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ABSTRACT 
ACRNOh'LEDGBMWTS 

Measurements of inclusive electron scattering cross sections 

from hydrogen are reported for beam energies between 6.5 GeV and 19.5 
GeV and for electron scattering angles of 6'. lo', 15O, 18O. and 

20.60. These measurements were taken using the Stanford Linear 
Accelerator and the 20 GeV spectrometer. Details of the experiment 

and the analysis are presented along with an estimate of the 

systematic errors on the cross section. 

The data were taken simultaneously (but not in coincidence) with 
similar measurements at 50° and 60° using the SLAC 1.6 GeV spectrometer, 
sharing beam and target. By combining large angle date taken on the 

1.6 GeV spectrometer with the data taken on the 20 GeV spectrometer, 

we are able to separately determine the proton structure functions 
oL and oT (or equivalently, vW2 and 2W1). We determine that our date 

is consistent within systematic error8 with earlier MIT-SLAC cross 
section measurements. We construct a combined data set for the 
experiments. 

From the combined data set we determined an average value of 

OL/OT = .21 f .l over the kinematic range covered, 3 GeV* < Q* <18 GeV2 
and 4 GeV2 < W2 < 16 GeV*. We study the dependence of oL/oT on 
different kinematic variables. We compare the Q2 dependence with 
theoretical predictions of Quantum Chrome Dynamics. 

We investigate the scaling behavior of the structure functions 
"W2 and 2MWl. The values of vW2 and 2MW1 are evaluated along 

contours for which the scaling variables are constants. The Q2 
dependence along such contours is determined and agrees qualitatively 

with the predictions of asymptotically free gauge theories. 
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The structure of matter has been the subject of curiosity, conjec- 

tin-e, and experimental study throughout history. Democritus believed 

that matter was constructed of "hard, impervious atoms", the fundamental 

building blocks of matter. These beliefs were founded on philosophical 

reasoning, and it was almost 2000 years later that experimental science 

had an impact on ideas of the nature of matter. In the 17th and 18th 

centuries, chemists postulated that all materials were compounded of one 

or more of the several elements. Boyle (1661) and others believed that 
these elements were "prim/itive and simple" bodies from which all mater- 

ials "are immediately compounded, and into which they are ultimately 
resolved." The idea of a chemical atom, that is, a smallest piece of any 

element, was still a philosophical concept because atoms were not needed 
to explain observed chemical behavior. 

A slightly different concept of elementary units arose in the kine- 

tic model of gases, as exemplified by a conjecture of Bernoulli (1738) 
who saw gases composed of "corpuscles" which are "practically infinite 

in number" and who thought that heat "may be considered as an increasing 

internal motion of the particles..." The kinetic model provided a picture 
of heat as a manifestation of the dynamics of atow in motion, in contrast 

to the caloric theory of heat which gave heat a structure as a fluid. 
The interplay between physical models of structures and those of dynam- 

ics persists throughout physics. 

Dalton (1800) combined the ideas of chemical elements with the 
ancient atom hypothesis and arrived at the concept of the chemical atom, 

the chemically indivisible smallest piece of an element, in order to 
explain the discrete combination ratios observed in chemical reactions. 

Dalton viewed the atoms of a gas as stationary, with spaces between 

them filled by caloric, which he thought to be the fluid of heat. The 

observations by Count Rumford of heat generated during the working of 
metal (1807) demonstrated the conversion of mechanical work into heat, 

implying that heat is a form of energy associated with the motion of 
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the "elementary" particles, verifying the early ideas of Bernoulli, 

superseding the view of heat as an indivisible fluid, and strengthening 
the atomic hypothesis. 

Rapid progress was being made at this time toward the modern concept 

of chemical atoms. In 1808, Gay-Lussac measured the ratio of volumes of 

hydrogen and oxygen gas which combine to form water as 2:l to an accur- 

acy of -1%. Along with the kinetic theory of heat, this prompted Avogadro 

to modify Dalton's model of gases. He postulated that gas particles are 

small compared to the volume occupied by them, and that equal volumes of 

gas (at the same temperature and pressure) contain equal numbers of 

molecules which may consist of one or more chemical stems. These argu- 
ments cleared up many discrepancies in Dalton's picture of atoms, though 
it was not yet clear why atoms grouped together in two's and three's yet 

did not coalesce completely. From these considerations arose the con- 

cept of valence in the 1850's and the construction of Mendeleev's 

periodic table which demonstrated the systematic connection between 
valence and atomic weight. Valence was thought of as "hooks" by which 

atoms held fast to one another. Each kind of atom had a definite number 

of these "hooks", i.e., a definite valence. Then, in 1897. J. J. Thomson 

discovered the electron, demonstrating that electric charge was quantized 
and carried by particles much ligher than the atom itself. This was the 

first evidence that the chemical atoms were not elementary. but composed 
of smaller bodies. It was then realized that the atom itself was neutral 

and consisted of equal amounts of positive and negative charge. But 
still, valence was not realized to be the manifestation of lightly bound 
electrons. Thomson's picture of the atom was that of a positively charged 
sphere with the much smaller electrons embedded within it; hence the name 

"plum pudding" model. 

This picture had to be revised fundamentally in 1911 following an 
experiment done by Geiger and Marsden on alpha particle scattering and 

Rutherford's interpretation of their results. Alpha particles of seven 

MeV were scattered from thin gold foils (approximately 1000 atoms thick). 

Most went through the foils with very little deflection. but a few of the 

alphas scattered through large angles. No backscattering can occur from 

electrons; the electron is so much lighter than the aipha that it can 

absorb only .01X of the alpha's momentum even in a head-on collision. 
No backscatters could occur if the scattering were from an evenly distri- 

buted positively charged matter distribution. Rutherford realized that 
the alphas were undergoing a single bard scatter off a small, positively 

charged core of the atom containing most of its mass. His calculations 
based on Coulomb scattering from a massive point charge agreed with the 

angular distribution of scatters. This implies that the alpha does not 
enter the nucleus and, therefore, that the radius of the nuclear core is 
smaller than the distance of closest approach of the alphas (3 x IOW1' cm). 
Tbe nucleus is more than a factor of 1000 smaller than the atom's radius 

yet contains almost all the mass. 
A view of the atom,developed which was analagous to the solar sys- 

tem with electrical att!actions replacing gravity. Since the work of 

Maxwell, the forces between moving charged objects were understood and 

orbits could be calculated for the atom. Contradictions arose concern- 
ing the behavior of the electrons in such a model. The electrons were 
charged and were continually accelerated by the positive attraction of 

the nucleus; therefore, they should radiate, lose energy, and spiral 

into the nucleus. Niels Bohr provided an answer to the paradox. In 
1913, he modified Rutherford's nuclear atom model with some postulates 

which had their roots in the newly developing field of quantum mechan- 

ics, spawned by the increasing observation of quantization in physical 

phenomena. The quantization of electric charge in the form of the 

electron, the observation of discrete lines in the optical spectra of 
gases, and the work of Planck and Einstein demonstrating the quantum 
nature of light and the existence of the photon all called for a quantum 

description of the atom. Bohr's main postulates were that there are 
certain stable orbits of the electron in which it does not radiate 

energy * that a photon is emitted when an electron goes from one stable 

orbit to another and that the frequency of the emitted photon equals the 

energy level change divided by Planck's constant, h. 

By applying the correspondence prlncipie, assuming that in the limit 

of a large radius the radiated photon's frequency equals the orbit fre- 
quency, Bohr was able to show that angular momentum of atomic states was 

quantized and was able to calculate Rydberg's constant and the spectra 
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of hydrogen gas. SO in Bohr's model the atom was a small, massive 

nucleus with electrons in orbit about it, with quantized radii and 

energy levels. An experiment carried out by Franck and Hertz in 1914 

using the inelastic scattering of electrons in mercury vapor verified 

the existence of quantized atomic energy levels. 
The success of the Bohr model stimulated the growth of quantum 

mechanics. The idea of de Broglie (1924) that matter could be consid- 

ered as waves with frequency and energy related by Planck's constant 

(v = E/h) led to the development of quantum mechanical equations of 
motion by Schrodinger and Heisenberg (1925) and their extension to the 

relativistic case by Dirac (1928). The Uncertainty Principle of Heisen- 

berg (1927) superseded classical ideas of measurement and observability 

in the domain of the very small. 
A very precise and exact theory of the electron was formulated by 

Dirac, combining relativistic quantum mechanics and electromagnetism. 

The theory of at least the simpler atoms was becoming well understood. 
The nucleus itself was still a mystery, however. The nucleus was 

thought to be composed of protons and electrons; protons having been 
identified as the nucleus of a hydrogen atom. 

As in the case of the atom anl Maxwell's equations, there were con- 

flicts between the new quantum mechanics and this picture of the nucleus. 
The wave nature of the electrou implies that if it is confined within 
the nucleus, its kinetic energy must be on the order of 100 MeV, but 

the electrons emitted during beta decay have energies of 2 or 3 MeV. 

The magnetic moments of electrons are about a thousand times greater 

than those of the nucleus Itself. It therefore seemed unlikely that 

electrons exist within the nucleus. In addition, the spin and statis- 

tics df nuclei ere not compatible with the idea that they consist of 
electrons and protons. The discrepancies were resolved in 1932 when 

James Chadwick put forth the hypothesis that a recently discovered 

' new form of neutral radiation was not a high energy photon but a 

heavy, neutral constituent of the nucleus, the neutron. 

With the development of accelerators, the range of nuclear phenom- 

ena that could be studied was expanded greatly. It became possible to 

create new particles not seen in ordinary matter and .to study their 

properties. Hadron beams were particularly useful in this respect 

because they interact strongly with nuclear matter, copiously produc- 
ing particles and providing much information on their classification 
and spectroscopy. Another com~lon use of accelerators Involves the 

scattering of high energy particles. extending the kinds of study begun 

by Geiger, Marsden and Rutherford. In the rest of this account, we will 
consider scattering experiments using beams of high energy electrons 

and show how the electron‘s simple structure has been utilized to ob- 

tain information about nuclear and nucleon structure. 
The present theory of electrons and their interactions (Quantum 

Electrodynamics) has been very precisely tested and verified in exper- 
iments such as e-e- scattering and e+e- annihilation and precisely pre- 

dicts the anomalous magn?tic moments of the muon and electron and a 
variety of phenomena in the spectroscopy of positronium. The electron- 
photon coupling constant, (1. is small (l/137), so the dominant process 

by which an electron scatters from a charged object is through the ex- 
change of a single virtual photon. Because the electron has a well- 
understood structure and the scattering process is simple, its value 

as a scattering probe is enhanced. Deviation from behavior expected 
for scattering from a point charge reflects properties of the object 
studied and not properties of the electron itself. Electron scat- 
tering is useful in measuring nucleon structure because the form of 
the croes section formulas are determined. 

By 1950, the electron was recognized as a useful probe of the 

charge distributions in the nuclei. Hofstadter and co-workers used 
electron scattering to measure the size and structure of vsrious nuclei. 

If the charge of a nucleus extends over a finite region of space, then 
when the electron approaches near enough to enter the nucleus, devia- 

tions from Coulomb scattering vi11 be observed; small distances imply 
large momentum transfers for the scattered electrons. The Hofstadter 

group snalysed their data in terms of an extended charge distribution 
model, end their results indicated that the nuclear charge density was 

not confined to a point but occupied a finite volume approximately 

proportional to the atomic number. 
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The experimenters then turned their attention and beam to a hydro- 

gen target, in order to investigate electron scattering from a nucleus 

consisting of a single proton. The rate of decrease of the elastic 

cross section with increasing momentum transfer was much faster than 

expected for scattering from a point charge. An analysis of the results 

in terms of a spatial charge distribution (also called structure 

function or form factor) yielded the result that the proton was not a 

point charge but an extended object with a charge radius of approx- 

imately IO-l3 cm (1 fermi). 
When the high energy (approximately 20 GeV) beams became available 

at SLAC, one of the first experiments done was electron scattering from 

hydrogen. With higher energy beams, a wider range of inelastic scatter- 
ing processes could be studied; that is, where the proton is excited 

to higher mass states. The cross section for scattering of the proton 

into mass states above 2 GeV fell much more slowly with momentum trans- 

fer than had the elastic scattering results. This slow fall-off of 

large angle scattering suggests structures which have characteristic 
sizes smaller than that of the proton. 

For inelastic scattering, the extra degree of freedom afforded by 

the variable mass of the final state means that the inelastic struc- 
ture function is. in general, a function of not only the square of the 

invariant momentum transfer, Q2, but also of the invariant hadronic 

mass, w. For elastic scattering there is a kinematic relation 
Q2=2P.Q where P.Q are the 4 momenta of the proton and photon. This 

follows from the elastic scattering condition, W2=M2, because W2= 

ZP.Q-Q*+M*. If we now consider quasi-elastic scattering from "point" 

particles within a proton having fraction X of its momentum, then we 

have a similar constraint; Q2=2Q*XF or X=Q2/2Q.P. If the electron 
scatters incoherently from these point particles with no internal 
structure, then the structure functions of the proton will depend 
only on X=Q'/ZQ.P and not on Q2 or 2Q.P independently. This phenom- 
enon was observed in the early SLAC deep inelastic electron- 

scattering experiments and is known as "scaling". It was predicted 
by Bjorken who derived it using dispersion relations. Feynman 

was instrumental in interpreting scaling as a consequence of 

scattering from elementary sub-particles comprising the nucleon. 

Knowledge about the dynamical behavior of the constituents in such 

a theory can be deduced from the study of electron scattering from 

hadrons. The scattering results (both elastic and inelastic) can be 
roughly explained by using a model of the proton in which it is com- 

posed of several, approximately sructureless, charged objects (these 
are the quarks), each sharing part of the proton's momentum. These 
are often called "parton" models. Electron scattering is viewed as 

quasielastic scattering from these objects, and the structure functions 
of the proton are simply related to the charge and the momentum dis- 

tribution of the objects within the proton. By examining the kinematic 
dependence of the structure functions of the nucleon, we may be able 

to deduce not only the wave function of these constituents, but also 

some characteristics l+ke charge or spin. Here lies the motivation of 

the present experiment; to study further the nucleon, which is not yet 
the fundamental building block of nature. (1) 

LEPTON-NUCLEON SCATTERING 

The scattering of electrons from nucleons proceeds primarily 

through the electromagnetic force, since electrons do not participate 

in the strong interaction directly. (In the simplest models of the 
weak interaction, the weak and electromagnetic forces are unified in a 

gauge theory, but at this experiment's range of four-momentum transfer 

(Q*), the effects of the electron's weak interactions are negligibly 

small). 
The scattering proceeds via an interaction of the electromagnetic 

current of the nucleon with the field generated by the electron's cur- 

rent. Since the electron is a spin 4 Dirac particle, this field can be 

expressed as: 

where Gyp* is the electron's current and l/Q2 is the photon propagator. 
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The hadronic current is 5 J J, where $i 
f lJi 

and of represent the initial 

and final hadronic wave function and Jll is a general Lorentz 4 vector. 
The first order scattering amplitude for one-photon exchange is: 

A diagram depicting this process,is: 

Mass = W 
PrOtO" 

where E. and E'are the energies of beam and scattered electron and 0 is 

the scattering angle. Q2 is the 4-momentum squared of the virtual photon; 

$= 4EoE'sin20/2. W is the mass of the hadronic final state; W2 - 

w2)2 = ZM, + M2- Q', where v = Eo-E'. 

The scattering cross section is proportional to the square of the 

matrix element: 

which can be written as the product of two tensors: 

where L IN is the leptonic part and WLN the hadronic part of the inter- 

action. 
Averaging over incoming electron spins and summing ~"er outgoing 

electron spins (since the beam electrons are unpolarized), we obtain 

for L !J": 
L w 

= 2(Ppp;+Pyp;I - gwP.P') 

where P and P' are the 4-momenta of the incoming and outgoing electron. 
L u\, is symmetric in u and v. 

I" general, the hadronic tensor Ww can have both symmetric and 
antisymmetric parts, but since the contraction of a symmetric and anti- 
symmetric matrix is zero. only the symmetric part of W contributes to 

w 
our cross section. 

A further restriction on Ww is that it must satisfy current con- 

servation. The current conservation condition is: 

a ,,J,,W = 0 +QvJp= 0 'QuWlh, = 0 

Under these restrictions, the most general form for W w is: 

where Up and WI are functiions of Q* and W'. We can see explicitly that 

Q9vJ is zero for each of these terms. When we contract LIN and Ww 
the differential cross section we obtain is: 

d2u - - "MDTT(W~(Q2,W2)+2 tan20/2Wl(Q2,W')); oNOTT - a2E'2cos2Q/z Q4 (1) 
dndE' 

Thus, we can express the e-p cross section as that for a structure- 

less Dirac proton, aMOTT, multiplied times a" expression containing two 

independent form factors which describe the structure of the proton. 

What is the form of the hadronic charge current which couples to the 
photon? In the parton models, the proton is thought to be comprised of 

several constituents sharing the proton's energy and momentum. The 
electron is assumed to scatter elastically from a single constituent. 
By assuming that the constituents are structureless charged particles, 

the cross section can be written in such a form that the proton structure 
functions can be identified with the m"me"tum distribution of the consti- 

tuents. If fi(x)dx is the number of partons (quarks) of type 1 having 

momentum between x and x+dx. then: 
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vW2(x) = z q * x f,(x) 
i i 

2rnWl(X) - z 4 * f,(x) 
1 i 

where qi is the charge of a parton of type I. 

In an alternate way of writing Equation 1. we can describe the 

scattering process in terms of a flux of virtual photons of mass Q* 

produced by the electron current which are incident upon the proton 
and absorbed by it; i.e., as a virtual photoabsorption cross section. 

The following discussion is clearly outlined in Feynman's "Photon- 

Hadron Interactions." (2) If E,, is the polarization 4-vector and Q, 

the momentum 4-vector of the initial photon, then the photoabsorption 

cross section for a photon incident upon a nucleon is: 

where k = (W*-Mz)/2M is the energy of the photon in the limit Q*+O. 
There are two polarization cases : 

Transverse : E "1 

Contracting c,,~,, with W FN given 

to Q and P 
11 ,,, (i.e. E Q - ~uPu = 0) U" 

from Equation 1 gives: 

o=, 0 4n2e2 
transverse 

=- 141 
k 

The other polarization case is: 

Longitudinal: EX,L = 0 
Y 

Since ruqu = 0 (this is the definition of polarization), we have: 

Q QT 
=T 

=-..;E m- 
/Q2 a @ 

Contracting ru~v with W,,v , we get: 

4n2e2 (1+V2/Q2)(w2+W9 ulongitudinal = k 
The cross section for electron scattering can be expressed in terms of 
these photo absorotion cross sections: 

d2,- 
dndE' = r (oT+EuL) 

where r is the flux of virtual photons and E is the polarization 
parameter reflecting the relative amount of longitudinal polarization 

of rhe photon. 
Using the expressions above for aT and uL together with the 

equations for the differential cross section, we find that: 

e2 k3' r =- 
7x2 p2Eo(l+) 

and 
1 E= 

1+2tan2012(l+v2/Q2) 

This alternative method of describing the interaction is useful because 
we can investigate the dependence of the cross section upon the polar- 

ization of the virtual photon. When investigating parton models, the 
relative size of transverse and longitudinal polarization cross 

sections can distinguish between spin 0 and spin % constituents. 

This difference is most easily seen by considering the photon- 
parton interaction in the parton Breit frame. 

u',Lp‘ 1 
A 

d+=+& 

Photon Parton absorbs photon and backscatters 
I 

Consider first the case where the constituents have spin 4. The parton 

absorbs the photon's momentum and is backscattered. In the limit that 
the parton's mass can be neglected, the helicity of the parton is 

conserved. Therefore, when it backscatters, its spin is flipped, 
and it must absorb 1 unit of angular momentum (along the 7. direction) 

from the photon. Since a longitudinally polarized photon has helicity 0 
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it has no angular momentum component in the 7. direction and cannot 
flip the parton's spin. Hence. oL = 0 for massless spin 4 partons. 

The case of a spin 0 parton proceed similarly except that here the 

parton, having no spin, cannot absorb angular momentum along its 
direction of motion and so must couple to a photon having no angular 

momentum along that direction; i.e., one with longitudinal polariza- 

tion. Thus, oT = 0 for spin 0 partons. 

The argument that oL - 0 for spin 4 partons must be modified 

somewhat if they >ossess perpendicular momentum in the Breit frame. 
I 

I 
In this case, there is a projection of the helicity conserving wave 
function onto one which does not flip spin whose amplitude is given by: 

A = sin@/2 cos8/2 = 2 sin0 = 2 P~JP z 
and the ratio of aLJuT is given for this simple model by: 

R:oJo LT-4g 

So measuring oL/oT,can yield information about the spin of the quarks 

and may also probe dynamical properties such as the avera!+ PL of the 

struck quark. 

The psrton models are too simple and do not include effects steming 

from parton-parton interactions. Presently. a theory based on a detailed 

model of quark dynamics is being developed, Quantum Chromo-Dynamics. It 
makes detailed predictions of the patterns of violation of scaling in 

general agreement with observations in experiments at SLAC (electron) 

and at Fermilab (muon). The quantity oL/oT can be calculated in the 
model and can be compared with experimental results. While the main em- 
phasis of our results will be the size and kinematic dependence of R?J~/~T, 

we will also present results on the scaling of the proton structure func- 
tions, vW2 and 2?Iw1 and the pattern of scaling deviations which our data 
show. 

CBAPTER I - REFERENCES 

1. "The Really Basic, Truly Elementary, Genuinely Fundamental 
Building Blocks of Matter" 

It was a warm summer day in rhe year 525 B.C. and 
one of the eminent Philosophers of the Pythagorian school 
was lecturing to a small grocp of graduate students on 
"The Structure of The Universe." He had already explained 
that the Earth was at the center, of course, and that it 
was surrounded by seven crystalline spheres of different 
sizes. At that point, one of the students looked puzzled, 
then raised his hand. 

"Sir," he said, "can you tell us how the Earth is 
supported? I mean. what holds it up?" 

"Certainly," said the smiling Philosopher. "It is 
well-known that the Earth is supported on the shoulders 
of a Giant." 

The lecture continued, but after a time the same 
student (there/s one in every crowd) again raised his 
hand and received the Philosopher's gracious nod. 

"Sir," said the student, "where does the Giant 
stand while he's holding up the Barth?" 

A bit impatiently, the Philosopher said, "It is 
well-known that the Giant is standing on the beck of 
a huge Sea Turtle." 

"Oh," said the student. 
As the Philosopher continued, he could see that 

the student was again becoming puzzled and working up 
to another question. This time he was ready, however, 
and when the student's hand went up for the third time, 
the Philosopher waved it away with a masterful gesture. 

"Don't ask." he said. "It's Turtles all the way 
down." 

SLAC Beam Line, February 1977 

2. R. P. Feynman, Photon Hadron _Interactions, W. A. Benjamin, 
Inc., 1972. 
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CHAPTER 2. APPAP.ATuS 

DESCRIPTIONF THE EXPERIMENT 

The experiment is an absolute measurement of the inclusive cross 

section for high energy electron scattering from hydrogen and deuterium 

targets. The measurements were made using the 20 GeV spectrometer 

facility in End Station A (ESA) at SLAC. Most of the running was done 

at angles of 15' end 18' with beam energies ranging from 6.5 GeV to 

19.5 GeV; the range of energies and angles overlaps with data taken 

previously on the B GeV spectrometer. (1) See Figure II-l for an illus- 

tration of the range of data. Two experiments were performed simul- 
taneously, sharing the beam and the target. The 20 GeV spectrometer 

collected data at angles between 6' end 20.6' end, at the same time, 

data on the scattering cross sections at 50' and 60' was taken using 
the 1.6 GeV spectrometer. No coincidence measurements were involved, 

but in this way the data gathering for a certain amount of beam was 
doubled. The larger angle data has been analyzed to yield informa- 
tion on the structure function WI. (7-I Both experiments shared the 

designation "E89" at SLAC. 

The 20 GeV spectrometer cross section measurements can be combined 

with the I.6 GeV cross sections to determine the values of both nucleon 
structure functions, 2MWl end vW2, over a wide kinematic range, testing 

the hypothesis of "scaling" of the structure functions end investi- 
gating the behavior of the quantity uLJaT. The scaling behavior end 
the size and kinematic dependence of aLJoT are calculated in models of 
nucleon structure, and it is important to confront the theories with 

data. Early evidence that oL/oT is small provided support for simple 
parton models with spin % partons; now the models are becoming more 

sophisticated as they treat the problems of quark dynamics. In models 

such as Quantum Chrome-Dynamics, our data can be used to study the 
spin, momentum distribution, and dynamics of the postulated constitu- 

ents of the nucleon. 

30 

“> 20 
s 

“a 

IO 

0 
0 

3-78 

I I I 
\ \ \ \. \ Kinematic Range of Data 

‘\ \ 
\ \ - 20 GeV Spectrometer 

\ \ b 6”- 20.6” Data 
\ \\ 
‘\ ‘\\ \ ---- 1.6 GeV Spectrometer 

W2 (GeV2) 

Fig. II-1 

An illustration of the range of data covered by this experiment 
(Egg). The data were taken along the "lines" at constant beam 
=*==ey, E,, and constant scattering angle, 0. The 20 GeV spect- 
rometer data consists of 14 "lines" at angles of 6O, lo*, 15*, 
18*, and 20.6*. The lines which are most nearly horizontal 
correspond to an angle of 60; the steepes: lines, to 600. 
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Those particles within the spectrnmeter acceptance go through 

it and enter the concrete shielded detector room. called the "hut". 

Particles entering the hut traverse a 2 meter atmospheric pressure 

3 
nitrogen gas Cerenkov counter, a plastic scintillator counter, .5 

; planes of proportional wire chambers (PWC) with 2 mm wire spacing, 2 
02 

. t I *om 
mnre (aperture defining) scintillator cnunters and, finally, a combi- 

g J z-s.4 
eaea) 

nation lead glass and lead and scintillator sandwich shower counter. 

m g e ?I 
-aJztig 

Particles are identified as electrons on the basis of their pulse 

s-lomu 
::xgz 

heights in the Cerenkov and shower counters. Particle tracks are recon- 

urn a 
$2; %i 

strutted in the PWC system and knowledge of the "optics" of the 

>,"s;; 
spectrometer is used t" calculate the momentum 6 and scattering angle 

GO&U Bo' of the event given the track in the hut. 

i-5 B5 
~NtQal The cross section fpr given kinematics is the" calculated as 

liiw2u follo"s: I 

2g8"" d20 = 
N scat 

5 
"e"psl dIMP N N ( dndP7‘ a+ FJU 

: 
%gaz:ap 

in tgt 

': u"os:1 
qcc" where N 

:: 
scat is the number of electrons whose P and O. fall within the 

tiQZ;12 
. i?aOh* 

acceptance used in the analysis. Nin is the number of beam electrons 

f E%s$!z incident up"" the target for the run; N 
P4 WI"1 m CJ z 

tgt is the density of the target 

0 0s Y) -g2uuw 
in number of nucleo"s/cm2, and dSIdP is the size of the acceptance of 

$LJUOr: 
om.z;UU 

the spectrometer. 

bob">% Typically, data is taken in "lines" with fixed E. and 0, while the 

'"723 e 
71 P) "Z$ 

scattered electron's energy E' is varied by changing the momentum set- 

$$g~$ ting of the spectrometer. The mnmentum setting was varied in discrete 

2; ;a 2 steps from a maximum energy corresponding to elastic scattering 

S"Z';x down to a minimum value of 2 GeV. Below this value we did not take 

i 32 E p& data because of the increasing size of several corrections and the 
k t- 

Y~dBLI 
"OlBz: falling electron trigger efficiency. For data at low values of the 

~~~2~ scattered energy, E', additional runs were taken with the polarity of 

ZgB * * 
the spectrometer reversed in order t" accept positrons and allow cnr- 

zw.:2 
$tii2!4ti 

rections for electrons produced in (e+e-) charge symmetric processes. 
:: 
: 

All events were logged on tape and subjected to an extensive analysis 

which is discussed in Chapter 3. We next discuss in snme detail the 

various pieces of apparatus and their operation. 
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The spectrometers ere intalled on one of the tvo high resolution beam 

lines at SLAC. The accelerator is capable of delivering a high inten- 

sity small phase space beam of electrons at energies up to 20 GeV. 

The maximum current is approximately proportional to the energy and is 
5.5 x 101' electrons per pulse (60 milliamperes instantaneous) et 20 GeV. 

The beam consists of a stream of pulses, up to 360 per second. 

Since each pulse is about 1.5 usseconds long, the maximum "duty" factor 

of the accelerator is only 5 x 10-4. The electrons are accelerated 
dovn the beam pipe waveguide by microwaves supplied by klystron tubes, 

eo in each pulse there is e fine time etructure associated with the 
microwave frequency of 2856 mHz (10.5 cm). Electrons are bunched in 
phase with the microwaves, occupying f5' of phase giving bunches .3 cm 
(.Ol nsec) long spaced 10.5 cm (.3 nsec) apart. The maximum power in 
a (20 GeV, 60 mA, 360 pps) heem is .65 megawatts. For a summary of 
beam parameters, see Table 11-l. Also show" are errors in the measure- 
ment a. 

Energy Measurement 

The momentum of the beam is determined by the properties of the 

magnetic analysis system in the A beem line. Those accelerator pulses 
which are designated for End Station A are shunted .5' into the A beam 

line by pulsed magnets. The beam is then momentum dispersed and colli- 
mated to define the central energy and energy spread, and then focused 
onto our target. The A-line beam transport which accomplishes this 
consists of 8 dipole magnets and 5 quadrupoles. 

As it enters the A-line, the beam size is collimated to 9 mm x 
9 rmn size by high-power collimators. Further down the line, high-power 
movable slits are located et the position of maximum momentum disper- 

sion. These slits were set to accept a ?.375% spread in beam energy 
except during the 10' high resolution scan when they were set to +.2X 

of the central momentum. 
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The central value of the beam momentum is determined by the 

magnetic field of the bending magnets. The field is measured by a 

flip coil measuring the magnetic field strength of a ninth magnet, 

identical with the 8 A-line dipoles end run in series with them.. 
The ninth magnet ia located outside the beam area. The central 

momentum value of the A-beam line is believed known to :.1X. A 
change in the incident energy of . 1% will change our cross sections 

by en average of .6% (ranging from about .3% at low values of the 

scaling variable, X =.3, to about .9X et X 1.8. 

Beam Size end Position Measurement 

The measurement of the size end position of the beam is impor- 

tent to insure that the beam goes through the center of our target. 

For example, a beam spot size of o = 1 mm changes the everage target 

length traversed by about .l%, due to the rounded target ends. If 

the beam is mis-steered by 1 mm, the effective target length changes 

by .2%. The incoming angle of the beam must be measured acaurately 

since a .l mrad mis-steering changes our 18' cross sections by about 
.2X and the 6' cross sections by .6X. 

The beam position was monitored by ZnS screens viewed by remate 

television cameras which could be observed by the experimenters. 

Two of the screens were located upstream of the target at 42.3' 

and 10.9'. respectively. During periods of beam set-up, these 

screens were placed in the beam; during data taking they were re- 

moved. The third screen was located 16.7' downstream of the target. 

It was left in the beem during data taking where it could be used 

to monitor possible drifts of the beam position. Using the screens, 

we could position the beam spot to +l mm. 
Since the distance between screens is approximately 20 m, we 

could determine possible mis-steering of the beam to be less than 

plus or minus .I milliradians. To insure that the position of the 

target wes accurate relative to the beam line defined by the screen, 

an aluminum oxide screen was mounted on the target assembly itself. 
The position of the target is accurately known with respect to the 

aluminum oxide screen so the target can then be accurately positioned 

in the beam. 

The beam spot size "es measured in two ways: in the course of 
the experiment by a few special runs which monitored the secondary 
electron emission from a thin wire which was scanned horizontally 

across the beam. end after the experiment, by exposing raw film to 
the ends of the target, measuring the residual radiation. Both 
these methods yield spot sizes of approximately 3 mm (horizontal) 

end 2 mm (vertical). 

Charge Measurement 

It is necessary to measure the total number of beam electrons 
for a data run in order/to calculate the cross section. The total 
charge of each beam pulse was measured by a charge monitor consist- 

ing of a toroidally wound ferrite ring through which the beam passed. 
There were two independent monitors of this design, referred to 

simply es the "toroids". Ae the beam pulse passes through a toroid, 
the changing magnetic flux through the toroidal windings induces a 

voltage pulse proportional to the amount of charge. This pulse 
excites en LC circuit with a resonant frequency of 5.25 kliz, caus- 
.ing the circuit to oscillate. After e set sampling time, the peek 

of the oscillation is amplified end digitized. The output is incre- 

mented over the whole run to yield the total charge for the run. 

The toroids were calibrated by dumping charge from a standard 

capacitor through en extra one-turn winding on the toroid. The 
time constant of the capacitor discharge was similar to the beam 

pulse length in order to better simulate the beam. The agreement 
between the two toroids end the standard charge or the capacitor was 

within k.54;. An additional calibration using the beam was performed 
using a Faraday cup located 80' downstream of the :arget. The beam 
pulse passed through the toroids and then was contained and its charge 
measured in the Faraday cup. The toroids agreed with the Faraday cup 
measurements to f.5%. The Faraday cup is believed to have en absolute 
accuracy of _+.5%.(4) 
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TARGET 

Uur studies of theproton were made using a target of liquid hydro- 

gen . To study the neutron, we used a deuterium target. The nucleus 

of deuterium is the simplest nucleus which contains neutrons, and using 

deuterjlum minimizes nuclear-@ffectslsuch es the shadowing of Single 

nucleons by the others or the spread in measured cross sections 

caused by the Fermi motion. 

The targets are of the condensation type in which hydrogen or 

deuterium gas et approximately 2 atmospheres pressure is cooled and 

condensed by passing it through a coil in thermal contact with a 
liquid hydrogen reservoir at about 21’K. The resulting liquid IS 

circulated by fans through a closed system, one section of which is a 

thin walled cell of elliptical cross section. These target cells are 

approximately seven inches long end one inch wide, constructed out of 
.0017" thick stainless steel. The target assembly is designed so 
that each of the target cells can be moved into the beam remotely. 

Target Length 

To measure the cross section, we need to know the number of 

nucleons/cm2 which the beam sees (i.e., the density and the length 

of the target). The temperature of the liquid in the cells we8 

measured with hydrogen vapor bulb thermometers to en accuracy of 

t.l%; knowing the temperature of the liquid allowed us to calculate 

its density within a systematic uncertainty of f.3%. The physical 
length of each cell was measured optically to an accuracy of ?.5% 

et room temperature and a (.3X) correction was calculated to account 
for thermal contraction between room temperature end 21'K. For a 

list of target parameters, see Table 11-2. 
Throughout the experiment, the target density varied by less 

then .5%. Some variations were caused by different heat loads sus- 

tained by the target for differeut values of beam power. To dissipate 

this heat end prevent boiling of the liquid, which would ceuse large 
density fluctuations, a fen circulated the liquid at such a speed 

TARGET PARAMETERS 

PARAMETER VALUE HOW MEASURED SYSTEMATIC ERROR* 

Length 6 962" (LH) 
1 6:945” (LD) 

Optically, thermal (2.5%) 
c0*tr*ct10*-(.3X) 
finite beam spot 
on rounded ends 
of target-(.3X) 

Temperature 20.4'K (LH) 
20.7'K (LD) 

Hydrogen vapor ?.l% 
bulb termometer 

Density .0697(g/cc)(LH) Calculated from (*.3%)(LH) 
.1684(g/cc)(LD) temperature and (+.6%)(LD) 

pressure 

Boiling 
(heat load 
from beam) 

-- Vary beam currents, -- 
repetition rates, I target fen speed 

Purity 0 +.05%DinH Mass spectrometer (.15%)(LD) 
.3*.1X HinD ***1ys1* of 

target'gas 

TOTAL ERROR IN CROSS SECTIONS (1%) (LH) 
(1.3%)(Im 

* cross section error in parentheses 

Additional Information: 
- 

Degrees 

6’ 10' 15' 18' 20.6’ 

"Mock" TGT/cell well Fall 5.61 5.05 6.17 6.36 6.59 
Spring 5.28 5.49 5.79 5.97 6.19 

Radiators in Beam t after (LH) 2.69 2.31 1.95 1.80 1.70 
(x 10-z r.1.) t after (LD) 2.84 2.42 2.03 1.87 1.76 

t before (LH) 1.26 1.26 1.26 1.26 1.26 
t before (LD) 1.41 1.41 1.41 1.41 1.41 

Target shape at 16.5 PSI: Width = .94/l-(22/L)7- 3 inches 
L - target length 
2 = distance from target center 

along beam line 
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(=lm/sec) that each beam pulse strikes fresh liquid. To prove that 

the data was not suffering from large density variations in the tar- 

get, special data taking runs were conducted et widely varying values 

of beam current, repetition rates, end fan speeds. We concluded that 

target density fluctuations due to boiling were less then +.5X;. 

Target Wall Subtractions 

In order to extract hydrogen or deuterium cross sections. cor- 

rections must be made for those electrons which scatter not from the 

liquid but from the steel cell walls. This correction is about 5% and 

is measured by taking data with en empty target cell. In scattering 

from the liquid target cell walls, an electron will traverse about 

.02 radiation lengths of liquid before (or after) the scatter, ceus- 

ing it to radiate. To simulate this radiating effect, we constructed 

a mock empty cell with approximately the same thickness in radiation 

lengths es the liquid targets (about six times thicker then the actual 
target cell wells). The material comprising the mock target cell was 

distributed rather evenly along its,length instead of only at the 

two ends as in the case of the reel empty target. Because the spec- 

trometer acceptance falls off with increasing effective target width 

(end, thus, with increasing spectrometer angle) the ratio of thick- 

nesses of mock to real cell wells (weighted by spectrometer accep- 

tance) grows slightly with increasing angle as shown in Table 11-2. 
For each data point, we took c&s sections from the three targets 
in sequence (hydrogen, deuterium, empty cell) in order that we might 

make the target wall subtraction for each run. 

Radiators in Beam 

We must know the thicknesses in radiation length of all the 

material which the beam passes through in order to do the radiative 

corrections, which will be discussed in a later chapter. These 

thicknesses will change with scattering angle since the exiting 

electron will pass through different thicknesses of liquid and cell 

well according to its angle. Using the known thicknesses of meter- 
ial in the beam and a measured target shape, we calculated the average 
*mount of radiator before (end after) the target center as a function 

of scattering angle. These are presented in Table II-2 also. 

SPECTROMETER 

Description 

The spectrometer is the heart of our experimental apparatus. 
With it, we measure the flux of electrons which scatter from the 

target with a perticul 
"i r value of scattering angle end momentum. The 

spectrometer is mounted on rails, the axis of the spectrometer points 
et the target, end the scattering angle is varied by rolling the en- 

tire assembly to the desired angle. The momentum of the scattered 
electrons is varied by changing the currents in its magnets. Divid- 
ing scattered flux by the beam flux, target density, end spectrometer 
acceptance, we ere able to calculate the cross section. 

The properties of the 20 GeV spectrometer are listed in Table 11-3. 
It is a large (approximately 40 m long) device consisting of 11 mag- 

nets; four dipole field bending magnets, (15' bend), four quadrupoles 

for focusing, end three sedtupoles to correct chromatic aberrations. 

For a schematic of the spectrometer, see Figure 11-4. The magnets 
are arranged in a vertical S-bend; the first two bending aagnets de- 

flect the scattered electrons upward, end the final two deflect them 

en equal amount downward so that the paths of scattered electrons 

end up parallel to the floor but above the beam line. 

Optical Properties 

Let us consider the geometry end the focusing properties of the 
spectrometer. A scattered electron entering the device has horizon- 
tal positio" x0, horizontal angle Qo, and vertical angle 0, relative 
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SPECTROMETER PARAMETERS 

Magnetic 
Configurations: 

11 magnets, 4 bends (=5'), 4 quadrupoles, 3 sextu- 
poles; 'IS"-bend (2 bends up, 2 bends down), 
momentum dispersed in vertical plane, 2 momentum 
focii--at center end end of spectrometer, 0, dis- 
persed in horizontal plane, very little mixing of 
horizontal and vertical planes, 2nd order aherra- 
tions reduced by sextupoles. 

Dispersions: (Oo/X)- c.578 + .00164 * E') mradlcm; 4% change from 

I 
E'= 2.5 to 

(6/Y) = (.2765 + .0017 * E') X/cm ; 9% E'-17.5 GeV 

Resolution of 
P and oo: 

P resolution 00 resolution 
Uncertainty in Xo, Yo, $. .05x .06 mrads 
Multiple scattering in hut (7.5 GeV) .024 .03 mreds 
Currents drifting within tolerances .05x .02 mrads 
PWC granularity (2 mm) .03% .06 mrads 

Added in quadrature .08X .08 mrads 
(Multiple scattering in tsrget) +.3 mrads 
(at 7.5 GeV) 

Tolerances (change in magnet position or current to move track by 1 mm 
at focal plane): 

Magnet x positio" Y positio" roll magnetic current 

bends .5 - 1" large .3 - 1 mrad * .12x, 

quads .olo"* .018" .3 - 1 mrad .l -.3x 

sext . 1" .2" =? mrad =3% 

* checked by survey after each angle change 

Acceptances: "0, T7.99 mrads - set by $. slits 
Nominal Acceptance: MO +3, -3.75 mrads - software limits 

46 *1.75X, - software limits 

Correction to Nom- "actual"* 
inal Acceptance:: M oAQob6 

- 94% (20.6') + 98% (6') 

* es calculated using a Monte Carlo method and a model of the 
soectrometer 

Systematic Errors: f4X error due to dispersions 
*2X error due to acceptance 
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coefficients were measured in 1967 and were partially remeasured in 
the c"urse of our experiment. For a detailed account of our knowledge 

of the spectrometer optics and acceptance, see Appendix A-l and the 

sub-section on the acceptance and optics in Chapter III. 

Resolution 

The accuracy of the measurement of Q. and the momentum resolution 

of the spectrometer determine the mass resolution of the experiment. 

High resolution is of relevance for Wc2 GeV data where narrow reson- 

ances are excited in the scattering. Finite resolution arises from a 

number if factors; lack of knowledge of the optics coefficients, mis- 
alignment of magnetic elemTnts, drifts of magnet currents, multiple 

scattering within the spe&ometer, and wire spacing in the PWC's. 
The theta resolution of the spectrometer is about .l milliradian, but 

the dominant source of theta resolution in the experiment arises from 

multiple scattering in the target of .28 milliradians (at 7.5 GeV). 

The momentum resolution is about .075X. 
Lack of knowledge of the optics coefficients can broaden the 

momentum (or theta) resolution if two tracks of equal momenta (or 
theta), but varying in s"me other quantity, are assigned to different 

bins because. these (unmeasured) quantities affect the final position 

of the track through the hut. Intrinsically, we do not know Y. to 
better than +.I cm, X0 to 2.5 cm, and 0, to t2 mrads. Insofar as x 
or Y in the hut depends on these quantities, and B. and 6 are calcu- 
lated from X and Y, then errors will feed through and result in 

momentan and anglular resolutions of .05% and .06 mrads, respectively. 
Multiple scattering in the detector affects the resolution by 

changing a particle's position (X and Y) at the momentum focus. The 
amount of material in the detector upstream of the focus is approxi- 

mately .015 radiation lengths, so that 6X = .05 cm at E< = 7.5 GeV, 

or a contribution to the momentum and theta resolution of .017% and 

.03 mrads, respectively. I" addition, there are approximately 2.5 
x 10-z radiation lengths of material between the center of the tar- 

f??t and the spectrometer. This smears 0, by .28 mrads at 7.5 Ge". 
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Strictly speaking, these effects are not part of the spectrometer 
resolution, but they contribute to the overall Q. resolution in the 

experiment and so are included here. 

The currents in the magnets.are controlled by regulated power 

supplies which are subject to small drifts. The currents were read 

and logged by tne computer every 10 minutes, and we used no data in 

which a magnet's current was outside tolerance. Table II-3 lists these 
tolerances. A Monte Carlo model of the spectrometer was used to cal- 

culate the contribution to the resolution due to drifts within tolerances. 

The resulting resolution was .045X in momentum and .019 mrad in Qo. 

The wire spacing of the proportional chambers is 2 mm. This means 
that the X or Y position of a track is know" to 1t.1.~~. 
The Q. resolution due to this is .06 mrads, and the momentum resolution 
is f.03%. 

Adding the above effects in quadrature, the resolution of the spec- 
trometer as used in this experiment is: momentum .075X; theta .09 mrads. 

Acceptance 

The acceptance of the spectrometer is the product of its solid angle 

(do0 dOo) and its momentum acceptance d6. The acceptances in 6 and 
Q. are determined by software limits of *1.75X and +3, -3.75 milli- 

radians, respectively. The range of $. is limited by horizontal jaws 
at the spectrometer entrance to +g milliradians. The "nominal" accep- 
tance of the spectrometer is the" 

Acceptance = d6dBod+ 0 = 3.5% * 108 peteradians 

However, the actual acceptance is limited somewhat further by physical 
apertures within the spectrometer itself. We used a Monte Carlo simu- 
lation of events l'swum" through a model of the spectrometer in order to 

calculate a correction for these apertures. The correction varies with 
angle (2% at 6' to 6% at 20.6'), and details are presented in Appendix Al. 

Systematic Errors Arising From the Spectrometer 

Systematic errors in the cross sections due to lack of knowledge 

of the spectrometer optics or acceptance could be as large es 5% and 
are described in detail in Appendix Al. Briefly, the two largest 

sources of error are in the acceptance and in the dispersions. The 

acceptance is calculated using Monte Carlo methods and is always 

within 6% of the nominal acceptance. We estimate a possible 2% error 

in the cross section arising from uncertainities in this calculation. 

I" first order, the dispersions are the proportionality con- 
stants relating 6 (or Qo) to Y (or X). When we set software limits 

for the acceptance in 6 and Qo, the corresponding limits on X and 

Y are affected by erroxjs in dispersion. Such errors are reflected 

in the cross section because the number or counts binned into a 

certain &6, AQo bin is proportional to the product AX'AY. We estimate 

that error8 in the Q. dispersion could be as large as 1X;, and in the 

P disperison 3X, yielding a possible 4% error in the cross section 

due to lack of knowledge of the spectrometer dispersions. Several 

smaller effects bring our estimate of the total spectrometer-related 

systematic error to 5%. 
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DETECTOR 

The detector assembly was approximately seven meters long, 
located in the shielded concrete room at the downstream end of the 

spectrometer. The entire detector is mounted on two sets of rails 

and can be moved with the spectrometer to different scattering angles. 

A layout of the detector arrangement within the shielding hut is 

given in Figure 11-7, and a summary of its construction and perform- 

ance is outlined in Table 11-4. The detector counted the number of 
particles which passed through the spectrometer, identified those 
which were electrons, and determined particle trajectories. To accom- 

plish these tasks, the detector assembly consisted of 11 counters; an 

atmospheric-pressure nitrogen gas Cerenkov counter; three plastic 

scintillator counters which defined the aperture, TRl, TRZ, and TR3; 
five proportional wire chambers. each with a single plane of wires; 
a lead glass shower counter 4-radiation lengths thick; and, finally. 

a 16-radiation length total absorption (TA) shower counter composed 

of lead sheets interleaved with scintillator. The last 2 counters 
are designed to sample the showers produced by moving particles. 

In the 4-radiation length glass counter (called the pre-rad), 
electrons usually deposit much greater energy than an ionizing part- 

icle. The electron deposits its remaining energy in the TA counter, 
and the signals from the pre-rad and TA are added to give a signal 

proportional to the electron energy. 

The pulse heights of signals from the Cerenkov counter and from 

the combination of pre-rad and TA were digitized, and cuts placed on 

their values defined those particles which were electrons. Although 

some hadrons (mainly, pions) satisfied these "electron" criteria, the 
hadronic background beneath the electron signal is small and is described 
in Chapter III under the subsection, "Pion Subtraction". 

DETECTOR 

Fig. II-? 

A drawing of the detector set-up within the shielded concrete roan 
located behind the spectrometer magnets. The position and size of 
the counters are shown. There are a total of 460 wires in the 
proportional wire chamber system. 
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Briefly, the detector functioned as follows. The master event 

trigger was a three-fold coincidence between TRl, TR3 and (a greater 
than minimum ionization) signal from the total absorption counter 

and the pre-radiator. This signal was a weighted sum of the pre- 
radiator and total absorption counter outputs and was, in general, 
well above threshold for incoming electrons. An alternate trigger 
consisted of a two-fold coincidence between the Cerenkov counter and 

this sum signal. On receipt of a trigger signal, pulse height infor- 
mation can be used to identify electrons. In addition, each wire of 
the 5 PWC's was interrogated to determine if it had a voltage pulse 
in time with the event and, if so, an appropriate bit was set. The 

computer used these bits of information to reconstruct the track of 
the detected particle./ We proceed with brief descriptions of the 

individual counters. 

Cerenkov Counter 

The Cerenkov counter was approximately 2.4 meters long. It was 
fabricated from a section of aluminum pipe 12 inches in diameter. On 

either end were vacuum flanges holding thin windows 8 inches in 

diameter made of .002" aluminum foil. At a distance of approximately 
180 cm from the upstream window was a thin mirror which reflected 

the Cerenkov light through 90 degrees into a 5-inch DVP phototube. 

The design of the mirror for this counter was determined by Monte 
Carlo calculations which estimated the light from particles passing 

through a model of the spectrometer. The radius of curvature of the 
mirror (69 inches) was adjusted to maximize the amount of light 

reaching the phototube. 

The base of the mirror was formed by a l/16" thick Lucite sheet 

which was slump molded to the proper radius. When cold, the front 
surface of the Lucite was coated with aluminum and magnesium fluoride 

to form the mirror surface. 
A layer of aluminum several thousand angstroms thick was depos- 

ited on the mirror by vacuum deposition, and this was followed 
immediately by the deposition of a 200@ layer of magnesium fluoride. 
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The magnesium fluoride protects the aluminum and prevents its oxida- 
tion or corrosion. 

The phototube used was a 58 DVP with a bi-alkali cathode. The 

face of the tube was coated with a thin layer (.3 mg/cm2) of 
p-terphenyl(5) and 140A' of magnesium fluoride. This layer converts 

ultraviolet photons (1100 to 3600A') into photons of -3850A' which 

are then detected by the phototube. The response of the phototube is 

effectively shifted towards the ultraviolet by this technique. 

In order to be efficient in its electron response and effective- 
ly reject pions, a gas Cerenkov counter must be sufficiently long SO 

that 150 photons strike the phototube. The choice of a gas is not 

critical, provided that the number of "knock-on" electrons from 

pions traveling through the gas is small and that the gas not absorb 
the Cerenkov light. Nitrogen is an inexpensive, safe, and conven- 

ient solution. 
The width of the pulse height distribution observed for a sample 

of electrons is a measure of the fluctuations of the light output 

of the counter. The ratio of signal width to mean, sigma/mu, was 

approximately .35 for the Cerenkov counter. Knowing the quantum 

efficiency of the tube to be =20%, this value of the ratio indicates 

that there were approximately 60 photons incident upon the tube face 

for each electron, which agrees well with calculations for nitrogen 
gas. For an iilustratinn of the Cerenkov performance, see Figure II-E. 

The Cerenkov counter's inefficiency for detecting electrons (as 
determined from pure electron samples in elastic peak runs) is 

displayed versus the position of the cut. Overplotted is the 
efficiency on pions versus cut position. The pion efficiency was 

determined during runs in which a 3-radiation length thick lead 
plate was inserted into the spectrometer to stop electrons and to 
provide a pure pion sample. The position of the cut chosen for the 

analysis insured that the Cerenkov counter was =99.9% efficient 

on electrons while still rejecting pions. 
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Fig. II-8 
The efficiency for pions and inefficiency for electrons for 
given cuts on the Cerenkov counter pulse height is plotted 
against the position of the cut (in PHA channel numbers). 
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Pre-radiator and Total Absorption Shower Counters 

The "pre-radiator" is the first element in the total absorp- 

tion shower counter package. By dividing the shower counter into 
two parts, we can increase the discrimination between electrons 

and hadrons of the same momentum. In this experiment, pions 

form the main background. 
Electrons begin to cascade in the counter, and for any parti- 

cular incident energy there is a" optimum length of pre-radiator. 
The thicker the counter, the larger the electron signal relative 

to the minimum ionizing hadronic signal. For small thicknesses, 

the pion signal increases linearly with length; whereas the 

electron signal, because it is from a cascade mechanism, increases 

exponentially at first. If the counter is long enough, the pion 

will interact and possibly charge exchange to produce a" electro- 

magnetic cascade. The pre-radiator was designed and constructed 

to be 4.3 radiation lengths long so that its maximum e/n discrim- 

ination would occur in the 2-3 GeV range where we need the best 

discrimination between pions and electrons. 
The pre-radiator was constructed from a block of Schott F2 

lead glass 30 cm x 30 cm x 14 cm in size. Two 5-inch 58 DVP 
phototubes were placed on one of the 14 x 30 cm faces. The glass 
and phototube were coupled by means of oil which had a" index of 

refraction between that of the lead glass and the tube face. At 

3 GeV electron energy, the pre-radiator thickness of 4.3 radia- 
tion lengths corresponds closely to "shower maximum", the point 

in the cascade with the maximum number of secondary particles 

present. Figure II-9 shows the pre-radiator performance on 

electrons and pions. Note that for the cut position chosen, the 

efficiency on electrons is high while still rejecting pions. 

Following the pre-radiator is a lead Lucite sandwich counter 

which absorbs almost all of a" electromagnetic shower at these 
energies. It is referred to as the total absorption (TA) counter, 

and consists of 16 slabs of lead each 1 radiation' 'length thick and 
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Fig. II-9 
The e'fficiency for pions aad inefficiency for electrons of a cut on the 
pre-radiator pulse height is plotted against the position of the cut. 
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each followed by a l/4" thick piece of Lucite. Light pipes conduct 
the light from the Lucite to a single 9" photo multJplier tube. 

The response of the counter was dependent on the position of the 

incoming particle, tile main effect being a drop of 25% in pulse 
height for particles entering the counter far from the phototube. 

lhis effect was corrected for. 
As mentioned earlier, the shower signal used was a sum of the 

pulses in the pre-radiator and the TA. Because the pre-radiator and 
the TA were completely different counters constructed from differ- 

ent materials, their responses to electron showers were different. 

We wanted a summed signal from these two counters to have as 

narrow an electron peak as possible. In order to produce a narrow 

peak, the signal output from each counter mu.st be proportional to 

the energy deposition in that counter. To balance the signals, 

it was necessary to weight them using different attenuators before 
summing the two signals in a passive network. The relative 
weighting was determined empirically by minimizing the ratio of 

width to mean for the sum signal at an energy of 2.3 GeV. sigma/ 
mu for the sum was about 7% at 7 GeV. Figure II-10 illustrates the 
sum counter's efficiency on pions and inefficiency on electrons. 

At the cut position used in the analysis, the sum is 199.9% effi- 
cient-on electrons yet has a low probability chat a pion will 
produce a signal above the cut. 

Scintillator Trigger Counters 

There were three scintillator counters, TRl, TR2, and TR3. 
TRl was 3/16" thick x 18 cm (horiz.) x 16 cm (vert.). TR2 was 
l/4" thick x 15.8 cm (horiz.) x 18.2 cm (vert.). TR3 was 112" 
thick x 17 cm (horiz.) x 19 cm (vert.). TRl was located immedi-, 
ately behind the Cerenkov counter and preceding the 5 proportional 

wire chambers. Its thickness was chosen such that it would be 
greater than 99% efficient on minimum ionizing particles, since it 

is used in the trigger, yet it had to be as thin as possible to 
reduce the number of knock-ons produced which would proceed through 
the wire chambers and confuse the reconstruction of tracks. 
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Fig. II-10 

The efficiency for pions and inefficiency for electrons of 
a cut on the "sum" pulse height (which is a sum of both 
parts of a segmented shower counter) plotted against the 
oosition of the cut. 
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TR2 and TR3 were located immediately behind the proportional 
tire chambers. TR3 is included in the triple coincidence for the 
master trigger. Its thickness was chosen such that its efficiency 

on minimum ionizing tracks would be greater than 99%. The horizon- 

tal and vertical dimensions of TR3 were chose" so that this counter 
would define the aperture and, hence, the solid angle, of the spec- 

trometer. However, deviations of the actual spectrometer from the 

model used made this only a" approximation, although a good one. 

In the offline analysis, software cuts using wire chamber informa- 

tion actually defined the acceptance. 

TR2 is slightly smaller than TR3 and is located immediately 

before it. It is not used in the master trigger definition. It 
was used in the on-line efficiency logic during the course of the 

experiment, primarily to monitor the TR3 efficiency. Since it 

is smaller than TR3, a track passing through TRl and TR2 must 
strike TR3. Counting the percentage of times TR3 fires gives its 

efficiency. 

Trigger Efficiency 

The efficiency of the master trigger TRIeTR3mSIJM was monitored 
during the course of the experiment and measured in the offline 

analysis in the following way. A" alternate trigger (Z-SVM) was 
defined. The "umber of events in which this alternate trigger 

fired and the wire chamber tracking information indicated that the 
particle passed through TRl and TR3 was counted. From this sample, 

the percentage of time that the master trigger fired could be ob- 
tained. This efficiency was greater than 99.5%. 

Proportional Wire Chambers 

The proportional wire chambers provided information about the 

position and angle of a particle's trajectory through the detector. 
When this "as coupled with the optics coefficients of the spectro- 

meter, the scattering angle and the momentum for that particle 
could be deduced. 

There were five wire chambers, each containing one plane of 
wires. Each chamber was about 20 cm square in aperture, large 

enough to be greater than the trigger aperture defined by TR3. 

Each chamber consisted of SO-100 wires spaced 2 mm apart and separ- 

ated by .4 cm from the high voltage screen. Each wire was connected 

to a pre-amplifier, and the signal from the pre-amp was typically 

a few hundred "set long and .7 volts. The signals were read into a 

latch in coincidence with a 48 "set gate. The latches were inter- 

rogated and read by the on-line computer. 

The inefficiency of each chamber (that is, the number of times 
a particle passed through and no wires fired) varied from .5% to 

2%. Track reconstruction efficiency (dealt with more extensively 
in the sub-chapter b< that name) averaged around 94%. 

The average particle fired 3-4 wires as it passed through a 

chamber. Since the wire spacing was 2 mm, the centroid of the bunch 

could be determined to better than 1 mm, and this spatial resolution 

matched well the intrinsic resolution of the spectrometer. 

ELECTRONICS 

Because of the complexity of information, use of a" on-line 

computer was a" essential part of the data gathering. The electron- 
ics in this experiment is the link between the analog signals from 

the detector assembly and the digital information flow into the 

computer. The electronics was designed to process photomultiplier 

signals from the detector and decide if the event satisfied certain 

criteria. If the event satisfies these criteria, a start pulse is 

sent to the computer which reads in all the event information. We 

attempt to define the criteria so that electron initiated events 
are read into the computer with "early 100% efficiency while the 

vast majority of those initiated by a hadron are rejected. 

46 47 



Description 

There were 12 signals from photomultiplier tubes in the detector; 
an anode and a dynode signal from each of the six counters. These 

were the three plastic scintillator counters which defined the 

aperture (TRl, TR2, and TR3), the Cerenkov counter, two tubes on the 

4-radiation length lead glass pre-radiator, and a single tube on the 

lead-scintillator sandwich total-absorption counter. The anode 

signals from the two tubes 04 the pre-radiator were added at the 

counter, and one signal was sent to the electronics located in the 

experiment's control center, know" as the "counting house"; similarly 

for the dynodes. 
The signals from the anode and dynode of each of the tubes 

were sent up to the electironics logic circuitry via low-distortion 
helix air-core cables with a velocity of propagation of =.9gC. 

The cables all were 2600 nsec long. 
Cable lengths were adjusted so that the signals arrived simul- 

taneously at the input to the electronics circuitry in the counting 

house. These signals were then split with part of the signal going 

to the pulse height analysers and the other part into discriminators 

and then into the logic circuits. At this point, the pre-radiator 

and TA signals are passively summed to form the sum signal. The 

outputs from the discriminators were used to form various logical 
quantities. The logic for a master trigger of the system is simple; 

it is a triple coincidence (C3) between TRl, TR3, and the discrim- 
inator output of the sum signal. In the second half of the experiment, 
this simple trigger was expanded. In addition to the naster trigger, 

a trigger was obtained by a double coincidence of the Cerenkov and 

sum signals. In this yay, we could sample events off-line which 
contained the second part of the trigger and had a track within the 

TRl, TR3 aperture and determine the triple coincidence (C3) effi- 

ciency. 

Firing of the master trigger initiated three separate "gate" 

pulses of different lengths. One was used to determine whether a 

number of various discriminator signals had fired simultaneously 
with the master trigger; a coincidence of this (36 nsec) gate with 

a particular signal indicated that the signal occured in time 

with the trigger and an appropriate "flag" bit was set and read 

by the computer. 
A second pulse of 48 nsec was used as a coincidence gate for 

the pulse height analysers (PRA) on the different counters. The 
third pulse (40 nsec) was used by the PWC processor unit which read 

the individual wires firing in time with this gate. There were 

two identical sets (or levels) of logic c?lrcuitry used to produce these 

gate signals; the second was used in cases where there was a second 

event occuring during t& beam pulse. The losses due to three or 

more events per pulse were corrected for using a method described 

in Chapter III, Analysis, in the sub-section on corrections and 
subtractions (rate effects). 

Pedestals 

The "pedestal" of a pulse height analyser (PHA) is its digital 
output ("r "cha""el't ""mber) when there is no input signal in time 

with its gate. 

In order to monitor pedestal drifts, a special circuit was 

set up which every 10 minutes measured the pulse height from each 

of the PRA's when no beam was present; i.e., it directly measured 
the pedestal offset. 

RUNNING THE EXPERIMENT 

This section describes the data taking procedures followed in 
the experiment and the procedures for monitoring of the performance 

of various pieces of equipment. 
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The measurement of a cross section involved the following steps: 

1) Selection of a spectrometer angle. Setting the spectro- 

meter to a new angle involved surveying the magnet positions. 

Because this survey required three to four hours (and also to facilitate 

radiative correction calculations), we stayed at one angle during 
measurements at several different beam energies. For each angle, 

the survey established a reference line for the spectrometer. The 

magnets should be in a vertical plane containing this line. The 

centen of the quadrupoles were always within .OOg" of this vertical 
plane; this is within the tolerances (i.e., affecting track positions by 

less than the resolution). The axis of the spectrometer always 

pointed to the spectrometer pivot within .03". The roll of the 

first bending magnet was always less than .I6 mrads, well within the 
tolerance of 3.6 mrads. The position of the centers of the two ends of the 

detector was measured to be within 3 mm of the vertical plane through 
the center of the spectrometer; this could introduce changes in 

our cross sections as large as 1% due to the offset of the central 

scattering angle. These offsets were corrected for in the analysis. 

(2) Set up the beam parameters. We chose the energy and the 

energy spread we wanted, and the beam operators adjusted the number 
and power of the klystrons to deliver a beam of the proper energy 

into the Beam Switch Yard where the momentum slits defined the spread. 
Because setting up a beam at a new energy required several hours' 
time, we ran data at many spectrometer settings for a particular 

angle and beam energy. 
The beam was focused to its nominal spot size at the target 

(3 mm (h.) x 2 mm (v.)). and steering was adjusted to center the 

beam on the target. The steering was set up with the aid of three 

zns screens, two upstream of the target and one downstream. This 

third screen was left in during data taking, allowing the experi- 

menters to observe any changes in the beam position. The beam 

pulse shape was monitored by displaying the signal from a scin- 

tillator located in ESA on an oscilloscope. If beam spill or 

position deviated from the norm (i.e., a flat pulse 1.5 wet long), 

the operators were informed and would remedy the problem. 

The toroidal charge monitors were regularly calibrated by dump- 

ing a standard charge on a capacitor through an extra one-turn 

winding on the toroid and were occasionally cross-calibrated with a 

Faraday cup. 

(3) Set the spectrometer momentum. For each beam energy and 

spectrometer angle setting, data were taken at many different values 

of the spectrometer momentum setting. A sequence of runs at con- 

stant beam energy and spectrometer angle is called a "line" of 

data. The current setting in the magnets was controlled by the 

on-line computer. We always established a definite magnetic history 

for the magnetic values; changing current so that hysteresis effects 
would not lead to different field strengths for a given current. 

Our standard procedure/ was to begin a sequence of runs at high 

spectrometer momentum and to move down in current. The current In 

the magnets was continually monitored by the on-line computer which 

stopped the data taking if the currents were outside tolerances. 

(4) Select a target. For each value of beam energy, spectro- 

meter angle and energy, we took data sequentially on the hydrogen, 

deuterium, and empty target. This minimized errors in the D/H 

ratio because the runs were taken close together in time, at 

similar beam conditions, etc.. Since the Hz and Dp cells were of 

identical construction, the empty target run provided data for 

corrections on both targets. 
(5) Initialize computer program. The on-line computer read 

and logged on tape the initial conditions for a data run: the beam 

energy, spectrometer angle and energy, target type, etc.. It set 

all scalers to zero and checked that all monitors were initialized. 

Because the nine lines of data taken with the 1.6 GeV spec- 

trometer were taken simultaneously with the 14 lines of 20 GeV 

spectrometer data, sharing beam and target, the scheduling of the 
running was a complex chore. The scheduling was arranged before- 

hand and stored on the on-line computer which prompted the 

respective experimenters with the next item on the data taking 

agenda. 
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6) "Begin the run." There were several different kinds of 
data flowing into the ComputeK. The first was "event" data which was 

logged on tape. For each hardware trigger, the computer read the 

track information from the PWC coincidence latches, the flag bits 

indicating various discriminator and coincidence signals in time 

with the event, and particle identification information from the pulse 

heights of the counter signals. Second, was "pulse" data. For 

each beam pulse, the computer read the beam charge measured by the 

toroids. Third, was data for monitoring equipment. At fixed 

time intervals, the computer read the target temperature, pressure, 

and position, the central beam energy, drifts of pedestals, and 

spectrometer magnet currents, etc. 
7) Monitoring the experiment's performance. During the course 

of the experiment, the beam operators tuned the accelerator in 
order to maintain the beam. The experimenters monitored a number of 

experimental aspects and the on-line computer made many kinds of 

on-line checks to identify possible problems. 
Our procedures to insure that the counters were performing well 

were several: regular checks of counter high voltage and gas flow, 
monitoring of the average pulse heights of the countera versus E', 

graphical display of the counters' efficiencies on various ax-line 

"electron" and '*not electron" triggers. Counter performance was 

also monitored by following various ratios of scalers in time. Equip- 

ment breakdowns can manifest themselves as sudden shifts in these 

ratios. For example, a sudden shift in the TRl/TR3 scaler ratios 
enabled us to find a loss of beam pipe vacuum downstream of the tar- 

get, which had had little effect on the cross section but had 

considerably worsened background singles rates. 
An important feature of our data running was that we were able 

to calculate and display cross sections on-line. These were accur- 

ate enough to allow us to check them against previous data dnd assure 

ourselves that there were no major malfunctions or mistakes. 
8) Ending data runs. At the end of a data run, which could be 

computer controlled by pre-setting the number of electron events 

desired, the computer read various scalers and the final values of 

the various run parameters and stored all this information onto 
magnetic tape. The data from the approximately 1500 runs was written 
onto 46 (1650 b.p.i.) tapes, which were condensed and rewritten onto 
11 (6250 b.p.i.) high density tapes for the off-line analysis. 

9) Special data runs. In addition to the standard data runs, 
a number of specialized runs were conducted during the course of the 
experiment. These included "boiling" tests to insure that the target 
was not suffering from large density fluctuations, "jail bar" run8 

done to check the Q. dispersion of the spectrometer, and "scanned" 

runs in which the spectrometer's central momentum was moved in small 
steps in order to "scan" a particular missing mass state (elastic 

and otherwise) across the 6,00 acceptance of the spectrometer. 
The total time for pata collection was 4 months with 1700 hours 

of accelerator time. The analysis of this data is described in the 
next chapter. 
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CHAPTER III. ANALYSIS 

OVERVIEW 

This chapter describes the analysis of the raw data which results 
in final cross sections end structure functions. For e flowchart 
showing‘the various quantities which enter into the determination of 

the crose section, see Figure III-l. 

The cross section is given by: 

2 -2-z 
N scat 

dRdE' N N in tgt. cdndE') 

We must determine eacd of the quantities on the righthand side of,the 
equation in order to calculate the cross section. We determine the 
number of tsrget nucleon6 from measurements of the length and density 
of the target. The number of incident beam electrons is measured 
by the beam charge monitors. The acceptance is calculated with Monte 
Carlo methods using a ray-tracing program which "ewims" particles 

through a model of the spectrometer. The model is checked by com- 
paring the distribution of Monte Carlo events in scattering angle 

and momentum with actual data distributions accumulated in the exper- 

b=nf. Nscat , the number of scattered electrons, is the number of 

particles whose pulse heights in the various counters satisfy 

"electron" criteria and whose momentum and scattering angle (as 

determined from the positon and angle of the track through the wire 

chambers) fall within the selected hounds of the acceptance, corrected 
for a number of effects (dead time, track reconstruction inefficiency, 
trigger inefficiency, hadron background under the electron signal, etc.) 

Each of the approximately 1500 rune are systematically checked 
for bad data. Examples include runs which had been aborted on-line 

because 1) the scalers had not been reset, 2) target was out of 
position, 3) beam was ala-steered, 4) the spectrometer's magnet cuc- 

rents were out of tolerance, etc. For more details, see the "Weeding" 
section in this chapter. Once the bad runs have been corrected or 

eliminated, we proceed to the correction for electrons which have 
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Fig. III-1 

A diagram of the analysis used in determining a cross section and 
extracting the structure functions. 
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scattered, not from the liquid hydrogen or deuterlum, but from the 

target walls. This correction is made by subtracting from the full 
target cross section the cross section from runs at the same kine- 
matic point using a" empty target cell. A subtraction is also made 
for those electrons which are produced in the target as e+e- pairs 

by measuring the cross section with the polarity of the spectrometer 

reversed (in order to cou"t positrons). 

The cross sections are then corrected for the effects of asym- 

metric O. limits of the spectrometer acceptance. If there are 

several runs at the same point or where the kinematics overlap, the 

measurements must be combined. 
The result of this analysis is called the "raw" CI-‘08s section. 

It is customary in electron scattering experiments to quote cross 

sections which have b&en corrected for radiation of photons during 

the scattering process rather than the taw cross sections which de- 

pend on the detailed experimental set-up. 

After applying radiative correctibns, we have final hydrogen 

and deuterium cross sections determined for different values of E,,, 
E'. and 8. The data include cross sections for elastic as well as 

inelastic scattering. The analysis Is the same for both except for 

slight differences in the radiative corrections. The cross sections 
are the primary results of the experiment. In order to determine 

separately the two structure functions, we require cross sections at 

the same Q2, W2 point for different angles. To do this, we must 

assemble data from several different experiments and, if necessary, 
interpolate cross sections to c-o" values of Q2 and W2. For each 

angle we find the quantity 
d20/dGiE'/r f (I~ + coL 

The structure functions are then determined by a linear fit in E. 
In the remainder of this chapter we present a more detailed des- 

cription of some of the procedures show" in Figure III-l. 
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ACCEPTANCE AND OPTICS COEFFICIENTS 

In this section, the procedures used to obtain the 20 GeV 

spectrometer’s optics coefficients and its acceptance are briefly 

described. The reader wishing more detailed information should con- 
sult Appendix A-l. 

In order to determine the differential cross section d20/dndE’, 

two things must be done: 1) decide whether electrons are within the 
acceptance on the basis of their measured momentum and scattering 

angle. and 2) calculate the acceptance (dQ ds), where dR is the 
solid angle and d6 the momentum acceptance of the spectrometer. 

Optics Coefficients 

In order to do the first. we need a set of optics coefficients 
which relate the scattered electron’s position, angles, and momentum 

at the target (X0, Bo, 0, and 6) to the positions and angles 

(X, Y, 0, 0) as measured by the PWC system located at the spectro- 
meter focus In the detector. The set of optics coefficients 

actually used for this experiment is given in Table III-l. 
These coefficients were obtained from three experimental 

sources; 1) The spectrometer’s optical properties and acceptance 

were determined in an extensive set of measurements in 1967 in which 

a low intensity beam was directed into the spectrometer and the actual 

trajectory of the beam was measured. By fitting the position and 

angles of trajectories at the spectrometer focus to the incoming 

positions, angles, and momentum, the transformation matrix for the 
spectrometer was obtained. The elements of this matrix are the optics 

coefficients. 2) In the present experiment, data was taken with a 
set of evenly spaced vertical brass bars at the spectrometer entrance 

casting a well-defined “shadow” (swaths of constant Qo) at the focal 

plane. The B. dispersion is adjusted so that these O. “swaths” 

coincide with the (surveyed) positions of the inter-jailbar gaps. 

5s 59 



3) The momentum dispersion of the spectrometer can be obtained by 

observing the position of the elastic peak in the 6,Qo focal plane 

of the spectrometer. 
The coefficients we use were determined from all three sources 

above. They differ somewhat from those obtained by fitting to the 

1967 optics data alone; most notably in that the momentum and theta 

dispersion now appear to be momentum dependent. The change in the 
cross section using these new coefficients canpared with cross 

sections using the old optics coefficients is s function of B’, 

given approximately by 0.8(12-E’)%. At E’ - 3 GeV, this constitutes 

a 711% change in the cross section. 
Because of this change, we carefully checked the new measure- 

ments of the optics coefficients (i.e., jailbar. runs and elastic 

peak position studies) 8s well ss reviewing the analysis of the 1967 

tests. We found no mistakes in either study. Our best guess is 

that the difference between the new and the old optics coefficients 
is most likely due to changes that have occurred either in the 

spectrometer or its power supplies. We estimate errors in our cross 

sections as large as 4%. due to possible errors in the dispersions 

we use. We next discuss the calculation of the spectrometer accep- 
tance. 

Acceptance 

In determining the acceptance of the spectrometer, we first choose 
limits on O. and 6 (calculated from the position of the particles In 

the wire chambers). The limits sre chosen to correspond to trs- 

jectories which pass through the aperture-defining scintillation 

counters. The limits on $. are defined by lead-tungsten 
slits at the spectrometer entrance (set to +tt milliradians for the 

majority of the data taking). The acceptance is not merely the 

product of the three ranges (~QoAg,h6) because there are apertures 

within the spectrometer which cut into this nominal acceptance. In 

other words, for a given O. and 6, there msy be regions of $. for 

which a particle passes through the O. slits but strikes some aper- 

ture inside the spectrometer itself. With this in mind, we chose 

the B. and 6 limits such that at leest 94% of all events (in a Monte 
Carlo simulation) which are within the O. and 6 limits and within the 

00 slits will traverse the spectrometer without striking an aperture. 

The correction, therefore, to the nominal acceptance (AOA$~~) is 
always less than 6%. This correction increases with angle (because 

the projected width of the target grows with spectrometer angle) and 

is calculated with Monte Carlo methods using a model of the spectro- 
meter. The size of the correction is plotted versus scattering angle 

in Figure 111-2. A detailed study of the model of the spectrometer 

and the solid angle, described in the Appendix, yields s systematic 

error of 5% in the cross sections arising from a lack of knowledge 

of optics coefficlent$ and acceptance. 

ELECTRON IDENTIFICATION AND BADRON REJECTION 

Electrons were identified and the hadronic background (mainly, 

pions) was rejected on the basis of the pulse heights from 3 counters: 

the Cerenkov counter, the pre-radiator (the first segment of s two- 

part shower counter), and a signal from both parts of the shower 

counter, called “SUM’! 

We separate electrons from hadrons by imposing cuts cm the pulse 

heights of the signals from these counters. The electron and hadron 

pulse height distributions have little overlap, so that the cuts 
are efficient on electrons yet exclude most of the hadrons. As an 

illustration of the combined use of the Cerenkov and pre-radiator 
pulse heights to identify electrons. see Figure 111-3, which shows 

the Cerenkov versus pre-radiator pulse heights for a run at 

E’ - 3.5 GeV. Noting that the electrons and pions form separate 

clusters, it is apparent that the optimum cut to separate electrons 
from pions is not simply a cut on the Cerenkov pulse height and a 
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l Inner Aperture 

0 Outer Aperture 

0.2 
sin0 (scattering angle) 

Fig. III-2 
A plot of the spectrometer acceptance calculated using Xonte 
Carlo methods, ray tracing, and a magnetic model for the 
spectrometer, normalized to the nannina acceptance, 
b~$~h0~86 - 128 peteradians * 3.5% momentum acceptance. 

. 

Electrons 

1 
0 2 4 6 8 

3-11 cerenkov Pulse Height 136OA13 

Fig. III-3 

A scatterplot of the Cerenkov pulse height versus the pre-radiator 
pulse height for events from a run at E'=3.5 GeV. Electrons and 
pions form separate clusters of events. The electron cut we use is 
shown. It is about 99.8% efficient on electrons and less than 1% 
efficient for pions with momenta below 15.7 GeV. (Pion threshold 
in nitrogen gas Cerenkov counter is 5.65 GeV.) 
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second cut on the pre-radiator. Instead, we "se the c"t show" which 

separates the electron and pion samples while maintaining high effi- 
ciency (>99.8%) for electrons. Because the average pulse height for 

electrons in the pre-radiator grows only slowly with energy while 

that in the Cerenkov c"u"ter Is constant, the same c"t was used for 

all values of the energy. 

Some pious give signals in the Cerenkov and pre-radiator which 

lie above the cut, especially when their momentum is greater than 

the pion Cerenkov threshold of 5.65 GeV. To reduce the pion contam- 
ination still further, we demand a c"t on the SUM pulse height. See 

Figure 111-4. The average SUM pulse height for electrons grows 

approximately linearly with energy, so the cut was dependent on 

energy and was set t" near 30 below the average pulse height. 
These c"ts eliminate all but a small fraction of the hadronic 

background; for most of the kinematic region, less than 1% of the 

signal was due to hadronic background. The worst co"tami"atio" 

occurs when E' is "ear 7 GeV, eve" though the incwing hadronjelectron 

ratio is greater at lower energies reaching 3O:l at E' = 2.5 GeV. 
The ratio of hadron triggers/electron triggers is never greater than 

4:l because of the hadron rejection of the trigger. Below 7 GeV, 

the Cerenkov counter can be used to discriminate against pions. The 

pion rejection using all the c"ts is about 6OOO:l below E' = 5.65 GeV. 

and rises rapidly to =30:1 around E' = 7 GeV‘. Above this energy the 

hadronic background drops rapidly. With a pion rejection of *30:1 

and a n/E ratio as high as 5:l at E' - 7 GeV (0 - 6', E" * 19.5 GeV), 

there will be a" approximately 16% hadronic contaxoinatio". This is 

the ""rst case; only 12 runs had hadronic contamination greater than 

5X, the majority less than 1%. 

Pion Subtraction 

This remaining hadronic background (after the cuts) is elim- 

inated by a procedure shown in Figure 111-5. We first choose a 

sample of pions by selecting events with a Cerenkov pulse'height less 

6 

L 

u 
1 - I. 

2 4 6 
‘SUM’ PULSE HEIGHT 

Fig. III-4 

A distribution of the "sum" pulse height for events (from a run at 
nwmentum 3.5 GeV) which satisfied the electron c"ts on the Cerenkov 
and pre-radiator. The position of a cut defining electrons Is 
show", and the efficiency of this c"t is grester tha 99.5% for 
electrons. 
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mation matrix, these trajectories determine the momentum (6) and 
angle (0”) of the scattered particle. In order to assign unique 

values of 6 and o. to a” event, there must be one, and only one, 
good track in the X and Y chambers. 

There are two X chambers and three Y chambers. The m”ment”m 

and scattering angle is well-determined if there is one X measure- 

ment and tw”Ymeasurements of the track (i.e., sutis not important 

in determining O”, but Shut is needed to determine 6). Roughly 94% 

of all electron tracks meet this minimum criteria. Losses arising 

from chamber inefficiency are very small because of the redundancy 
in the “umber of x ahd Y chambers combined with the high (98X-99%) 

efficiency of each chamber. 

The m”st cmnmon failure to find a single good track arises 

when two tracks can be fit to the patter” of wires which fired 
during the event. Table III-Z summarizes the frequency of various 

patterns. Sometimes such events are associated with two particles 
coming from the target within the resolving time of the electronics 

used to read out the wires (48 nsec gate). More often, the second 

track is the result of low energy particles associated with the 

event. To account for all these effects, a simple correction can 

be made based on the ratio of electron triggers to electron trig- 
gers with good tracks. As already mentioned, this correction would 

be about 6%. There is sane evidence that this is a” over-correction. 

since for some triggers without good tracks the particle appears to 
be outside the fiducial volume, and the trigger Is formed when the 

associated particle is detected in TR3. Estimates of the size of 

this effect (-1%) can be made by studying the wire chamber pattern 

in events without good tracks. 

To eliminate this over-correction, an alternative inefficiency 

calculation was used in which the Y (and X) track inefficiencies are 
calculated separately by demanding a single good track in X (or 

Y) and observing the fractions of events having a single track in 
Y (or X). By requiring a good X track with both X chambers firing, 

the Y track inefficiency calculation suffers less from contamination 

Code Type 

1 X trk 
1 Y trk 

1 X trk 
2 Y trk 

1 Y trk 
2 X trk 

2 X trk 
2 Y trk 

1 X trk 
0 Y trk 

1 Y trk 
0 X trk 

0 X trk 
0 Y trk 

TRACK RECONSTRUCTION PARAMETERS 

x 

*93.5% 

.5x 

12.7% 

.5x 

/ 2.‘% 

.19x 

.25x. 

Comne”t 

within 48 “s gate, 1 (and only 
one) good track in PWC’s 

I 

some of these are from 
accidental triggers 

some of these are from 
accidental triggers 

Selected Y track Configurations 

Y track configuration Frequency of 
(Y1 Y2 Y3) 0ccure*ce 

1 0 0 .02% consistent with individual 
chamber-inefficiencies 

0 1 0 .005% (1-2X) 
0 0 1 -1.0% Larger size 

probably due to 
accidental triggers 

Summary of the average frequency of various configurations of tracks 
in the x and the Y proportional wire chambers. In the second half 
of the table is shown the frequency of occurrence of events with 
only one Y chamber firing: the larger size of the “091” configur- 
ation is an indication of accidental triggers in the event sample 
(to a level of =1X). 

63 69 



by events from outside the fiducial volume. The combined track 
inefficiency IS then give" by the product of the X and the Y inef- 

ficie"cies. Corrections were made for double track events but these 

are a small effect. This alternate method Save inefficiencies about 

1% lower than the simple method described above; i.e., electron 

triggers/electron triggers with good tradks. 

See Figure III-6 for a graph of the PWC correction plotted 

Yersus w. The overall inefficiency correction is about 6% with an 

estimated systematic error as large as 1.5%. 

CORRECTIONS AND SUBTRACTIONS 

A listing of the sizes of the various corrections applied to 

the data is give" in Table 111-3. This sub-chapter briefly describes 

those corrections which have not been discussed in previous sections. 

Rate Effects 

High incoming data rates result in inefficiencies or "dead 

times" in various c"",lters due to the finite recovery time after a 

CO""t. This effect can be calculated from the dead time of each of 

the counters and the IncominB rate and also can be measured directly. 

In this experimert, the output signal from the master trigger ""8 
split and sent to 4 scalers each having known, fixed dead times of 

34, 58, 77, and 108 "sec. The number of events counted by each of 
these scalers was fit as a function of the kn"wn scaler dead time 

and then an extrapalation to zero gave the rate expected for no 
dead time. The dead time correction was less than 1% for the 15', 

la", and 20.6' data and was occasionally as large as 52-77. for the 

6' and 10' data where data rates are higher. The systematic error 

due to rate effects is estimated t" be .5X. 

I 1 I I I I I 
0 I 2 3 4 5 

4-7, W (GeV) 116**16 

Fig. III-6 

A graph of the proportional wire chamber track reconstruction 
efficiency plotted versus W. 
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Trigger Efficiency 

The efficiency of the master trigger (TRl.TR3.SUM) can be 

estimated using the alternate trigger (&SUM). For those events in 

which the alternate trigger fired, and wire chamber information indi- 

cated that the particle passed through TRl, TR3, and the shower 

canter (all three parts of the triple coincidence), we determined 

what fraction of the time these events fired the master trigger. 

This measure of the trigger inefficiency is always less than 1%; 

for 90% of the runs it is less than .5X with an estimated error of 

.25%. 

Positron Subtraction 

A s"urce of back$rou"d electrons which do not originate from 
electron hydrogen scattering is due to those electrons which are 
produced in the target in a charge symmetric way; i.e., as e+e- pairs. 

At our angles, the main source of such pairs is no decay. 

In order to correct for this, we reversed the polarity of 

the spectrometer so that it accepted positrons. We measured the 

positron yield and assumed that this equaled the background yield 
of electrons. The correction is small except at lowest values of 

secondary momentum, E' (or, equivalently, at high values of W). 

The threshold in W above which the positron subtraction exceeds 

5% is given by: 

w threshold(Gev) = 2.15 + .14 * Eo(GeV), except for 

El- 6' where Wthreshold = 2.5 + .14 * E 0 

The systematic error due t" possible problems in the positron sub- 
traction is estimated at 1.5% for W>Wthreshold and is much smaller 

for lower w values. 
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Combining Data and Corrections for "Offset" in Angle 

This subsection describes the procedures used to combine 

data in the resonance region (W<ZGeV) and, also, the corrections 

applied t" non-resonance data to account for the asymmetric O. 

limits (-3.75 < Q o < 3.0 wads) of the spectrometer acdeptance. 

I" both cases, we correct cross sections for offsets from the cen- 

tral spectrometer angle, 0. 
For the resonance region, cross sections were determined for 

W bins which were 20 MeV wide (considerably smaller than the typical 

resonance widths). Data was taken by stepping the central momentum. 
P', of the spectrometer In small increments (compared t" the accep- 

tance of =+2X) for co"sec"tive Kuns. In this manner, the W ranges 
covered by successive runs overlapped each other. This procedure. 

known as "scan"ing"(l), ensured that the scattered electrons assigned 

t" a particular W bin came from all parts of the 6, O. acceptance, 
averaging "vet any acceptance variations across the plane. This 

ensured that the acceptance for all W bins "as the same. 

From Figure Al-l, it is obvious that for a particular run 

the center of a W bin could be offset from 0" - 0, and this was 

corrected for. To obtain a single cross section for some W value, 

cross sections from different runs were combined, correcting each 

for the offset of the W bin's center from the nominal scattering 
ang1e,e . 

For runs outside the resonance region, cross sections for the 

entire acceptance of the spectrometer were calculated and a correc- 

tio" applied for the offset in 0 due t" the asytmnetric 0" limits 

(-3.75 < e. < 3.0 mrads). This correction has a maximum size of 
6% (occuring at w - 2 GeV), and we estimate that its associated 
systematic error is less than 1%. 

WEEDING 

After all the data runs had been analysed and the cross 
sections calculated for each of them, we conducted a systematic 

check in order to eliminate or correct any bad data. Two tech- 

niques were employed to identify runs with problems. 

"Outlier" Search 

The first was to graph and monitor all quantities which might 
have a" influence on our measured cross section; they were plotted 
versus run number (in the sequence of data taking), 'arid we hunted 
for anomalous "outliers" in various distributions or for slow 

drifts in the values of ithe quantities. Quantities scanned in- 
cluded flag efficiencies of the various counters, PHA efficiencies, 
ratio of the signals from the two beam monitors, various correction 

factors (dead time, PWC inefficiency, pion subtraction), and the 

average pulse heights in various counters. Runs with anomalous 

behavior in any of these quantities were scrutinized carefully for 

possible errors. 

Problem.Rlans 

Although the "outlier" search eliminated many flagrant errors 

due to equipment malfunction, or straightforward mistakes in pro- 

cedure, a more systematic check was applied to certain areas of the 

data. A flag was set If a quantity were outside tolerance. 

Magnet currents were kept within tolerance, target temperature was 

kept within -10% (=2.5X change in the target density) of a refer- 

ence value, pedestal drifts were monitored and kept within 3 

channels (800 channel ADC's), and the goodness of fit for the dead 
time corrections was monitored. Careful scrutiny of runs having a 

flag set enabled us to eliminate bad data. 
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RADIATIVE CORRECTIONS 

It is customary to correct electron *c*tter1*g croes sections 
for radiation of photons by the electron. In this section, we des- 

cribe the methods used to do the radiative corrections, the size of 

the corrections, end possible systematic errors arising from them. 

Procedure 

In order to radiatively correct the data in this experiment, 
we followed the same procedures described in Reference 2. Here, we 
shall sketch the major features of the method end give estimates of 

the size of possible errors in these procedures. The radiative 
correction formulas were developed by Tsai (3) end others, and their 

application to electron scattering data at SLAC was accomplished by 

Millert4) end succeeding experimenters. 
Tbe first step in correcting the data was the calculation and 

subtraction of the elastic tails from the inelastic data. The 
elastic tail was calculated using a" exact quantum mechanical 

formulation for the radiation of a single photon during the scet- 

tering process. In addition, corrections are made for real brems- 

strahlung in the target before or after the scatter. The formulas 

require elastic proton form factors GR(Q') end GM(Q2) which we 

obtained from a fit to the world data assuming form factor scaling; 

GE = GM/l+. The radiation of multiple soft photons during the scatter 

"es also taken into account. The elastic tail contribution we6 , 
subtracted, yielding "rare" data (i.e., data which must be corrected 
further). 

This "rare" data was then corrected for radiation in inelastic 
processes by an iterative method which uses a model for the cross 

section, calculating the ratio of u"radiated/radiated cross sections 

and then applying this ratio to the "rare" date to obtain the "final" 
data. In the first iteration, the "rare" data is used as en approx- 

imation to the ""radiated cross section. The ratio ""radiated/ 

radiated is then calculated et each data point. The "rare" data 
is then multiplied by this ratio, and the resulting data set is 
used as the croes section to be radiated. The process Is continued 
until the ratio converges. The "final" data set is formed by multi- 

plying the "rare" date by the radiative correction ratio obtained 

in this way. Usually. 5 or 6 iteratfons were sufficient. 

In order to avoid excessive computer time, several approxine- 

tions to the exact radiation formulas were used in the iterative 

procedure. The peaking approximation in angle assumes that the 
radiated photon is along the direction of the incoming, or outgoing, 

electron. If we consider only the radiation of a single (hard) 
photon, then, in this approximation, the only effect of the radiation 
is to degrade the energy of the incoming or the outgoing electron. 

This reduces the radiation calculation from a two-dimensional inte- 

gration In the Q2-W2 plane to two one-dimensional integrations 

corresponding to radiation from the Incoming or outgoing electron, 
respectively. A second approximation was our use of an "equivalent 

radiator". Instead of doing exact integrals to correct for radia- 
tion associated with the electron scattering, en empirical form 

identical to the equations for bremsstrahlung was used with en 

"equivalent radiator" replacing the reel radiator. The "equiva- 
lent radiator" was adjusted empirically (3) to give agreement between 
this calculation and the exact treatment. A" approximete formula 
for the equivalent radiator is 

t 
-4 

- ;(I"&)'1) 
e 

For Q2- 20 GeV2, t 
-4 

- .04 (corqared with real radiators of z.04 

for this experiment). This combination of peeking epproxlmatlon 

and the use of equivalent radiators has been checked previously and 
found to agree with the exact c+culatio" to -10% (4) . 

size of C0rrect10** 

The ratio of final/raw data for angles of 6'. 15', and 18' is 
presented in Figure 111-T. The figure demonstrates that the radiative 
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Fig. III-7 

A plot of the ratio of radiatively corrected data to "raw" date, plotted 
against the scaling variable, X, end against the final state mew, W. 
At each angle, we show the lines for given energy (E ) corresponding to 
the data taken in the experiment. For a given angle: the ratio is approx- 
imately a single function of X, independent of the different values of 
beam energy (the different lines). 

correction is large. averaging about 25%. The figure indicates 
that the ratio of fi"*l/=*W is approximately a function of X only, 

for each angle, approximated by the following expression: 

Radiative 
Correction _ FINAL,RAW = I.6-.36 sin @ 

Ratio 

Possible errors due to the approximations listed above. coupled 

with the large size of the corrections, lead us to an estimate of 

5% as a possible systematic error in the final cross section due 

to radiative corrections. 

Radiative Corrections to alastic Peaks 

The measured cross section spectrum d20/dndE+ shows e sharp 

peak in E' due to elastic scattering which is not symmetric but 

skewed to lower values of E' because of the energy degradation due 
to radiation. To radiatively correct the spectrum, a" "unfolding" 

procedure was followed. The contribution to a scattered energy 

bin from higher energy bins was first calculated end subtracted. 
The cross section in that bin was then corrected for the number of 

counts radiated to lower energy bins. In this way, each bin was 

radiatively corrected. The corrected cross section d20/dQdE' is 

then integrated over E' from W=.g GeV to W=1.06 GeV to obtain the 

elastic cross section do/dSL 

SYSTEMATIC ERRORS 

Method of Estimation 

"Estimated systematic errors" is a redundant phrase (5) . We 

used a number of methods to help us estimate the systematic error 

in the cross section. Errors in measured or calculated corrections 

were assumed to be as large as some fraction of the correction. 
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Discrepancies in consistency checks (between different subsets of 
data) set lower bounds on possible errors as did the observation 
of excessive spread (beyond statistical) in any set of equivalent 

measurements. Another general method of error analysis consisted 

of estimating various parameter mis-measurements (like beam energy). 

and calculating the resulting effect on the cros6 section. 

Table III-4 lists the sources and estimated sizes of possible 

systematic errors. 

Correlation Between Errors 

Many systematic errors are independent of each other, and the 
total error can be estimated by adding the various errors in quad- 

rature. Those errors which might be correlated with each other 

cannot be treated in this way and should simply be summed when the 
total error is estimated. We group errors into setswherethe errors 
may be correlated but we believe different sets to be independent. 
Table III-5 shows these sets along with typical values of the 

systematic errors. 

Kinematic variation 

Some etr"rs result in errors of normalization for the entire 

experiment (e.g., a mis-measurement of the target cell length), while 
others are strongly dependent on kinematics (e.g., the contamination 

of the signal by electrons produced as e+e- pairs is strongly 

peaked at low E'). Many of the errors (such as errors in the momen- 

tum dispersion) do not fall into either group. For most of the 

systematic errors, there is a strong possibility of kinematic 

variation. We believe that the fraction of the total systematic 

error which is a normalization error for the whole experiment is 

less than half the total error. We treat the systematic errors on 
data from different angles and energies as independent when fitting 

cross sections (to extract structutte functions, etc.) 
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CROSS SECTIONS 

The set of hydrogen and deuterium cross sections presented in 

Table III-5 is the primary measurement of the experiment. Data is 

presented before and after radiative corrections. The table gives 

both values of the cross section for each energy, scattering angle, 

and target. The data are presented in columns giving the W value 
of each data point, the value of the cross section (picobarns/GeV/ 

steradian) and, in parentheses, the statistical counting error 

and the systematic error for the cross section. 
The statistical errors are smell (typically, I-2% for W>2 GeV). 

This is a reflection of the fact that the duration of data taking 

we6 often determined by the 50' and 60' measurements which were 

being done simultaneously. The systematic errors! have been dis- 
cussed in the previous subsection. They average about 7% over the 

experiment's range of data and are usually considerably larger 

then the statistical error on the cross sections. 
Figure III-8 is a set of graphs of these cross sections with 

each "line" of data points at conetant Eo and 0 plotted versus W. 

For the graphs of 10' and 15' data, the one 10' line (scaled by a 

factor of 2) lies at the top; for the combined 18' and 20.6o graphs 

the single 20.6o line lies et the bottom. For a given angle, the 

higher energy lines have lower cross sections. 

A few features of the cross sections are worth noting. First, 

for a given angle and W value, the cross sections fell with Eo; 
similarly, they rise with increasing W except for the lowest angle 

end energy (6', 7 GeV) line. 
Resonant structure is clearly visible on many of the lines; 

in particular, structure is apparent in the 15', 13.3 GeV and 16 
GeV lines which are at a Q2 value of approximately 8 and 10 GeV*, 

respectively. Indeed, we see evidence for resonance etructure even 

in the 20.6', 19.5 GeV line at en average Q2 of about IS GeV 

This is evidence that at least come of the structure seen et low 

values of Qzcl) remains as a sizeable fraction of the continuum 
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Table 111-5 

HYDROGEN CROSS SECTION 
EO =7.00 GeV, 8=6.00. RAW DATA 

m oils 
I). 1 Il.05, o.ImOi, 

0.5 R.0‘. 
0.58,rO6, 
0.731.0.. 

0.18+05) 
0.1lBr05, 
0.1n+os, 
0.15lro5l 0. sanr 04; 

0.671.0.. 
0.S6l.O~. 
0.1*1*01, 
0.8l.O.. 
0.791+0., 
0.001~01, 
0.7111.0.. 

o.lB*os, 
O.l’)l.O5, 
0.16E.05, 
0.161.05, 
o.llr05, 
0.151.05, 
0.151.05, 
0. ,e8+05, 

0;22a*os: 0.11.+07i 
0. ttZ+O6; 0.38+06; 
0.911*05. 0.2lE.06, 
0.191+05, 0.,6E.O6, 
0.711.05, 0.131.06, 
0.6.,?+05, 0. C~(a.05, 
0.77m05, 0.9te.05, 
0.25B.06. O.,O~tO61 

0.7neo6; 
o.ll*+oI, 
0.791ro4. 
0. Bll.0.. 

0. lmla*O 5i 
0.l9s.05, 
8.20~.051 

0. ,oa+os; a.traeori 
0. WE.06, 0.168.06, 
0.1.E.06, 0. IU.06, 
O.llEr06, 0.3X4.06, 
O.l6Z+O6, 0.311+06, 
0. ,81*06. 0.376.06, 
0. Vl1.06, 0.39106, 
0.161.06. 0.261.06, 
0. (51.06, 0.2,!+06, 
0.16!4.06, 0.2@+06, 
0.381106. 0.2ll!+O6, 
0.36.06. 0.,6l.06, 
0.92,!+05. 0. lS.06, 

0.36BX.06 l - i 

O.M9lwo6 .- , 

0.3601.06 .- , 

0.3181106 + , 
0.367I~O6 l - , 

0.372?..06 l - , 

O.Y191*06 .- , 

0.3901.O6 + ( 
0.61.1.06 .- , 
0.1116E+o6 l - , 

0. 3811rO6 +- ( 
0.3101.OC + , 
0.3971.06 .- , 
0.116s.06 l - ( 

0..,2E.06 .- , 
0.11131~36 + , 
o.Y21**06 .- , 
0..93a.o6 l - , 

0.38.1.06 .- , 

0.,1110 + , 

0.r1x.0~: O.ll~C5, 
0.28.05, 
0.19B.05, 
0 ., 91.05, 
0.18.05, 
0. ,9x.05, 

o.aaBro~; 
0.79Ir01. 
0. ,lR.S._ 1.231 

1.254 
,.27, 
1. 29Y 
1.31. 
1.333 
,.133 
1.653 
1. VI3 
1.893 
1.513 
1.533 
1.553 
1.573 
1.593 
1. 692 
1.712 
1.732 
1.752 
1.772 
1.792 
I. 812 
1.132 
1.952 
,.972 
1.992 
2.027 
2.017 
2.258 
2.501 
2.755 
3.003 

-- - --w 
0.77B+oI, 
0.711.0.. 
0.79nrcm. 
0. Il)lro., 
0.111+05. 
0.l9l.05. 
0. ,6ErO5. 
0.1m*o5. 
0.12arOI. 
0.,31*05, 
0.131*05, 
0.11ro.. 
0.85l+OU, 
0.25mo5. 

0.201+05; 
0.201+05, 
0.2m.05, 

“0.:::::; 
0:1911+05, 
0.2m* 05, 
0.2111.051 

O.SOE+OS; 0. 2WO6; 
0.851.05, 0.2.1+06, 
0.86B.05, 0.2*I+061 
0.851+05. 0.28.061 
0.*2**05. 0.2a*oii 
O.SSlW35; 0.228~36; 
0.2W.06, 0.191.06, 
0.611+06, 0.2COt06, 
0.92E.05, 0.201106, 
0.751.05, 0.19E.06, 
0.,.1+05, O.lSI.06, 
e.7,1+05. 0. ,7s.O6, 

0.2111.051 

o.t9x+oi; 
0.1***05, 

::,: 
..OOl 
a.251 
e.501 

0.3111.06 .- , O.ZlB.O*. 0. 16X45) 
0.3081.0‘ l - , 0.311*01. 0.16X+05) 
0.316146 + , O.UlErO~; 0.t61.05, 
0.36YI.06 l - ( 0.7llrOl. 0.1mr05, 
0..59!+06 l - ( 0.1,mo5, 0.21.05, 

0.711.05, 0. 171.06, 
0. 67X+05. 0.1111.06, 
0. m*o7; O.lEt.06, 
0.171.06, 0. ?9+06, 
0.506.05. O.,ll~r061 

EO= 16.00 GeV, @=S.OO, RAW DATA 0. u8ro5. 0.t4moi.i 
t i+“,:;;, 0. tarO6, 

0:221*05: 
0. l5B.06, 
0.1 lE*O6, 

O.,~.O., 0.911.05, 
0.2nr05. O.(Ifa*E5, 
0.26l.05. 0.9OB.05, 

0.279X.07 .- 
0.296z.07 .- 
0. 2261.07 +- 
0.1861.07 + 
0.,72.+07 l - 

0. ,-lea*07 l - 

. l9IV, 
0.551 
0.573 

ClOSS llC?IO” 
0.1w*r03 l - 

0.6991+03 c 
-0.36‘1.03 t- 
-0. “901.03 l - 

-0.1461.03 + 

-0.1201.03 l - 

0.1751.02 l - 

-0.139.02 l - 

-0.3*smo03 + 

0.2711.02 l - 

0.2.n.02 .- 

0.~10110, c 

0.2‘31.03 .- 

0.376aroz l - 

-0.1251.0, l - 

0.527leooI c 

0.6321.05 .- 
0.11B.06 .- 
0.1661.06 l - 

o.t6omo6 + 

0.,261.06 .- 
0.76111.05 +- 
O..lll.O5 l - 

0.2501105 + 
0. *921*05 l - 

0.16%*05 t- 
o. 15YL.05 .- 
0. ,,0,*05 + 
0.177~.05 l - 

0.23nr05 *- 

0.295mo5 l - 

0.3951+05 + 

0.592 
0.61, 
0.630 

i o.a~z+aY, 0. tm02) 
I 0.3mt*03. 0.25r.02, 
, 0.311.03. 0.73H01, 
; ~2y~-:. ;.:gw,“:; 

, o:zn.a3: O:SsS.OO, 
I o.zsE+o3. o.,n+o1, 
( 0.2~sr03. 0.11.01, 
, 0.221.61. o.,2Bro,, 
, 0. zur03. O.lQlrOo, 
, 0.271*03, 0.18.02, 
, 0.261+03. 0.,9R.S,, 
i 0.251.03. 0.63E.00 
i 0.6ODO3; O.ltSrO3; 
, 0.15ErOI. 0. *aI.o., 
I S.251~0.. 0.59s.o.1 

0. 6.9 
0.688 
0.701 
0.71, 
0.7.6 
0;766 
0.765 
0. 605 
0. II5 
0.w. 
0.86. 
0. en3 
0.903 
0.923 

E. = 13.50 GeV, 9= 6.00, RAW DATF, 

.,st., moss PIClIOI 
,.020 0.59smo5 c ( 
1.039 0.3731.05 l - I 

l., ,59 0.5o(dt05 +- , 
1.r ,79 o.Y59lr05 l - , 

199 0.5511.05 + I 1.t 
1.119 0.6671.05 t- i 

1311 c 
:: 1%9 1.726c.05 C.06 0. ,161 l l - - I , 

1 .n I* 0.,.6*+06 c I 
1. 

1.: 

1.; 

1. : 

19s 0; lOii4 bO6 l - i 

2 1s 0.222, C.06 +- ( 
z3s 0.123**) 6+-t 
257 0.21.1 Be06 .- , 

1.277 O.lW 1.06 .- , 
1.29 17 0. WP+O6 .- , 
1.317 0.1 9.146 + , 
1.337 0.1961.06 t- , 
1. -357 0.192E.06 t- ( 

0. 2011+06 .- ( 

l!*RoOIs 
0.3a!r05. 0.30*.0., 
0.841.0.. 0.18rOsl 
0.7omo*; 0.2s+osi 
o.~*I.01, O.lnrOl, 
1. ..srll.. S.2SE~O., 
o;6ozto4. 0.3aMo1, 
0.3~1.0.. 0.36ErO.) 
O.“lI.01. 0.58E.01, 
0.5810.. o.lnro~, 
0.59z’ro.. 0. ,w+o5, 
0.621+01; 0.1 ,E+O5; 
0.61E.OI. 0.111.05, 
cl.6 ,s*o.. 8.1~.85, 

i 0.29~06; o.r311+oai 
, 0.2lBro.. 0.001+0., 0.981 

0. 962 
0.962 

O.ZtZ+O.. 0.61*0., 
0.161.0.. 0.3ss.o.i 

1.377 
5-n 

1.001 
1.021 

i o.lmro~; 0.2uroq 
I o.sn.03. 0.131row 

,.OI, 
1.061 
1.011 

, 0.71~+03; 0.9X~Oli 
( 0.621.03, 0.11+03, 
, 0.5,*.*3. e.7n*o11 0.571+01, 0.9OS*t.., 

0.561.01, 0.97!4rOl, 
0.5lE.01, 0.911+0., 
0.5w+o.. 0.9&roa, 
0.50ErOI. 0.96E.o., 
o..~*r01, 0.1m.05, 

1.100 i 0.5ssrOj; i;ssi+iG 
, 0.60E.03, o.*erc3, 
, 0.69E*O3, 0. ,B.O., 
, 0.711.03, 0. ,51*0., 
I 0.90*03. 0.20.+0., 

1.120 
1. l&o 
1.160 
l.,SO 



HYDROGEN CROSS SECTION 

ED- 19.50 GeV. 8=6.00, RAW DATA 

d.rai 
0. s,* 
0.597 
0.6,‘ 
0.6,s 
0. ‘I. 
0.673 
0.692 
0.781 
0. ,,I 
0. x0 
0.7‘9 
0.7‘9 
0. 101 
0.*** 
Lx-7 
0. “7 
0. “6 
0.90‘ 
0.92‘ 
0.915 
0.9‘5 
0.9‘5 
1.001 
1.021 
1.0.. 

1-7‘ 

-0. ,,‘I** +- 
0.5211.03 l - 
O.‘Im.O* .- 

0.2.61.05 l - 

O.,‘Y‘+oS c 

0.29.1.05 .- 

0.210.05 .- 

0.,6”‘.01 .- 

0.1191.35 c 

0.,,“.01 +- 

O.r*RtOI .- 

p:ej; 0.*7i*01; 
0:59.:0*: 0.6~-00 O.,‘O.O,, 0.610.02. o.r5*.00, O.‘6lro2. 0.‘0!.00, o.s*rro*; 0. m.oli 
0.*2?%0*, 0.3,1.0,, 
0.1w.102. 0.2.1.00, 
0..,1+0*. 0.**.0,, 
0.73‘.02. O.*~rOll 
0. trrboi; 0.69crooi 
:;,“.m,“;. 0.2‘3.02, 

0.3a.03, 
0:5‘1.03: 0. tn.or, 
0.*s‘r0,. 0.16l.04, 
0.571.03, 0.11.0.) 
O..‘l.03, O.,lI.OI, 
0.390.0,. 0.620.03, 
0.336.03, 0.601.03, 
0.2sEro3. o.,‘E*o,, 
0.19I.03. o.*z*o,, 

ED- 19.50 GeV, B 1.00, RAW DATA 

C6 



HYDROGEN CROSS SECTION 

iitsss+ool + i 0;71crot; 0.921toti 
O.lP”IIO3 l - I 

0.2”3‘.03 .- i 
0.267‘+03 + , 
0.31‘1.03 l - , 

0.3‘9.E.03 +- ,- 

0.3‘0‘.03 .- I 

0.377*+03 - i 
0.3‘2‘t03 .- I 
0.373L.03 .- , 
0.35‘1.03 l - , 

O.,93‘bo3 + , 

0.‘293.03 .- I 

O..WE.03 .- i 
0.5171+03 .- I 
0.617243 c i 
0.*951*03 .- , 
0.71”3.03 .- , 
0.738*+03 l - I 

0.‘6”1+0, c ( 

0.1711.03 l - ( 

0.7”~‘03 +- 1 

0.791**03 l - I 

0.79**+03 l - , 

0.859m03 .- , 

0.906Ir03 .- , 

0.97**+03 + , 

0.10*?,+0. .- I 

0.103)lro~ t- , 

O.lloE.Ol l - i 

0.,091*01 c ( 

0.12‘1.01 .- , 

0.1VoE.0. .- , 
0. ,SPl.OI l - I 

0.,701.01 + ; 
o.lPsI*ol +- , 
0.219*0. l - , 

0.253?..Ol c , 

0.3‘6E.0. l - , 

0.593010. .- ( 

0.,*51*0. .- , 

0,95**to. - I 

0.1*4**05 +- I 

0. tsa+o*; 
0.1m.02, 
0.20.+0*, 
0.,91*0*, 
0.2Ol.“2. 
0. *11+0*, 
0.221.02, 
0.*31*0*, 
0.2.1.02. 
0.211*0*. 
0.25*.0*. 
o.*Llro*; 
0.251.02. 
0. ml.0 2, 
0.2,!3.0*, 
0.251.02, 
0. 301*0*. 
o.“lla*. 
0.,**+0*. 
0. *21.0*, 
0.22E.02, 
o.Y‘**o*, 
0.5.**0*, 
0. ‘36.02. 
0.6.l.02. 

ED=l3.30 GeV, 8=15.00, RAW DATA 
” (Gil, 

0.5‘11 
0. “5 
0. “5 
0.7‘3 
O.BO2 
0.822 
0.6.2 
0.6‘1 
0.8‘1 
0.901 
0.921 
0.9.0 
0.9‘0 
0.980 
1.000 

3-a 

ED= 16.00 GeV, 8= 15.00, RAW DATA 
1,‘1v, 
0.55. 
0.611 
0.727 
0. “6 
0. “3 
0.903 
0.923 
0.912 
0.9‘2 
0.9‘1 
1.002 
1.02, 
l.M, 
1.0‘1 
1.0‘1 
1.100 
1.120 
1. 1.0 
1. 1‘0 
1.1‘0 
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HYDROGEN CROSS SECTION 

0.1011.02 .- 
o.s~a.01 l - 

0.1*‘x.0* .- 

0.13*1+0* + 

o.c5e**o* .- 

0.1*m*oa l - 

0. ,**9*02 .- 

0.*09c*)* + 

o.*5**ro* +- 

0.*95%.0* .- 

0.3o,i.01 l - 

0.,,*mo* + 

O.,‘l)l+O* l - 

0. SlY.02 .- 
0. sex.02 t- 
0.530,+0* + 
0.*001+02 .- 
0. s9se.02 .- 
0.598Er02 *- 
0.55‘1102 c 
0.*25m0* .- 
0. *371ro* *- 
o.e.,*** .- 
0.9979+0* l - 

*.loR.o, .- 

o.lou*o3 t- 
0.1201103 c 
0.1,7**03 l - __..._ .- 
0.1231.03 l - 

3. ,21*r03 l - 

Eo= 19.50 GeV, 8 = 15.00, RAW DATA 
mm,. 

, 0..31.01, 0.12NO1, 
( 0..51*01, 0.1t.a1, 
‘, ,“.m::;, 0. trs.ac, 

0.1‘~.01, 
I 0:2oor+o~~ a.i~~+av 
; ;.;a;*;:, 0.1a**o1, 

O.Zl~.Ol, 
( 0:26a+a*: 0.22ot031 
; y:“,‘:;. o.*lrOl, 

, O.lP.01, 
; pm;, 0.279+01) 

, 0: ns.01: 
0.31l.01, 
o.,¶!* a0 

I 0.2~lw01. 0.3¶I+o1, 
, O.‘llral. o.*m.o1, 
, a.*2e*o*, o..a*.ot, 
, a. lX+al, 0.51+01, 
, o.**hol. a. 18.02, 
, 0.‘~1.01, 0.2l9.02, 
I 0.7‘.?.01. 0.3wr02, 
I 0.1x.02. a.‘mrO*, 
I 0.3om2. a. 1a+o31 
, 0.571*02, 0.2ae*o,, 

Eo= 6.50 GeV, 19 = 18.00, RAW DATA 

0.75‘ 
0.71‘ 
0.79‘ 
0.8M 
0.03‘ 
0. L5‘ 
0.675 
0.895 
a.915 
0. 93s 
a. 955 
a. 975 
0.995 

*moee 
0.s01.02, a. 17E.01, 
0.26R02, 0.P00.00, 
0.251.02. 0.1‘9.0 1, 
0.311.0*. 0.3‘1.01, 
o.*R+o*, 0.20.01, 
O.ZlNO2. O.l3!(rOO, 
0.151+02. 0.3ser00, 
0. tmaz. 0.369-021 
0.1x+a*. 0.18.01, 
0.1*~+0*, 0.37B*oo, 
0.209+01. 0.l7c.O 1, 
a.*~ra*. a.t3wa3) 
0.179*03, a. 90*03, 
0.1*s+o,. a.*m+a,, 
O.“l*O*. 0.1‘1.03, 
O.~u!+o*, 0.9.~.02, 
0.3xr02, o.ta+az, 
O.*eIro*. 0.57l.02, 
0.251.02, o.sa9*02, 
0.241r02. O.“6ra2, 
0.1oz+o*. O..l+o2, 
0.251.02, 0.5311.02, 
t,y’,:;:. 0.*1*0*, 

0.8 le.*a*, 
0:359.02: a. 10.03, 
o.w*.o*, 0.151.03, 
o.see+o*, a.~t+a3) 
0.‘1)e+02, 0.28.03, 
0.7*1*02. a.*x.03, 
0.7=+0*. 0.2arr03, 
0.039*02, a.*lra,, 
0.92lr02, 0.2le.03, 
0.101ra3, 0.2x.03, 
a. lOI.03. a.*xra,, 
O.ML+oI. a.*IL*a,, 
0.101*03, 0.15+0,, 
o.lma3. a.*m+o3) 
o.llI+o3. a.29l.03, 
0.1P.03. 0.31.03, 
a. mw3. a.m+03) 
0. *x*03, 0..51.03, 
0.2~303, 0.52+c31 
0.**1*0,. 0.19E.03, 
0.219*03, O.lOE+O,, 
0.271*03. a..,mo,, 
0.17Er03, o.*3lr03, 
0.2em03, 0. rn.03, 
0.279~03, o.‘nra,, 
0. z‘mo3. 0.5‘1~03) 
a. T)E+a 3, 0. ‘1.0,) 
0.27?..03. o.rnro,, 
0.281~03, 0.7%.03, 
0. *c*o3. 0.7s**0,, 
0.201+03. 0.7a*o3, 
0.2***03. 0.,~.03, 
0.*0x+03, a.*n*a3) 
0.20l.0,. 0.7**.03, 
o.w9+03. 0.7~.03, 
o.mE+o3. a.ra.03, 
0.36Er03, O.eR.03, 
0.29e.OI. 0.991*03, 
0.18.0.. 0.71ra3, 
O.lllw03, 
0.371.03, 

0.9aro3,. 
O.,~E.O,, 

0.26~~03. 0.~0~~0~) 
0.291+0‘, a. sa.03, 
O.olro3, 0.1x~0~) 
0.2*9*03. 0.12lr01, 
o.z‘I+o3. a. 1m.011, 
o.mt.03. 0. t61101) 

. 
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HYDROGEN CROSS SECTION 
k= 10.40 GeV, 0= 18.00, RAW DATA 

1.25‘ 
1.27‘ 
1.295 
1.315 
1.335 
1.3% 
1.375 
1.395 
1. (15 
1..35 
1.955 

‘l.975 
1.995 
1.515 

1.659 
1.679 
1. ‘99 
,.,,I 
1.739 
1.75. 
1.77. 
1.7,. 
l.dll 
1. 113. 
1.153 

:-::: 
r:s13 
1.933 
1.973 
1,913 
202‘ 
2.071 
2.12‘ 
2. oe 
2.30‘ 
2.65‘ 
2.90. 
3.237 
3. ‘07 

o.r*o+oZ 0;39a+oii 
0.500.02, 0.9~.02, 
0.55mo2. 0.9lc.02, 
*.*31r**, 0..71+0*, 
0.793*0*.. 0.*7*.0*, 
0.123*03, *.51c*o*, 
0.231.03. 0. ,a***, 
0.2el.03, 0.9x.02, 
0.1xfr03, 0.5m.02, 
0.5‘1.02, 0.731.02, 
0.55e.03. 0.74.02, 
*.7s**02, 0.91‘42, 
O..X.O3, 0.9lEr02, 
0.921.02. 0.129.03, 
0.751.02. 0.19Ero3, 
*.7x+0*. 0.2‘~.03, 
*.*.e.**. 0..3¶!.03, 
0.1’)‘.03. 0.54m.03, 

E, = 13.30 GeV, 8= 18.00 RAW DATA 

1.51‘ 0. ,301raz l - 
1.53‘ 0. ‘97,.02 l - 

1.55‘ 0.6‘3~002 c 

1.,7‘ 0.9913.02 .- 

0.31l.01, 0.3m.01, 
0.1~.02, 0.2~l.00 
O.OEr02. 0.27E.01, 
*.11*r**. 0.330.01, 
0.90‘.01. 0.3.1.01, 
0.711.01. 0.2l.OlL 

E. = 16.00 GeV, B= 18.00, RAW DATA 

i. Jis 

1.8% 
1.63‘ 

1.77‘ 

1.85‘ 
1. C-l‘ 

1.79‘ 

1. et75 
1.915 
1.935 
1.955 
1.975 
1.995 
2.030 
*.oeo 
2.130 
2.1117 
*..91 
2. LO, 

t::: 
&I39 
. . 225 
..‘39 

0.2,~‘.02 l - i 

0.39‘1.02 l - 

0.*15*.02 .- 

0.399et02 + 

0. *em*** l - 

0.1*“+0* +- 

0..*9E.o* l - 

0.301*ta* c 

0..53‘*0* l - 

o.*m*+o* t i 
0.992*+0* l - , 

0.5ex.02 .- , 

0.570,+0* .- 

0.*711+0* + 

0.7191.02 .- 

0. mu.02 l - 

0.99‘3.02 .- 

0.1911+03 c 

0.3‘11.03 .- 

0. ‘OX.03 .- 

*.,**,r0. .- 

0.1531.0. c 

0.*3**.09 +- 
0.379*r*, .- 

ED= 19.50 GeV, t 3= I8.00, RAW DATA 
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HYDROGEN CROSS SECTION 

ED = 19.50 GeV, 8=20.60, RAW DATA 

0.127B.00 t- i 0.1r*+00; 
0.2511.00 + , 0.296.00. 
0.9‘26-01 t- I 0.3‘6.00. 
0.2933.00 l - t 0.221.00. 
0.159E.00 .- I 0.17E.00. 

0.,.,*ro* + i o;*or+oo; 
0.7‘96.00 l - , 0.91*+00, 

0.2106.00 +- , 0.*2*t00, 

0.9“‘.00 l - , 0.3*‘ro0. 

0.1*3‘~0 + , 0..‘0*00, 
o.*sa,.oa l - I 0.551.00. 

0.6929.00 .- i 0.511.00, 
0.6053.00 .- ( 0.“‘.00, 
0.1‘11.01 c , o.*‘e.oo. 
0.1.96.01 .- , 0.771100, 
0.1311.01 .- , 0.70e.00. 
0.31x.00 .- , 0.596.00, 
0.‘19‘+00 - i o.*n+oc; 
0.917.*00 .- I 0.**?..00. 
0.99~~00 +- i 0.736.00. 
0.1196r01 + i o.rr**oo; 
0.*10**01 l - , 0.639100. 

o;*o-G+bl l - i 0.1136.00. 

0. u**lro~ + i 0.786roo; 
0.,2“*), c , 0.670.00, 
0.2536.01 t- , 0.11*+01, 
0.3‘l.Ql .- , 0.13‘.01* 
0.23‘9.01 .- , 0.956.00, 
0.2001r01 c , *.7s‘.oc. 
0.2‘36.01 .- I 0.7“*00, 
0.3***r01 .- I 0.776.00. 
0.3*8‘.01 +- , 0.706.00. 
0.23.9r01 + I 0.619.00. 
0.391*+01 t- i 0.*7**0; 
0.31x+01 .- i 0.5*~+00, 
O..l.IH)l e I 0.551.00. 
itix~irb~ t- i 0.5***00~ 
0.519e.01 .- , 0.56E.00, 
0.5256.01 t- , o.‘o‘+oo, 
0.**“‘.01 c , 0.3‘e.oc. 
0.‘77,.01 l - I 0..1‘+00, 

0.71=.01 +- I 0.99*+00. 

,I‘ 
0. *ez-01, 
0.106-01, 
0.9‘~-02, 
o.rrs-o*i 
0.38-01, 
0.2X-01, 
0.733-02, 
0.7‘!-02, 
0.11-01, 
o.***-02, 
0.139-01, 
O.llc-02, 
0. 196-o 1, 
O.,PI-02, 
0.179-01, 
0.399-01, 
0. 18.-o 1, 
0.216-01, 
o..oo-01, 
o..s-01, 
0. 350-o 1, 
0.9 W-01, 
o.e*,-01, 
*.7z-oci 
0. ‘7e-0 1, 
0. I‘ll-01, 
y:'14:; 

“,.:w:-;;; 

0: ‘CL01, 
0. 10l.00, 
0.639-01, 
0.6.6-01, 
O.ll.CO, 
0.206.00, 
0.1x.00, 
0.10~.00, 
0.14.00, 
0. lel*oO, 
0.1e1.00, 
0.121.00, 
0.17e.00, 
0.1‘1.00, 
0.216.001 
o.l8*coi 
0. *‘e.**, 
0.271.00, 
0.306.00, 
0.38.00, 
*.3e*.001 

0.9,01.01 + i 0.*21+00; 0..***00, 
0.13.6.07 +- 1 0.27**1. *.‘I+00 
0.13e‘*o* .- t 0.356.00. 0.706~00, 
0.*,“r0* t- , o.‘9‘r0o. 0.151.01, 
0.63‘642 + , 0.129.01. 0.33‘.Ol, 
0.,2.‘.0, .- , 0.*1**1, 0.68.01, 
0.**33*05 t- , 0.3JlrOl. o.llo~O*, 
0..,0‘.03 l - , 0.55‘101. 0.2n.02, 

0.611‘03 c I 0.7m.01. 0.316.02, 

0.10‘6.09 t- I 0.1.*.0*, 0.58.02, 

0.1es3.0. .- , 0.51et02. o.*l‘ro*, 

ED = 7.00 GeV, 8=6.00,‘FINAL DATA 

0.311ebo7 + 
0.,83*.07 l - 

0.*3‘K.07 .- 
0.5****07 l - 

0.532‘107 + 

0..9“.07 t- 

0. **(b.07 l - 

0. YlX.07 l - 

0.3506.07 + 

0.5.06.07 .- 

0.374‘+07 l - 

0.,91‘.07 + 
0.32.6.07 l - 

0.3ou.07 .- 

0. **,‘.0, l - 

0.,01‘eol + 

0.*l“*07 .- 

0.2.69.07 .- 

0. ****t07 .- 

0.2226407 + 

0.22‘1~07 .- 

0.239a.07 .- 

0. l“e.07 t- 
0.1*21+07 c 
0.919*r0‘ l - 

0.e199.0‘ *- 

*,.0** 
0.1*1*0*, o.‘2*ro*, 
o.*i‘*o*, 0.18.06, 
O**9‘*O‘, 0. l”LIO6, 
0.299.0‘. 0.29l.“‘) 
0.2‘e.O‘. O.Y”*rO‘, 
0.301.0‘. 0.503.06, 
o.*7e+o*. 0.50C.06, 
0.230.0‘. 0.101.06, 
0.211.0‘. 0.321.06, 
o.l9‘*0‘, O.*R*o‘, 
0.19‘.0‘. 0. **e.0*, 
0..‘L.0‘, 0.225.06, 
o..fa*o*, 0.l“r0‘, 
0.11*0*, 0.*c‘*0*, 
0.98Lt05, 0.2ie.oc, 
0.11l.0‘. 0.*1c.0*, 
0.11e*o*. 0.27,.0‘, 
0.971.05. 0. *s?*o*, 
0.90**0*. 0.2%.0‘, 
0.916.05, 0.2lL.06, 

t :~:o”:~ 
0.1~+0‘, 
0. *oE.oc, 

0:99*.05: 0.196.06, 
0.77?.~05. 0.171.0‘) 
0.79**05. 0.18106, 
0.71*+0*, 0. ,‘E.oe, 
0.70~.05. 0.1*e.0*, 
0.e51.0s. 0.1**.0*, 
0.120*01. 0. ,110‘) 
O..I‘to‘. 0.18.0c) 
0.9“.0*, 0.123.06, 
0.906.05. 0.1 l,.O‘, 
0.**‘.0*, *.1i‘.0*, 
O.l*E*0‘. 0.1a.0*, 
0.1e‘.0*, 0.e.9.05, 
0.626.09. 0.610.0,) 
o.l“.o*. O..~ro5, 
0.176.05. 0. I8.05, 

ED= 13.50 GeV, 8=6.00, FINAL DATA 
.:“:w& c.0“ ‘3c7IO. !mll,‘ 

r:cts 
0.*31*+0* + I 0.9‘8.0.. 0.12NOI) 
0.5981.05 .- , o.*n.oc, 0.28roI) 

1.130 0.718.05 l - , 0.731.0,. 0.3“.o*, 

1.151 0.1***** + c 0.871.09. 0.7**+0*, 

1. 17‘ 0.*l5‘rO‘ .- , O.*slro9, 0.18.05, 

1. ns O.,llro‘ .- , 0.11e.05. 0.1‘$~0,, 

1.218 0.3:x*0* .- , 0.11*.0*, *.,e‘.**, 

1.230 0.337‘~ c , 0.101.05. *.17,r**, 

1.257 0.3073.0‘ .- , 0.979ro.. a.,‘!to*, 
1. 277 o.*‘BtOC l - , *.*e*.09. 0.11.05, 

1.297 0.257z.0‘ .- 1 0.6.6.0.. 0.1x.05, 

1.317 0.2551ro‘ + , 0.@33.0,. 0.138+0*, 

1.337 O.*S“ro‘ l - I 0.716.09. 0.13,+0*, 

1.357 O.*“‘t*O‘ +- , 0.726.0.. 0.1x.05, 

1.371 o.*“E.o‘ l - , 0.69l.01, 0.138.0s, 
1.397 0.27.6.0‘ + , 0.*e‘.*,. 0.1.**0*, 
1.917 0.28“*0‘.- I 0.7x.09. O.l~lC5, 
1.93‘ 0.*911*0* .- , 0.e26.0~. o.lsIo*, 
l..,‘ 3. ,*‘3t0* t- t 0.106.0,. 0.1eE.0,) 
1..7‘ 0.9096.0‘ - I 0.1x.05, 0.216.05, 
1.19‘ 0.**3*.0* l - , 0.133.05. 0.2~.0,, 

1.5,‘ 0.1111.0‘ t- , 0.13~.0,, O.*l,.o*, 

1.53‘ 0.9306.0‘ - , 0.129.05. 0.**‘.0*, 

1.5% 0.9006.0‘ +- , *.11*ro5, 0.26.05, 

1.57‘ 0.3“a.O‘ .- , 0.10*+0*. 0.1eE.0,) 

1.59‘ 0.3753.0‘ .- , 0.103.0,. 0.191.05, 
1.61‘ 0.3811H1‘ + , 0.10*+0*. 0.0*.05, 
1. 635 O.*le‘*O‘ l - I O.l01+a5. o.*l9ro*, 

1. ‘55 0..*58.06 l - I 0.101.05. 0.21.05, 

1. ‘75 *.*1u*0* l - I 0.11‘.0% o.*“.o*, 

1.695 0.5*.‘+Q‘ - , 0.11e.05. 0.*‘L*0*, 

1. 715 0.*02‘.O‘ .- I 0.11l.05, 0.2rC.05, 

1.735 0.50oe.0‘ l - , 0.101.05. 0.2‘8.05, 

1.755 0.****.0* .- I 0.*9**0*, 0.239.05, 

1.775 0.95‘6rO‘ - , 0.973.09. 0.231r05, 

1.195 0.1936.06 l - , *.**t!t09, 0.28.05, 

1.115 O.99l.o‘ t- , 0.95**0*. 0.*2‘*051 
ti‘53 

. 
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Wy~*CBORS S~cmON ERRORS 

,:I355 
0.**7**0* +- , 0.97‘*0~, 0.231*0*, 
0.,75‘~ + ( 0.111105, 0.2.6.05, 

1. El3 0.&,2‘.0‘ .- , 0.1ll6.05, o.zEE.05, 
1. *95 o.*ee*o* t- , 0.23**05. *.25L+O*, 
I.914 0.V”76.0‘ l - , o.*o‘*o*, 0.2x*03, 
1.93. 0.,31‘4‘ c , *.1**r0*. o.*2‘.o*, 
1.959 0.**01+0* l - , 0.1*‘*0*, 0.21.05, 
1.979 3.980~+06 +- ( 0.~56+03, 0.29~+05) 
I.999 0.“,Z.0‘ .- ( 0.151.05. *.*,*r0*, 
2.029 0..‘~140‘ +- , 0.90l.04. 0.23*r05, 
2.079 0.Y776.0‘ l - , 0.971.31. 0.21.05, 
*.-so. 0.38,n.0‘ l - ( 0.951*011. 0.19E.05, 
3.003 0.30***0* + , o.Y*‘*o*, 0.1*1*05, 
3.502 o.2**‘.o‘ l - , 0.2*‘rO9, 0.18*03, 
3.732 o.22o‘+o‘ .- , 0.*9*+01. o.ttros, 
..*a, 
..**1 

“D. ;:o’v9~: +- ( 0.,0**04, 0.106.05, 
c I 0.99w09. 0.96*+091 

6.501 0:1791+0* l - I 0.6‘1.0‘. o.ea*or, 

~g= lg.5o&v, 8=6.00, FINAL DATA 

Lo, 
0.39**03. 
0.396.03, 
0.33‘r03, 
0.3‘1.03. 
0.9 16.03, 
0.9‘1.03. 
0.30‘*03, 
0.5011.03. 
0.***t*,. 
0.521.03. 
0.51‘. 03, 
0.5***03. 
0.581.03. 
0.59Ero3. 
0.606+03. 
o.‘o‘.o 3. 
3.616.03. 
0.*5**03. 
0.711.03. 
0.8x+0,, 
0.97*+03, 
0.116.0,. 
0.11*+0*, 
0. ,n*,. 
O.l.l.09. 
0.1‘6.09, 
0. rnro*. 
O.l31+a9, 
0.1‘6.09. 
0.101+0.. 
0. mrao. 
0.*0**0.. 
0.2,**0,. 
0. *ma*, 
0. *x+09. 
o.*3‘ro9, 
0.211.0.. 
0.21**09. 
t y”,:,” ;. 

0:*3*.09: 
*.*9u+o9. 
0.2‘6.0 9, 
0.296.09, 
0.316.09, 
0.316.0.. 
0.*0*+04. 
0.20‘r04, 
0.**‘r09, 
0..1l.09, 
0. lo‘*,. 
0.116.03. 
0.79‘.*03, 
0.7***03. 
0.15l.04, 
0.131.09, 
0.1S6.0.. 
0.13*.0*. 
0.119**03. 
0.~0‘*03, 
“0. y”,; . 

0:23E*0*: 
0..‘6+09, 
0.751r09, 

E. = 16.00 GeV, 6 = 6.00. FINAL DATA 

1. 1‘0 
1. ,I)* 
1.09 
1.119 
1.239 
I.259 
1.219 
1. 299 
1.31‘ 
, .33* 
1.358 
1. 3-U 
1.398 
1.618 

t 2: 
1: 977 
l..,, 
1.517 
1.537 
1.537 
1.577 
1.597 
1.617 
1.63-I 
1 .‘S‘ 
1. ‘7‘ 
1. ‘9‘ 
1.716 
1.73‘ 
1.73‘ 
1.77‘ 
1.79‘ 
1.11‘ 
L.5‘ 
1.87‘ 
1.095 
1.915 
1.933 
1.955 
1.975 
1.993 
2.030 
2.0‘0 
2 259 
2.50. 
2.75. 
3.009 
3.253 
3.503 
..oo* 
9.502 
9.731 
5.001 

1-n 

I ,i‘rv: cm‘s S‘CTIOI “10‘5 

1: 120 
0.6996.0l .- I 0.111.01. 0.351*03, 
0.111‘+05 + ,-4.,x.**, 0.5‘e..03, 

1. 1.0 o.*.1‘.o3 .- I 0.1,‘.0”. 0.120.09, 
0.379~.05 l - I 0.156.09, 0.19t.09, 
0.3731~05 l - I 0.171.09, 0.296.09, 
0.111145 + I *.***r09. 0.91mo9, 
0.9871.05 l - , 0.22E49, 0.50e.00, 
0.10P**‘ l - I 0.2*‘+0*, *.*x*01, 
0.977‘45 f , 0.226.0.. 0.I9E.09, 
0.939m03 c f 0.2~6+04, a.98+08, 
0.*99.0* .- I O.*O‘.O9. o..s.o*, 
o.,a‘*o3 +- , 0.*0*.09, 0.9“to9, 
0.9581+05 + , 0.2Ol.M. 0..8l.O., 
0.9801.05 t- , 0.201*., 0.“8+09, 
0.9‘8.05 l - f 0.20NO9, 0.*o‘*O., 
o.9,,‘.*o* .- , 0.226‘09, 0.*01+0*, 
0.109~00‘ + f 0.**1*01, 0.556.01, 
0.,l“.0‘ l - , 0.29lrol. 0.5k.0., 
0. wm06 +- I 0.376+06, 0.6ntoa) 
0. ,*,‘.0‘ .- , 0.5.‘*o., 0.756.09, 
o.,‘8‘1o‘ + , *.*3Ero9. o.m*.o*, 
o.,w‘~o‘ l - f 0.6n.0‘. *.99K*oo, 
o.,*n+o* .- , 0.5~6.09. 0.99E.09, 
0.,5.‘~0‘ .- I 0.***.0.. *.7nro., 
0.133‘4‘ + , 0.53E.o.. 0.776.09, 
0.1996.0‘ .- , o.***r09. 0.7%*01, 
0.159E.0‘ l - , 0.596.09. 0.77E.O”) 
0.,*x+0* l - , 0.6‘6.09. *.82K*o., 
0.1001.0‘ + I 0.7‘1.09. O.Pll.O., 
0.2256.0‘ l - I O.B‘6+a9, 0.11.05, 
0.*4,‘r0‘ .- , 0.1196.0,. 0.12e.05, 
0.2371.0‘ l - , 0.8‘6t09, 0.12E.05, 
0.221‘40‘ + I O.sn.o”. O.ll~.OS, 
0.**9*.0‘ l - c 0.936.01, 0.18.05, 
0.20,#*0* t- , 0.10*+05, 0.1os.05, 
0.*,0*** + , 0.1,‘.05. 0.11**0*, 
0.*08‘+0‘ c , 0.356.05. o.re+0*, 
0.2198.0‘ +- I 0.*01+0*. o.tlE.05, 
0.229‘.0‘.- I 0.206.05, 0.116~05, 
o.**1‘ro‘ + I 0.1”‘.05, 0.11*+05, 
O.**l‘rO‘ .- c 0.1,*+05, 0.18+03, 
o.2*o‘*o‘ l - , 0.10E.05. 0.10!.0*, 
0. *,e*ro* .- I 0.10*+03. 0.1 n.05, 
o.**,‘*‘ + , 0.106.05. 0.11l.05, 
0.*31‘r0‘ l - I o.lal!.os. *.1x***, 
0.230‘.0‘ l - , o.‘l‘*o9, 0.11.03, 
0.239mo6 t- I 0.696+06. a.~*wa*) 
0.**0‘.0‘ l - I 0.30**09, 0.18.*03, 
0.2316.0‘ .- , 0.19E.09, 0.12.05, 
0./1,E.0‘ l - , 0.296.0.. 0.11E.05, 
0.19‘140‘ - I *.1m7*09, o.*e1.0*, 
O.,~O‘rO‘ c , 0.17‘+0.. *.9m*o*, 
0.16Y.0‘ .- , 0.1.1.0,. 0.“3E.O9, 
0. 1.fC.O‘ .- , O.l*EroQ. 0.8 (Ilro., 
o.,*‘**‘ c , *.*s~.09, 0.71**09, 
o.t22~+06 +- I 0.326+09, o.c.t+ow 
0.120.*0* l - , 0.506.0”. 0.636.04, 

9 ,G‘“, 
1.103 
1. 12, 
1.1.2 

Goss .s*mm~ 
3. ,59**01 + 
0.300l~00 .- 
3. *8‘B+o* t- 

1.1‘2 
1. 182 
1.202 
1.221 
1.29, 
1.1‘1 
1.2“ 
1.301 
1.320 
1.390 
1.3‘0 
l.JIO 
1. boo 
1.920 

0.6926.09 + 
o.11*‘~o* c 
0.1*P+05 .- 
0.18‘E~0, *- 
0.1981405 + 
0. *09*.0* l - 
0. *091+0* l - 
0.**31*)5 + 
0.*1“*0* .- 
0.**!8.0* l - 
0.1,**r0* +- 
0.230‘+03 + 
o.*7o‘*o* c 
0.290‘105 l - 
0.313%*0* .- 
0.39*1+03 + 
0.9216.05 l - 
0.*11**03 l - 
0.5‘91.0, .- 
3.*,01+3* c 
0.910‘r03 .- 
0.9391.0, l - 
0.97 1*ro* l - 
o.9‘3‘** c 
0,989‘*0* l - 
0. SOOE. OS .- 
0.‘5‘~+05 l - 
0.1171r05 t- 
o. 703?.*05 .- 
0.7 m+a* + 
0.7071+0* + 
o.‘o9‘+o* .- 
0. *79*r OS l - 
0.*1x+** .- 
0.7.0‘+05 c 
0.7.06.05 .- 
0.1”01.05 l - 
3.73s‘ro* .- 
0.7816*)5 + 
*.“21*o* l - 
0. e1Y105 .- 
3.81‘6r05 .- 
0.82.1ao5 + 
0.87,‘.0, t- 
*.93x+** l - 
0.98.1.05 t- 
0.9901.35 c 
0.1016.0‘ .- 
0.1096.0‘ l - 
0.1091.0‘ + 
0.10~.0‘ l - 
0.1051.0‘ l - 
0.9‘3‘+05 + 
o.9*l‘*o3 l - 
0. *73‘+0* +- 
0.‘32‘+05 + 
0.7~9‘+0* .- 
0.ll2‘8.05 .- 
0.7376.03 t- 
0.8251r05 + 
o.“*‘+03 .- 
0. *e3*.03 l - 

EO=19.50 GeV, 8= 10.00, FINAL DATA 

icoar, EIOSI Sle?IO, 
1.103 0. *89‘+0, .- 
1.123 0.102‘42 + 
1.1‘2 0.l1n.02 .- 
1.1‘2 0.19,‘r0* .- 
1.182 0.7‘16ro2 + 
1.202 o.99“*o* l - 
1.111 0. ,*‘mo, l - 
1.291 0.1396.0, .- 

~‘101.9 
o.llL*o*. 0.296.00, 
0.836r01. 0.51‘100, 
0.90*r01. *.*3‘r00, 
0.9omot. o.**ma1) 
0.106.02, o.,ae.or, 
0.87‘*01, *.9x+0,, 
0.991.01. 0.639.01, 
0.98‘*01. 0.691101, 

33‘0114 
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o.*w*r03 l - i *.19x+0*; o.x+.o*i 

o.5-ll‘rO, t- , 0.,**.02, o.**‘*o*, 

0. ssn.03 l - , 0.***.0*, 0.2“.02, 

0.337‘~3 + , 0.1a.02. 0.271.02, 
0.51.1.03 c I o.lI‘ro*. 0.2e.021 
0.36~~03 l - i iLtii+ii; iiii*+dii 

0.62X.03 1- I 0.*1**0*, 0.31*+02, 

0.7*9*+03 + , 0.*2‘.0*, 0.3“.02, 

0.7*5‘.03 t- , 0.2.‘.02. 0.39‘*02, 

0.93‘6.0, .- , O.*“r0*, 0.97‘+02, 

0.1051.09 .- I 0.276ro2, 0.53.02, 

0.109‘*09 .- , 0.276.02, 0.31C.02, 
0.105‘.0. l - t 0.27‘.02, 0.5x.02, 

0.9‘,‘*)3 c , 0.*“.o*, 0..8?..02, 

0.10‘6.09 .- , oTz“+o2, 0.5~.02, 

0. IOS‘IM l - , 0.271.02. 0.5x.02, 

o.lll‘rO9 .- I 0.1‘6.02, O.*3‘t0*, 

0.111‘+09 + , O.IR.02. 0.5“t02, 

*.119*r09 +- I 0.316.02, 0.*0‘+0*, 

0.126x~o9 t- I 0.32*+02, o.*xra*) 

0.13S‘ta” + , 0.336.02. O.‘nro*, 

0.1906.09 l - , 0.3“.02. 0.7oz.02, 

0.1.lxro9 t- t 0.3.‘.02, 0.709.0*, 
0.1*1*+09 + t 0.35*ro*. *.75*r02, 
0.149‘.09 l - , 0.3**.0*, 0.70.02, 

0.1701.39 .- , 0.29e.02. 0.12.02, 

*.1s7**0* l - I 0.****0*. 0.9.‘.02, 

0.*1**+0, + , 0.3**+02, 0.11‘.03, 

0.*29**0* .- , 0.90‘+02, 0.1,‘*0,, 

0.25Y.09 t- , 0.5.6.02, 0.11.03, 

0.*‘0**0* t- , 0.99**0*, 0.19*+03, 

0.3*3**09 + I 0.28‘*0*. o.1“*o3, 

0.*1***09 l - , 0.2“.02, 0.*4‘*03, 

*.*7mto9 .- I 0.326.02. 0.39x**,, 

0.‘12‘.09 l - , 0.*“r**. 0.‘1‘.03, 

o.*21*H)9 + I 0.*2‘+0*. 0.52E.03, 
0.10“*0* .- , *.73*r**, 0. ‘P.03, 

E. = 13.30 GeV, 8= 15.00, FINAL DATA 

1.39‘ 
1.615 

0.3*9*+03 t- i o.*s**ot; 
0.35‘6.03 .- , 0.‘*‘+O,, 

1.635 0.390‘+33 + , 0.*.*+01, 
1. ‘55 0.93**+03 t- ( 0.10e.02, 

lo‘* 
0.‘0‘.00, 
0..7**00, 
0. *c‘rOE, 
0.1“*01, 
0.2 lE.01, 
0. *n.a1, 
0. 3=+0 1, 
*.11*.a1, 
0.9**+01, 
0. *‘!+El, 
0. *“to 1, 
0.‘1‘.01, 
O.‘9B+Ol, 
a. l~.Cl, 
0.796.0 1, 
0.92‘101, 
0.90‘101, 
*.1a*a*, 
0.1at02, 
*.15*t**, 
0.191.02, 
0.28.02, 
0.191.02, 
0.1I6.02, 
0.176.02, 
0,1“.0*, 
0.1“.02, 
0.206.02, 
0.21102, 

1.91” 
1.939 
1.959 
1.97. 
1.999 
2.029 
2.079 
2. 11‘ 
2.257 
2.521 
2,915 
3. 195 
3.57‘ 
9.003 

0. ‘5“.0, 
0.‘50‘+33 
0.“*‘*03 
0. ‘EO‘+O, 
0. “7,910, 
0.796‘43 
0.173‘.0, 
o.oYP+o, 
3.615L.03 
0.99***3 
0.9806.03 
0.103‘109 
0.10B6.09 
0.11ll‘+0. 
0, ,2“.0” 
0.199‘.0‘ 
0.1l“*o9 
0*257‘+0” 
0.39“.0. 
0. .B9‘.0” 
0.390**9 
0.7‘9‘.0. 

+ 

.- 

1- 

f 

Eo=16.00 Get’, 8= 15.00, FINAL DATA 
Y y; C‘OS2 s‘cII0, ‘R,‘JIS 

1:219 0.119**02 o.19s‘*o* l l - - I 0.356.01, 0.78.00, 

, 0.316.01, 

1.239 

0.72‘.00, 

0.10**+0* + I 

1. **9 
0.901.01, 

0.*0“*02 

0.*a.o0, 

l - , 

1.279 

0.376.01, 

0.*3**+0* 

0.106.01, 

.- , 0.,1*r01, 

1.299 

0.1*1*01, 

0.*79‘~02 + , 
1. HO 

0.31.01. 
o.*‘*‘.o* 

0.1.6.01, 
t- , 

1.330 
0..2‘*01, 0.18.E,) 

0.30.6.02 .- , 0.911.01, 0.,5‘*0,, 
I.358 
1.37‘ 

0.3‘86.02 t- , 0.95**01. 0.181101) 
o.Y3l‘*o* + , 

1. 39‘ 
*..7*r01, 

0.0“*0* 
O.**‘.Ol, 

.- , 
1.*1x 

0..**.01, 
0.9B3‘*0* 

0.22‘*01, 
l - I 

1.93” 
0.6‘6.01. 0.291.01, 

1. .I8 
0.338‘42 + I 0.95‘.01, o.*7‘.o,, 
0.~~~~~~~ .- I 0.391.01. 

1.977 
0.381.01, 

*.8e3‘*02 .- I 
1.697 

0.*0**01, o.rsror, 
0.**1*+0* l - I 

1.317 
0.*0*+01, 

0.907‘+02 
0.*,‘.0,, 

+ , 0.*“r01. 
1.537 

0.9~~~~~~ 
0.897‘*0* .- , 0.5‘6.01, O.ltrCl, 

1.557 0.**5‘+0* l - I 0.52‘.01, 

1.577 

0.,nro,, 

.- , 0.31**01, 
1.591 “,.::::I; . 

*.,e*r0,, 
- , 0.511.01. 0..3**01, 

1. ‘17 o.81o‘*o* t- , 0.5***01. 
1. ‘37 

0.13,.~1, 
0.11“*03 .- , 

1.63‘ 
0.606.01. 0.532.01, 

0.129*r03 l - I 0.‘2‘.01, 0.‘2‘.01, 

1.67‘ 0.1.1‘*03 + I 0.651.01. 

1. ‘9‘ 0.1931*03 
0.70‘+01, 

l - , 
1.7 1‘ 

*.*7*r01. 0.739.Cl) 

0.179xr03 l - I 0.696t01. o.*nrotj 
1.73‘ 
1.75‘ 

*.1‘*‘r33 1- I 0.‘*‘r01, 0.*2‘*01, 

1.17‘ 
0.16‘6.03 + I O.“‘:rOl, o.‘3‘.o1, 
0.1***r03 .- I 0.6511.01, 0.88.e1, 

1.79‘ 
1.51‘ 

0.1‘9‘~03 .- I 0.‘7‘r0l, 0..93‘.01, 
0.179**03 t- I 0.***+0,. 0.1,!5.0,, 

1. ‘3‘ 
1.03‘ 

0.1a*1*03 + I 0.706.01, O.,IlrCl, 
*.*03‘+03 +- 

1. ‘7‘ 
I 

0.*0***03 
0.72**01. 0.106.02, 

.- I 
1.895 

0.7.*+01, 
0.*19**)3 

0.10‘.0*, 
+ 1 0.752.01. 

1. 9 1s 
0.,l‘r02, 

0.*3**+03 .- 1.935 I 0.*9***03 0.796.01, 0.18.02, l - 

I 

1.955 

0.‘,‘r0,, 

0.285Erb3 
o.1*‘+o*) 

+ I 
1.975 

0.93‘.01. 
0.2756~03 

0.1.6.02, 
.- , 

1.995 
0.,7‘.01, 

0.296xt03 

o.,c.o*, 
l - 2.030 , 0.31e*+03 0.116.02, 0.19.02, .- 

, 2.0‘0 0.3‘9‘43 0.701.01. O.l“.0*, +- 

, 

2.130 

0.1,‘.02. 0.0*.0*, 

0.3786~03 +- , 2. i75 *.33x*03 0.22‘.02. 0.1*.02, .- 

I 

2.380 
0.716.0,. 0. *7*ro*, 

*,*n 
3.*1***03 +- I o.esrro~. 0,9n+02, 

3.310 
0.1*1*e* + I *.,,*.a*. 0.721t02, 

3. ‘19 
0.*1***0* l - t 0.20**0*, 0.18+03, 

0.2~3‘+0* .- I 
1.021 

*.,**r0*, 0. ,m+o,, 

9.9‘9 
0.3*s‘+o* +- I 0.,“.02, 0.,“.0,, 

0.*~0‘*09 - I O.‘I‘IOI, 0.23‘.03, 

5-l‘ 
23‘0‘33 
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HYDROGEN CR&S SECTION 
E =19.5OGeV, 8.15.00, FINAL DATA 

Eo= 6.50 GeV, 8= I 8.00, FINAL DATA 
“‘01‘ 

0.13**01, 0.*0**02, 
O..I.OI, 0.3e*.o*, 
0.9**+0*, 0.*7x+02) 
0..**.0*. 0.e9‘*0*, 
0.57‘+0*, O.l.NO3, 
0.70‘.01, 0.2m.03, 
0.0‘l.02. 0.1**r0,, 
0.99x*0*. 0.279.03, 
0. ,1‘.03. 0.***r03, 
0.1R103. 0. Il.03, 
0.116.03. 0.**‘.O3, 
0.126.03. 0.*s**0,, 
0.13‘.0,. 0.2oero3, 
0.13xro3. 0.*7x+03) 
0.13*r03. o.*9‘.o3, 
0.13‘.03. 0.306.03, 
0. 1.x103, 0.31103, 
0.1.x.03. 0.3%.03, 
0.156.03, 0.. 1‘.03, 
0.1~.03. 0..7‘.03, 
0.24‘ro,. 0. sm.0 3, 
O.*“rOJ, 0.****03, 
0.*7‘.03, 0.601~03, 
0.301.03, 0.53!.03, 
0.321r03, *.31+a,, 
0.3**r03, 0.99x.03, 
0.33‘.03, 0.996.03, 
*.32x*03, 0.51*03, 
0.311.03. O.“3ro,, 
0.336.03, 0.751.03, 
0.33E.03. 0.1.6.03, 
0.3**+03, 0.9le.03, 
0.331.03. o.en!.03, 
0.33x*03, 0.*0‘*03, 
0.*18+03. O.ION03, 
*.*2‘r03, 0.7a.03, 
0.231.03, 0.I0‘.03, 
0.2.1.03, o.sn.03, 
0. *‘x+03. 0.851.03, 
0..0‘.03, 0. ‘~.03, 
0.95‘.03. 0.9“.03, 
0..0‘.03. O.la9.0., 
0.28B.03. 0.11‘.09, 
0. nrro3. 0.11.04, 
0.***r03. 0.1a.09, 
0.2.6.03, 0.13‘.0,, 
0.32‘*03. 0.12‘.0,, 

EO=l0.40 GeV, 6= 18.00, FINAL DATA 

-.- 
0.17*+0*. 0.9nr01, 
0*17x.02. 0.5‘1.01, 
0.19‘.02, O.BI.01, 
0.20**0*, 0. *x*+0 1, 
0.20*r**, 0.“‘*01, 
0.226.02. 0.776.01, 
0.n*.02. 
0.2.6.07. oO*:::oO:; 
0.12**0*, 0:10*r0*, 
t*F;$? 0.1 ler02, 

. *.1mro*, 
O.*“rO*, 0.19‘42, 
0.336.02, 0.199*0*, 
0.336ro1. 0.19.0*, 
0.396.02. 0.*2‘.01, 
0.39x*0*. 0.25**02, 
0.. 1x.02. 
0..3‘.02. . 

:. ;=.,“m; 

0.116.01, 0:*3‘.0l, 
0.95‘*0*. 0.*.‘+02, 
o.rnro*. 0.23.02, 
0.w**01. o.*m*o*, 
0.~~~~~~~ *.2e‘*02, 
0.5.‘.02. 0.356.02, 
*.*3‘ro*. o.*t.o*, 
y~‘m”o;, 0.9~+01, 

0.97‘.01, 
*:*a.**: 0.41‘.02, 
pt~;, o..aron 

0:*66+02: . 
o.*n~o*. 

2:::“,:t 
O.l“*o*, 

O.‘PrC1, 0.*~+0*, 
O.‘*‘*0*. 0.39.9.02, 
*.7e*ro*. 0.*7*+0*, 
0.99‘.02. 9.9I.02, 
:.;;:m”,:, 0.“‘.O*, 

0.“‘*01, 
0:***.0*: O.SO‘.0*, 
*.‘*er*~, 0.1 lx.03, 
pm;, 0.11103, 

o.*a‘.o3, 
o:mro*: *.***r03, 
0.77**0*. 0.393r03, 
0.1***03. 0.3‘z.03, 

Eo=13.30 GeV, 8= 18.00, FINAL DATA 
c*0** “c930, 

0.11114, .- 
*.7***ro* + 
0.7ema2 +- 
0.9 ,**r** .- 
0.90.‘~2 f 
0.‘*3‘.01 c 
0. e701.02 +- 
0.95x.02 .- 
0.~32‘+02 c 
0.9‘7‘.02 .- 
0.1301.0, .- 
0.1*,‘*0, .- 
0.179**, c 
0.1‘21.03 + 
0.119*0, .- 
0.172‘.03 l - 

0.1‘51.03 c 

0.15***03 .- 

0.17I.03 .- 

0.1901103 .- 

o.*o“+o3 .- 

0.111.10, .- 

0. **1**03 l - 

0.*5**+0, c 

0.2‘5‘.0, .- 

0.27.6.03 .- 

0.3016.03 l - 

0.305‘43 + 

0..9.‘.03 .- 

0.7‘9‘.03 l - 

0.11‘640. + 

0.1‘7‘.0. .- 

0.2.26.0” l - 

0.31“*0. .- 

0..1.2**. e 

i 

i 

“‘0‘1 
0.****01. 0.5n.01, 
0.27*+0*. 0.311.01, 
y+“,;, 0.906.01, 

0.97‘+01, 
0:13‘.02: O.I“.0l, 
0.***+0 1. 0.31.01, 
0.*0*+01. 0.4P.01, 
0.‘,‘.01, 0.~9‘.01, 
0.7“.01. 0..*‘.Ol) 
0.73x*01. 0.59.0,) 
0.l56.01. o.“‘.ol, 
0.*7*+01. o.rn.01, 
0.*2‘.01. 0.“‘.01, 
0.916ro1. 0.9‘!*01, 
0.9**r01, 
0.‘9‘.01. 

0.90.01, 
O.“‘.o 1, 

0.“‘.01, 0.‘.‘r01, 
O.“‘.O1, 0.e0+c,, 
“,.g‘$;. 0.9 1.0 1, 

0:*...01: 
0.97‘.01, 
*.1a+o*, 

0.10**0*. 0.1B.02, 
*.11*r**, *.1l‘.0*, 
0.11‘.02. 0.136.01, 
0.12‘.0*. 0.1a3.02, 
0.126.02, 0. lI.02, 
0.1.6.02, 0.13*.0*, 
0.19.02, 0.1‘1.02, 
0.5***01, 0.*1+0*, 
0.11!3*02, *.39*r02, 
0.11**02. 0.59‘.02, 
0.*2‘.01. o.*‘e+o*, 
0.331.02, o.,P*o3, 
0.52‘.02. 0.1**t03, 
0.97x+02. 0.22~~03~ 
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HYDROGEN CROSS SECTION 
EO= 16.00 GeV, B = I8 00, FINAL DATA 

“,0X’)) CUSS s‘c~m. ‘I)909S 
1.75‘ o.*Yl‘*o2 l - I 0.19e.01, 0.19.c1, 

1.77‘ *.3*c‘*0* l - , 0.*3*+01. 0.20‘101, 

1.79‘ 0.901**3* l - , 0.9**+01, o.*O‘.oo 

1. (11‘ 0.3***.0* t- , 0.39‘.01, 0.2c3.01, 

1.83‘ o.wm+a* t- I 0.38aor. o.*ue+ov 

1.83‘ 0. *33‘*0* .- , 0.37**01. 0.*7**01, 
1.87‘ *.57**t** t , 0.3***01. 0.*9*.01, 
1.**3 0.57x.02 t- , 0.331.01, 0.29‘.01, 
1.915 0.*03*+0* l - , 0.3.‘.01, 0.31‘101, 

1.935 0.635‘102 + , 0.3YE.01. 0.32‘.01, 
1.955 0.‘**‘r0* .- , 0.3.‘.01, 0.32.01, 
1.973 0.7716.02 l - , 0.37‘.01, 0.39‘.01, 

1.995 0.1~1‘.02 l - I 0.3**t01, 0.3“.01, 

I.030 0.*81‘+0* + , 0.*@‘*01. 0..**.01, 

2.010 o.*B9‘*o* .- , 0.,5‘.01, 0.5e.01, 

2. 1‘7 0.12nto3 +- I o.t~*+o~, o.c.sx~o~~ 

*..ec 0. *39*.03 .- I 0.306.01. 0. ,2‘.0*, 

2.107 *.92*x*3 + I 0.9I.0,. 0.2**.02, 

3.111 0.“2‘*03 t- I 0.‘3‘r01, 0.3-+o*, 
3.593 0.109.09 t- , 0.1**.02, 0.*5‘.02, 
3. ‘39 0.1976109 +- I 0.196+0*, 0.73*+0*) 
..*** 0.199‘.0, c I 0.321.02. 0.***.0*, 
1. ‘3. 0.13“r09 l - , 0.‘0‘+02, O.ll.03, 

Eo= 19.50 GeV, 8= 18.00, FINAL DATA 

9 y;; E‘oSiS I‘CUO. “‘09, 

1:*1* 
0.153*~02 t- I 0.166+02. 0.76x+00) 
0.‘03‘.01 .- 1 0.ll76.01. 0..0~.00, 

1. ‘3‘ o.“l3‘.o1 .- , 0.521.01, 0.21.00 
,.‘5‘ 0.9366+01 *- I 0.3**+01, 0.97x*001 
1.678 0.1*3‘.0* +- 1 0.‘*‘rOl. 0.17*+00, 
1.699 0.1*9*+0* c , 0.99x.01, o.‘.‘*oo, 
1.71‘ 0.‘91‘.01 .- I 0.9,‘.0,. 0.*2‘+00, 
1.73e 
1.757 
1.777 
1;7*1 
1.x17 
1. *x7 
1. **7 
1. ‘77 
1.*97 
1;911 
1.937 
1.937 
1,976 
1.99‘ 
1.031 
2.0‘1 
2.131 
2. 1‘1 
2.221) 
2.51‘ 
a. es1 
3.212 
3.599 
9.021 
9.39, 
9.739 
5. 1‘3 

0. 1076.02 l - 

0.e,**rO, + 

0.1***.0* +- 

0.126‘10 1 t- 

o. 197‘.02 e 

0.33**01; 0.*m.t001 
0.25‘.01; *.91‘*0O; 
0.***+01, 0.‘3‘.00, 
0.*0**01, 0.36l.00, 
0. *‘x.01. 0.7l6.001 

O.e00**01 +- f 0.200141~ o.*m+coi 
0.112‘~aa +- I 0.20N01, 0.5nt00, 
0.119**0* .- I 0.2,‘.0,, o.‘o‘+oo, 
0.1901.02 + I 0.*2‘.01. 0.71*+00, 
O.l*l‘rO* .- , *.n**1. 0.632.00, 
0.1*=to* .- , 0.23‘.01. *.*5eroo, 
*.13Y*** l - , 0.*,**01. 0.796.00, 

0.1556.02 c I 0.2l‘.01. 0.796.00, 
0.173**0* c 
0.~1~~~~~ t- 
*.,*5*ro* c 
O.2*l‘rO* .- 
0.32Y.02 .- 

0.236.0 1; 0. ‘a!. co, 
*.1**r01. 0. ,,‘.01, 
0.196.01. 0.‘.‘.00, 
0.32‘101, 0.11.01, 
0.61l.0,. 0. ,7Ero,, 

0.310*+0* +- i *.99x+00. *.17xrot, 
o.‘5“~* - I O.lY.Ol, 0.33bO1, 
0.1291.03 +- , 0.23‘+01. 0.*,‘+01, 
0.230‘. 03 t- , 0.3**+0 1. 0.120.02, 
0.37“*03 +- i 0.****01; 0;19*.0*, 
m.**3*e3 + , 0.1**.02. 0.331.02, 
0.1331t03 l - , a,,.***. 0..1*0*, 

0.11%•09 .- I *.23*r0*. 0.596.02, 
3.1****0* .- I O.*o‘rO*, O.e“.02, 

ED= 19.50 GeV, 8=20.60, FINAL DATA 

1.291 0.3‘9.9.00 +- 
1.2‘1 0.871*01 c 
1.211 0.1176.00 .- 
1.301 0.19***00 .- 
I. 3.0 0. .72x*00 l - 

1.3‘0 0.111‘4-31 c 

1.380 0.*7**+00 .- 

l..OO 0.‘5“+00 .- 

1..20 0.11.‘.01 + 

0.2536.0 1 + 
0.*29*r01 l - 

0.,*‘P.01 t- 

0; 9lii.00 +- 
0.‘50‘.00 + 
0.1*“rOl l - 

0.130‘.01 l - 

0.1*7**01 l - 

0,1‘7‘r01 c 

0.*97‘r0, l - 

0.1*3‘*0, l - 

0.1“‘*01 .- 

0.3636.01 c 

0.5316.01 .- 

0. ,22‘.01 .- 
0.2716r01 c 
o~ixwot + 
0. .e0*.01 .- 
0. “66.01 l - 

0.31***1 + 

o.9‘*‘*o, l - 

0.922‘+01 +- 

0.5‘0101 .- 

0.*10*+01 + 
0.700**01 .- 
0.7076+01 +- 
0.71~.01 .- 
0.900*** 1 + 
0.9176.01 c 
0.1,~.02 l - 

0.17“+0* t- 

o.xsiai + 
0.7.7..0* + . _ _ _ 
0.131+03 l - 

0.*,e‘+*, .- 

0.3996403 + 

0.552‘~03 +- 

0.79lr03 .- 

0.107‘.09 .- 

ERRORS 
0.03**00, 0.61-01, 
0.796.00. 0.52x-01, 
0.13‘101, 0.639-01, 
*.19x+01. a.~x+oo~ 
0. 1*e+a 1. 0.1 R100, 
0.11*+01, 0.991-01, 
0.8‘6.00. *.*2x-01, 
0.“‘.00. 0.931-01, 
o.‘o‘.oo, 0. ‘P-01, 
0.10‘."1, 0.6“-01, 
0.916.00, *.13B-00 

~.m+lE+~ 
0:1***0 1: 

0. 0.836-01, cs+am 
*.*I-*,, 

0.106.01. 0.936-o 1, 
*.l“*01, 0.19‘*00, 

0:10*+01: ;.nxi”o:, 
0.771.00, 
0.1.6.00, 0.1***00, 

0.11*+01. 0.20.00, 
0.11‘~01. 0.24.00, 
0.966~00. o.*sx+oo) 
t:*gm,“, *.1**r00, 

0:71‘+00: 
0.2l.00, 
0.226r00, 

0.7*6+00, 0.29‘.*00, 
t,y‘;:# 0.2“r00, 

0.36+00, 
oh6+00~ a. wmoo, 
O.3l‘.00, 0.*0*.00, 
O.*YtOC, 0.l“r00, 
0.6‘640, 0.5cs.00, 
0.116.01, 0.*,‘*00, 
O.93‘tOO, 0.906.00, 
0.79‘*00, O.l9lrOll 
*.ls*+01, 0.3~.01, 
0.*9*.01. 0.70‘.01, 
0.3***01. 9.126.02, 
0.3”+01, 0.206.02, 
*.7a*01. 0.2ei.02, 
o.i1*+02. 0.9axra21 
0.33*t**. *.s***0*, 

6-78 
3360‘57 
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DEUTERIUM CROSS SECilON 
EC,= 7.00 GeV, 8= 6.00, RAW DATA 

Y IG‘9, I 
0.83‘ 
0. e56 
O.f76 
0.@96 
0.516 
0.935 
0.955 
0.9?5 
0.995 
l.Cl5 
1.035 
1.055 
1.075 
1.c99 
1.134 
1.15" 
1.17" 
1.194 
,.i14 
1.23" 
1.25" 
1.27" 
1.29" 
1.314 
1.333 
1.433 
1.953 
1."73 
1.493 
1.513 
1.533 
1.533 
1.573 
1.593 
1.692 
1.712 
1.132 
1.752 
1.772 
1.792 
c.et2 
1.832 
1.952 
1.97i 
1.992 
2.021 
2.077 
2.258 
2.501 
2.755 
3.003 

:eoss SECIIOY 
J. 129*+07 +- 
0. *cw+37 l - 

o.,JlE*J, l - 

5,78eE+“7 l - 

O.lSiE*O8 +- 
J.ii9E*08 l - 

0.2291+oa +- 

0.17es+iie +- 

0.116i+0* l - 

5.8011+C? l - 
0.51911137 l - 

C.471E107 +- 

a.“q9Et07 l - 

0.3a3s*07 +- 

5.5"01157 +- 
o.b6ewo7 +- 
0.759Et"l +- 
o.Y181*07 t- 
o. lo‘E+oe +- 
3. 1lOEtOa t- 
o. 105eroe l - 

3.95esro7 l - 

5.923E+o7 +- 

J. a54e+c7 +--. 
0.896*+07 +- 
J.612Et07 +- 
0.6‘4E*c, t- 
0.704E+07 +- 
O.,llE+07 +- 
0.7"2E+07 +- 
0.746EiO7 +- 
J.,11E+c7 l - 

0.751E107 +- 

0.65aE*07 .- 
.,.65SE*C7 +- 
O.*ilE+C7 l - 

1.623E+"7 +- 
0.625EtUl +- 
3.616E*57 +- 
0.5863107 l - 

J.olOE+07 +- 

0.573Et07 l - 

O."?lEt"7 +- 
a. uelE+07 +- 
o.*eoE+d7 +- 
O.YSIE+Ol l - 

o.512Et07 l - 

C.398*+07 t- 
0.337E107 +- 
3.302LtJ7 +- 
0.3"uE*C7 t- 

PFACRS 
O.,6E+06, O.‘tI*05l 
0.12E+0‘, 0.10E+06) 
o.16E+OC, o.*CE+Ot~ 
o.Z*E+Ot, O."CE*O6) 
O.,OE*Ot, 0.7tE*C6) 
0.36t*Ob, o.liE*o7, 
0.36E*CC, O.liE+O,) 
0.31E+Of, 0.91E.CEI 
0.25EtOC. O.SSE*Ctl 
0.2iztnt. 0.“1*+06) 
o.laz*ot, 0.3CE+CC) 
0. we+ot. 0.2."E106) 
O.2Ot'Of, O.*lE+Otl 
0.571*06, 0.20E*06) 
o.u%~Ot, 0.2EEro61 
0.21e+ot. 0.34E*of) 
0.20E+ob. 0.39E.06, 
0*22F+oC, o.uiE*ot) 
0.23*+oc. 0.5~‘+06) 
0.23E*Of, O.SfE*oCl 
0.*3!3+06, 0.59e+o‘) 
O.ZZE+OC, 0.4s‘+Ct) 
o.*lE*o~, 0.47E+o‘) 
0.22WOC. O.““E+Cc) 
0.59Et06.T O."EE+06) 
0,56E+CC, 0.31E:+00) 
o.l3E*OC, 0.34s+ot) 
O.llE*OC, 0.36E*ot) 
O.llE+Of. 0.3fWO6) 
0. llE*Ot. 0.3EE+obl 
O.l1E*Of, 0.36E*ot) 
O.llC+Ob, 0.3eE+o‘) 
o.l2L*OC. 0.3EEroEl 
0.296'06. 0.3CE1061 
0.77e+ot, 0.3"P+Ot) 
0.931*05. 0. ,iE*ob) 
0.786+0:, 0.3iEtCb) 
o.,aE*05, 0.3i*+Ob) 
0.77!!+02, 0.31E+Ot) 
0.75.%!+05, 0.3CE+obl 
0.91E+Of, 0.31E+OC) 
o.l4E+nl, 0.251+061 
o.saE+ct, 0.2il+oc) 
0.68*+05. 0.25E106) 
0.6CWOI. 0.2”EIOC) 
0.38E+O', 0.251+06, 
o.iaE+ot, O.ZfE*OCI 
0.27‘+05. 0.2CE+Obl 
o.l9E+OE, O.liE*CC) 
0.26*+05. o.l5E*ob\ 
0.32WOI. o.l!E+Ct) 

E0=13.50 GeV, t?= 6.00, RAW DATA 

If fG‘9) c 
1.317 
1.337 
1.357 
1.37; 
1.397 
1.417 
1.936 
l.U56 
1.476 
1.496 
1.516 
1.53c 
1.556 
1.576 
1.596 
l.filC 
1.635 

:RCS.5 SE&---’ 1,“” 
0.275E 10‘ +- , 
0.294E l o* +- , 
O.322E +o* l - I 

5.259E*Oo +- , 

0.334Bto6 l - , 

0.3C*EtOd l - I 

“.3uut.+J‘ +- , 

0.37,E+C6 +- , 

O."lOL+O6 +- ( 
O,z31EtOb l - , 

o."32F.+ob l - , 

c.4iZEto‘ l - I 

0.4ilE+06 +- I 

0.495EtJb l - I 

0.5182106 .- f 
0.5C4F106 l - , 

“.531E+c6 l - , 

ERRORS 
O.llE*‘)6, o.l”E+o5) 
0.23EtoI. o.lfE*CS) 
o.l5E*‘)~, 0. ,t**os, 
o.llE*05, O.l!EtC’;) 
0.92Een”. 0.17E.0~) 
o.aaE+c”, O.lEE~05) 
0.87**0”. 0.1n*o51 
o.a9e+o”, 0.1s~+o~I 
0.93E109. 0.2w.*05, 
0.968104, 0.2;?+05) 
0.95.?*011. 0.2iE105, 
0.9aE*O”, 0.2w*cIl 
0.971+04, 0.29E*OF\ 
0.9SE+04, 0.2EEt05) 
“.lOE+OC, 0.2fe101, 
0.97E.OU. 0.2CE+Csl 
0.98*+0”. 0.27*+0’.1 

Uwv~ c‘0*s “CTIOR 
1.655 0.52iE+Ob +- I 
1.675 0.535E+06 +- , 
l.f95 0.5533+06 +- , 
1.715 O.SflE+OL l - , 

1.735 0.589e+C6 +- I 
1.735 0.371E+O6 t- , 
1.775 o.bC3e*‘J6 l - ( 

1.795 “.631*+06 .- I 
I.815 o.‘17E+o‘ c , 
I. a33 0.61”L*06 + I 
1. E55 0.646B106 +- I 
1.875 0.637*+06 l - , 

1.895 0.653LtOb +- I 
1. F14 O.blYE106 l - I 

1.93u 0.581*+06 l - ( 

1.95” $.6IsE*06 l - , 

1.979 0.6358+06 + I 
1.999 0.6119E.56 l - , 

2.025 0.6731*06 t- ( 
2.079 0.70iE+06 +- f 
2.129 0.766Et36 +- 
2.501, O.co9EtO6 + 
3.003 0.6ca*+06 t- 
3.502 0. EJiE+06 +- 
3.752 0.360E*Ob l - 

fJ.001 o.E.?VE+Ob t- 

9.251 0.6196*06 +- 
q.501 0.752X*06 +- 

U‘O‘E 
0.95‘ro”. o.*‘E+05) 
o.Y5‘+0”, o.*1F*n5) 
0.9amC”. 0.2mc5) 
0.99*+04, O.IE*+OL) 
o.lOE*05. 0.291*05, 
0.9a**o”, O.*FE+05) 
O.lOE*05, 0.30EtC5) 
0.10**05, 0.3C‘*OL) 
0.10**05. 0.3 lL.05) 
O.lOE.Of, 0.31EIC5l 
o.ll‘rO~, 0.3iE*o5) 
o.l5E+OI, 0.3~‘.OE, 
0.26E105. 0.33E+C5) 
0.2f!!+0L, 0.31E*05) 
",.w;wo,;; 0.2~wJ5) 

0.3“+C5) 
0. ,9E+c5, 0.3iE+051 
0. 19E+OL, 0.321+05) 
0.121+05. 0*3w3*oc) 
o.l3**0f. 0.3%*0s, 

I 0.3ae+o5, 
I 0.7c*+04, 
, 0.7”**0”, 
, C.bl*+O”, 
I 0.571*04, 
( o.e**+oq, 
, O.l3E*Of, 
I 0.2oE*cL. 

0.3ee+o*i 
0.33E+05) 
0*3vE*051 
0.2sEt05) 
0.2SL+C5) 
0*25e+c~) 
0.31E*051 
0.39E105) 

Eo=16.00 GeV, e= 6.00, RAW DATA 

Y GE,, C‘DSS eECrl0” 
0.535 “.9~0E*o3 l - 

0.55” 0.213*.04 +- 
0.573 3.9UBE1JU l - 

0.592 0.800E.04 l - 

0.611 0.696Et04 +- 

0.630 o.a60L+o” +- 
0.6.OlZ+O” l - 

o.e79xt09 +- 

a.tu+ 
0.669 
0. bea 0.5am04 +- 
O.lC7 “.113E*05 +- 
0.727 0. iiamos +- 
0.74‘ 0.176E105 l - 

0.766 0.200Lt05 t- 
0.785 0.1*7s*05 l - 

o.eo5 0.3CtE*"5 1- 
o.e25 0.371e105 +- 
O.WU 0.53iE*05 l - 

O.E6” 0.595i*o5 t- 
0.883 o. brlL*"5 +- 
0.903 J.‘ICIE*JS l - 
0.923 0.779Et05 +- 
C.942 3.a43~t03 +- 
0.962 O.ai3E105 t- 
0.982 0.7751+05 l - 

l.CC2 0.703EtJ5 l - 

l.Cil 0.6U9E*O5 +- 

I.041 0.62oE*o5 l - 

1.061 0.5791*05 +- 

l.CEl 3.545E*os *- 

1. ICC 0.5368105 +- 
1.120 J. 57iz*05 +- 
l.l”C 0.591EeC5 +- 
1.16C J.65iEtOS +- 
1.1ec 3.73"E*35 +- 
1.199 0.7581+55 +- 
1.219 O.L2"E.J5 +- 
1.239 0.855E.05 *- 
1. 259 ,.Y2"L*o5 l - 

l.i75 ii.940Et35 +- 
1.299 J.Y56E105 .- 

ESRORS 
0.131+04, 0.4EE+O,, 
0~15*+04~ O.liEiO3) 
0.25*r04, 0.97*+031 
0.21E*0”, O.“CE+o3) 
o.,e*+c4. 0.35E+o?) 
0.17ElO”. 0.43E103) 
o.l3E+ou. 0.3cmc3) 

0.114**01, 
O.“CE+03) 
0.5f‘r03l 

, 0.191.0u. 
, 0.,41+011, 
( 0. l”E*O”. 
, 0. wt+04, 
I O.l5E+04. 
, 0. lsEto”, 
f 0.1a*+o”. 

0.6w+03) 
O.RaE+O?) 
O.lCE+O”) 
0. t3E+O”) 
o.l%*O”) 
0.19W04) 
0.27E104) 
0.27WO1) 
0.3iE*O@) 
0.35E+04) 
0.31E+O”) 
0.4is*o9\ 
O.UlE*OUl 
0.39E+Oo, 
0.3IE109) 
0.3iEtO") 
0.312+0") 
0. a9E+oa) 
O.ZiE*C”) 
0.27EtOW 
0.2SE10") 
0.3OE+O") 
0.33s*c,, 
0.37L!*ou) 
0.3Ps*ob) 
G,“lE.O”, 
O.“3E*Ou) 
O.“fP*O4, 
C.47E+O”, 
c.uEE*o9l 

i o.la*+o”, 
, 0.20**04. 
1. 0.2”E*o”, 
, o.*uE*““. 
, 0.*6‘*04, 
( C.26E.04, 
, 0.27*+0”, 
f 0.26L+o”. 

0,2”*+0”, 
0.22*+00, 
0.201+04, 
o.lRE*04. 
o.lEE+““, 
0.15**0”, 
0. lUE*OU, 
0.13EtO”. 
O.l”E*O”, 
0.141*04, 
O.l5E*OU, 
0. lbE*O”, 
O.,,E*04, 
o.la*+o”, 
o.,RE*04, 
o.lYEt04. 
O.l9E+C”, 
O.l9E+O”, 

6-78 
3360*60 

95 



DEUTERIUM CROSS SECTION 

Eo= 16.00 GeV, 8= 6.00, RAW DATA 
1.318 o.105Et06 t- 
,.,3e 0.1C3E+06 l - 

1.358 o.l11E*06 .- 

s. 378 0. t 15I.06 +- 

1.396 0.1211.06 .- 
1.918 d.l28E*oh l - 

1.938 0.113LlO6 .- 

1. “58 0.1151.06 l - 

1. “77 0. lsIEIoL l - 

1. “97 0.1531*06 l - 

1.517 0.163E.96 l - 

1.537 0.,773+06 t- 

I. 557 o.lllL+06 l - 

t. 577 O.l9lE106 l - 

1.597 0.1691.06 l - 

1.617 0.1911.06 l - 

1.637 0.207e+of# l - 

1.656 0. (9 w+Lw .- 
1.676 0.220Et06 l - 

1.696 0.2 171.06 l - 

1.716 0.229er06 l - 

1.136 0.253L.06 .- 

1.756 0.2,5*+06 l - 

1.776 0.263Iw06 +- 
1.796 oi 2.81.06 t- 
1.816 0.2”5L.06 *- 
,.e% 0.2001.06 t- 
,.e,c 0.25eE+06 t- 
1.695 0.2f7L. 8 6 .- 
1.*,5 0.27611 6 +- 
I.935 0.2731+06 l - 

1.955 0. Ii%.06 l - 

1.975 0.279‘*06 t- 
1.995 0.2946.06 l - 

2.030 o.,c9E*o6 l - 

2.CfC 0.321E.36 t- 

2.130 0.3UE.06 .- 

2.110 0.3356.06 l - 

2.25” 0.336E+% +- 

2.50” 0.359E.06 +- 
2.75” 0.3566*06 t- 
3.CO” 0.3566*06 l - 

3.253 0.3YeE.06 + 

3.503 0.3”YP.06 l - 

9.002 0.3YCE.06 t- 

V. 502 0.3851.06 c 
I. 752 O.ZY76.06 .- 
5.00, o,Se”L*o6 .- 

0.191tO”. 0+5iE+OII) 
o.l9E+O”, 0.5iE*O91 
0.193+04, 0.551+0”, 
0.20E.04, 0.5EerC4, 
0.22L+O”, O.LCE+O”, 
0.2”E.0”, 0.6”e+oY, 
0.27**0”, o.f.7et04, 
0.321.““. 0.7%.0”, 
O.“OttO”, 0.7fE.C”) 
O.“lC*O”, 0.76E+O”, 
0.4le*o”, o.emo4l 
o.e2et04. o.emoq 
0.4m+04, o.efE+oa) 
o.“6E+O”, 0.9~L+o”, 
0.50Z~C”, 0.9:E.o”) 
0.57mo”. 0.991.011, 

i 
0.7oI+o”, 0.101+0~, 
o.est+ou, 0.9%*0”, 

, o.,oE*05. 0.1 ls+o5l 
“,.;;“,w;;, o.llE*05, 

0. IlE.05, 

i 
0. llelof: 0.131+05, 
o.lle.05, O.llE+O5, 

+ p:;:;,“;, 0*1por, 
, 0. l.E*O’l 

o.uea+ot, O.liI*O5) 
0.35*+OL, 0.1c.Ero5, 
0.20E.05, 0.1a+05, 
0.111*05* o.l?a*or, 
0.t2E.0:. O.l”E.05, 
0.1,,.0I. o.l”**os, 
0.1,e.o5, O.l”E.O’, 
0.1te*o5, 0.1.1.05, 

i 
0. llerol, 0.151r05, 
0.70E+o”, O.,%tC5, 
“,.mm’, O.lC1+E5, 

=, 
0:2”E*oC, 

0.17L.05, 
0.171+05, 

0.26B+O”, 0.,7E.C5, 
0.27L*o”. O.,LE.C~, 
0.29L*o”. o.lPE*05, 
0.32L*o”. O.l6L*05, 
0.27?..OU, o.l7L*C5, 
0.261+04, 0.171+c5, 
0.27E.O”. O.l%4OI, 
0.13*+04, 0.2iEt05, 
0.7YL+OP, 0.2;e+o5, 
0.15E.05. 0.3CE.05, 

E. = 19.50 GeV, 8=6.00, RAW DATA 
Y IOEV, CPOSS SECTICL 

0.5”1 0.,3OE.O” l - 

0.559 0.7e0f.03 .- 
0.578 0. I”CE.04 l - 

!.O” t- 

87E13” + 

_ e7E.O” t- 

.,85E.O” l - 

1.2~8~+02 t- 

39E.O” t- 
L8PI.u .- 

0.597 0. ,261 
0.616 0.1 
0.63’ 0-I 
0.65” 0 
0.673 0 
0.652 0.2 
0.711 0.3 
0.731 0.: 
0.150 0 
0.765 0.” 
0.769 0.5571 
0.808 J.t.7C 
0.828 0.6 
o.er, 0.9 

0.686 0.1 

_.. _. 
-2BE.O” l - 

I.“10LtO” +- 

36E.O” t- 

era” l - 

.-E.04 t- 

96L*o” l - 

10L.04 + 

0. ff7 0.9JBE.c.” l - 

“9EIJ5 t- 

, 

i 
L 

0.906 
0.126 
0.945 
0.965 
o.se5 
1.00” 
1.02” 
1.04” 
1.06, 
1.083 
1.103 
1.123 
,. 192 
1.162 
1.182 
1.202 
1.221 
1.211 
1.261 
1.2e1 
1.301 
1.320 
,.,“O 
1.3tc 
1.3eo 
1.400 
1. “20 
1.139 
1. “59 
1.“79 
1.999 
1.5,s 
1.539 
1.559 
1.576 
1.596 
1.618 
1.638 
1.658 
l.f7@ 
1.698 
I.798 
I. 73e 
1.757 
1.771 
1. ,97 
,.E,, 
I.837 
l.f57 
1.677 
3.897 
1.117 
1.937 
1.957 
1.976 
1.996 
2.011 
2.08 I 
2.131 
i. 181 
2.255 
2.505 
2.75u 
3.003 
3.253 
3.503 
3. i52 
4.002 
v.252 
4.502 
4.751 
5.001 
5.251 
5.501 
5.750 

0.1251.05 +- 
J.l*,Etd5 l - 

0. I”CE*05 l - 

J. 1: tEto5 +- 

O.,“lE.Ofr l - 

o.l”3Bt05 +- 
J. I”“E.CS l - 

0.132Er05 *- 

0.12eEt05 c 
o.l3,E+O5 *- 
0. ti ,I*,15 l - 

0.1291+05 .- 
O.lJllrU5 l - 

5.1361.35 *- 
0. ,57E.05 l - 

0.160.6.05 l - 

0.1721105 t- 
o. 1R51.05 l - 

3.193E*05 +- 
0.2126*05 l - 

d.2CPB.05 l - 

0.2?OL.05 l - 

0.2151.05 t- 
0.266t.05 +- 
0.2731.05 l - 

0.2P3Et35 .- 

0.318~+05 +- 
0.337E.55 +- 
0.3”5E.C5 l - 

0.373i*05 .- 

J.“*iL+OS l - 

0.“326105 +- 
O.“19E.>5 t- 
o. (17ie*o5 +- 
O.“l,L105 c 
0.50eE.05 l - 

0.516E.05 l - 

3.5271.05 l - 

0.576E+o5 + 
0.6C6E*05 t- 
0.623L.05 l - 

0.6iBEt05 +- 

0.6791+05 +- 
0.6ElL.05 l - 

0.7”OE.05 +- 
0.721E*05 .- 
0.7”86*05 t- 
0,7788+~,5 l - 

0.7561105 l - 

O.tl”9E105 .- 
o.*“eE*05 l - 

O.L(,56.05 +- 
0.9”,E*05 l - 

J.9iiE.,5 l - 

3.96eEa5 c 

J.9YbL.JS *- 
o.,01E*06 +- 
0. ,o:eto6 .+- 
0.1,!OE1,6 l - 

0.120Etob +- 

0. ,itetofJ .- 

0.150L+06 t- 

J.lb2Et06 l - 

O.llCE.06 .- 

3.174it06 .- 

0. *77L+o6 +- 
0. ,eOitOI t- 
*.179E+C6 .- 
3. ,7YLllb t- 
3.1eoE+o6 t- 
0.20bE+O6 .- 
0.2JOr+& t- 
o. i7YEW6 +- 
0.363E.36 l - 

J.615Lt06 .- 

ERROR 
"."IEto,, 0.63'*03, 
0.13Et03, 0.7Cd.03, 
0.421.09. 0.7ot103, 
0.43e+o3, 0.75e+o3, 
o.“lE+01, 0.7lErC3, 
0.40E+oI, 0.7iEIO3, 
0.39E103, O.liE.02, 
0.37E.03, 0.66L*03, 
o.,fE+03, C.L”E.03, 
0.35w03, 0.6fI.03, 
0.338*03, 0.61E.0l) 
0.31E103, y;*og;; 
0.3”e.o1, . l 

0.34E.03, o.f.f5*03, 

0.37E.03, 0.79L+03, 
0.39E.03. o.ecE+o3, 
O.“tE*Ol, o.efI+c,, 
0.*5**01, 0. SiE.C,, 
O.*eLtO3, 0.962+03, 
0.5?E103, 0.11E.O”) 
0.57L*O?, 0.1CE+OI, 
C.65E*o?, O.llE.C”, 
0.75C.03, 0.121.0”) 
o.ew*o?, 0.13E+C”, 
C.eOE‘OE, 0.11Z.C”) 
0.61W03, 0.15E+O”, 
0. e31.03, O.lfE.0”) 
O.B6E+O3, 0.771*04, 
0.909*0?. O.I7WO”, 
0.97E.O?, 0.151*0”, 
0.1vc.0”. 0.21L+O”, 
O.llL100, 0,2iL+CU) 
0.12L.O”. C.*i3+C”, 
O.l”t.0”. 0.2”e*oP, 
0.I5E.O”. 0.2”WO”, 
0.16E*o”, 0.251*0”, 
0.15EtO”. 0.2fL.O”) 
o.l5L*O”, 0.26E.O”) 
0.161*04, 0.2sE.O”) 
0.16ero”, o.Icc*o”, 
o.l7E+o”, 0.31e+04, 
0. tem04. 0.31E*o”, 
0.201.04, 0.3”e*c”, 
c.2zE+04, 0.3”L+O”, 
0.26EeO”. 0.371*0”, 
0.278.‘)“. 0.3fE.C”) 
0.27P+o”, 0.37L+O”, 
0.26E*O”, 0.35~+0”, 
0.251.0”. O.“CE*o”, 
0.261*0”, OsUil*OU) 
0.26E.O”. o.“2E+o”, 
0.261+04, 0.U43.00, 
0.29e.04, O.“x*C”, 
0.3,E*04. o.9cE*o”, 
0.35E,O”, o.“fE+O”, 
0.3%6+0”. 0.5cE+o”, 
0.221*04, 0.51E.04, 
0.23E.04, 0.5x*0”, 
0.27EIC”. 0.6cEro”l 
o.“eEro”, 0.6OE.O”) 
0.12**09, 0.6?e+OY, 
o.l21+O”, ‘.75L+O”, 
0.131.04, O.elE+C”, 
0.171+0”, c, e~z+c”, 
0.151*3”, 0.879tcu) 
0. oE*o”, 0.8fE.04, 
0.16E.O”. 0.9Clt”c) 
0.2”E+O”. 0.4SE.C”, 
0.1”E.04, 0.9c9+04, 
0.21L+04, 0.119.05, 
0. “llro”. 0.,2!!+051 
a;u1i+ou; 0. ,3Fz+e:, 
0.66E.04. 0.193.05, 
o.l”E*05; 0.19E+O5, 
0. ,,e*o:, 0.323*c5, 

6 -78 3360661 
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DEUTERIUM CROSS SECTION 
Eg = 13.30 GeV, 0 = I5.OO;RAW DATA 

‘OS5 SECT1‘Y rRRORS 
J.“56I.03 .- ( 0.21E.01, C.*LE+O*, 
0.w3e.23 +- , G.bll+O*, 0.99ct01, 
0.4ZYi.J, +- , 0.9,e*oi, 0.221102, 
0.496E.C3 .- ( 0.64E.Oi. o.*Le*Oi, 
0*3ZCE.+O3 l - C C.C*E+Oi. 0.1e**o*, 

O.Vl5E.03 l - , o.so?.o?, 0.211.02, 

d.uUBl*o3 +- , “,.:;“,w;;, o.*P*c*) 

3.5i3.?+33 .- , 0.*55+0*, 

0.626313, l - , 0:691*0*: 0.3*Dt0*) 

0.6C7E+33 .- I O.mE+o*, 0.313.02, 

0.569Et93 l - I 0.59E.O:. 0.291roll 

J.637EIC3 l - i O.bEZ*O*; Oijii+iij 

0.661ero3 +- , 0.41E.02. 0.3P*+o*, 

0.632It33 +- t 0.3X*Oi, C.45E*C*j 
o.eeer*x t- , C.*9E+Oi, 0.4EE+C*, 

o.J~~E+03 l - I O.*6E+oE, o.vm+oi, 

0.950E.33 l - f 0.24E+o*, O.beEto*, 

O~lC41*04 1- I 0.*3E*Oi, 0.53*0*) 

0. lliE+O” ‘TJ 0.251*0*, 0.571+02, 
J.ll5E.OI l - , 0.*6E+0*, 0.59Lt02, 

3.1131*01 + 1 O.*eE*o*. 0.6.3t*021 

ED = 16.00 GeV, 8 = 15.00, RAW DATA 

0.952E*o, l - 

0.110E.J2 +- 

0.1781102 t- 

o. lobl+J* + 

o.t52E*o* l - 

0. lb71r02 .- 

0.*361+02 +- 

0.1”PE*o* l - 

0.117E.02 l - 

0.20iE.02 +- 

0.1111*0* *- 

0.*053+,2 +- 

2. IbeE. +- 

i 
1 

J.m~+o* +- i 0.3le+olL o.sse*ooi 
0.10*1+0* t- I 0.32eror; O.lCE+Oli 
.J.*,*E*o* 1- , 0.39E.“l, O.liEtOl, 
O.ii7E.02 .- , 0.32E.01, O.llE.Ol, 
0.252E.,2 t- , 0.33E.01. 0.13r.t01, 
o.*sBE*o2 +- I o.,uE*ol; o.,rc+c,j 
0.2668*0* t- ( 0.331.01, 0.13+c,, 
O.*bi6+02 l - , 0.368.01, 0.13E.01, 

0.4*1Ero2 l - 

o.a”OE+o* t- 

o. “72L.02 l - 

0.Y89L.02 t- 

0.5601.02 .- 

0.559L.02 +- 

0.5191132 *- 

o.oS5E.02 l - 

0.,011*0* l - 

O.l(liltO* +- 

0.785E+o* +- 

3.(1121*02 +- 

0.*Y*f.o* I- 

O. ,O%.O, +- 

0.10*L*03 l - 

0.11,e*o3 + 

O.llbi.0, .- 

O.liSL.03 1- 

0.131L.03 .- 

o.l3*E+03 +- 

o.,Y3E*o, t- 

o. 157L*o, l - 

0.16e6.0, l - 

o.lbeE+o, *- 

0.1,oe*o, l - 

0.191L.03 t- 

O.ZOSE+03 *- 

o.*09E*J, l - 

0. ii7!!*03 l - 

o.*,eE*o, .- 

“.2501.03 t- 

0.260L.03 l - 

0.2871.03 l - 

0.286e.03 .- 

0.316ItO,‘+- 

0.312e*03 .- 

0.3561.03 .- 

0.3891+03 .- 

0. “30E.03 .- 

O.Y6PL+O3 .- 

J.b*SL*o, .- 

0.112E.0. l - 

0. Ie*irCu .- 

0.i2te.o~ +- 

O,YSlL+OI + 

0.6701.OI +- 

0.10ve.05 +- 

Eo= 19.50 GeV, 8= 15.00, RAW DATA 

I 

, , 

t.1se*a*. a.*rro1, 
0.101+01, 0.,5**0,, 
0.6le*Ol, O.*.erC,, 
0.511*0,. 0.21~.0,, 
O.*e~+Ol; iiiei+iii 
0. "21.01, 0.2ee*co 
0.401*0 1. 0. Ill.Ol, 
O.,BL*O,, 0.31e.01, 
0.351+01, 0.331+01, 
0.3CI.01, 0.3e1.01, 
0.231.01, 0.35E.01, 
o.*1e+o1. O.PSL+C,, 
0.27E.0,. E.5CI.O,, 
0.3511.01. 0.5IEt0,1 
0.6lE+Ol; o.ser+oti 
O.U11*02, 0.86E+Oli 
0.961*01, 0.6ce.00 
0.3,*.01. o.,cL*C*, 

0.10etOi; o.srr*o2i 
0.15L.02, 0.93X.02, 
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DEUTERIUM CROSS SECTION 

Y ,GEI, c9315 SICII‘H EFPC65 
0.677 O.Yd,E.O, t- c t.35E+03, O.VEP+o*, 
0.697 O.l”“E+o, l - , 0.151*03, O.leE+P*, 

0.717 0.367L+,, .- , 0.1*FJ*03. 0.16E1C21 

C.106~.04 I- t 0.16E*OI. 0.53EtC21 
0.109E.0" t- c 0.15e.03, 0.511?+0*, 
0.926E.03 t- , 0.13E.03. o.u6~*0*, 
U.116E.04 +- I 0.14Eto3, 0.56E!*C*, 
O.l"6E+C4 t- , O.l"EtO:, ".,?E.Ci, 
o.l~YE+o” l - , o.,,E+03, O.bSFtC*, 
o.le,Lt04 .- , o.l4E+03. 0.9w*0*, 
0.16eL.09 .- , o.l4E*03, 0.9w!+o*, 
0.25lE+ou l - , 0.17E.03, 0. ,?E103, 

0.3OSEtoU .- , o.l7E*03, o.l5E*o31 

0.3191.04 l - , 0.17E.03, 0.16Ft03, 

, 0.171.OC. O.l:E.C,, 

, 0.17E*03, 0.17~+03, 
t o.l"Et03. o.*CE+03, 
, o.YEE*c*, 0.1eer03, 
, 0.74EtOi. o.lSE+CI, 
, 0.631*0*. 0.1eF.03, 
, 0.57E*c*, O.lEL.03, 
, O.S?E*Oi, O.,iEto3, 
, 0.S1E.Oi. 0. I'IE.C,) 
, '~.5oE+oi, 0.1ee.03, 
, 0.501+02, 0.2CE.03, 
, 0.55E.02. 0.225.03, 
, 0.57E+oz, o.*31*c,, 
, rJ.6SE.')i, 0.253+03, 
, O.,CE*02, 0.26Et03, 
, C.e,E*Oi, c.*sE*o3, 
, 0.981+0*. 0. ,;LtO?, 

0; 737 
0.756 
0.776 
0.756 
0.616 
0.836 
0.856 
0.875 
0.895 
0.915 
0.535 
0.955 
0.975 
0.995 
1.015 
1.03" 
1.059 
1.074 
1.09" 
I.,," 
1. 131 
1.15" 
1.174 
1.19" 
1.214 
‘. 234 
1.253 
1.27, 
1.253 
1.313 
1.333 
1.353 
1.373 
1.393 
1.113 
1.433 
1.453 
1."73 
1.493 
1.513 
1.5,3 
1.553 
1.573 
1.592 
1.612 
1.632 
1.652 
1.672 
I.692 
1.712 
1.732 
1.752 
1,772 
1.792 
1.612 
I. 632 
1. e5i 
1.672 
I. 892 
1.952 
1.972 
1.992 
2.027 
2.07i 
2.252 
2.502 
2.751 

0.3tPEtC4 l - 

0. J!OE+ou *- 

o.“05E+“4 t- 

0.370L.OV +- 

0.37,E.OU l - 

0.36%*09 +- 

0.35eet04 l - 

U.34SL.3” + 

0,3"PfrCu +- 
3.37oe+ou l - 

0.396EtOU t- 

o.Y,*Lto9 l - 

0.47oe*ou +- 

0.5076+04 +- 

0.553eto* .- 

0,SeeL.O” l - 

0.6106+1)9 t- 
0.656EIOV c 
0.6521+0~ +- 
O.,C68+0" t- 
0.716E*OU t- 
o.eo4Lto" t- 
0.84YEtOu .- 
0.9*1E+O” l - 

O.Y97E+o4 .- 

0,106E195 t- 
J.llllt35 *- 
o.l*3E*oS t- 
J.130L.05 .- 
0.13iE.75 t- 
0.131E.05 *- 
o.l39E*o5 l - 

3.1ICE.05 .- 
0.150E.75 l - 

0.1631+05 .- 

0.164~105 t- 
o. 180E105 +- 
0.1888.05 +- 
0,197E+35 + 
J.ZC9E.35 +- 
0.2 lOL.05 +- 
0.2173.05 .- 
o.*ilB+05 .- 
0.235E.05 l - 

o.*4VE+05 t- 

0.2YtJE*O, l - 

0.213E.05 l - 

0.2341105 +- 

o.*Y*L*05 + 

O.ZE7E.05 l - 

0.303E.05 t- 

0.3ilE+35 l - 

0.356E.05 t- 

o. 395Fz+o5 l - 

0.4e*L+J5 +- 

0.566L.05 + 

0.1re+o3; c.,3e+os; 
0.121*03, 0.3LF.103, 
o.I*EtOZ, 0. ,IE*o,, 
O.llE+03, 0.3tt+o3, 
o.l*E+O3, 0.9CE+03, 
0.121103, o.ui-r03, 
0.111+03, o.“6E+03, 
0.131.03, 0.5cI+o3, 
o.,~E+C3, 0.532+03, 
0.15E.03, 0.56E+C3, 
0.192*03, 0.613.03, 
t.*,EtO,, 0.6%+03, 
0.*51+03, 0.666103, 
0.271+03, 0.6fP'.O,, 
0.293.03, 0.69E.03, 
O.,OI+,,, C.661+03, 
0.328t03, 0.7%?+03, 
0.30~r03, O.BlE*O,, 
0.2,1*01, 0.81ErC3, 
0.281.03, 0.9CE+03, 
0.29Et03, 0.949+03, 
0.30E.03, 0.991+03, 
o.,lE*o~. 0.1ce*c4, 
0.351*03, O.llbtOP, 
0.30E.03, 0.1 ,EICY, 
0.2*E*O:, 0. I1E.C") 
o.*,L+o3, 0.12?.04, 
0. *"l+o?, O.liE*CU) 
0.261*0~, O.llFzrOP, 
o.,sE*O3, 0.13E.O", 
0.28E.04, C.I2E.Ol, 
o.lil+O", 0.lPE.C") 
0.431.03, O.l"E.0~) 
0.391+03, O.lSL.OV, 
0.*63*03, 0.16erOI) 
O."il.OL, O.l69+C6, 
0.271.ot. 0.2Ol.04, 
0.3ue*o3, 0.242*011, 
0. "9Et03, o.*6E+04, 

E. = 6.50 GeV, &18.00, RAW DATA E. = 10.40, 8 = 18.00, RAW DATA 

Y (GE”, CROSS SEClILY ESSORS 
0.701 0.“5,8*02 l - , 0.24E.0i. o.*?Ltol, 

0.721 0.299~102 t- , 0.166.02. O.lSE*Ol, 
O.,Ul 0.3,6E+o* l - , 0.15EIOi. O.lS~rO,, 

0;,6C 
0.780 
0.800 
0. El9 
0. e39 
0. es9 
0.e79 
0. ese 
0.918 
0.938 
0.958 
0.978 
0.997 
1.017 
1.037 
1.057 
1.017 
1.097 
1.117 
1.136 
1.156 
1.176 
1.196 
I.216 
1.236 
1.256 
1.276 
1.29: 
1.315 
1.335 
1.355 
,. .'7! 
1.395 
1.415 
l.L35 
1.455 
1.975 
1. "95 
1.915 
1.539 
1.554 
1.5,4 
1. f9" 
1.6lQ 
1.634 
I.654 
1.67" 
1.699 
1.7111 
1.734 
1.754 
1.774 

:-2: 
1: 834 
,.e53 
1.673 
1.e93 
1.913 
1.933 
1.573 
1.993 
2.028 
2.016 
2.128 
2.178 
2.306 
2.656 
2.50" 
3.237 
3.607 

0;45UE+o* +- i 0.14E.c;; o.*33*c1i 
O.“i9E*o* .- 
o.cr89I+o2 l - 

0.5691+0* l - 

J.7”OF.O~ t- 

i;960,+02 .- 
0.7"OE+o* t- 
o.C07~rJ* +- 
0.9CbE+02 .- 
O.lObL.03 t- 

0.131+0*; 0.2;e+oci 
0.1iE+o*, 0.25Et01, 
0. f*E+oi, o..?9E*ot, 
o.l,E*oi, 0.36~.0,, 
O.l"E*OZ, 0."91*01, 
o.,*E*o*. 0.3eE.01, 
0.13EtOi. 0.4eI+cl, 
0.13E+0*, O.Y6E*Cl, 
o.l3E*O*. 0.5m+011 

0.155~+03 +- i cil3r+oi; 0.5uetc~i 
I 0.1*1*0*, 0.53r*01, 
, 0.12E.0i. 0.511*01, 
, O.llLt02, 0.57e.01, 
I o.l*E+o*. O.L,E.O,, i 0: rii*oi: 0.63E*Cli 

0.105Et03 +- 
0. ICsEtJ, t- 
J.111e.0, +- 
0.124E.03 t- 
o. 1231+03 +- 
o.lleE*03 *- 
o.llYE*03 a- 
0.1301+0, .- 
0.1322*03 +- 
0. lOBE.0, +- 
0.1531*03 .- 
0. ,“eEto, l - 

J.16P6.03 .- 
J. wu+o, l - 

0.20bEto3 +- 

0.23,1*0, +- 

o.*3ue*o, t- 

o. 2051.0, *- 

3.2711+03 .- 

0.,00e+03 t- 

0.25%+03 I- 

0.339E.03 l - 

0.332L+“, ,+- 

O.“C,Eto3 +- 

0.380L+J3 l - 

0.410&.03 l - 

0.b43e.03 t- 

0.4”,Et03 *- 

0. “IlE.93 l - 

0.u959.03 l - 

0.6531*03 t- 

0.6"26*03 l - 

0.6699*03 .- 

0.6663+03 l - 

0.7791*03 t- 

o.‘e52E+03 l - 

0.8114E.0, t- 

o. lOOE*O” l - 

0.9251*0, .- 

0.10”E+04 l - 

0. loiE*oY l - 

0.1 l”E.04 t- 

o. 126ErOP .- 

“.ll?E.09 +- 

0.137e+04 +- 

O.IJLE+OU t- 
o. 1508+04 t- 
3. ,34e+04 +- 
0.1*1)e+LlI( .- 
0.159e.01 t- 
o. ldUEI0” l - 

0.2051104 f- 

o.*,,E+o” +- 

0,26BE+JU +- 

0. *e,E+O” l - 

0.3~,E*ou t- 

0.592LtJ9 *- 

O.L(72E.‘l” +- 

O.lliL.JS +- 

0.1791.05 l - 

0.1*e*0;; O.6OS*CCi 
o.l*EtOi, C.6CL+Cl, 
O.l4E+Oi, C,LfEtOI, 
",* ;Wf, C.671.Cl) 

0:16E.02: 
0.55Lt01, 
0.7ePt01, 

O.,6EtCi, 0.7tlrOl) 
O.I6E+Ci, 0. e4?.*01, 
0.,71*02, 0.9SE+ol, 
0.16z.02, O.lClt02, 
O.*lE*Oi, O.l**tC*l 
O.*ll+Oi, O.liE+O*l 
o.*oE*o*, o.lCetO*, 
0.221+0*, o.l@e*o*, 
0. **eta*, O.lEE*o*, 
O.*OE*Oi. 0.131*02, 
0.24L*02, 0.17E+o*, 
0.241*0*, 0.17E.02, 
0.27!3*0*, 0.2lEt0*, 
C.28E.02, O.lSl+O*, 
0.251*02, o.*lE*O*, 
0.29E.Oi. o.*?e.o*, 
0.3oE*oi. 0.22E.02, 
0.331*0*, 0.*?6.0*, 
0.37E*o*. 0.251*02, 
O."6E+OZ, 0.331+02, 
O."Ul.Oi, 0.333.02, 
o.u*E+b*, 0.3bE*Oil 
0.191*0*, o.,Yl!to*, 
0. "eE*o*, O.UCl+o*, 
0.51EeOi. O.O?t+C*l 
C.SlE+Ci, O.U3E*O*, 
0.491*02. 0.51st02, 
0.9w.oi. 0.47E.02, 
0.97ErOi. 0.53EIC2, 
O.U6E*OI, 0.5;Jtc*, 
0.50E*o*, 0.5eE*O*, 
0.53E*Oi, C.61L.02) 
0.52E+Oi, 0.5eIrc2, 
C.631+"2, O.,EE+OZ) 
0.70E.02, 0.6%*02) 
0.92WCi. 0.7,~+02, 
o.l*E*03, 0.6EErOi) 
0.30E*03. o.9sr*o2, 
0."11+03. o.elEtP*, 
;.;~;m;:, 0.9UE+Cii 

0.1oIt03, 
0:7mo*: 0.111.011 
o.9nEwli; 0.1u.03, 
0.551*03. 0.1eE.031 
0.66E*o*, 0.17e*03; 
o.lzE+o3, 0.3cs.03, 
0.931+Oi, O.ulEr03, 
0.13L*03, 0.6CE103) 
0.201*03. 0.9ce*c3, 

6-7S 



DEUTERIUM CROSS SECTION 
EO=l3.30 GeV, 8=18.00, RAW DATA E0=19.50 GeV, 8= 18.00, RAW DATA 

Y GL., CRO5S ISCllOY 
1.436 0.5393*02 l - 

1. “56 O.lB3E.02 l - 

1. II76 “.766E+02 .- 
1.656 0.Jt991.J2 l - 

1.516 0.584L.J2 l - 

1.536 0.830E.02 +- 
1.556 0.8*4L*o* c 
,.I76 0.819E.02 l - 

I.596 0.96%.02 t- 

1.615 0.130E*03 + 
1.635 I). 1061+03 + 
1.655 0.127E.03 l - 

1.675 o.liY~*o, l - 

1.695 o.lY*frJ, c 
1.715 0.15&L*,, .- 
I.735 0.163E.C3 l - 

1.755 0.175E.03 l - 

1.775 

1.795 

1.915 

1.835 

1.855 

1.05 

1.198 
1.911 
1.93” 
1.959 
1.971 
1.99” 
2.029 
2.075 
2.162 
2.163 
7.735 
3.130 
3. (011 
3.767 
(I. 159 

0. ,691*03 t- 
o. 179et03 .- 
0.19533*03 *- 
0.207i..03 *- 
O.iiiLIOJ t- 
0.2291.03 t- 
C.261E.03 l - 

0,*65Et03 t: 

0.2951.03 .- 

o.*93E+03 l - 

0.316E.03 +- 

0.3JlE+03 + 

0.3511.01 l - 

0.597L.03 +- 

0.519EIJ3 l - 

0.9319+03 .- 

J.1591.0~ + 

o.*e*E+Ou 1- 

0. “O6E.C” t- 
C.607E.W c 
0.5e2110" + 

E8DCSS 
G.tCE+Ci. 0.27E+Ol) 
0.171.02, 0.531*00, 
O.*OE+Oi, 0.311+01) 
;.;:;a",;, O.ZSE.C,, 

0.3Cl.01, 
@:loEto2: 0.42L*c1, 
o.e71t01, o.V2EIOl, 
0.79L.01. 0.Y3E.01, 
0.7"L.Ol. 0."9E.01, 
0.78Erol. 0.661.01, 
0.68E.01. 0.50E+El, 
C.671/.“1, 0.6LE.C,, 
0.6el.01. O.bCL*cl, 
0.67El”l. 0.7iB.01) 
0.71110,. 0.7SL.01, 
0.73?.*01. 0.81E.01, 
0.791r01, 0.e9E.01, 
0.761+01. 0.66E.0,) 
0.79E*ol, 0.911.01, 
0.R3E.01, O.')SE.CI, 
O.BP?.tCl. 0. ,lE.CP, 
0.831.01, 0.1,9*02, 
0.851101, 0.12z.C2, 
0.961.01, 0.131*02, 
0.99*.01, 0.1.E+"*, 
0.11l.0i. 0.1:1*02, 
;.;;::"o;. 0.rse.c~) 

0:13,+0*: 
c.ltEto‘, 
0.17L.02, 

0.121.0i. 0.16E*C*, 
0.12L.01, 0.30l.02, 
0."38.01. O.*CElOil 
O.efE*Ol, 0.~71*02, 
0.15E*oi, 0.81L~02, 
0.30L.02, O.lll.03, 
O.“bL.OZ, c.*CEtOJ, 
0.67B.02. O.,CE+O,, 
0.16E.03, 0.51E.03, 

E. = 16.00 GeV, 8=18.00, RAW DATA 

9 IOr.., csoss sEcz*o” 
1.736 0.u~5e.02 t- 
1.756 0.305H.02 t- 
1.776 0.9941*0* t- 
1.796 0.“32E.C2 +- 
1.816 3.43x*0* l - 

1.836 0.“756.02 t 
1.616 0.5bYI.OP + 
1.@76 O.b*3E*o* l - 

1.895 0.6 I%.+02 t- 

I.515 0.665E.02 t- 
1.935 0.061~+02 + 
1.955 “.702L*32 t- 
1.975 O~bi%+O* l - 

1. **s J.e57Ltc* t- 
2.c.30 c.S61L+o* + 
2.080 C.lC61.03 t- 
2.130 0. 1” 16.03 l - 

*.1e7 0.139E+o3 c 

2. “91 0.264E.03 c 

2. eo7 0.5,5E*C3 l - 

3.111 J.697L.0, .- 

3.513 0.16SE.CU c 
3.839 0.2”51.04 .- 
4.221 0.387E.CV l - 

u. 634 0.6571*39 .- 

199082 
0.33B*Ci, 0.211.01, 
0.t15L.01, 0.16L.01, 
0.6BE.0,. 0.2%.0,, 
0.88X+01, C.*il*Ol) 
0.41z*01, o.*;Ltcl, 
0.3eEtc1, 0.21E.01, 
0.371+01, o.*se101, 
“.36E*C1. C.,:L.Ol, 
".3"e*01, c.3lE*c1, 
0.35E.01, 0.3.E.01, 
0.35E.01, c.,UltL?,, 
0.36E.01. 0.36ErCl) 

0.11e1101, 0.511.01, 
0.2”b.02, OAiEtOl) 
o.l7E*ol, 0.71E.01, 
0.27E.01, o.lIS+C*, 
0.~0*+01, o.*,EtC*, 
C.95E.01, O.IILl[.Oi) 
0.15E*02, O.R6E*C2) 
0.31E.01, 0.12Et03, 

“lOE1, coo55 SLCTIC, 
1.618 0.L321.01 .- 
1.63@ 0.15e2rc1 .- 
1.656 ,.701E*0, t- 
1.676 0.131L.o* + 
I.696 0.753Ctol l - 

1.718 J.14iL.02 t- 

1.738 0.67SE.Cl +- 
1.757 o.lc6e*o* l - 

1.777 0.9951.31 t- 

1.797 O.SS6L+C, t- 
,.e,, 0.646E*Cl t- 
,. e37 J. 1336.C2 .- 
1.657 0.127E.02 f- 
1.177 9.12 1eto* l - 

1.897 0.1551+02 .- 

1.917 0. ,~llL+o* l - 

1.937 0.i 16EtJ2 .- 
9.957 0.1671152 .- 
1.976 o.i1,1*02 l - 

1.996 0.1791*02 .- 

2.031 0.207Lil2 +- 
2.CB1 0.25711C2 .- 
2.131 0**779+02 t- 
*. re, 0.311E.02 t- 
2.228 0.371$..02 l - 

2.516 0.7571102 *- 
2.e5e “.15,E+03 c 
3.212 0.295E.03 l - 

3.599 0. %“E.C3 l - 

1.021 0.996E.03 t- 
1.311 O.lYYetc4 .- 
I. 7:. 0.243E.W l - 

5.163 0. bbSl.OY t- 

i 

I 

EFRORS 
0.6iI.01, “.“2~+Ct, 
c.271tc 1, O.lLE.00, 
0.371+01, 0.35L.00, 
0.3m*01, c.5cI+co, 
o.*e1*01. O.JEEtOO, 
0.361.01, 0.711*00, 
0.21e.01, C.,~E.CO, 
o.*3?.+Cl, O.Sre+CC, 
0.20E.01. 0.5m.00, 
0.19L+C1, C.5CE.CC) 
C.l6L+Cl. 0.4X+00) 
0.201.01, 0.66rrCC) 
0.16L.01, “.6tE*OC, 
0.17E.01. 0.62L.00, 
0.18E.01, 0.7Sl.OC, 
0.171.01. 0.713.00, 
0.21E.",, 0.115101, 
0.1*1*01. c.e%+co, 
C.2OE.01, 0.113.C,, 
0.191.01, 0.9 11.00, 
O.llE.O1. O.llB+Cl, 
o.l9E+cl. 0.131*0,, 
0.27L.01, 0.1u.t,, 
o.u7E*ol, 0,16EtCl, 
O.bls+cC. 0.19c+01, 
o.l~z*ol. 0.391.c,, 
*.**1*01, C.76EE101, 
0.331.01. 0.15E.CZ) 
C.b"E.01, 0.2CE.02, 
0.131.02, 0.511+0*, 
0.191.02. 0.7z.02, 
“,.‘,;~.clf, 0. rpr,, 

. * , “.3~EL*O3, 

EO = 19.50 GeV, 8 r20.60, RAW DATA 

Y ly~~,CDO6* SrClIt" LflORS 

1:m 
0.211I101 +- , 0.221.0 1, 0.1 ,e.c*, 
C.iliE*Ol l - t 0.131+01. O.llL*OC) 

:-3: 
0.62VEtOl t- , 0.17E.01, O.liltOC) 

r:es, 
0.173et01 l - , 0.121.01. C.2~1.00, 
0.“05L.01 l - , 0.9vtroc. O.*IEtCC, 

1. e-n o.t1eE*31 l - , 0.10?..01. 0.2eL.00, 

1. e57 3.5261101 .- , O.S2L+CC, O.Zil+OC, 
1.517 O.llUEtdl l - , 0.951.OC. 0.35t3.00, 
1.937 0.622L*Cl t- I Ca79'C+OE, O.lil+CC) 
1.957 C.l76L*Cl l - , 0.85L.OC. 0,901+00, 

,.I76 0.6bC1.01 .- , 0.86E.CC. O..IE+OC) 
1.996 0.6991.01 l - , 0.901.0C. 0..6E.00, 

2.031 0.97SE~Cl l - , o.5ee.cc, c.~CE+cE, 

2.081 O.li66t02 l - , 0.67L.00. C.6W:*CO, 
2.131 O.IIlL.J2 +- I 0.731*0‘, *.571+0c, 
*.te1 C.lYBZ.02 .- , 0.12Et0,. O.lfE*OC, 

0.1029.C2 l - I 0.291.01. 0.521*00, 

0. iilE.lZ l - , 0.5Yl+oc, 0.11e*o1, 

0.61SS.02 + , 0.1n.01, 0.226*01, 

EO= 7.00 GeV, b6.00, FINAL DATA 

Y ,011, moss sLCI*c, 
1.075 0.2ceL.07 t- 
1.09. 0.17”6.07 .- 
l.l,U 0.5591+07 c 
1.1% 0.806E.07 l - 

1.179 o.s8”E+07 +- 

1.19” 0. li6L.06 .- 
1.211 0.1”71*06 + 
1.230 0. ,u,e*oe .- 
1.259 0.133E.08 .- 
1.274 0.115E.08 .- 
1.251 O.lC7E.06 + 
1.310 C.S61~+07 t- 
1.333 o.1ooltoe t- 

IEB( >RS 
0.13E.06, 0.1 lE*CO 
0.11E.0i. 0.8SL.O’, 
0.771*06. C.ZPE.06, 
0.36L+OL. O.QR.CC, 
0.332.06. O.SCEtt6, 
0.36E.06, 0.61Z.06, 
0.37E+c6, 0.7SEtC6, 
0.31E+cL, O.,%.C6, 
0:32E.06, 0.6es.c6, 
o.*S1+OL, 0.561.06, 
0.276*06. 0.516.06, 
0.28E.06, 0.19E.06, 
0.711106. 0.5,1*06, 

6-71) 2360.64 
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DEUTERIUM CROSS SECTION 
Eo= 16.00 GeV, 8 = 6.00, FINAL DATA 
1,611, ceos.9 SI‘TI‘Y 

,.te, 0. *69E+J5 t- 
1.1oc 0.3”7E+05 +- 

0.506Et05 .- 1; 120 
1.140 
1.16C 
1.1ec 
1.199 
1.219 
1.239 
1.359 
1.279 
1.299 
1.316 
1.336 
1.358 
,.376 
1.396 
1. ilre 
l.438 
1.158 
1.977 
1.497 
1.517 
,. 537 
1.557 
1.577 
1.597 
1,617 
1.637 
1.656 
1.676 
1.696 
1.716 
1.676 
1.895 
1.915 
1.535 
1.955 
1.975 
1.995 
2.030 
2.080 
2.130 
2. $0" 
2.751 
3.0011 
3.253 
3.503 
b.002 
Y.507 
1.752 
5.001 

0.636L.55 .- 
0.,501*0* +- 
3.950E.05 l - 

0. 10 lE*Ob .- 

J.113L.36 .- 
".llCX+J6 t- 
0.13CE.16 f- 
0. llit*06 l - 

0.131E.96 t- 
O.,U6E+C6 l - 

0.,&6L.O6 t- 
0.156ErC6 +- 
J.,6"Et36 + 
0.,721+06 t- 
0.16X+06 +- 
O.,~,EtO6 +- 
0.206L.06 t- 
O.**"I*J6 + 
0.216E.06 t- 
0.231E.96 .- 
0.250EtC6 l - 

0.2"1E*C6 t- 
O.*68E+06 +- 
0.265ttOL +- 
0.275EtC6 +- 
0.2661+1)6 t- 
0.263Et06 +- 
0.3038106 l - 

o.*S6E+C6 .- 
0.31lE.06 t- 
o. i,fE*ob l - 

0.3961.56 l - 

0.3551+06 t- 
0.319E.36 t- 
',.3151.06 l - 

J.35~6+06 t- 
C.,,CE+CL .- 
0.386E.06 t- 
0.3961106 l - 

O."23Et36 l - 

0.39%*06 t- 
3.37"I+O6 t- 
0.399E.06 +- 
0.313E*06 l - 

O.,CIE+OL t- 
J.272LtJ6 .- 
0.247L.06 l - 

0.*101+06 .- 
0.232E106 l - 

IRROBS 
".32E+04, 0.13E+c4, 
".26E+o", o.liE+C", 
0.27P..O", 0.2%.0", 
0.27L.OU. o.,CEtOl, 
0.*8E+cI, 0.3EE.04, 
0.29E+c". "."7etc", 
o.*9E*c4. G.SCEIO", 
0.30~tO". 0.56E.04, 
0. 21X.0", ".5sE*C", 
O.,Z%.Ocl, 0.65E.C", 
0.31B.C". 0.6LE104, 
0.309.04. C.676+04, 
0.30E+o", 0.7"Eto") 
o.*9E*o", 0.73EtC4, 
0.301+04. 0.79~+011, 
0.31E.O". 0.e2Etc4, 
0.331+04, 0.eClrc", 
0.37E.CU. ".9ie*c", 
0.411*0", 0.9I?.O", 
0.4aL*c4, c.lCsrcS, 
0.59EtcP. 0.1lE+C5, 
0.61E+CU. 0.11E105, 
0.6OE.O". 0.12E.05, 

-K6*1*0", 0.13E.05, 
0.6OB*CU. O.liE*O5) 
0.67Et09, 0.13E.05, 
0.72E*oQ, 0.139105, 
0.e2E.o". o.l"E*c5, 
",.;",;m",;; 0.14E.CEI 

o.l3E+05, 
0.1P1.09, 0.15E+c5, 
0.141*0:, c.lfE+c5, 
O.lPEtOl, O.lCL*CS, 
0.26L+OE, 0.17Et05, 
0.191+05. 0.171*05, 
0.,lE."I, 0.16Ltc5, 
o.lIEtcl, 0.17Etc5, 
O.l"E*O'. o.,e5*05, 
0.141t0~. O.,tE*O5, 
O.l~WO5. c.lsEtcE, 
0.e81.0". 0.19E.05, 
O.R91*0", c.*CE+05, 
".131+0I, C.2,~.05, 
0.31Etc4, 0.*c1+05, 
0.31~*0", fl.lsE*O:, 
0.311+r%. 0.17E+05, 
0.26E.09, 0.16E105, 
0.23E.04, o.lIE+o5, 
0.22E.0". o.l:E*Of, 
0.3cEtc4, 0.1w.05, 
0.4eEt04, 0.12E.05, 
c.eiE*c", 0.1i1+c5, 

E. = 19.50 GeV, 8 =6.00, FINAL DATA 

Y (GIS, cmss S1CIIOI IsROeS 
,.oe, o.s!,e.oo l - , o.mer03. O.UEItc3, 

1.1-23 0.673E.Oll .- , 0.711t03, O.O"E.03, 
1.123 O.,,n,itCS + , 0.688+03, 0.5SZt03, 
1.142 0.136E.05 t- , 0.661.03, 0.66!*03, 
1.162 0.1551105 l - ( 0.661*03, 0.7EE103, 
1.162 0.2011105 +- , *.,CE*c,. O.lCl.OI, 
1. z-22 0.2,,1*05 l - , 0.7,1*0:, *.1lE*o9, 

1.221 0.2,&?*05 +- , 0.7”E*o?. O.l*E+c”, 

,.2111 0.25YE.05 .- , 0.761*03, c.,,E+o4, 
1.261 O.*75L+C5 +- f *.Ilil*C1, O.ltE+CUl 
1.261 0.3c7E.05 l - ( 0.901*01, “.1!l.“l, 

1.301 0.30”.e.05 .- , 0.951*03, O.l!E*Oul 

,.320 0.336L.05 c , O.,,E+cb, 0.17E+cb, 
1.3110 0.317er05 c , o.l*E*ob, o.l7E+oa, 
1.360 0.3976.05 l - , 0. ,,erc11. 0.2CE*cIl 

1.380 0.Y0aE.05 t- , 0.131.0ll. c.2CE*cl,' 
1.600 o.“,*e.o5 l - , 0.13L.01, ".**F*"., 

6-?a 

1.“33 
1.45, 
1.473 
1.49, 
1.511 
1.533 
1.553 
1.573 
1.593 
1.692 
1.712 
1.732 
1.752 
1.772 
1.792 
1.812 
1.952 
1.172 
1.992 
2.027 
2.077 
2.258 
Z.ECl 
2.755 
3. cc3 

O.,2JL1,7 f- ; 
3.b571.37 t- 1 
J.611E.07 .- , 
0.606E107 l - I 

!I;6C&bC, +- ; 
0.5901.07 + , 
0.55UE.07 t- , 
“.57”E.07 l - , 

0.372E137 l - , 

O.",7L+C7 t- , 
O.“13t*07 l - , 

o.P182+07 t- , 

,.“JOItJ7 .- , 

o.,obE+o7 l - , 

o.*,eE*37 +- , 

o.l9oE+07 t- , 

0.,631+57 +- , 

0.66E.06, 
0.15E.06. 
C. lx*OE, 
C.l,E+C6, 
P.llE+06. 
0.13E.06. 
0. r*e+ot, 
O.llE.06, 
0.32E106, 
0.b2~.06, 
0.991+05. 
0.621*05. 
O..SlE1"5. 
0.79E.O!, 
"c.;",;+ys 

+ C# 
0:55P..C6, 
0.6xs*"!, 
0.551+05. 
0.35E*cE, 
0.16E.06, 
o.i3E+cI, 
0.151+05, 
0. ,99*05, 
o.**E+05, 

0.33.CC) 
0.361.06, 
0.366106, 
0.39?rOL, o.rca*oEi 
O.ICt+Cb, 
C."CE*CO, 
C.4CE.C6, 
0.378106, 
0.34E+c6i 
0.311.06, 
O.J1E+OC, 
0.31.+06, 
C;3tE+C6i 
0.2tFZ+C6, 
0.256+06, 
P.lSEt06, 
0.21E~CCi 
".2lE+C6, 
0.21?.00 
C.*lE*061 
Oii%+O6i 
0. lib!*061 
0.95E.05, 
0..91E*05, 

E. = 13.50 GeV, 8 =6.00, FINAL DATA 

Y ,OE., cwss IlClIOh 
1.337 0.3981*36 .- 

0. U,Y.mOb *- tij57 
1.377 
1.397 
1.“17 
,.a36 
1."56 
1. "76 
1.196 
1.516 
1.536 
1.556 
1.576 
1.596 
1.616 
1.635 
1.655 
1.675 
1.695 
1.715 
1.735 
1.755 
,. 775 
1.795 
1.815 
1.835 
1.655 
1.875 
1.895 
2.50" 
3.003 
3.502 
3.752 
U.ECl 
0.251 
v. 50 1 

O.VO3E.Ob *- 
0.959E+C6 t- 
C."B*I.P6 t- 
0.4671.36 .- 
0.50o~rO6 .- 
0.56ott06 1- 
1).5Y,E+C6 +- 
0.5651*36 +- 
0.6Jllr06 +- 
0.6311.06 l - 

C.663E.06 +- 
0.692P.06 l - 

0.6.J91+36 + 
C.'IC3E*06 +- 
0.6LI,E*C6 l - 

J.,‘OF.t06 t- 
0.7201+36 c 
0.725Et06 +- 
0.75bE.36 t- 
0.7265.+06 +- 
".76"L+C6 .- 
0.7576+06 +- 
0.771E.06 t- 
1).7631+06 .- 
d.7SPE.06 t- 
0.71131*06 t- 
0.796Et06 t- 
0.6t7LtP6 t- 
0.5501+36 +- 
0.9LOEtC6 .- 
0.Y16E.36 .- 
C.JB~l*C6 .- 
0.35"9+06 t- 
C.33"8+06 .- 

EPPCAS 
I C.,“E.OI. o.*cE*c5, 
i o.**~+ol; C.*iE+051 
I 0. IbE.0~. 0.2CI.C5, 
, O.,Ye*O5, o.*?2tCI, 
, O.l,dto~, 0,2"?.01, 
, 0.13E.0E. 0.23L*CS, 
, o.l3*oI, 0.25rrc5, 
, c.llrr"r 
, o.l"E+cI: ",:::::2I i o;r,e.ai: o.*mosi 
, “.198+0E; 0.3Zt05l 
, 0.14E.05. 0.3il+o', 
, O.luE+CE, o.,ze*oI, 
I o.,"E+05. *.35e*c5, 
I 0.13.0:. 0.33E.05, 
, 0.133r0~. 0.35E+c5, 
, 0.13P+0f, O.,"E10f, 
I o.l,E*OL. o.,5L+05, 
i 0.13~*0!; 0.36mc5i 
, o.l,E*c5. 0.361.1C5, 
, 0.139.01, o.,e1*05, 
, 0.131+0I, o.,tP+“5, 
, 0. ,,L*“t, “.3EE*C5, 
, 0.13L+c?, 0.311+05, 
, 0.13E.C’. 0.393*05, 
, 0.13E.O’. C.311.05, 
i 0; ,ue*c5. 0.905+05, 
i o.,91*c5; 0.39~.05, 
, 0.32E.05, o."cz+cs, 
, 0.79E.0". 0.3w+c5, 
I c.h8Etc". O.*tl*CS, i 0;51r+cu; o;*!E*cti 
, 0.45E.09, 0.2llr05, 
, O.ClE.OU, 0.2CF.05, 
, O.ti7E.09. 0.11E*C5, 
, 0.12L.Of. 0.171.05, 

3360665 
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DEUTERIUM 

En=19.50 GeV, 8=6.00,FINAL DATA 

EO= 13.30 GeV, 8= 15.00, FINAL DATA 

CROSS SECTION 
EO= 16.00 GeV, 8= 15.00, FINAL DATA 

EO= 19.50 GeV, 8 = 15.00, FINAL DATA 
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DEUTERIUM CROSS SECTION 

ED= 6.50 GeV, 8=18.00, FINAL DATA 

E0=13.30 GeV, 8= 18.00, FINAL DATA 

,.*‘I” U.JIBErO3 .- 
I. 9,” “.3Y*lrPI .- 

Eo= 10.40 GeV,8=18.00 FINAL DATA ::::: ::::::::: :I 
I.(,& o.“o6*tJ1 + ^^. 

, 

E. =16.00 GeV, 8= 16.00, FINAL DATA ’ 
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DEUTERIUM CROSS SECTION 

Eo= 19.50 GeV, 8=18.00, FINAL DATA 

Y (GLV) CROSS SECTIOL E6BORS 
l.CSf O.lClE*OZ +- ( O.SUE+Ol, 0.51E+CC) 
1.610 O.ljl5E+O2 l - I 0.55B+cl, 0.71E*OO) 
1.698 0.108B*02 +- ( 0.41E+ol, 0.5QE+OO) 
1.718 0.2C4Ee02 +- I 0.52E+Ol, o.lcB*cl) 
1.738 0.96X+01 +- ( 0.30E+Ol, O.UEE+OC) 
1.151 0.1cu2*02 +- I C.34E+Ol. 0.7iE+OOI 
1.177 
1.797 
1.e17 
1.037 
l.ES7 
1.e77 
1.097 
1.917 
1.937 
1.957 
l&76 
1.996 
2.031 
2.081 
2.131 
2.181 
2.22E 
2.516 
2.858 
3.212 
3.545 
4.021 
4.3Ul 
u.754 
5.183 

O.lUOE*O2 +- ( 0.29E+Ol; 0.7cmooj 
o.lUOE+O2 +- I 0.27F*ol, 

0.23EtOl; 
0.7c8+001 

O.llBEt32 +- ( 0.598*00; 
0.1852+02 +- ( 0.28B+ol, 0.93B*oo) 
0.177002 + I 0.25e+01, c.9cB*oo) 
O.l6SE+O2 l - ( 0.2UEt01, 0.8CBtCO) 
O.i15E+02 +- ( 0.26E+Ol, o.llB+ol) 
0.198E+02 + ( 0.24E+Ol, 0.1CB*01) 
0.297E402 +- I 0.29E*Ol, O.l5E+Cl) 
0.229E+C2 +- ( 0.25B+ol, o.l;B*o1) 
0.28tlE+32 +- f C.28E+Ol, o.l5B+Ol) 
0.243E+02 +- ( 0.26E+Ol, O.l2B+Ol) 
0.2BlE+o2 + ( 0.201+01, O.lUB+Ol, 
0.346B+02 +- ( 0.26E+Ol, O.lEB+Cl) 
0.370Et02 +- ( 0.36E+Ol, O.lSB+Ol) 
O.U12B+O2 +- , 0.63E*ol, 0.21B+Ol) 
o.u8aB*o2 +- ( O.llE+Ol, 0.2FE*Cl) 
0.956E402 +- ( O.lEE+Ol. O.USB+Ol) 
O.l85E+03 +- ( 0.26E+Ol, 0.94s+o 1) 
0.3383+03 +- , 0.3BE+Ol, O.l7E+02) 
0.5501+03 +- ( 0.71E+Ol, 0.2EE+C2) 
O.1CCt+OU +- ( O.l3E*Oi, 0.5lB*o2) 
O.l36E+OU +- ( O.lBE+O2, 0.6EE+O2) 
0.205E+OU +- ( 0.393+02, O.lCB+O3) 
0.2$9E+OU +- , 0,72B+Oi, o.lcB*o3) 

Eo= 19.50 GeV, 8 =20.60, FINAL DATA 

U(GBT) CROSS SECIIOU BRBOES 
1.et7 O.lC3E+02 +- ( 0.271+01, O.SiB+CO) 
1.637 0.753E*ol +- ( o.l9B*ol, 0.3@8+00) 
1.E57 0.637E+Ol +- ( O.l5B+Ol, 0.32B*OC) 
1.677 0.8UOE+Ol +- ( 0.161+01. 0.43E+OC) 
1.897 0.7938+,31 +- ( O.lUE+Ol, 
1.917 o.llUE*o2 +- ( o.lUB+ol, 

0.4ct*Oo) 
0.5EB*oo) 

1.937 o.YllE+ol + I O.l2B+Ol, O.U6B*OO) 
1.957 O.l13E+32 +- ( 0.123+01, O.SfB+CC) 
1.916 0.123B402 +- ( O.l2B+Ol, 0.6ZBtOO) 
1.996 0.1273+02 +- I O.l3B+Ol, 0.652;+00) 
2.031 O.l35E+O2 +- ( O.,BlB+OO, 0.6SE*OC~ 
2.081 0.171Et02 +- ( 0.913+00, O.B?B+CC) 
2.131 o.l48E*o2 l - ( o.9aB*oc, 0.7CE+OO) 
2.181 O.l95B+O2 +- ( 0.161+01, 0.94E*oo) 
2.345 0.2903*02 + ( 0.701*00, o.lfB*Ol) 
2.643 0.507B*02 l - ( O.l5B+Ol. 0.26B+Cl) 

6-78 336OB68 
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background even at Q2'18 GeV . There is a clearly discernible 

elastic peak (-8 counts) in the 20.6', 19.5 GeV line at a Q2 
value of 21 GeV'. Our elastic scattering results will be presented 

in the next chapter. 
Note that the cross section, d20/dndE' varies over a range of 

lo* for the range of 'data in the experiment, reflecting the wide 
kinematic coverage from large angle, high energy (20.6'. 19.5 GeV) 

data to small angle, low energy (6', 7 GeV) data. 
Another obvious feature of the data are the fluctuations 

occurring near W=2 GeV. These fluctuations are an instrumental 

effect arising from the fact that W bins near 2 GeV have counts 

coming only from an edge of the 6,Qo acceptance, i.e., they are 
not "scanned". (See Chapter III, "Corrections for Offset Aperture".) 

The fluctuations are consistent with a =+10x, uncertainty in the 

acceptance of individual W bins in the 6,Qo plane. 

The next section describes how we interpolate our cross 
sections (and those from other experiments) so that they can be 

used to extract the proton's structure functions. 

INTERPOLATION 

Since the cross section is given by the expression, r * (oT+EUL) 

a single measurement of the cross section at some 9'. W2 
point will not determine ol. and oT separately. However, we can 

separately determine aL and oT if we measure the cross section for 

one value of Q2, W2, but at different Q's (i.e., different values 
of E). 

In prqtice, there are very few exact llcrossover~~ points where 

we took data from different angles at the same,value of Q2 and W2. 
We set up a grid of points in the Q2, W2 plane where we want to 

determine separately oL and oT. Choosing one of these grid points, 

we interpolate the cross sections to that point from any angle whose 

data range covers that point. After dividing the cross sections by 
(6) I., they are fit to first order in E. The E=O intercept is oT 

and the E=I value of the fit is aT+aL; the slope being proportional 
to R 5 oI,/oT. In this manner, aLjuT is determined at each of the 
Q* W2 points selected. . The interpolation methods are no" discussed. 

Description of Interpolation Procedure 

In order to use low order polynomials (1st and 2nd order) to 
do the interpolations, the main variations have been taken out. The 
first step in the interpolation procedure, then, "as to divide each 

of the cross sections (for all angles and energies) by a single 

function (of E,,E', and 0) which fits our data to about 20% in the 
W>2 GeV region; thus broducing a set of "normalized" cross sections. 
We interpolate in the set of normalized,values; multiplying the 

interpolated value at each grid point by the normalizing function to 

obtain the interpolated cross section.. 

The set of grid points (to which the interpolations are done) 
must have approximately the same density in the Q2,W2 plane as the 
data points. If there are too few points, we do not utilize all 

the data; if too many, we use the same data many times. The cor- 
relation(7) between two grid point values is proportional to the 

fractional contribution to their values from common data. If two 
grid points use the same set of data in the interpolation, they are 

100% correlated; if they depend on no camnon data, the correlation 

between them is 0. To minimize this correlation, we chose a set 
of grid points in the Q2,W2 plane with a spacing of 3 GeV'. The 
correlation between neighboring grid points for the 18' data was 

about 10% and for the 60' data "as about 30% (reflecting the lower 

density of the large angle data). 
For an illustration of the interpolation method, see Figure 

III-9. The figure demonstrates how cross sections (for a given 0) 
are interpolated to a grid point. As stated before, data for a 
particular scattering angle, 0, is taken in runs at constant Eo; 
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INTERPOLATION 

Fig. III-9 

Sketch of the procedures used to interpolate cross eectione from daba 
at a single angle to a selected Q2,W2 "grid" point. Using data which 
has been multiplied by factors which greatly reduce the kinematic 
variation, the'interpblation proceeds along the En lines to inter- 
section points, then along the interpolation contour to a grid point. 
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i.e., in "lines" in the Q2.W2 plane. Cross sections can be inter- 
polated along the E, lines, but in order to interpolate to the grid 

point (which, in general, does not lie on one of the E, lines), it 

is necessary to choose a second contour of interpolation. 

The method we used to interpolate the normalized cross sec- 
tions along the En lines to the contour intersection points was to fit 
and evaluate the fit at the contour intersection points. Then the 
interpolated values at these intersections were themselves interpolated 

along the chosen contour to the position of the grid point. Our stand- 
ard procedure included the following: (1) 2 to 4 data points (within 
tM=.5 GeV of the contour intersections) were used in the interpolation 

along the E, lines; (2) 2nd order fits were used for the case of 4 
data points; otherwise, linear fits were used; (3) the interpolation 
contours were chosen to'be straight lines in the Q2,W2 plane origi- 

nating at Q'=O, W2=4 GeV'; (4) for WC2 GeV, these contours-were 
constant W lines; (5) only the two nearest intersection points were 
used in the interpolation along the second contour. As these proce- 
dures were rather arbitrary, we investigated the change in the 

interpolated value of the cross section due to changing these proce- 

dures and concluded that systematic errors in the cross sections due 

to interpolations could be as large as 2.52. 

There was one exception to our general rule of no data extra- 

polations. Because there was only one "line" of 20.6' data (that with 
E-19.5), we were forced to fit the normalized cross section along the 

line and to extrapolate off the En line to preselected grid points 
at specified values of Q* and W2. We fit along the line to a function 
of X' and extrapolated off the line using a function of Y. We used 
for the variation of the cross section with V, that obtained from two 

nearby 18' "lines". We extrapolated no further than 1.4 GeV in v, 
nor changed the value of the crnss section (due to the extrapolation) 
by more than 1.8%. 
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Checks on the Procedure 

We employed a direct test to see that the interpolation pro- 

cedure was giving reasonable answers. We checked that for those 

grid points which fell between two lines of data that the inter- 

polated values lay between the data as it should. This was 

accomplished by overplotting the two lines of data along with the 
interpolated values, versus W. An example is shown in Figure III-IO. 

This check was performed on all the data, and it was verified that 

the interpolation scheme was performing adequately. 
1.6 

0 

1- 10 

I I 

- . Data Points 
x Interpolated Points 

1 

2 3 4 5 

W (GeV) 336OA11 

Fig. III-10 

Illustration of the agreement between interpolated points 
and measured cross sections. Data points from two adjacent 
E, lines are overplotted with interpolated values from grid 
points located between the two lines. 
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4. G. Miller (Ph.D. thesis), SLAC Report No. 129 (1971). 

5. Private covmunication, H. De Staebler. 
6. The errors used when fitting versus epsilon were the 

quadratic sum of the statistical and systematic errors. 

The systematic error assigned to this experiment's CT"88 

sections averaged at about 7)1% and has bee" described i" 

a previous section. The systematic error on the 50' and 

60' data was obtained from W. B. Atwood's thesis, SLAC 
Report No. 185, and was parameterieed as: (5.8+.032*W')%. 

A systematic error of 5.5% was assigned to the M.I.T. 

cross sections. 

7. The grid point values, Gi, can be expressed as a weighted 

s"m of the data point values, Di, 

Gi = UijDj 
where the weights are determined from the values of the 
interpolation fits. The correlation matrix of the grid 

Point (CG) ij can the" be expressed in the following form: 

(c,)ij = wik(UD)klwl, t 

when oD is the correlation matrix for the data points. 
Since the statistical errors on the data points are uncor- 

related (oD)kl=O for k#l. Therefore 

('G) ij = 'ik('D)kkWk; 

is the correlation matrix for the grid points with (CG)ii 
being the error squared on the ith grid point. 

In previous chapters, we have described how the cross sections 
and their systematic errors were extracted from the measurements. 

The most obvious feature of the inelastic data is the slow fall-off 

of the cross sections with Q2 compared with elastic cross sections, 

as expected if the electron is scattering from point-like objects 

within the proton. To determine proton structure functions (1) , it 
is necessary to separate the two independent struct"re functions, 

oT and o L, or rhe equivalent pair. W1 and YWZ, by comparing cross 

sections at the same W2,Q2 but differing angles. 

By combining "UT cross section measurements with those taken 
at 50' and 60' using tde 1.6 GeV spectrometer (2) and with previous 
measurements(3) by various combinations of SLAC and MIT groups, we 
can extract 0 T and oL from the cross sections. The extraction is 

accomplished by interpolating cross sections from different angles 

to common Q2 W2 9 points. Recall that the differential cross section 

can be expressed as i" * (oT+soL). Dividing each of the interpolated 
cross sections by 

r ~ & 2KE' 

( J 4n2 Q*E (1--E) 

we then fit the remainder, (oT+ EUL) to a linear function of 
r,!(1/(1+2 tan2 0/2(l+v*/Q*)). The E=O intercept yields crT and the 

c-1 intercept yields the sum, oT+uL. 
We can perform the extraction of the str"ct"re functions using 

data from this experiment and the data at 50' and 60°, or by using a 

combined set of data from various SLAC and MIT measurements. Figure 
IV-l is a plot of interpolated cross sections from several independent 

experiments. Each of the sub-graphs is at a particular Q2,W2 point, 

and in each the differential cross sections dZo/dOdE' divided by their 
flux factor, r, are plotted against the epsilon value corresponding 

to the angle. Large angle data gives low values of epsilon (the 

green points are 50' and 60" data from this experiment). The blue 
points are the cross sections taken with the 20 GeV spectrometer 
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in this experiment. The red points are from an MIT-SLAC (SFG) 

experiment (~87)(~) which used the 8 GeV spectrometer, and the black 

points are from an earlier MIT(4) experiment (E49), also using the 

8 GeV spectrometer. 

As mentioned above, the c=O intercept of a straight line fit is 

UT and the E=l intercept is o +o T L' so the slope of a line through the 

data is proportional to cL/cT. If oL/oT=O, the points should lie on 

a line with no slope. For purposes of comparison, scales on indivi- 

dual graphs have been adjusted so that a diagonal corresponds to 

oL/aT=.5. Before presenting results on aLlaT, we note a few features 

of the data. 

Notice that the E89 (20 GeV spectrometer) data is consistently _- 
higher than the MIT data where they overlap. In fact, the E89 (20) 

data (blue) is, on the average, 5.5% higher than the MIT (E87) data 

(red) and 3% higher than the MIT (E49) data (black). These differ- 

ences are large and of concern to us, but a careful study unveiled 

no obvious errors in our data. The various data are consistent with- 

in an estimated 8% relative systematic error between our experiment 

and those of MIT. 

It is difficult to detect normalization differences betwen the 

E89 (20 GeV spectrometer) data and E89 (1.6 GeV spectrometer) data 

(green) taken at 50' and 60' because there is no overlap in angle. 

One procedure is to compare elastic cross sections (which will be 

presented later in the chapter) at the same value of Q2. To make 

this comparison requires an assumption about the behavior of GE/GM 

(the ratio of the "electric" to "magnetic" elastic form factors) 

which is the elastic analogue of 0 fo L T' If we assume that 

1! G /G =l, 
PE M 

i.e., "form factor scaling", then the E89 (20) elastic 

cross sections are 5% higher than those for E89 (1.6). 

Values for R=oL/cT are obtained from straight line fits to each 

of the graphs in the figure. When fitting, the errors used were those 
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shown in the graph which are the combined systematic and statistical 

(5>added in quadrature errors, . The values of R=oL/oT at each @,W2 

point are presented in Table IV-l. The errors on oL/oT quoted are 

those from the fitting program and take into account the correlation 

Of the errors on 0 and o . The errors on individual points 

(the combination 0: statiztical and systematic errors) are 

treated as if they were uncorrelated when fitting, even those from 

the same experiment. Although this is not rigorously true, it is a 

reasonable approximation, since we estimate that the proportion of 

systematic error which represents an overall normalization error 

(independent of kinematics) is less than 50%. 

In addition to-the values of oL/oT extracted using all the data 

in Figure IV-l, in Table IV-1 we also present values of oh/UT and the 

corresponding systematic errors obtained from E89 (green and blue) 

data alone. The average value of R over the entire Q2,W2 range, using 

the combined data set (all data in Figure IV-l) is .21. Using only 

the data from E89 (20 and 1.6), the average value of R obtained is 

.30. The systematic error on either of these average values is estimated 

as +-.l. This error of .l is approximately the same size as the minimum 

error of an individual point. This is a reflection of the fact that 

combining individual measurements does not reduce the error, when syste- 

matic errors dominate. The errors are consistent with the observation 

that if we allow the E89 (1.6) data to increase by its systematic error 

everywhere, the average value of R decreases from .21 to .13. The 

values of R that we report are consistent with an earlier measurement 

of l+lIT(4) of .14 +.OG using the (red and black) data shown in Figure IV-l, 

although with slightly different radiative corrections and interpolation 

methods. As can be seen in Figure IV-l, the individual data points are 

quite consistent with each other; it is, then, not surprising that the value 

for R is also consistent. 

The quantity R- (uL/uT) is interesting because it is a measure 

of the spin of the constituents of the proton. In naive parton models. 
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0.6000t*Ol 0,7000E+Ol 0. 2502ErCO r).lR15E*OO O.l67RE*OO 0. 1347E-0 1 0.31011?*00 0.2604~01 
0.6OOOE*Ol O.lOOOE402 O.aY63E+OO 0.2706E*OO 0.25P3E+On O.l759E-0 1 O.a8uOC*OO 0.6338’?-Oj 
0.9OOOL*Ol O.UCOOE*Ol 0.2237l?*OO 0. 1583B*OO 0. 32163-01 O.l759E-02 O.U303E-01 O.a041E-02 
0.9000E*Ol 0.7000E*O 1 0. 2722E+OO O.l505E*OO 0.92491-01 0.50 17E-02 O.l391E*OO 0.1107X-01 
0.9OOOC+@l O.lOOOE+02 0.2642E+OO 0. 2U31E*OO C.l56CE*OO O.l148E-0 1 9. 2725e+OO 0.35831-01 
0.9000EtOl O.l3OOE*O2 0.545OE*OO 0.3572E.00 0.2273E*OO O.l92EE-01 0.36971+00 0.5tl31E-01 
‘l.l200E+02 0. UOOOE+Ol 0.2647E*OO 0.17’32!!+00 0.1639E-01 0.9305E-03 O.l935E-01 0.2013E-02 
0. lZOOE*OZ 0.7000E*Ol 0.2364E+CO 0. 15aW*OO 0.5383P-01 0.3028E-02 3.742OE-01 0.6234E-02 
0. 12001+02 0.1000E+02 0,2_994E+CO 0.217lE.00 0. lOUOE*OO 0.95663-02 O.l543E+OO O.l458E-01 
0.12001+02 0. lJOOE+02 0.5468E+OO O.U165E*OO 0. 16471*00 0.173&f-Of 0.229611400 0.3813E-01 
O.l2OOE+O2 O.l600E+02 0. lOlUE+Ol 0.75561+00 0.244aE+OO 0.3881E-01 O.T)OlI*OO 0.64191-01 
0. 1500!?+02 O.aOOOE+01 O.Z013E+OO 0.2213E*OO 0. @486E-02 0.68141-03 0.9906E-02 O.l037E-02 
0. lSOOE+OZ 0.7000E*Ol 0.35281+00 0.2079L*OO 0.34EUE-01 0.29OOE-02 0.40561-O 1 0.36871-02 
0. 1500E+02 O.lOOOE*02 0. 3362EoOO 0.2709E*OO 0.7097EOl 0.81791-02 0.93161-01 0.9519E-02 
0. 15001+02 O.l3OOE+O2 0,5656L*OO O.SOOaE+OO 0. lZOOE+OO 0.7744E-01 0.1485.2+00 0.2623E-01 
0. lEOOE*OZ 0.4000E*Ol O.l353E*OO 0.2193E*OO 0.4849E-02 0.45951-03 0.5723E-02 0.5606C-03 
0. 1ROOE+02 0.7000E+Ol 0. 377OE+OO 0.25641+00 0.2195P-01 0. 23311-02 0.236R-01 0.23695-02 

TABLE IV-l 

Q2-W2 GRID E89 DATA ONLY 
R dR uW2 duW2 2MWl d2MWI 

x-v GRID 
Q2 W2 R 

E 89 DATA ONLY 
dR VW, dvW2 2MW, d2MW, 

O.BOalE+o 1 O.a097E*Ol O.ZOUUE*OO 0.15411*00 O.U262E-01 
0.7264E*Ol 0.48751*01 0.2767!Z*OO 0. 1466E+OO 0.734aE-01 
0.6434E*Ol 0.5705B*Ol 0.3373P.+OO 0. 192OE*OO 0. 11791*00 
0.5630L*O 1 0.6510E+Ol 0.359lE*OO 0.2002E*OO O.l692E*OO 
0.28151+01 0.932aE+Ol 0. 1539X+00 0.26422*00 0.3394EcOO 
0. 10832+02 O.U128E*Ol 0.2232WOO 0. 15991+00 0. 22501-01 
O.l005E*02 0. 4901E+Ol O.l281E+OO O.l481E*OO 0. 37661-01 
0.90AOc*01 0.587av01 0.20n9E+00 0.1389e*o0 0.6681~-01 
O.B042t*Ol 0.6912WOl 0.3099E+OO 0. 7576E+OO 0. 109BIWOO 
0.7037E40 1 0.79 17E*Ol 0.22958*00 O.l512E*OO 0.1588E*OO 
0.563011*01 0.932aDOl 0. 3935Z.GOO 0.25191*00 0.2502Z+OO 
0. 129911*02 0.47771+01 0.15641+00 0. 1695EcOC O.l998E-01 
O.l206E*02 0. 57OSE+Ol 0.2472E+OO 0.15661+00 0.3529E-01 
0.10901*02 0.6873E*O 1 0.2766EcOO O.l5B3L*OO 0.633OI-01 
0.9651E*Ol O.tl11811401 0.3U17E+OO O.l6EOE*OO 0.10633+00 
0.8444E*Ol 0.932aE+Ol 0.2095E+OO 0.22OOE+OO 0. 15351+00 
0.6756E*Ol 0. llOlE+OZ 0.49893*00 0.3010E*OO 0.2525E*OO 
0. 15161*02 0.54273*01 0.2643EtOO 0. 2063+00 0.19051-01 
0.14071*02 0.6510E+Ol 0.2933E400 O.l992E+OO 0. 3U15E-01 
0.127lEcO2 0.78721*01 0.2926L*OO 0.1953!!+00 0.6112E-01 
0.11261*02 0.932aE+Ol 0.317BE*CO 0.1765EtOC O.l025E*OO 
0.98521*01 O.l073E*OZ 0.28E9E+OO 0.2626E+OO 0. 1527E*OO 
0.7881E*Ol 0. 12701+02 0.5853E+OO 0.3541E*OO 0.25441*00 
0.12871*02 O.l053E+o2 0. 2RR99*00 0.2269E*OO O.l0041+oO 
O.l126E*O2 O.l21U3*02 0.4461E+OO 0.381lE*OO 0. 1588E*00 
0.9007E*Ol 0. 143%?+02 0.6874E+CO 0.43081+00 0.25941*00 
O.l013E*O2 0.16081+02 0. 116E+Ol 0.7820X*00 0.295OE*OO 
5-78 

0.2242E-02 0.6061E-01 0.5684X-02 
0.3651E-02 0. W71E*OO 0.86932-02 
0.87421-02 0.18 l91*00 O.l61m-01 
0.13158-01 O.ZE8OE*OO 0.25671-01 
O.l682E-0 1 0. 1269E*Ot 0.2278E*OO 
0.1198lb02 
0.20391-02 
0.354Pl-02 0.9946E-01 0.7723FO2 
0.58701502 0.16761*00 O.l384E-01 
0.9030.e-02 0.29061+00 0.236OE-01 
0. %77E-0 1 0.4931+00 0.6274P-01 
O.llSOL-02 0.2607E-01 0.2759E-02 
0.192tf-02 O.a55lE-01 0.396P-02 
0. XObE-02 0.8719E-01 0.7349E-02 
0.6OOOE-02 0.1552E*oo 0.13071-01 
0.109633-01 0.280X3+00 0.35561-01 
0. lR6 1E-o 1 0.45631*00 0.63701-01 

0.2852E-01 0.2719E-02 
0.55091-01 0.5 1771-02 

O.l313E-02 0.22281-01 0.2121~-02 
0.27963-02 0.4169C-0 1 0.3865E-02 
0.5135E-02 O.E174E-01 0.70681-02 
0.6226E-02 O.l5OOE*OO 0.13231-01 
0.1186%01 0.258OE*OO 0,3570E-01 
0.20788-01 0.4299t*OO 0.6593E-01 
0.965OE-02 O.l4B6C*OO 0.14788-01 
O.l65OE-01 0.2367E*OO 0.3811-01 
0.23841-01 0.4OB4E*OO 0.7106E-01 
0.3660!+0 1 0.36OQ*OO 0.8769601 

3340858 
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Q2-W2 GRID COMBINED DATA SET 
Q2 W2 R dR vW2 dvW, 2MW, d2MW, 

SET 
d2MW, 
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spin % partons give rise to small values of R, which decrease rapidly 

with increasing Q2. Early observations (6) that R=1/5 supported the idea 

that the electron is scattering from spin 4 partons and were evidence 
against early vector mes"" dominance models (7) which predicted large 

values for R, growing with Q2. In response to the need for better measure- 

ments of R, tw" independent experimental programs were undertake"; the MIT 
experiment which hoped to keep systematic errors small by using only one 

spectrometer, and "E89" which hoped to increase the accuracy by increasing 

the range of available E. More recent predictions based up"" QCD (*) are 

somewhat smaller than the earlier measurements and also are less than the 

previously reported MIT (4) data (R= .14). The disagreement is eve" m"re 

marked in the present experiment where R is found to be 2.30 k.1. The models 

make detailed predictions of not only the size but also the kinematic vari- 

ation of R. To study possible kinematic trends, we have plotted the values 

of R against several common variables, Q2, W*, X', and V, and present the 

results in Figure IV-2. 
Plotted on each graph are the R values we obtain using E89 (20 and 1.6) 

data only and those from the combined data set, which lie somewhat lower. 
The error given is the minimum error for the individual measurements within 

a bin. R shows no noticeable trends outside its systematic errors "ers"s 

either X' or Q2. On the Q2 graph are overplotted two theoretical predic- 

tions; one (the lower line) from a" early QCD paper (8) , and the second from 

a paper (0 ) which the author modified the earlier QCD results with dynamical 

effects, giving rise to a" increase of the average P12 of the struck quark with 

increasing Q2. I" either case, the prediction show" is for X = .6 which is 

the average X for our data. Since early parton calculations had show" 

R 2 4P12/Q2('o), it is not surprising that if P12 grows with Q2, the calcu- 

lated R will be m"re "early c""sta"t than if Pl is constant or assumed to 
be negligible('1). 

If the apparent constancy of the experimental value for R versus 

Q2 is due to increasing PI of the struck quark, the" the simple formula 

R = ~PA~/Q~ gives rise t" a" estimate that (at Q2 = 20 GeV2 and R c .2) 
the average Pl of the struck part"" is approximately 1 Gey. This 

is consistent with the Pl of the dimuon pairs (12) produced in hadron 
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collisions at Fermilab. Both processes may arise from a common 

dynamical origin; at any rate, the value of R may reflect dynamics 

es well es the spin structure of the proton. 
Turning our attention now to the graphs of R versus W2 and v, we 

see some evidence that the data may be rising with increasing W or v. 

We have taken a conservative viewpoint regarding systematic errors and 

have not combined errors within a bin but have plotted the smallest 
error on the l"dividual points contributing to a bin. To study this 

rise more closely, consider the W2 = 16, Q2 = 10 sub-graph in Figure 

IV-l. In order to reduce R to .2, the 1.6 GeV (50') data (green) would 

have to rise by 20%. If it rises by a full systematic error (14%), the 

value of R only demreases to .4. It is our feeling that a 20% error in 

the data is improbable. @d therefore the rise may be siginificant. The 
effect is most pronounced near the edge of our kinematical acceptance. 

which urges caution in the interpretation, but further measurements in 

this region are warranted. 

our conclusions on the experimental value for aLfaT are the following. 

1) R is not consistent with zero; our best estimate for the average value 

of R is R = .Zlf .l. These results are somewhat higher than theory, 

although higher-order corrections to the theory have recently reduced the 

disagreement. 2) There is no evidence for a fall-off of R.with Q2 or X', 

and there is some evidence for a rise with v or W2. 
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scaling variable the contours in the Q2, w2 plane of constant VW 2 or 

ml. The important point here is that the size of the scaling violations 
is dependent on the choiceof scaling variable. 

3) Partons have no structure. The structure functions vW2 and 2ElWl 
should depend only on the probability of a parto" having a fraction X 

of the proton's momentum; this probability is assumed in the simple 

model to be independent of Q2. 

Whil‘e these assumptions gave good qualitative agreement with early 
measurements of scaling, they are not in quantitative agreement with 

present measurements, "or do they take into account known theoretical cor- 

rections. Quantum Chrome Dynamics has attempted a much more sophisticated 
approach to a physically similar model and a large literature exists on 

the subject. I" QCD, one can calculate the Q2 dependence of the structure 
functions which arise from 'tradiation-like" diagrams in which the struck 
parto" can radiate some of its energy by emitting gluons. This 9' depend- 
ence should manifest itself as a fall-off of the structure functions with 

ln(Q') at large values of X (>.3) and a rise at small values (c.2) of X. 
To investigate these possible effects, we present the VW2 and 2EWl 

data in such a way that smell scaling deviations are evident. To see smell 

deviations, it is useful to study vW2 and 2NWl at fixed values of the 

scaling variable. To do this, we set up a different grid for interpolation 

in the Q2,w2 plane. 
Grid points were located at intersections of constant v contours 

with constant scaling variable contoUrs. Because a detailed testing 
of scaling must include a study of the effects of choice of scaling vari- 
able, we chose 3 separate grids: an X-V, Xl-v, and S-v grid, where X is 
the Bjorken scaling variable Q2/2 Hv, X' is the Bloom-Gilma" variable 

Q2/W4v+~) and 5 is, due to Nachtmann, Q2P(v+ +m. Table IV-~ 
tabulates the structure function values for the X -v grid. one way to 
display the results is show" in Figure IV-3. 

is plotted against Q2. 

In these graphs, VW2 (or 2MWl) 

Data points which lie along the roughly constant 
lines are from constant values of X (or X' or F,), and the values of the 

scaling variable for a particular line are indicated. "Scaling" in a 
variable gives values of vW2 or 2mWl, which do not change with Q2, so that 
data points in the graphs should Iie on horizontal lines for perfect scaling. 

The data tend to decrease with increasing Q2 for the X-vgrid; less so for 

2mWl and vW2 

The results of the fits to the interpolated cross sections in 

Figure IV-1 can be used to determine vW2 and ZMWl, instead of oL and oT. 

Approximate scaling for VW2 and 2ml is expected in parto" models 

and was first observed some years ago (13) . Today, studies of scaling 

behavior have been refined to the study of small violations of scaling 

which have been seen in electron and muon data (14) . To understand the 

recent interpretations of scaling behavior, it may be helpful to review 

the basic assumptions of the naive parton models and discuss what modifi- 

cations to these assumptions are made in more recent theories. 

Scaling in parto" models is a consequence of electrons scattering 

quasi-elastically from single partons. The assumptions inherent in this 

simple view are the following: 
1) The electron scattere incoherently from a single parto". This 

2 
will not be true at low Q2(52 GeV ) where the "turn-off" of scaling can be 
interpreted as a decrease in the probability for incoherent scattering 

relative to elastic (i.e., coherent) scattering. The Incoherent scattering 

approximation ("impulse" approximation) is assumed to be valid at higher 

values of Q2. (However, Blankenbecler (15) points out that taking into 

account scattering from di-quark states, which are neglected in the 
impulse approximation, can yield the right magnitude of scaling violation 

seen at SLAG.) 
2) Choice of scaling variable. The assumption thet the parto" 

has fraction X of the proton's momentum implies a definition of X, 

the scaling variable. Our experiments are not in the asymptotic region 

(Q2 , u-t==') where masses and binding energies are negligible compared to 
2 

Q andv. Studying deviations of the experimental scaling variable from 

the asymptotic form may give information about binding energies and masses 

of the quarks. However, the amount of scaling deviation observed is 

linked to the choice of variable. In principle, it is always possible to 

eliminate scaling violations by arbitrarily choosing as,? definition of 
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the x'-v and 5-v . Note, also, that the slope seems smaller at lo" 

values of x ix' E). k , The two highest Q* points for X- .4 show peculiar 

behavior; on the vW2 plots they seem anomalously high and on the 2;Wl 

plots, 10". This coincides with the observation of large values of 

UL'OT in this region and could be due to systematic errors in this 

region of the Q=. W2 plane. (To bring these high Q2 points into line 

with the lower Q2 points at X= .4 would necessitate moving the 500, 60° 
data up by =8%, changing the value of R at the highest W2 points by 

c.27; i. e., .87+ .6.) 
A parameterization of the scaling violation is presented in Fig- 

ure IV-4. In Figure IV-3, each group of data points at constant 

scaling variable is fit to a form a(l+bQ2). In Figure IV-4, the value 

b (I. e., the slope with Q= is plotted for different values "f 

scaling variable. ThevW2 data show little slope with Q2 for the vari- 

able X' (i. e., the data scale well in X') but show more of a trend 

with F, and still more with X. The 2 Wl data are not consistent with 

scaling in any of the three variables. For the variables X, both 2 Jl 

and vW2 show a patter" of increasing fall-off with Q= at larger values 

of x. The fall-off (for constant X) of Wl and vW2 at large values of 

X (=.7) is characterized by a slope b = .03/GeV=. 

These results can be compared with a summary of MIT and SLAC 
(E89-1.6 GeV spectrometer) data presented in 1975(16). At that time, the 

VW= results presented were from MIT-SLAC (SFG) separated data (i. e, 

the red and black points) while the 2mWl results were obtained from the 

50° and 60' data (green points) assuming R-.18. As in the present 

analysis, vW2 and 2mWl were fit to functions of the scaling variable 

multiplied by l+bQ= to allow for Q= dependence. In that analysis, for 
VW2 and for the scaling variable X, the slope parameter, b, had average 

value <b>x = -.029* .OOl, and for the variable X',<b> x' - .011* .OOl. 

For 2Mwl. the average slope parameter for the variable X' was found to 

be <vx - -.011f.001. No average value was presented for the variable 

X because of the poor fits of the assumed parameterization to the data, 
but the average slope (as estimated for an X= .6 graph of the Q= slope 

of 2MJl) was approximately (b)x= -.03. 
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In the present analysis (using the combined data set and averaging 

over the data of Figure IV-4),we obtain (b)x =-.021 f.003, and (b)x, 
= .0003 f.004 for "W2. For 2MWl we obtain <b) = -.029 i.004 and x 
\/b>x, = -0.016 t.005. 

ence on Q' 
For vW2 our results show somewhat less depend- 

(f or both X Sod X') than had the previously reported data. 
However, for 2MWl our data show a steeper slope with Q" than the previous 
data. The differences may arise from the fact that the older analysis 

assumed a constant value for R, whereas in the combined data set, R is 
rising with v. For a ConStant value of the scaling variable, "W2 will 
fall off more slowly with Q2 (and/or aWlfaster) if R increases with Y. 

If we leave out of the combined data set the points St high w where R is 
large (i.e., x= .4) we obtain for the combined data set(b)x,= -.001+.005 
and {b>x = -.023 +003 for VW,. Leaving out the X= .4 causes 2MW1 values 
to change in the opposite b irection; for this caSe (dx = -.028f .004 and 

<b>x, = -.014?.005. These values agree better with the previous ex-- 
oerimental sunrmary. Using the 1975 summary of the data, it was 

concluded that vu2 did not scale in Xl. This seems not so when one 
includes the data from this experiment. In any case, the Bloom-Gilman 
v=rfSble PlSYS S smaller role in the theoretical analysis of scaling 
nowadays, ** that the question of scaling in X' IS of limited interest. 

(Note that the treatment of errors in the older analysis was based on 

statistical behavior so that the errors obtained in the fits were consider- 

ably smaller than here.) 

Now that we have established that the present analysis is Consistent 

with the previous results, we look in more detail St the Pattern of *CSli*g 

violatio". AsyS,ptotically free gauge theories predict inCreaSing fall-off 

with Q2 for large values of X. Recent muon scattering (14) data See vW2 

rising with Q 2 (i.e., a positive slope) St low values of X (X= -2). our 

data do not extend below X= .25; however, our data do seem consistent with 

a steePer Q2 dependence of the structure functions St higher values of the 
scaling variable, in agreement with qualitative ideas of the recent 

theories. This is apparent in the graphs of the slopes of vW2 and ndwl St 

Constant X, which decrease from =O at X = .25 t0 z-.03 St X=.77. 

In QCD theories, the variation of the scaling functions with Q2 is 

expected to he logarithmic; I. e., vW2(X,Q2) = VW,(X) * (l+b l*Q2)- 
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In Figure IV-5, the derivative of aF/alnQ2 for vW2 and 2MW1 is plotted against 

the scaling variable for each of the 3 scaling variables. Calc"latio"s(1') 

based upon asymptotically free gauge theories predict that tbis derivative 
should be positive for small X (Xc .2) and negative for large X (X >.3). 

Our data are consistent with these ideas, showing some tendency for a 

fall off the derivative as the scaling variable increases from .25 

(especially for X1, but by themselves do not offer much support to such 

theories. 
Our conclusions regarding the scaling behavior of VW2 and 2mWl are 

the following: 
1) vW2 is consistent with scaling in X' but shows a fall-off with 

increasing Q2 for the scaling variable 5 and a greater fall-off 

('2.5%lGeV2) for the variable X. 2MWl is not consistent with scaling in 

any of the 3 variables. 

2) Because of theoretical uncertainties in the choice of scaling 

variable, it is more important to study the general pattern of scaling 

violation than to focus in detail on scaling in a single choice of 

variable. Our observations are consistent with a steeper Q2 fall-off at 

larger values of the scaling variable, as in QCD, but the data cannot be 

said to require such behavior. Only in combination with the rising 

values of vW2 with increasing Q2 that are observed in lpuon scattering is 
there evidence for the behavior suggested by asymptotic freedom. 

ELASTIC SCATTERING RESULTS 
During the course of the experiment, we measured the elastic cross 

section at different values of Q2 ranging from .5 to 21 GeV2. The beam 

energy, angle, and Q2 are presented in Table IV-2 along with the 

radiatively corrected cross section and its statistical error and the 

average W value of the peak. The systematic error on these cross sections 

is estimated as =5X. Also listed is the value of the structure function 

GM calculated from the cross sections assuming "form factor scaling"; 
i. e., upGR=GM . 

In Figure IV-6, we plot this extracted GM multiplied by (Q2j2 

versus Q2 along with the assembled world data from a plot in W. B. 
Atwood's thesisc2). This curve seems to approach a constant value and 
is consistent with an asymptotic l/Q4 behavior for GM,, 
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A plot of the slope of the structure function in (lnQZ) for fixed 
value of the scaling variable. Plots for 3 different choices of 
scaling variable are shown. 
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Part A shows the slope of vW2; part B 
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I" the part"" model, the structure function GR and GM are 
related to the m"mentum distributiom of the partons which comprise 

the proton. In electron scattering, the virtual photon strikes a 

single parto", imparting 4-momentum squared, Q2, to it. In order for 

the proton to remain intact, there m"st be subsequent momentum trans- 

fers from the struck part"" t." the other partons in order that their 
relative mcmlentun! remain small. Each momentum transfer multiplies 

the amplitude by a factor 1/Q2; so the total power of (l/Q') in the 

structure function is a" indication of the number of constituents. 

This simple picture is preserved in more sophisticated calculations. 
Experimentally, the structure function, GM, approaches a (1/Q2)2 

behavior, implying 3 charged partons. In Table IV-2 are also presented 

values for GM extracted frpm large (50' and 60') angle data and smaller angle 

(6', 15', d, and 20.6") data. The error bars are systematic, arising 
from a" estimate of a 5% systematic error in the elastic cross sections. 

SLlMMARY 

Our results are the following: 
1) It would be difficult to reconcile the data with the hypothesis 

that R is equal t" zero in this kinematic reg,ion. Our best value for R 

canes from the "combined" data set and gives R=.Zlf .l. 

2) R may be increasing with increasing W2 or u. 

3) vW2 and 29 exhibit a scale breaking whose pattern is not 
inconsistent with the predictions of QCD. At X= .7 vW2 and 2MJ1 decrease 

by about 3%/GeV2 as Q2 increases. 
4) Values of GM extracted from elastic cross sections approach e 

l/Q4 dependence above Q2= 5 GeV'. 

A graph of the value of the s structure function from several dif- 
ferent experiments, extracted from the measured cross section by 
assuming GE= 4(/w. The str"ct"re function, multiplied by Q' 
.seems to approach a constant, v indicating a l/Q behavior at large Q2. 
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APPENDIX I 

SPECTROMETER ACCEPTANCE AND OPTICS COEFFICIENTS 

INTRODUCTION 

The optical properties of the 20 GeV spectrometer were determined 
in a series of experimental tests in the winter of 1967 and 1968. Sub- 

sequently, experimenters have used these results to calculate their 

cross sections. This experiment used a range of #u-(?S mrads) and a 1.75 
projected target width X0 (t3 cm), much larger values than previous 

experiments, in order to get reasonable counting rates at the larger 

angles. For these reasons, we expected errors related to the spectro- 
meter acceptance to be large (23%) compared to most errors in the ex- 

periment. So we devoted some data taking and considerable analysis to 
checking the optical properties of the spectrometer. 

The solid angle acceptance, dn, of the spectrometer is about 128 

microsteradians (+8 mrads in vertical angle, O,, and +4 mrads in the 
horizontal angle, Oo), and the momentum acceptance, d6, is approx- 

inlately K?%. For a definition of these angle and momentum variables, 

,\" 

0 
rea of Acceptance 

CQ 
is A+, (8,, 8) (from Model) 

see Figure 11-3. In order to determine the differential crnss section 

d20/dndE', it is necessary to count the number of scattered electrons 

which have momentum, 6, and angle Ou, within the acceptance limits 
(-3.75 mrad < 0 o < 3.0 mrads) and (161 < 1.75%). It is also necessary 

to calculate the acceptance, dfld6, for the spectrometer. For the case 
of the resonance region (W<2 GeV), where one calculates cross sections 
for individual W bins (see Figure Al-l), it is necessary to know fi and 

0" of each particle, In order to bin the event in W. 

-1.75 

4 - I. 80 (mrad) 
A particle's 6 and o. are calculated frnm the position and angle 

of its track through the wire chambers, using a matrix tra"sformatio" 
whose elements are referred to as optics coefficients. I" our notation, 

a" individual coefficient is denoted A/B where B is the measured 

variable in the detector and A the calculated variable. For instance, 
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Fig. Al-l 

A sketch of the position of a W bin in the 6, 0, plane. To 
calculate the acceptance for a W bin, we integrate the calcula- 
ted &, acceptance over the 6, 0, range covered by the W bin. 
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(Q~/x) is the coefficient of X in the expansion Oo=(Oo/X)'X f 
(Oo/Y).Y + . . .etc. The determination of the optics.coefficients 

is discussed in the first subsection of this Appendix. 
The acceptance (dGd6) is the product of the range in Qo, 6, and b. 

covered by scattered particles. For W<2 GeV, it is the product of these 

ranges subtended by a single W bin (again, see Figure Al-l). The 

ranges of acceptance for Q. and 6 are determined by limits used in the anal- 

ysis program since these quantities are measured with good resolution. 

The 0, acceptance is defined by lead-tungsten slits (1) at the entrance 

to the spectrometer. For the majority of data taking, the '#'. slits 

were set to 23 mrads. For a given o. and 6 within the software limits, 

not all particles which enter the spectrometer within the +. slits pass 

through the spectrometer because some of them strike apertures inside 
the spectrometer. Averaged over the whole 6 and go acceptance, the 

fraction is calculated to be less than 6% (Figure Al-2 shows the cor- 

rected acceptance/nominal acceptance versus scattering angle). To 

make this acceptance correction, we employ a model of the spectrometer 
which divides each magnetic element into several sections and "swims" 
the particles through each section using appropriate matrix transfor- 

mations. At the end of each section, the particle's position is checked 

to see if it has struck an aperture. A Monte Carlo generation of many 

such eventsaveraged over target position allows us to fit the 4, 
acceptance as a function of 8. and 6. The details of the model are 

presented in the second subsection of this appendix. 

As a guide to the appendix, the reader may refer to Figure Al-3 

which outlines the logic of the solid angle investigations. 
The flowchart illustrates the connections between the various data 

and how they were used to determine the optics coefficients and the 

acceptance of the spectrometer. The left side shows the inputs to 

the Monte Carlo model used to calculate the +. acceptance, while the 
right side demonstrates how the optical properties are determined. 
Let us first consider the information available about the optics of 

the spectrometer. 

0 

0.1 

0.3 

0.4 

l Inner Aperture 
0 Outer Aperture 

1 

0.90 0.95 I .oo 
Acceptance/Nominal Acceptance ,,~o*l, 

Fig. Al-2 

A graph of the acceptance calculated by the model, normalized to its 
nominal value (G3,A$o~6), plotted versus the scattering angle. The 
"outer" aperture is used in the analysis; the"inner" is used for con- 
sistency checks of the spectrometer acceptance (see Figure Al-17). 
The maximum correction to the nominal acceptance is 6%. 
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OPTICS COEFFICIENTS 

Fig. Al-3 

A flowchart of the various factors which enter 
into the determination of the optics coefficients 
for the spectrometer, and the development of a 
magnetic model of the spectrometer used in 
Monte Carlo determination of the acceptance. 

The optics coefficients are the elements of the matrix which 

transform the parameters of a track as measured In the detector (X 
and Y positions and angles) into the parameters of the particle leav- 

ing the target (X position at target, angles Q. and $. and momentum 

6). See Figure II-3 for a sketch showing the various parameters. 
For a spectrometer constructed of ideal magnetic elements, these 

coefficients can be calculated, and the design and construction of the 

spectrometer was based on such calculations. After construction, the 
field properties of each magnet were measured and the coefficients 
were recalculated. The calculations were succeeded by explicit meas- 
urement on the specprometef in optics experiments of 1967 and 1968. 
Some measurements made during the present experiment have been used to 

modify these earlier results. These new measurements. "jailbar" runs 
and studies of the elastic peak position in the 6, Q. plane, both rely 

upon being able to define the angles or momentum of scattered particles 

entering the detector. The results were used to adjust the optics 
coefficients until the reconstructed angles or momentum agree with the 

known input. The final set of optics coefficients (see Table 111-l) 
used in the analysis of the experiment were those given by the 1967 

tests except for 8 coefficients whose values were explicitly measured 

during this experiment. We will next describe the original optics 

measurements and the new measurements made during this experiment. 

Optics Tests (1967) 

In 1967, optics measurements were conducted on the 20 GeV spec- 

trometer. A low intensity electron beam was set up and directed into 
the spectrometer which was positioned along the beam line (0'). The 

momentum. of the beam was set by the Beam Svitchyard magnets arld;by 

use of small bending magnets, the incoming (horizontal and vertical) 
angles and the X offset relative to the spectrometer center line 

could be controlled. Fluorescent screens located in the detector hut 
ma&d the final position and angle of the beam for different values 

of these parameters. 

143 144 



The optics data consisted of a set of points with 4 incoming 

parameters Q,,, X,, 6, and 6,, and 4 final parameters, as measured in 
the hut, X, Y, 0, and 0. Fits of the incoming parameters as functions 
Of the hut parameters resulted in determination of the optics coef- 

ficients. Data were taken for various central momenta ranging from 

4 to 17.5 GeV and for target Qoffsets from -3 to +3 centimeters. 

We refit the entire data set because the kinematic range of the 1967 

optics test matched the parameters in our experiment (E' ranging from 

2.5 to 17.5 GeV and an 18 cm long target st angles between 6' and 20.6' 

corresponding to target projected widths as large as f3 cm). This 

provided the initial set of optics coefficients. 

Jailbar Tests 

After the fall cycle of E89 (1973) and, again, after the winter 
cycle (1974), a series of "jailbar" runs were taken on the 20 GeV 
spectrometer as a check of the optics coefficients. These runs were 
taken with a mask in front of the spectrometer entrance window. The 
mask consisted of a set of 6 vertical brass bars, 3116" wide and 

aPPrOXimatelY 5" high with 3/16" gaps between the bars. From the 
front they looked like jailbars, and their purpose was to define O0 
for Particles entering the spectrometer. A thin target was used to 

produce a point source of scattered electrons. See Figure Al-4 for 

a sketch of the set-up during the jailbar runs. 

The idea of the jailbar analysis is simple. We produce a O. dis- 

tribution for the events from a jailbar run and obtain an image of the 

jailbars themselves, since each jailbar subtends a swath of constant 

Q. for a point target. These swaths should correspond to the QO-6 dis 

tions of the inter-jailbar spaces as determined by optical *urveY** 

If they do not, then the optics coefficients must be adjusted until 
agreement is attained between surveyed jailbar positions and the 

clusters of events reconstructed in Qo. To get an impression of the 

sensitivity of this technique, see Figure M-5. The image of the 

jailbars is apparent in the X-Y scatterplot at the focal plane shown 

at the top of the figure. 

OPTICS PROCEDURE: JAIL BARS 

Focal 
‘Joil 
Bars’ 

e’” 
6’ 5= F., 

born +/ 
..-I-.* ( 

;p* 

\ 
I r7 

Optics Coefficients 
Torget V 

Surveyed Position/-4 0 4 
of ‘Jail Bars’ 00 had) I,.O.ll 

Fig. Al-4 

A sketch of the "jailbar" run set-up, indicating the com- 
parison of the reconstructed 0, histograms with the surveyed 
jailbar positions. The optics coefficients are adjusted to 
give agreement between the two. 
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Fig. Al-5 

Illustration of the difference between using the original 
("old") optics coefficients and those modified during the 
course of this experiment ("new") when reconstructing QO 
distributions from jailbar runs. For comparison, the 
dashed lines (in the middle figures) and the solid lines 
(in the lower figures) are set to agree with the survey 
positions of the jailbars. 
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The jailbar data calculated using the original coefficients 

(labeled "old optics") shows an obvious anomaly. The date is shifted 
from what is expected, and the clusters of events are tilted in the 
6, Q. plane. Closer inspection reveals that the clusters were closer 

together on the left side than on the right and that the total QO 

separation from one edge cluster to the opposite side did not match 

the surveyed positions. 

Shifts in the data were remedied by changing the X offset of the 

wire chamber zero position. The tilt was corrected by modifying the 
too/Y) term, and the uneven spacing of the clusters was cured by 

modifying the (QO/X2) coefficient. The (OO/X) term (i.e., the QO dis- 

persion) was modifed to make the overall spacing of the clusters 

agree with the surveys. ,These changes were correlated with one another 
I 

(e.g., the (Qo/X') change shifts all the clusters in the same direction, 
as does the X offset), and to handle these correlations a simple 

method was used to modify the optics coefficients. 

With a given set of optics coefficients, we can analyze a jailbar 
run and produce a histogram of the number of events versus Qo. Each 
event is weighted by the inverse of the cross section (which varies 

over the acceptance) so as to weight each jailbar slot equally. The 

quantity we calculate is the fraction of events which have a recon- 

structed Q. which fell into the inter-jailbar spaces as determined 

by the survey. This fraction is about 75%; the 25% background arising 

from spectrometer and wire chamber resolution, multiple scattering and 
scattering from the edges of the jailbars. We varied the optics 

coefficients and observed the change in this fraction. We choose as 

the most correct set of optics coefficients those producing the maxi- 
mum fraction of events falling into the inter-jailbar space. 

Since the fitted optics coefficients are not independent, a 

search for the optimum set was conducted in 4-parameter space. The 

parameters are X-offset, Qo/X, QO/X2, and Qo/X3. There were jailbar 
runs at 5 different momenta: 4.5, 7, 10, 14, and 17.5 GeV. For each 
run, we determined the position in the parameter space at which the 

fraction of events from the inter-jailbar spaces was highest. Graphs 
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of the fraction of events from the inter-jailbar spaces plotted 

versus each of the 4 coefficients above were used to search for opti- 
mum values of the coefficients. Each graph was strongly peaked, and 

the value of the coefficients near the peak was insensitive to allow- 

ing the other coefficients to vary or holding them fixed at near their 

final values. The jailbar runs contained up to 30,000 events, so the 

peak positions could be determined with high accuracy. Using this 

method, we could determine (Bb/X) for each run to .0025, the X offset 
to .25 mm, (Oo/X2) to .OOl, and Oo/X3 to '=.0004. Determining (Oo/X) 

to .0025 (about a nominal value of 2.6) is about a k% measurement, 

equivalent to measuring the X separation from one edge cluster to the 
far side (214 cm) to an accuracy of 1.7 mm, which is quite consistent 

with the spectrometer and PWC resolution. 
I As a result of the jailbar measurements, we made the following 

adjustments in the optics coefficients. The optimal value of (co/X2) 

was consistent with .005 +.OOl, a change from the old value of -.0025. 

The optimal values of (Oo/X3) was consistent with values between 0 
and .0004; the .0004 value was chosen to match the shape of the calculated 

spectrometer acceptance with observation. 
The optimal value for the dispersion (Oo/X) and the X-offset 

change as the spectrometer mamentum varies. That the dispersion changes 

with spectrometer energy, E', is made clear in Figure Al+. By care- 

ful inspection, one can see that the X histogram at 4.5 GeV is about 
3% wider than the one at 17.5 GeV. Since the O. distributions are 

unchanged, this implies a smaller value of (Oo/X) at low E'. In 

Figures Al-7 and Al-S, the measured values of (Go/X) and of X-offset 
are plotted versus E' with the results of a straight line fit shown 

in each case. Overplotted are values determined using only the inner 

4 jailbars, done to ensure that a possible acceptance fall-off at 

the outer two jailbars was not giving false results. In addition 

to the above changes, (OolY) was changed from .03 to 0 to eliminate 

the tilt in the jailbar clusters in the 6, O. plane evident in Figure 

Al-5. A summary of the above changes is listed in Table III-I. 
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Fig. Al-6 

Distributi Distributions of the X position (at the spectrometer 
focal plane in the I focal plane in the detector) of events from jailbar 
runs at E'=4.5 runs at E'=4.5 and 17.5 GeV. The lower energy dis- 
tribution is =I tribution is =3X wider. 
the same for tl 

Since the entering B~'S are 
the same for the two runs, this difference in width 
implies that tf implies that the theta dispersion (0,/X) is smaller 
at low moment"" at low mOment"m. The line is drawn to guide the eye. 
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Fig. Al-7 

A graph of the theta dispersion as measured by the jailbar runs at several 
different values of spectrometer momentum, plotted versus the momentum. 
The line is a fit to the closed circles. The open circles are from a sim- 
ilar measurement using only the inner 4 jailbars to insure that a possible 
fall-off in acceptance near the outer two jailbars was not invalidating 
the measurement. 
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Fig. Al-8 

A plot of the X offset of the PWC center relative to the spectrometer 
central ray (O,=O) as measured by the jailbars. A fit to the momentum 
dependence is shown. The X's are the measurements using only the inner 
4 jailbars. 
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Elastic Peak Positions 

In jailbar runs, optics coefficients were adjusted to give agree- 

ment between (known) incoming Q. and reconstructed G . In a similar 0 
manner, known elasticpe=kpcsitions (in the 6. B. plane) allowed us 
to adjust optics coefficients involving the momentum. If elastic 

scattering events are displayed in a two-dimensional scatterplot of 

e. versus 6, they should group together in a swath across the 6-Q. 

plane. This is just the line of constant W=.938 GeV. Figure Al-l 

shows a constant W line in the 6, O,, plane. If this swath deviates 

from the position calculated for the particular beam energy, scatter- 

ing angle and spectrometer central momentum, this is evidence for an 
error in the measurement of one of these quantities or a mistake in 

the optics coefficients of the transfer matrix. 
In particular, if the slope of the swath across the 6-O. plane is 

tilted with respect to the line expected for W-.938, this indicates an 

error either in the (Oo/X) or (6/Y) coefficient. Since the theta 
dispersion COO/X) is determined by the jailbar analysis, the slope of 

the elastic peak swath determines the momentum dispersion (a/Y). 
Consider Figure Al-9 for an illustration of the method used to measure 

(6/Y). 

In Figure Al-g, the points are the average values of 6 of 

events within a bin at the corresponding Qo. The three sets of points 

correspond to three elastic peak runs (taken sequentially), but 
with the spectrometer's central momentum stepped by 1% in order to study 
the position of the peak in different regions of the 6, Q. plane. The 

lines drawn show the calculated (expected) variation of 6 with '3 0 
for the elastic peak (i.e., W=.938 GeV) at the given Eo, 0, and spec- 

trometer central momentum P' of each of the runs. If the points fall 

right on the line, this indicates that the momentum, 6, is accurately 
calculated. To study the deviation between m&sured and expected 6, 

we measured and graphed the deviation in the average momentum of a bin, 

Dev (6), versus 6. This is shown in Figure Al-lo. 

7-n 8 (mrad) 
Pig. Al-9 

A plot of the average 6 for points within given Q,, bins, for three elastic peak 
runs taken with spectrometer central momentum differing by 1% steps. The cal- 
culated 6 as a function of 0, is shown by the line (calculated for measured E,, 
0, E'). Deviations between measured and calculated 6 allows a measurement of 
the momentum dispersion (6/Y). 
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Fig. Al-10 

For the three elastic peaks shown in Figure Al-g, the deviation Of the 
average momentum, 6, of a 0, bin from the expected value is plotted 
versus the average 6 of the bin. The non-zero slopes here indicate that 
the (old) value of the momentum dispersion (6/Y) used to produce Fig- 
ure Al-9 were correct, for this particular case. by 43.5%. 

The slopes of the deviation versus 6 in Figure Al-10 indicate 
that the old momentum dispersion (6/Y) used to calculate the elastic 

peak position in Figure Al-9 had been incorrect. We fit the deviation 

to a linear function of 6, (i.e., Dev(%) = a+b * 6), determining the 

correct value of (6/Y) to be (6/Y),ev = (6/Y),,, * (l+b). This method 
determined (6/Y) for an individual run to an accuracy of approximately 
112%. 

. 
Since elastic peaks were measured at various secondary energies 

and angles, we can obtain values of the momentum dispersion as a func- 
tion of spectrometer momenta. The results are displayed in Figure Al-11; 
the values of (6/Y) are fit by a rise of 9% as momenta goes from 2.5 
to 17.5 GeV. 

We were able to use the fact that we measure (6/Y) at three very 
close values of spectrometer momenttun (as shown in Figure Al-q) to 

provide a measurement of a second order coefficient, (S/Y'). (6/Y*) 
was adjusted so that the measured values of (6/Y) from the three runs 

were equal. This required changing (6/Y*) from its original value of 
.0041 to a value of .0062. 

In addition to the slope of the deviation (in Figure Al-lo) 

versus 6, there is an offset from 0. This offset shows up as a shift 

of the average W of an elastic peak from its expected value of .938 

GeV. We corrected for this offset by changing the Y offset of the PWC'a 

from their old value of .65 cm to .77 cm. These changes, as well as 
the changes to the Oo/X, Qo/Xz, 0JX3 and X offset values are summar- 
ized in Table III-I. We discuss these measured changes in the 

optics coefficients before proceeding to a discussion of the celcula- 

tion of the spectrometer's acceptance. 

Discussion of Chanaes 

An investigation of possible causes of these measured changes in the 

coefficients was conducted by making modifications in the model of 

the spectraneter. The changes appeared rather large, and we wished to 

investigate how they could be simulated in the model in an effort to 
discover possible explanations for the shifts in coefficients. 
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Fig Al-11 

Graph of the momentum dispersion as determined from the elastic pesk 
slopes in the 6, 8, plane plotted versus spectrometer momentum, E'. 
The open circles are (6/y) ss measured in the 1967 optics tests cm 
the 20 GeV spectrometer. The line is a fit of the E* dependence of 
(6/Y) to our measurements (dark circles). 

1) COO/X) and (6/Y) increase by 4% and 9X, respectively, as 
spectrometer momentum changes from 2.5 to 17.5 GeV. This can be 

simulated by increasing the magnet field of 4201 and 9204 by 1% and 
Q202 - 4203 by .6X relative to their nominal values as momentum goes 

from 2.5 to 17.5 GeV. The quadrupole currents are kept within toler- 

ances of .2X, so this explanation seem6 unlikely; however, it was the 

only way found which would cause such a variation. 
2) (Oo/Y) changes from .03 to 0. This coefficient is sensitive 

to a quadrupole rotated by 45' from the standard alignment of the 4 

quadrupoles. B201 has such a rotated quadrupole component (due to 

the fact that its return coil "yoke" is shifted to one side to allow 
beam pipe clearance), which was adjusted in the model to give 

(aJY)=O. The quadrupote field gradient was adjusted to s value of 

.Otl5kGauss/cm*mt~ give COO/Y)-0 in the model. This compares with its 
measured strength of .036kf&uss/cm*m. An alternate way to change 

(Oo/Y) from .03 to 0 in the model is to rotate Q201 by .15'. We feel 

that uncertainties of the strength of the quadrupole component of B201 
of this size are reasonable (the field gradient is= 6% of the field 

gradient of the first quad, 9201). The change of (Qo/Y) from .03 to 

0 has less than 1% effect on the cross section. 
3) (Oo/X2) changes from -.0025 to .005. A sextupole rotated by 

90' from the standard polarity of the three sextupoles most easily 

affects this term. The magnet B201 has such a measured sextupole 

component that extends the length of the magnet due to the notch that 

runs down its side (once again, to allow beam pipe clearance). By 
adjusting this component's strength to .006 kGauss/cm2 (its measured 
value is .013 kGauss/cm*), (Oo/X2) I s changed to .005 as measured by 

the jailbar runs. The change of (Oo/X2) from .0025 to .005 affects 
the cross section by less than 1%. 

4) X-OFFSET and Y-OFFSET. The offset of the axis of the central 

ray relative to the surveyed center line changes with momentum (by 

2 or 3 ran), and it probably arises from quadrupole steering; possibly 
from an offset quadrupole component in B201. The changes introduced 
into the cross section due to these effects are =1X. 
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The changes in the optics coefficients listed above were of 

concern to US. Our investigations of possible csuses for these 

changes point to the multipole components of B201 as candidates for 
most of these changes. With the exceptions of the momentum depen- 

dence of the Qo and P dispersions, the changes found will affect the 

cross sections by less than 1%. The effect of the E' dependence of 

the dispersions is large, however, We feel that we know the disper- 

sions within an overall systematic error of 4% but, unfortuntitely, 
ere not sure what may have caused this change from the old values. 

At the end of the sppendix we discuss the systematic errors 

introduced into the cross section due to possible errors in the 
optics coefficients. Now we discuss checks of the model of the 

spectrometer and their effect on the calculation of its scceptance. 

MODEL AND DETERMINATION OF ACCEPTANCE 

In determining cross sections, we must know the optics coeffi- 

cients to calculate the 6 and Qo for each particle in order to count 

the number of events within the acceptance. We also must know the 

size of the acceptance of the spectrometer, and that is what we discuss 

in this section. 
Since measurements of the optics coefficients revealed changes 

from previous measurements, it was necessary to update calculations 

of the acceptance as well. With the aid of a model of the spectro- 

meter (magnet positions and currents and apertures) and s "ray-trace" 

method of "swimoling" Monte Carlo events through the model, we re- 

determined the acceptance of the spectrometer and verified that the 

model was an accurate simulation of the real spectrometer. Our 

procedures for accomplishing this are presented here and are shown on 

the left side of Figure Al-3. 

If a sample of particles has angle 8o within +4 mrads, has 

angle +o within the "+-slit" opening of 58 an-ads, and has momentum 

within ?2% of the spectrometer central momentum, then most of these 

particles will traverse the spectrometer and strike the trigger 

counters. The product of the range of +o, the range of Qo, and the 
range of 6 of the set of particles which strike the trigger counters 

(and are within the "software" limits on Qo and 6) is the 

acceptance. Because the nominal 0, acceptance as defined by the +o 
slits is further limited by apertures within the spectrometer, we 

use a Monte Carlo generation of events through the spectrometer model 

in order to calculate the actual 0, acceptance ss a function of 6 

and 0 0' Figure Al-12 demonstrates that apertures cut into the X-Y 
acceptance defined by the scintillator counter, TR3. This is evident 

from the decrease of events near the positive X side of the counter 

ares. 
In addition to the fpts of the 1967 optics data yielding the 

coefficients, s measurement of the acceptance was made at that time. 
For a given momentum and a given X offset, a go-$o acceptance plot 

in the focal plane was made by fixing either Oo or $o and varying the 

other angle until the ray no longer passed through the spectrometer. 

A model was developed originally by E.A. Taylor (2) , 
to match the optics and acceptance data of these 1967 

tests. We have modified this model to agree with the data t;iken during 

the course of E89. The model is composed of individual elements 

representing dipoles, quadrupoles. sextupoles, or drift spaces with 
a field strength and an aperture size associated with each element. 

Each element is divided into many segments along its length, and the 
particle's positions and angles and momentum upon entering a segment 

determine its outgoing positions and angles. The transformation 

matrix for each segment is first order only (i.e., outgoing quantities 

depend only linearly upon entering parameters). It was found to be 

sufficient to divide the bending elements into 4 segments, quadrupoles 

into 20, and sextupoles into 8 segments in order not to lose accur- 
acy (within the resolution) of the final position of an event due to 

this linear approximation. 
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A random distribution over target position and incoming angles 

and momentum is generated by Monte Carlo techniques. These para- 

meters include a target of length 17.78 cm displaced 1 cm upstream of 
the pivot, $. slits of +2, 4, or 8 milliradians, and random X0 and 

O. within +3 cm and ?6 milliradians, respectively, to match our 

experimental conditions. Particle trajectories are traced through 
each element in turn, and at the end of each segment a test is per- 

formed to see if a particle has struck an aperture. For a given 6 and 
Q. the fraction of events which traverse the entire spectrometer 

determines the (p, acceptance at that value of 6 and 13~. 
Consider again the flowchart outlining our study of the optics 

and ecceptsnce of the spectrometer, Figure Al--3. To make the problem 

of modifying the model uqtil it agrees with the data manageable, we 
have separated two aspect& of the model: the magnetic field proper- 

ties and the apertures. 

To check the magnetic field properites, we first determined that 

a calculation of the optics coefficients of the model agreed approx- 
imately with the measured optics coefficients. To obtain agreement, 

we changed various magnetic field strengths as indicated'tn the 

previous section. We then compared a scatterplot of X (in the de- 

tector) versus 4, (I *coming) from the jailbar data with an X-$* 

scatterplot obtained from the model (with a simulated jailbar mask). 

See Figure Al-13. Note that the old model showed significant geo- 

metric aberrations that were absent in the data distributions obtained 

with the measured optics coefficients. This was corrected in the new 

model by doubling the magnetic strength of the first sextupole. We 
do not know what caused this effective doubling of the field strength 

of the sextupole, but perhaps its field was increased by fringe fields 
from the nearby coil of the bending magnet, B201. Note that this IS s 

different correction than the change to the sextupole component of B201 

(which was rotated by 90*- from the standard configuration). The 

SSXtupole component of B201 had very little effect on this geometric 
aberration. 
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Fig. Al-12 

A scatterplot of X versus Y for event.s St the position 
of TR3 (trigger scintillator) with the size of TR3 
indicated by the lines. Depletion of events near the 
positive X edge indicate that apertures within the 
spectrometer are cutting into the acceptance. 
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Fig. Al-13 

After the consistency of model and data is confirmed, the fits 

of the 6 acceptance F(Qo,6) are coded for each of the scattering 
Oo angles (6 +20.6') and for each of the 0, slits (2, 4, and 8 mrads), 

and these are used in production of cross sections. For graphs of 
the acceptance of the spectrometer versus X0 positon at the target, 
see Figure Al-15, and for a plot of constant contours of F(Qo,6) 

see Figure Al-16. 

A comparison of x-o0 scatterplots 
from a jailbar data run, and from 
2 Monte Carlo runs with a simu- 
lated jailbar mask. The original 
data showed aberrations not see" 
in the data; the final model 
agreed better with the data. 
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Now we have determined the magnetic field strengths of the model 

by demanding agreement between the model's optics coefficients and 

the measured ones and by requiring that the simulated 0,-X scatter- 

plot agrees with the measured scatterplot. 
Once we are satisfied that the magnetic field strengths in the 

model are well determined, we can then adjust apertures in the model 

to obtain agreement between the measured shapes of Q. and 6 distri- 

butions as reconstructed from the data with those generated by the 

model. 
The shapes of histograms versus momentum and theta are compared 

for model and data. See Figure Al-14. Note that in both the data 
and the model, the histograms decrease from Qo'O, 6=0. The apertures 
of the model were adjusted until reasonable agreement was attained 

between data and model. 1 

Distributions in 6 and Q. BE produced for those (Monte Carlo) 

e"e"ts which successfully pass through the spectrometer and strike 
the trigger counter. In this way, we obtain a (Qo-6) density distri- 
bution 2nd fit a function to this to obtain the 0, acceptance 

Wo,6). We normalized F(Qo,6) at Qo,6=0 to the nominal size of the 

4, slits; the idea being that for those particles with near-central 
values of Q. and 6, the only limiting aperture of 0, occurs at the 

$0 slits (i.e., all 0, values between ?-dmrads are accepted). This 
has been confirmed within the model with explicit rays traced through 

and had been confirmed for the real spectrometer in the optics tests 
of 1967. 
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SYSTPlATIC ERROR IN ACCE+TAliCE AND OPTICS COEFFICIENTS 
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Fig. Al-16 

A contour plot of the o. acceptance .(normalized to 
the nominal value of the o. slit) plotted versus 
6 and Qa. The value of the $,, acceptance is from 
a fit of the results of a Monte Carlo simulation 
using the spectrometer model. This contour plot 
is for Q=20.6O. The dashed line denotes the 
acceptance limits used in the analysis. " 

There are two major sources of systematic error in determining 

the acceptance of the spectrometer. The first is an error in our 

Monte Carlo calculation of the correction to the nominal accptance, 
AQ0woA6, and the second arises from errors in our determination of 

the theta and momentum dispersions. 
Our major criterion for judging the correctness of the accep- 

tance calculation is that the shapes of histograms in P and Q from 
0 

experimental data runs agree with those produced by a Monte Carlo of 
the model. If we change parameters in the Monte Carlo, such as 

aperture sizes, until there is a clearly discernible difference be- 

tween model and data, thf acceptance changes by 2% or less. so we 

assign 2% as the size of a possible systematic error in the accep- 
tance calculation. 

The dispersions are proportionality constants relating 6 (or 
Qo) to Y (or X). When we set software limits in 6 and Q. to define 

the acceptance, the corresponding limits on X and Y are affected by 
errors in the dispersion. These errors are directly reflected in the 

cross section because the number of counts falling within the 46 

and PO0 acceptance is proportional to the corresponding product 

AXx'AY. Looking again at a graph of the (6/Y) dispersions as measured 

by elastic peak positions (Figure Al-7), it appears that there could 
be systematic errors as large as 3% to account for the (greater than 
statistical) spread of the points about the fit. Similar considera- 
tions for the Q. dispersion give an estimate of 1%. These two dis- 

persions are positively correlated because an error of 1% in the 0 
dispersion would introduce an error of 1% in the determined value zf 

the P dispersion. Thus, we add the two errors linearly to obtain 

4% as an estimate of systematic uncertainty in the cross section due 
to lack of knowledge of the theta and momentum dispersions. 
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From the observed consistency of "inner" and "outer" cross sections 

within about 3% and the consistency of cross sections using different 

40 slits within 2%. we conclude that our estimte of the systematic 

errors was justified and that we know the acceptance of the spec- 

trometer within a possible systematic error of +5%. 
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APPBNDIXI-REPERENCBS 

1. The vertical angle. 0,. can be delimited by slits at the spectro- 
meter entrance because all scattered particles have the same vert- 

ical position in the target (within the vertical spread of the beam 
of approximately 2 mu). Because scattered particlee can have dif- 

ferent X0 positions at the target, elite at the spectraester en- 
trance will not define a unique range of accepted Bo. 

2. E.A. Taylor. SLAC Technical Note 71-26. 
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