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ABSTRACT 

An experimental design is discussed for performing the deeply inelastic Compton 

scattering experiment at incident photon energies up to 40 GeV at NAL. The counting 

rate is calculated using one specific model for the process, that of Bjorken and 

Paschos. Background processes are expected to come in at a manageable level, but 

present experimental evidence needed for their evaluation is in a state of uncertainty. 

1. INTRODUCTION 

At the 200-GeV NAL proton accelerator, electron and photon beams of reason

able intensities have been shown to be feasible. 1 In order to evaluate the importance 

of installing such a beam facility, various authors have looked into specific experi

ments with electrons and photons. at energies beyond those attainable at present elec

tron accelerators. 
2 

From compilations of desirable investigations, several experiments have been 

more closely studied, and some of them look quite feasible: elastic Compton scatter

ing from protons, 3 inelastic electron scattering, 4 diffraction production of vector 
5 

mesons from photon beams, and the most obvious experiment, the determination of 

the total hadronic cross section o t total) .6 We want to add another candidate to this 
,/p 

list: the study of the momentum transfer and excitation dependence of the inelastic 

Compton cross section according to the diagram: 

Y x ~nYthing
P t JAro on 
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This experiment belongs to a set of bulk cross-section measurements which 

have been shown to yield vital information on the basic interaction process even in the 

absence of the resolution of individual channels in the hadron final state. Incoming 

photons have only modest intensities, but they constitute the only vector beams we 

have for probing nucleon and nuclear structure. There are obvious ways in which the 

process can be linked up, by the CVC hypothesis, with the vector part of inelastic 

lepton (fL, e, v) scattering. Sensitive tests of several ideas on vector dominance can 

be built into the experiment. The surprising recent results on deep inelastic e -p 

scattering,7 and the subsequent speculation of various theorists on their interpretation 

in terms of a granularity (or "parton"S structure) of the nucleons, give another aspect 
9

under which experiments of this type acquire added importance. Bjorken made	 the 
2

explicit model interpretation: the fact that the quantity (vW is a function of vlQ
2) 

only (v = energy loss of the inelastically scattered electron, W = form factor,
2 

Q2 = invariant four-momentum transfer) indicates that there may not be any natural 

size or length involved in the scattering process. This leads naturally to a point-like 

character for the scattering, a feature that can obviously be probed in processes other 

than e-p inelastic scattering. For example, one might consider 

a} fL + P I' + (any final state X) 

b) v + P v + (X) 

c) y + P y + (X). 

In Bjorken's words, for process (c), "we shine high-frequency light on the pro

ton and observe the light scattered incoherently at high transverse momentum by the 

point-like constituents. " 
10 

Bjorken and Paschos worked out some details of the inelastic Compton scat

tering experiment and looked into the possibility of detecting the scattered photon in 

the presence of ,,0 decay photons at SLAC energies. At NAL energies, the situation 

is quantitatively different, as will be discussed below. 

II. THE CROSS SECTION 

For the purpose of calculating counting rates, we use the prescription of 

Bjorken and Paschos. 10 Their paper discusses an explicit model which attempts to 

explain deep inelastic electron-proton scattering in terms of "partons." We will not 

take the parton model seriously but will use the cross section calculated by Bjorken 

and Paschos as a first guess, hoping that it will exemplify the proper dependence on 

the dynamical and kinematic variables (k, f), t, and v). 

Consider the following diagram: 
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Proton Deep Inelastic Final State 

The incident and final photon lab energies are k and k'. The energy transfer to 

the hadron system is v ' k - k'. The photon lab scattering angle is e, and the other 
2

variable is the invariant momentum transfer, t = 4 kk' sin (e 12). 

The deep inelastic region is defined as v >> M ' t large, and t/2 Mv < < 1. 
p 

Bjorken and Paschos find a cross section in the deep inelastic region (see their 

Eqs. III-1 and III-7) as follows: 

2 
da v 2 ]A 2 0'4 +-

dfl dk' 2 kk ' .
4k sin ie n, 

Here A is a proportionality factor of order unity which is a product of two 

things: (1) the inelastic form factor (vW which has been found from electron scat

tering
7 

to have the value of about 1 13; we 
2) 

will use v W2 = 1 13. (2) a factor of order 

unity (we will use the value 1 for it) depending upon the detailed parton "structure" 

and charges. 
2

We will also ignore the last term (v 12 kk'), as it is much smaller than 1 in the 

region of our proposed measurements. 

We note that the cross section can then be re-expressed as: 

2 
da =A ~ k'v = (28 nb/GeV sr) x [k'vlkll in GeV units. 

dndk' l k 

At a given incident photon energy k and angle e, we can integrate over all exci

tations v from 0 to v 
max 

v dvf dfld:E 1 dE' c:Jv ~ 

2 
v 
max 

2 (k - v )
max 
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This last is an approximation, only true if v max < < k. At an incident energy k 

and maximum excitation v max' the cross section in a polar angular bin emin < e < emax 

is: 

2 
d a 4Aa2 vm ax 

c > d\1dn 2" sin edef T 2(k-v f 4
m ax) e

2 
v 

44 nb(_1 __1 ) 
max 

e2 e2 
min max 

in GeV units 

The following properties of the cross section are worth noting: (a) da/dndk' is 

roughly proportional to v at fixed t; (b) it has the [sin
4 

(e /2) 1 dependence of the 

Rutherford cross section. The forward peaking is therefore very strong; (c) the total 
4

integrated cross section goes roughly as 1 /k for small v. 

These features will constrain our choice of apparatus and will govern the kine

matic range of our measurements. Figure 1 shows the cross section vs e for various 

incident energies k , 

In Fig. 1, we have chosen the excitation v to be 5 GeV. The cross section for 

any other small v(v «k) can be obtained by observing (as we have already done) that 

it scales roughly with v . 

III. APPARATUS 

Our proposed apparatus is shown in Fig. 2. We note first that it is in most ways 
3

substantially identical to the apparatus discussed by one of us for the elastic Compton 

scattering experiment (y + p - y + p). The reader should consult that paper for more 

details, especially about the beam. 

A tagged photon beam. of emittance about ± 0.6 cm-mrad in each direction, and 

energy spread t.k/k = ±0.5%, enters a 2-meter liquid H target. Surrounding the tar
2 

get are spark chambers and counters to detect any recoils. At 25 meters distance is 

the photon detector, a 15-radiation-Iength total absorption shower counter of energy 

resolution about 1% (fwhm) at 50 GeV. After 3 radiation lengths and again after 

5 radiation lengths are spark-chamber planes to detect the position of the shower as 

it develops. (Alternatively, one could use a scintillation hodo scope shaped for azi

muth and polar information). The photon detector should cover all 360· of azimuth 

and the polar angle range from 10 to 50 mrad. (At 25 meters, the beam emittance 

produces an effective error in e of about ±0.7 mrad). The acceptance 10-50 mrad 

implies a radial size of 25-125 ern (at 25 meters) for the shower counters. 

The trigger is a single photon scattered into the shower counter at energy k' 
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such that (k - v rna) < k ' < k, where v max will be chosen (typically) as 5 to 10 GeV for 

incident energies k from ZO to perhaps 75 GeV. The recoil-detecting spark chamber 

and counter system, not in the trigger, will be used for auxiliary information,. to 

detect the angular distributions of any charged-recoil secondaries, as a means of 

distinguishing among various theoretical models for the interaction. Alternatively, 

we can use a streamer chamber to detect the full final state around the vertex, which 

would made magnetic analysis of charged particles easier. 

The veto counter in front of the photon counter should be as thin as possible to 

eliminate charge -exchange by ,,±, which could produce a ,, 
0 

to count in the shower 
± 

counter. It will be necessary to measure the" rate as a check on this problem. 

Note that if a ,,0, produced directly in the Hz target, were to head toward our 

photon detector, it would usually be possible to detect the presence of both photons 

individually. (Typical lab opening angle for a 15 GeV ,,
0 

is about 3 mrad and 1 mrad 

at 50 GeV.) The spatial resolution of the shower counter is limited by the spread of 

a shower before it reaches our spark chamber at 3 radiation lengths, Assuming that 

the shower spread yields position uncertainties of about ± 3 mm at 50 GeV, we can 

almost al ways expect to resolve two separate photons from"
0 

decay, noting that 1 mrad is 

Z.5 cm at Z5 meters. Thus we will be able to tell the fraction of our triggers that are 

photons from direct production of ,,0, a crucial point. 

IV. COUNTING RATES 

We have chosen three incident electron energies for our tagged beam. The num

ber of electrons (in 6p/p ±Z%) is given in Table I, along with the number of equiva0 

lent quanta with a O.OZ radiation-length tagging radiator: 

Table I. 

Energy of 
electron beam 

Number of electrons/ 
burst (101 3 protons) 

Number of 
equivalent quanta 

50 10 X 10 7 Z.O x 10 6 

60 7 x 10 
7 

f.4XI0 
6 

85 3 x 10 7 0.6 X 10 
6 

Figure 3 shows the spectrum of tagged photons expected from each of the above 

three incident electron beams. 

We have calculated the total counting rates for all B " 10 mrad, and these are 

shown in Fig. 4 for various incident energies. We note that the angular partition of 

these rates in bins of B is identical in every case. The partition is given in Table II: 
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Table II. 

Angular range 
Fraction of rate (Fig. 4) 

in this bin 

10 -15 mrad 

15 - 20 

55% 

20 

20 - 25 

25 - 30 

30 - 40 

40 - 50 

9 

5 

5 

2 

above 50 4 

V. BACKGROUNDS 

The main processes yielding background events with a signature that might fool 

the apparatus are: 

1. 1T
0 

production with emission of decay photons into our shower detectors. 

Since our shower detectors have 1- 2% energy resolution, it is relatively unlikely that 

photons within 2 -10 GeV of initial energy will be singly recorded. In the vast major

ity of cases, we will see both photons and can do a mass check on the decay particle. 
10 

At large t values, Bjorken and paschos estimate that the inelastic Compton 

photons stand out strongly above the 1T
O 

photons at energies above 20 GeV. In the 

absence of 1T
0 

yield data at high energies as a function of momentum transfer, we 

cannot precisely estimate the effect. We expect no significant contamination. 

2. Photons from inelastic p scattering according to the diagram: 

We can argue that the rate for (pop - p
o + anything) tends to be roughly the same as 

for (1Tp - P + anything). i. e., about 30 mb. If we couple in a photon on both sides, 
5.

the appropriate cross section will be down by about a factor of 1/(300)2 or 10- This 

gives 3 x 10 -32 or 300	 nanobar-ns , not big enough to worry us. Also, we expect a 
1

steep t dependence (- e Ot) for these processes so that at larger t values they become 

insignificant. in any event, the (p 0 + p) diagram is a constituent of the (y + p) process 

itself . 
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3. Elastic Compton scattering. We may be fooled by the energy of the photon, 

but the spark chambers surrounding the target will help us discriminate against these 

events. For rates and recognition of elastic events, see the paper by R. Budnitz. 

Recent experiments at SLAC by two independent groups have found indications 

of unexpectedly large photon yields at large t values (and incoming photon energies 

below 20 GeV); these yields are larger by a factor of - 6 than the yield that might be 

attributed to TT
0 

decay if TT
0 

and 1T+ production had the same value in these kinematical 

conditions. 

If these results are to be taken seriously, SOme mechanism not considered here 

may threaten the feasibility of our experiment. Efforts to redo the measurements at 

SLAC more methodically are presently under way, and should clear up this question 

soon. 
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Fig. 1. Cross-section behavior for an energy loss of 5 GeV. 
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Fig. 2. Layout of experimental apparatus. 
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Fig. 4. Total counting rates for angles above 10 mrad. 
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