trajectories, the detector consists of an atmospheric pressure Cerenkov counter to 

identify electrons, a lead-scintillator sandwich shower counter to idenffe and meas- 

ure electron energies, and an iron absorber to separate muons from hadrons. The 

Cerenkov counter is needed for additional electron identification since a pion rejection 

of 1 in lo4 is necessary to identify the high Q2 deep inelastic events. 

The trigger for recording data will be a particle in three of the four detectors. 

Based on an integrated luminosity of 1038 cmU2 set-’ at 3.8 GeVperbeam 

(which is a factor of 3 to 4 above the guidelines we have listed), Masek et al. estimate -- 

that they will obtain 47,000 hadronic events including between 700 and 1300 deep 

inelastic events (v > 1.5 GeV2 and Q2 > 0.17 GeV2) and 400 to 600 events from each 

of the r” , q , and@ final states. 

With unlimited funds, one can always find ways of improving any given experi- 

mental apparatus. That aside, it is my personal opinion that this proposed experi- 

ment will study two photon physics as well as it can be studied at SPEAR in the 

foreseeable future. 
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Figure Captions 
,... 

1. Layout of SPEAR. 

2. SPEARJuminosity. The solid line represents measured luminosities. The 

dot-dashed line is an extrapolation of the measurements to SPEAR II energies 

and various rf power and voltage limits. The dotted line indicates the theoretical 

limit due to aperture size. 

3. Telescopic view of the SPEAR magnetic detector. 

4. Apparatus for a proposed two photon experiment (Ref. 11). The figure shows 

one of tv~o symmetric arms in cross section. Each arm is cylindrically sym- 

metric about the beam line. 9” indicates scintillation counters and 17T” indi- 

cates drift chambers. 
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