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From the time of Rutherford’s analysis of CI! particle scattering, the scat- 

terinj of charged particles has provided a probe with which we are still learn- 

ing about the structure of matter. The experimental observation’ of large, al- 

most point-like, cross sections in electron scattering has prompted much dis- 

cussion of constituent models of the nucleon, notably the parton model. The 

prediction of Bjorken2 regarding scaling behavior for nucleon structure func- 

tions was also approximately verified, and at rather small values of q2, the 

four momentum transfer. The present experiment, which measures electron 

scattering at an angle of 4’ for various incident energies, was designed to in- 

ves tigate the structure functions v W2 for the proton and neutron for values of 

q2 smaller than those for which scaling has already been observed. In addition 

to this study of the turnon of scaling, the study of the ratio of neutron and pro- 

ton scattering at large values of the scaling variable w = 2M v/q2 is of interest. 

Inelastic scattering can be considered as photoproduction by “off-mass- 

shell” photons. The total photoproduction cross section is connected in a sim- 

ple way with the inelastic scattering of electrons in the limit q2+ 0. In the 

present experiment, data for values of q2 from 0.1 to 1.8 (C&V/C)~ provide 

some opportunities to study how photoproduc tion is modified as q2 increases. 

An interesting example is the phenomenon of shadowing in electron-nucleus 

scattering which has been observed3 in real photoproduction but not yet4 in 

electroproduction. Data were taken with heavy targets at selected kinematic 

points, attempting to detect shadowing effects at lower values of q2’. 

The production of resonances is a prominent feature of the photoproduction 

total cross section at low energy. Previous experiments have shown prominent 

bumps corresponding to production of resonances in inelastic electron scatter- 

ing. At 4’, counting rates are high and by adopting experimental techniques 
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designed to minimize systematic errors as the energy loss in the inelastic scat- 

tering varies, we can carefully study the already observed enhancements and 
- 

look for heretofore unobserved structure in inelastic scattering. 

This paper reports the results of the analysis of this experiment. In Sec- 

tion I we discuss the experimental apparatus; Section II, the data analysis pro- 

cedures; Section III, some kinematics and definitions; and Section IV, the re- 

sults of the experiment. 

I. EXPERIMENTAL APPARATUS 

This experiment was carried out at the Stanford Linear Accelerator Center 

in December of 1970 and March of 1971. Preliminary results were reported5 

at the Electron-Photon Symposium held at Cornell in August of 1971. 

A. Beam 

The primary electron beam from the accelerator was used at energies of 

4.5, ‘7, 10, 13, 16, 18, and 20 GeV. A momentum slit in the SLAC beam 

switchyard transport system defined the beam’s energy spread to TtO. 1% for al- 

most all the running conditions. The absolute momentum calibration of the 

transport system was known to N 0. 1% as defined by a flip coil in a duplicate 

magnet excited in series with the beam line bending magnets. The electron 

current was set to keep the rate of detected particles at an average of less than 

one per 1.6 psec/beam pulse and varied from 3 x lo8 - 1Ol1 e/pulse. The 

beam current was integrated using two nonintercepting toroid charge monitors6 

which were intercalibrated with a Faraday cup and determined to have an accu- 

racy better than I?& The size of the beam at the target was typically 4 mm 

horizontally and 2 mm vertically, and the position and steering were checked by 

periodically inserting ZnS screens into the beam. After passing through the 

target, the beam was dumped outside the well-shielded experimental building. 
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B. Targets 

During the experiment, we used a liquid hydrogen target, liquid deuterium 
4, 

target, and heavy targets of Be, Al, Cu, and Au. They.were all mounted on a 

movable assembly, which enabled remote selecti,on of the appropriate target. 

Parameters for the various targets’ are given in Table I. The hydrogen and 

deuterium targets were vertical cylinders with 0.0076 cm aluminum walls. 

The aluminum “empty” target was also constructed in a cylinder with walls six 

times thicker than the liquid target walls in order to achieve approximately the 

same target thickness in radiation lengths. 8 The total amount of radiator for 

the targets is listed in Table II for reference. 

C. Detector 

The scattered electrons were detected in the SLAC 20-CeV spectrometer,’ 

shown in Figure 1, which was surveyed in place at a laboratory angle of 4.000 

degrees. An electron first passes through the magnet transport system of the 

spectrometer, which disperses momentum in the vertical plane, and disperses 

the projected horizontal scattering angle in the horizontal plane. The first or- 

der optics are such that parallel rays from a horizontal line source are focused 

to a point. The detector arrangement in the hut of the spectrometer is shown in 

Figure 2. The particle traverses a Cerenkov counter (C) filled with nitrogen 

gas at atmospheric pressure, a scintillation counter TRl, five multiwire pro- 

portional chambers lo (three to measure the vertical position and two for the 

horizontal), two more scintillation counters (TR2 and TR3), three multiplicity 

counters (MULT) which sample the shower produced in one radiation length of 

lead, and a total absorption lead-lucite shower counter (TA). The event trigger 

was a coincidence between TR3 and TA (with a low discriminator threshold) 
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during the 1.6 psec beam pulse. Counter and chamber dimensions are shown 

in Table III. 

The vertical aperture of the spectrometer was restricted by slits which 

were set so as to pass particles with f 4.25 mrad in $J, the vertical projected 

scattering angle. Using the reconstructed tracks in the proportional chambers, 

we further restricted events to 6 3.5 mrad in 8, the horizontal projected scat- 

tering angle, and to f 1.6% in Ap/p, the momentum acceptance of the spec- 

trometer . Typical distributions for these quantities are shown in Fig. 3. 

These cuts on 8 and Ap/p are well within the full spectrometer aperture. 

D. Data Acquisition 

The data from each accelerator pulse was transmitted to an online SDS 

9300 computer which sampled a fraction of the events and wrote all the events 

onto magnetic tape for subsequent offline analysis on the SLAC IBM 360/91 

computer . The online electronics were designed to handle up to 3 events/pulse 

increasing our data acquisition rate appreciably and reducing corrections for 

lost events at high counting rates. Signals from each wire in the chambers 

were amplified and sent to the counting area on coaxial cables, where they 

were fed into CAMAC latches which could be sequentially gated up to three 

times before being read out. In addition, for up to 3 events in the pulse, we 

recorded the pulse heights in the Cerenkov counter, the three multiplicity 

counters, and the TA. Online histograms of these quantities as well as track 

reconstruction in the, chambers, enabled us to monitor the performance of the 

hardware. The other quantities which would be needed to evaluate the cross 

section, such as charge and spectrometer momentum, were also written onto 

tape by the SDS 9300. In the two cycles of running, a total of 217 tapes were 

recorded. These were condensed offline yielding 108 tapes to be analyzed. 
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11. DATA ANALYSIS 

The data taking was divided into two modes of running: discrete mode and 
-h 

scan mode. These were processed in a similar manner. offline. 

A. Discrete Mode 

In this type of operation, the parameters for the run were entered, and 

data were taken at a single momentum setting. This procedure was followed 

for most of the strut tureless part of the data. In this region the spectrometer 

momentum was changed between runs by amounts much larger than the spec- 

trometer’s momentum bite. For each setting, the online computer set the cur- 

rents in the magnets and recorded the quantities needed to calculate the cross 

section-scalers, charge monitors, magnet parameters, etc. 

B. Scan Mode 

In order to minimize the effect of nonuniform bin efficiencies that might 

exist in the wire chambers and which might cause erroneous bumps in the 

missing mass spectrum, we ran the spectrometer in the scan mode. l1 The 

computer automatically changed the spectrometer momentum setting by a small 

fraction of the momentum bite after a predetermined number of incident elec- 

trons had been obtained. Each momentum setting, called a mini-run, was ana- 

lyzed offline as a separate run. By using this technique, each missing mass 

bin receives data averaged over all the wires, which also minimizes errors 

caused by any variation in the detector’s solid angle. Since we were interested 

in looking for small or narrow bumps in the cross section, removing erroneous 

sources that might cause such effects was important. Typically, the momen- 

tum change per mini-run corresponded to one wire spacing or 0.07% in Ap/p, 

which is approximately the momentum resolution of the spectrometer. For 
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most scans, the number of events measured gave f 2% statistical error in bins 

thatsere M 0.1% of the incident energy. 

,’ 
C . Data Reduction 

For each run, various cuts were applied to the data to select only events in 

which the detected particle was an electron. From all the runs, distributions 

of pulse height for the TA, MULT, and C counters were made. For the TA, 

the mean and standard deviation of the distribution were determined as a func- 

tion of scattered energy, E’ , and a cut placed for all the data at 3.5 standard 

deviations below the mean. This has an efficiency of 0.9998) assuming a 

Gaussian distribution for the low energy side of the data. Other reasonable as- 

sumptions about the spectrum shape that are consistent with the data also yield 

an efficiency of M 1.0 with no appreciable systematic error. Sample TA dis- 

tributions are shown in Fig. 4a for typical running conditions.and 4b for one of 

the worst conditions. 

The C counter was able to distinguish electrons from r’s when the momen- 

tum was less than 6 GeV/c. For all data below this energy, a cut was applied 

to the C pulse height that was 0.98 efficient for electrons. This efficiency was 

determined from runs where the TA cut alone was sufficient to eliminate al- 

most all the r’s. Fig. 4b also shows the TA distribution with the C cut applied 

to eliminate the pion background. 

For ten runs with the momentum between 6 and 10 C&V/c, the TA counter 

alone was inadequate to eliminate the pion background. For these runs, the 

multiplicity counter pulse height information was used to eliminate the remain- 

ing n?s. The efficiency of this cut depended on energy and was determined by 

looking at runs for which the TA and C counters were adequate. Fig. 5 shows 

the measured efficiency which varied from 0.945 at 6 GeV/c to 0.96 at 10 GeV/c. 
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Corrections were applied to the data for the C and MULT efficiencies. 

There were also electronics dead time counting rate corrections which were 

< 0.5%. During the data taking circuits were incorporated to measure this dead 

time and corrections were applied for it. In addition we made corrections for 

events lost due to computer dead time by comparing the number of events re- 

corded on tape to the number seen by a fast hardware scaler. This varied from 

run to run and was about 0.5% on the average. There was also a correction for 

the proportional wire chamber’s efficiency, which was about 95% averaged over 

the experiment. 

The events were processed offline and a summary of each run and mini- 

run, including counter efficiencies, run parameters and cross sections, was 

written onto disk. There were approximately 10,000 runs and mini-runs re- 

corded. 

The data were divided into larger blocks, called lines, defined as contain- 

ing all the runs (or mini-runs) with the same target and incident energy. These 

lines constitute the raw data spectra. A typical line is shown in Fig. 6. 

The counts recorded in the hydrogen and deuterium running include target 

wall events which were subtracted using data from the dummy target. For all 

targets, some events arise from charge symmetric processes such as 7r” pro- 

duction, with subsequent conversion of the photon into e+ - - e pairs. In order 

to obtain the cross section for only the scattered e- events, measurements 

were taken with the spectrometer set to detect ef and the cross section from 

these runs was subtracted from the corresponding e- run. This affects only 

the very low energy ends of the lines. Fig. 7 shows the worst case of such a 

subtraction on hydrogen. After these corrections were made, the data were 

ready for radiative corrections. 
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D. Radiative Corrections for Hydrogen 

1. Elastic Tail 
-h 

One of the processes contributing to the inelastic yield is the radiative tail 

from elastic scattering. We calculated the elastic tail cross section following 

the procedure given in the thesis of G. Miller. 12 Details of the calculations 

are given in Appendix I. The energy of the incident beam was used as an ad- 

justable parameter in this calculation to match the theoretical tail with the data 

between the elastic peak and one-pion threshold. There was one adjustment for 

each line of data taken. In all cases the amount of change to the incident energy 

was less than 0. 170, which is smaller than the estimated error due to the en- 

ergy defining slits in the accelerator. An example of the agreement between 

theory and experiment is shown in Fig. 8. This calculated elastic tail cross 

section was then subtracted from each point on the line and the resulting cross 

sections recorded to be used as input for the remaining radiative corrections. 

The errors were propagated as though there were no error on the calculated 

tail. The subtraction was as much as 50% for the lowest E’ point on each line. 

We estimate the systematic error in the calculated tail as f 5%, which con- 

tributes an error of 5% to the subtracted cross sections for the worst case. 

For most of the data the error in the subtracted cross section is much 

smaller than this figure. 

2. Inelastic Corrections 

To calculate the inelastic radiative corrections for a measured cross sec- 

tion at incident energy E. and scattered energy E’, a knowledge of the cross 

sections for all lower values of E. and for all higher values of E’ is required. 

Since only some of these are measured experimentally, the usual procedure 
13 

has been to use the measured points and interpolate in order to determine the 
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cross section for any desired value of (Eo,E’). Numerous interpolations make 

it difficult to assign errors to the final values of cross sections as this proce- -h 

dure tends to mix systematic and statistical errors and ‘to correlate the errors 

among the data points. Further, using the peaking approximation (see Appen- 

dix I), the separation of the two-dimensional integral into two one-dimensional 

integrals plus one single function makes the errors depend somewhat upon the 

choice of an arbitrary parameter, AE, used to split the integration region. 

In this paper we have adopted a new approach to the radiative corrections . 
which is briefly described here. Cross sections obtained by applying the radi- 

ative corrections procedure of MO and Tsai 13 are represented by an approxi- 

mate expression containing 30 parameters. Using this fit and the formulae of 

ref. 13 and Appendix I, we calculated a ratio of cross sections with and without 

radiative corrections. Each measured cross section was then corrected by 

this ratio. The statistical errors are obtained by multiplying the uncorrected 

data errors by the same ratio. The newly corrected data were then refitted 

and the process iterated to obtain the final answers. The use of a smooth 

model eliminates the spurious amplifications of point-to-point statistical fluc- 

tuations in the data. We estimate a possible systematic uncertainty in the cor- 

rected data varying from f 3% near inelastic threshold to f 5% at the low E’ end 

of the lines. A major contribution to this estimate arises from uncertainties in 

the calculations of the multiple photon emission. 

E. Radiative Corrections for Deuterium and Higher Z Targets 

Three radiative processes contributing to the observed cross section for 

heavy targets are: the radiative tail from elastic nucleus scattering, tails from 

quasi-elastic electron nucleon scattering and processes in the inelastic continuum. 
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1. Elastic Tail ~- 

The elastic form factor is a rapid function of q2, so this process affects 

mainly the very low E’ region of each line where hard photons can be radiated 

yielding an effective q2 (x 4 Et2 sin2 O/2, for-small angles) that is small. The 

formulae used for the elastic radiative tail are the same as those for hydrogen, 

with the structure functions replaced by their counterpart for each target (see 

Appendix I). We caution that the one-photon exchange approximation has been 

used and the corrected cross section for the high Z elements is suspect where 

the calculated elastic tails are large. 

2. Quasi-elastic Tail 

For most of the data, a larger contribution to the observed cross section 

is that from the quasi-elastic tail. This tail arises from elastic scattering 

from individual nucleons in the nucleus. To account for the bound nature of the 

nucleons we have used the technique suggested by Atwood and West. 14 The ex- 

act formulae will be found in Appendix I. An example of this calculation is 

shown in Fig. 9, which shows the observed scattering cross section for the 

deuterium data at 4.5 GeV and the calculated quasi-elastic and elastic peaks 

with radiative effects and resolution included. 

One modification must be made to the impulse approximation calculation 

when the quasi-elastic cross section is calculated for the low q2 data. As is 

known from low energy electrondeuteron scattering, 15 the inelastic cross sec- 

tions are suppressed from their simple incoherent sum due to the probability of 

coherent, i. e. , elastic, scattering. This introduces a factor (1 - Fi,(q2)) into 

the quasi-elastic electric form factor, where F,(q2) is the nuclear elastic 

form fat tor . For the lowest energy line at q2 of O.l(Gev/~)~, this is a 15% 

correction to the quasi-elastic peak on deuterium. 
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These elastic and quasi-elastic tails were calculated as described in Ap- 

pen&ix I and subtracted from the data. The inelastic radiative correction for 

deuterium was performed as for hydrogen. No inelastic ‘radiative corrections 

were made on the nuclei heavier than deuterium.’ 

For all the hydrogen and deuterium data, the final cross sections are shown 

in Fig. 10 for values of W up to 3 GeV and a complete table may be found in 

SLAC-PUB-1528 (1975), which is available from the authors of this paper. Fig. 

11 displays the q2-v kinematic plane and shows the region covered by this ex- 

periment. 

F. Errors 

The cross sections in Appendix II are shown with statistical errors only 

except for the ten values of E’ at which the multiplicity counters were used for 

electron identification. For these runs, we have included a measure of their 

relative systematic error by adding 1% linearly to the statistical error. 

For almost all the data, the systematic errors are greater than the statis- 

tic al errors. We consider the following sources of systematic error: 

1) Number of target nuclei - for each run and mini-run and approximately 

every minute in the long runs, we recorded the liquid target temperatures 

using four hydrogen vapor pressure thermometers. Measurements were taken 

both above and below the target volume on both hydrogen and deuterium. The 

results for the four values of pressure are shown as the first line in Table IV. 

The largest contribution to the errors in these pressures are from the absolute 

calibration of the digital voltmeter and reference voltage source. This pres- 

sure is then converted to temperature 16 with negligible additional error 

(c . 1%). The density is calculated for each of the four values of temperature,17 

which adds an error of f 0.1% for hydrogen and -k 0.6% for deuterium to the 

propagated error from the vapor pressures. A systematic error was assigned 
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to the target density, based on the overall spread of the observed temperature 

distributions. Combining these results with the measurement of the target 

lenghs and its error yields a systematic uncertainty in ,the average target 

density of -f 0.94% for hydrogen and f 1.26% for deuterium. 

2) Number of electrons - the estimated systematic error in the toroid 

charge monitor is f 1%. Both the toroids were calibrated using pulsers to 

simulate the beam by discharging capacitors through single turns on the toroid 

6 cores. The stability of these calibrations was checked frequently during the 

data taking. In addition the toroids were compared against a Faraday cup. 

Consideration of the results of these various calibrations plus estimates of the 

expected levels of absolute accuracy leads us to assign f 1% as the estimated 

systematic error in the incident beam charge. 

3) Solid angle - optics measurements made on the 20-CeV spectrometer in 

1967 and 1968 yield an estimate of the systematic error of f 2% for the solid 

angle. We reanalyzed the optics measurements, taking account of the re- 

stricted aperture and small effective transverse target size appropriate to this 

experiment. In addition, for this experiment, we made checks on the optics 

coefficients used in reconstructing events by changing the cuts on # (the verti- 

cal projected scattering angle), 0 (the horizontal projected scattering angle), 

and Ap/p. The cross section shows no variation outside of statistical errors. 

We also looked at the cross sections for a given E’ as the spectrometer mo- 

mentum was changed during the scanning procedure; the distributions are also 

consistent with statistical errors. Based on these studies, we estimate f 2% 

as the systematic error in solid angle. 

4) Track reconstruction efficiency - each event with a signal from TRI 

should have a reconstructed track hitting both TRl and TR3. The track 
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reconstruction efficiency was calculated, run (mini-run) by run (mini-run), by 

comparing the number of events with reconstructed tracks hitting the counters -h 

TRl and TR3 (taking into account the measurement resolution) to the number of 

events with a signal from TRl. The average for.all runs was 95%. This in- 

cludes the intrinsic wire chamber inefficiency and effects of multiple tracks. 

The FWRM of the distribution of the efficiencies is 2%, and we estimate the 

systematic error as f 1% from this source. 

In Table V we summarize these sources of systematic error. Combining 

in quadrature yields an overall uncertainty of -+ 2.62% in hydrogen and 4 2.75% 

for deuterium. In ratios of deuterium to hydrogen, the overall uncertainty is 

estimated to be only * 1.57%, since some of the above-mentioned errors cancel. 

Systematic errors also arise from the corrections made for radiative 

processes. For the hydrogen cross sections errors arise in subtracting the 

elastic scattering tail and in the inelastic continuum corrections. The error 

on the elastic tail is estimated to be f 5%; this results in an error of 5.’ 1% for 

E’ 2 5 GeV growing to f 5% at our lowest value of EP = 2.6 GeV. Over most of 

the range of the hydrogen data the error in the cross section from the inelastic 

radiative corrections is f 3%. The error from this source is estimated to in- 

crease to -f 5% for W 3 5 GeV. 

For deuterium cross sections three radiative processes contribute (see 

Sec. E) but only two of these processes contribute significant errors to the fi- 

nal cross sections, since the elastic scattering falls off rapidly even for small 

values of q2. The calculation of the quasi-elastic scattering tails depends on 

knowledge of both the proton and neutron form factors. The latter are not 

known as well as those for the proton, so the error on the quasi-elastic tail is 

estimated to be -f 7.5%, somewhat larger than for the hydrogen case. This 
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error in the tail results in an error in the final deuterium cross sections of 

Zsrt 1.5% for E ’ 3 5 GeV growing to -+ 7.5% at E’ = 2.6 GeV. The error arising 

frog inelastic corrections is assumed to be the same as in the case of hydro- 

gen . 

In the ratio of D/H, errors from radiative corrections tend to cancel, but 

the uncertainty in the neutron form factors generates some uncertainty in the 

relative values of the quasi-elastic tail in deuteron when compared with the 

elastic tail in hydrogen. We estimate that an error of -1: 5% might persist in the 

deuteron quasi-elastic tail calculation. For our final n/p ratio this leads to an 

estimated error due to radiative corrections of s rt 1% for E’ 2 5 GeV growing 

to%550/0atE’ =2.6 GeV. 

The above estimates of systematic error due to radiative corrections 

should be combined with the other sources of systematic errors enumerated in 

Table V. 

G. Deuterium Analysis 

1. Extraction of Neutron Information 

The scattering from deuterium is approximately the sum of scattering from 

the proton and the neutron. Our purpose in measuring deuterium cross sec- 

tions was to learn about the neutron, so the contribution from the proton must 

be accounted for. We have used the same formalism (Atwood and West)14 as 

for the quasi-elastic scattering to calculate the cross section for the proton in 

the deuteron, the “smearedl’ cross section. 

We first fitted all the hydrogen data to the same function as used in the ra- 

diative correction procedure. M This model, cH , is used to perform the smear- 

ing integral14 and gives us MS c H , the smeared model, from which we calculate 

M MS the smearing ratio cH/cH . In Fig. 12 we plot these ratios as a function of 
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W for the different lines of data. Since we will restrict the analysis to values 

of W > 2 GeV, this correction is small, 5 2%. Using the smearing ratio we 

calculate a smeared proton cross section as g S p = CT~,/(&~/CJ~) where aH is 

the experimentally measured hydrogen cross section. Subtraction yields the 

smeared neutron cross section : 

S S UN=OD-Cp. 

Since the smearing correction is. small, we assign no additional systematic er- 

ror to the neutron data and just consider the deuterium and hydrogen errors. 

2. Glauber Correction 

Based upon the strength of the electromagnetic interaction, the mean free 

path of a photon in nuclear matter is quite large. However, theories like vec- 

tor meson dominance have predicted 18 that shadowing in electron scattering 

should occur and that a correction for this effect would have to be made. Since 

experimental measurements of the scattering on heavy nuclei by electrons show 

no significant shadowing (see ref. 4 and Sec. IV.F) we have made no Glauber 

corrections to our deuterium data. 

III. KINEMATICS AND DEFINITIONS 

Let us consider the process shown in Fig. 13. An electron of energy E. in 

the laboratory is incident upon a nucleon of mass M. We assume that one pho- 

ton exchange is adequate for describing this process. The momentum (energy) 

E’ and angle 0 of the scattered electron are measured, completely defining the 

virtual photon. We then define: 

q2 = 4EOE’ sin2 e/2 

v =:-Eo - E’ 

W2= M2 +2Mv - q2 
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W is the missing mass, or effective mass, of the unobserved particles pro- 

duced in the reaction. In terms of these, two common scaling variables 19 are : 

- 

w =1/x =2Mv/q2 “’ 

w’ ,= l/x’ = (2M; +‘M2)/q2 = 1 + W2/q2 

The cross section can be written as: 

da 2 i!fEm = 
cY2 cos2 e/2 4E$in4 f 2 tm20/2 8 /2 Wl(q2,v) 1 

where a! is the fine structure constant cy = l/137.036. 

The structure functions Wl and W2 are functions of the Lorentz invariants, 

q2 and v. This form for the cross section is valid for one photon exchange and 

for an unpolarized beam and target 20 assuming conservation of parity, Lorentz 

and gauge invariance. Because the photon is virtual, it can have both longitu- 

dinal and transverse polarizations. The value of the polarizdtion parameter, c , 

is defined as follows: 

= 
[ 

1 +2 tan20/2(1 + v2/q2) 1 -1 
E 

In analogy with photoproduction, we can also write the cross section in the 

form?l 

d2u 
da dE’ = r,(4, + ’ t, 

where the *‘flux” of virtual photons is given by: 

rT = W2 - M2 
K= 234 

K is the photon energy needed to produce the mass W in photoproduction. The 

transverse and longitudinal cross sections, C+ and t, are related to WI and 

W2 by 
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and have the limiting property, 

lim lim 

q2+o s(s2,P) = uw(K), q2- 0 qq2 ,v) = 0 . 

We define the variable R = 9, /c+, and write the relation between Wi and 

W2 as: 

w2 

T- 
= l+R 

1 + v2/q2 

The relative contribution to the measured cross section of Wl and W2 is 

then given by 

2WI tan2 e/2 = 2 tan2e/2(1+ v 2/q2) 1-E 

w2 l+R = ~(l+R) 

For most of the kinematic range covered by this experiment, the Wl contribu- 

tion to the cross section is considerably smaller than that of W2. 

IV. RESULTS 

A. Elastic Electron-Proton Scattering 

The elastic scattering cross section was determined for each of the seven 

incident energies. An example of the data at one of the energies is shown in 

Fig. 14. We have plotted the measured cross section, d2ddQ dE’ versus the 

“missing energy”, calculated as follows. For each event, the energy of an 

elastically scattered electron is calculated corresponding to the measured scat- 

tering angle. Then, the measured energy is subtracted from this quantity. 
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Thus, elastic scattering corresponds to missing energy of zero. The width of 

the rzw data peak is due to instrumental resolution and radiative processes. 

Using the formulas from ref. 12, we have corrected the dtita for soft-photon 

radiation. This unfolded spectrum is also shown in the figure. The remaining 

width is due to resolution and has as its main contribution the FWHM of the in- 

cident beam, which corresponds to 24 MeV in missing energy in this example. 

The instrumental resolutions in the, spectrometer of f 0.07% in Ap/p and -+O. 05 

mrad in 6 are negligible when added in quadrature. We determined the total 

cross section by integrating over the scattered electron’s energy. The results 

for dddsl for each of the energies are listed in Table VI, along with the corre- 

sponding values of q2 and the errors of each measurement. 

In order to compare these measurements with other experiments, we have 

calculated the expected 4’ cross sections using data 22 in the range of q2 from 

0 to 2 (G~V/C)~ for which more than one angle has been measured at each q2. 

In Fig. 15, we plot as a function of Jq2 our data and the extrapolated data from 

other experiments, both divided by the dipole calculation. We conclude that our 

data agree with the other available measurements within our systematic errors. 

B. Neutron-Proton Comparison 

Previous results24 have shown that the deuteron exhibits scaling behavior 

similar to that of the proton. The neutron structure function is quite different 

from that of the proton at large x’. Previously published elec troproduc tion 

data have not covered’the very low x’ region in detail and in this experiment we 

are able to extend into this region for small values of q2. Using the method 

described in Sec. II. G, we extract the smeared neutron cross section ci. We 

present results in terms of uz/gz. This quantity is essentially the same as 
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dUP f or our data, since the smearing ratios for the proton and neutron are 

small and the effects of this correction tend to cancel in the ratio. 

We first look at the quantity s/g: = 1 + C$U: as a ,function of q2 for dif- 

ferent regions of x1. Plots of this quantity are shown in Fig. 16. We see that 
’ 

“scaling’* of ob / ’ (that is, no dependence upon q2) begins at low values of q2. ap 

Using the “closure approximation” to take into account the nuclear elastic scat- 

tering (see ref. 15 and Appendix IT ) suggests a q2 variation in the cross sec- 

tion of the form w cc 1 - lF,(q2) I2 where FD is the deuteron elastic form fac- 

tor . 25 ” For the lower x1 bins, where the data extend to low q2, there is a vari- 

ation consistent with this behavior. We fitted the ratio S/C: for each x1 bin to 

the form A(1 - IF,(q2) 12) and these fits are shown on the graphs. We point out 

that only data for W > 2.1 GeV have been used in these fits to avoid the reso- 

nance region. From each of these fits, we have extracted a value of A and its 

error and listed the quantities (A-l) in Table VII. These values represent the 

neutron-proton ratio C$CJ~ for each bin, since, except for the two lowest 

ranges of x1, A is. essentially the average of the measurements in that bin. 

These two values for the two lowest ranges of x’ are obtained from extrapola- 

tion into the scaling region from data measured at q2 s 0.75(GeV/~)~. These 

extracted values for ~i/crg are plotted in Fig. 17 along with results from larger 

angles. 24,26 The differences in s / oip between the three experiments corre- 

spond to x 3% differences in the CQ,/~ measurements and are comparable with 

the estimated systematic errors in the three experiments. Assuming that R = 

a~/? is the same for the neutron and proton, then for large o’ (where the 

smearing ratio is near unity) 

S 
- - 1-z ‘33 aN W2N 

-73 
zz-zz- 

S S 
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It is expected that purely diffractive processes should dominate as of--o3 so 

that %/up should approach 1. In these data the ratio obtained from the two ex- 

trapolated points at lowest x1 are consistent with 1. It is of some interest that 

the ratio is significantly below 1 for x1 2 0.05 (w’- 20). Recall that there is an 

estimated uncertainty of f 1.57% in %/o~ which becomes N 3?& in $ap. Sys- 

tematic errors from the radiative corrections tend to cancel in this ratio and 

have an appreciable effect in only the two lowest ranges of x1. These two 

points are in a kinematic region where there are no measurements of A de- 

pendence (see Sec. IXF) and further uncertainty can arise from our neglect of 

shadowing corrections . 

C. vW2 for the Proton and the Approach to Scaling 

The experimental observation of scaling of the structure function v W2 has 

been observed’ for some region of q2 and W. The original scaling variable of 

Bjorken, w, has been supplemented by several others to extend the range of 

kinematic variables where scaling works. We use the variable of = 1 + +%I2 

where vW2( w’) has previously been shown to exhibit scaling behavior for val- 

ues of q2 Z ~(G~V/C)~ and outside the resonance region of W 2 2 GeV. Since 

W2 vanishes at q2 = 0, it is an interesting question to see how vW2 approaches 

its scaling behavior. In Fig. 18 we show vW2 versus q2 for w’ > 6. Only data 

for W > 2 GeV are used, and we have assumed R = t/(r-r = 0.18. As stated 

earlier, the largest effect due to uncertainties in R occurs for the largest U’ 

values (lowest q2). These data suggest that the turnon to scaling depends 

mostly on q2. Vector meson dominance is expected to apply for large values 

of wf (small values of q2 in this experiment) and in this region will predict 

that v W2 depends mainly on q2. 
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By analogy with the situation in deuterium where the inelastic cross section 

is suppressed by the coherent nuclear elastic scattering, we parametrize the 

inelastic structure function, W2, for the proton as a product: 

“w2p(q2, v ) = b - W;‘(q2)] Fsp(~‘) 

where F2p(~‘) is th e scaling limit structure function and 

w;$q2) = 
G2,(s2) + T G2,(s2) 

1+7 ; r = q2/4M2 

is the counterpart of W2 for elastic scattering (see Appendix III), where GE and 

GM are, respectively, the elastic electric and magnetic form factors for the 

proton. This form satisfies the constraint that W2 vanish at q2 = 0. Inte- 

grating W2 p over all values of v yields: 

./-dv W2p(92, v) = [l - W;‘(s2) dv 
inelastic 1 J inelastic 

-j- FZpW 

But this is the Gottfried sum rule 27 for the proton, where 

J dv v FZp@‘) = c q; 
inelastic i 

is the sum of the parton charges squared. 

In order to examine the factorization parametrization, we have separated 

the data into equal bins of w’ and included some earlier measurements 24 at 6’ 

and 10’. The data in each bin are plotted as a function of q2 in Fig. 19. The 

curves shown are fits to: 

vW2p(q2, fixed w’) =D(w’) [L - Wif(q2)] 

where D was determined for each bin of w’ separately. The values of D with 

the errors from the fit and an estimate of the systematic errors are listed in 

Table VIII. Thus we see that the turnon to scaling is adequately accounted for 



-23 - 

by the factorization parametrization. Using the results of the fits for each wf 

bin w,e estimate the values of Fzp(w’) for larger values of w’ than previously 

available. In Fig. 2 0 we have plotted v W2 p vs of obtained this way. The re- 

gion at low w’ < 5 is obtained from a larger angle, experiment. 12 The values 

obtained from the various fits in the present experiment are shown starting at 

wf = 8. We should point out that for w1 > 32 the results of the fit will depend 

upon the factorization parametrization more and more strongly as w’ gets 

larger, since the range of q2 for the data gets quite limited. We can then refit 

both the small and large w’ regions to the form 

7 
F2p(u’) = n:4 an(1 - l/w’)” 

and obtain the values 

a3 = 1.0621 

a4 = - 2.2594 

a5 T 10.5400 

a6 = - 15.8277 

a7 = 6.7931 

with F2P(m) = 0.308. We emphasize that the systematic uncertainties may be 

as large as 200/O by the highest w’ bin, so the results for these parameters must 

be used with caution. 

D. Resonances in Electron-Proton Scattering 

Perhaps the mos’t obvious feature of the data in this range of q2 is the pro- 

duction of the nucleon resonances (see Fig. lOa). There are four enhancements 

in the scattering cross sections which will be referred to as the first, second, 

third, and fourth resonance regions. If we look at results from photoproduc- 

tion,28 we know that these regions, except for the first, contain several reso- 

nances each. 
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There is no obvious evidence of enhancements above W = 2 GeV. We have 

fitted the data between W = 2 and 3 GeV to quadratics in W for each of five en- 
-h 

ergies. Fig. 21 shows the residuals of the fits. These data are consistent 

with no enhancements. At an incident energy of 13 GeV, a resonance with a 

strength of 3% of the first resonance and a similar width would be easily ob- 

served in the graph of the residuals. The sensitivity decreases rapidly with 

increasing q2. 

To study the four prominent enhancements between W = 1.07 GeV and 2 

GeV, we have adopted the following procedure. The measured cross sections 

were first converted to a virtual photo absorption cross section 

9 + ‘9, = (@q2Sw) + u-K,(q2,w) 

where 9t and 0BK.D 

sections. In order 

write the structure 

vW2(q2,W) = 

are the resonance and background contributions to the cross 

to remove some of the known kinematic variations, we 

function v W2 as 

W;‘(s2) 1 F2&4 - B(c~~,W) 

where the term in the braces is included so that 

lim 

q2 - 0 
B(s2Y) = y,.$V 

and (T (W) is the total photoproduction cross section. This makes 
YP 

W2,W = [G _ 4,J q;: of-yjr(q2y x[ q;t2] x [&] x 

F2 (c-3) 

x F2(@‘) ’ [ 1 ~ot(92 ,w 



- 25 - 

where we have used R = 0.23 q2 which has the correct limit as q2 - 0 and is 

-consistent with electroproduction data 2g for q2 < Z(G~V/C)~. 

We then fitted the values of B for each of the lines separately to the sum of 

four resonances and a polynomial background, only including data for W 5 2.1 

Gev: 

4 4 . 
B(S2 ,W) = X ReSi (q2,W) + C cjq*J 

i=l j=l 

where :. 
r 

q* = 
U 

(W2+M2-mz)/2W] 2 - Mz)’ 

For single pion production, q* is the momentum of the pion in the nN cm sys- 

tem. The resonance forms used were the same as in WalkerJs analysis of pho- 

toproduc tion. 28 

Resi (q2 ,W) = AR rry 

where 

k* = 
I[ (W2+M2i-q2)/2W]2 - M2\” 

is the momentum of the virtual photon in the same nN cm system. 

kii =k* at W=WR 
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The parameters that were fitted for each resonance region were the amplitude, 

AR, zass, WR> and width, rR. The other parameters L, J, and X, were 

taken from Walker and are shown in Table IX. For some lines, the fourth 

resonance enhancement was omitted from the fit, .and for others, some param- 

eters were held fixed to stabilize the fit. Table X lists the results of the fits 

for each line. In addition, we have fitted the total photoproduction data 
30 to the 

same form. In Fig. 22 we show the data and the fitted functions. 

We recognize that assigning only one Breit-Wigner resonant shape to each 

of the four obvious enhancement regions may be an oversimplified representa- 

tion of the actual physics underlying the enhancements. For example, in Fig. 

22 it is evident that in the third resonance region the mass at the peak of the 

enhancement increases as the incident energy increases. This is borne out by 

the fits given in Table X, where WR increases continuously from 1675 to 1713 

MeV as q2 increases from 0.08 to 1.8 GeV2. Fits with two, instead of one, 

Breit-Wigners in the third resonance region are consistent, not surprisingly, 

with a lower mass resonance (around 1670 MeV) decreasing in amplitude as q2 

increases plus a higher mass resonance (around 171.0 MeV) increasing as q2 in- 

creases. However, considering the various arbitrary aspects of the param- 

etrization used in the fitting we have not pursued a more detailed breakdown of 

the total cross section into its constituent reactions. In deuterium there is an 

extra complication due to smearing, and we are not presenting an analysis of 

the resonant structures for this target. 

After the parameters were determined from the fits, the amplitudes, AR, 

were converted to values of %Es = 91, (W =WR) for each resonance separately. 

These values are listed with their corresponding values of q2 in Table XI. In 

addition, for the first resonance we have calculated the expected value of %ES, 
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assuming the form used by Bartel et al. , 31 in analyzing the first resonance -- 

data.+ This predicts that, at the resonant mass, the cross section is 

G&(s2) 
%ES = : 

4a*(v2 + q2) [ 1 
2 

where rO = 115 MeV 

GD(q2) = 3/(1 + q2/. 71)2 

This determines the ratio (G&/GD)2 and these values are listed in Table XII 

for the first resonance. In Fig. 23 we plot this ratio for our data and the pre- 

vious DESY experiment. Our results are consistent with the others that show 

this form factor definitely falls off faster than the dipole expression in this q2 

range. 

The results for qiES for each of the resonance regions are shown in Fig. 

24. The slope of a line through the data is clearly greater for the first reso- 

nance than for any of the others. The second, third, and fourth regions ex- 

hibit similar behavior as q2 increases, whereas the first resonance amplitude 

is decreasing more rapidly. In Fig. 25, we have also plotted the ratio of the 

resonance peak height to the amount of background at the peak as determined 

from the fit. This shows that, whereas the first resonance becomes smaller 

compared with the background as q2 increases, the higher mass resonances 

show less dependence on q2. 

As can be observed in the photoproduction data (see Fig. 22), there is 

some evidence for an enhancement in the region of W = 1435. This can be at- 

tributed to the P11(1470) and is normally included in fits to photoproduction 

data. 3o In our electroproduction data satisfactory fits can be obtained without 

assuming any resonance in this mass region. 
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E. Sum Rules 

Over the ranges of the experimental data we calculate integrals occurring 4\ 

in certain sum rules. i 

First, there is the Callan-Gross 32 integral : 

In the parton model, Ilp represents the mean square charge per parton. We 

also calculate the Gottfried integral: 27 

In the parton model, this. represents the sum of the squares of the parton 

charges in the proton. 

In Table XIII we list the measured values of these integrals and their ex- 

pected values in the three-quark model and in a simple parton model. 33 For 

convenience we evaluated the integrals using the fit to FZp(xl) given in Sec. lS?C 

and shown in Fig. 20. Since the variable x’ is observed to be a better scaling 

variable for the finite q2 where data are available, we have used F2p(~r) as an 

estimate of the asymptotic scaling function FZP (x) and have calculated all the 

integrals in terms of x1. By combining the results of the fit for FZp(xl) with 

the measured % /c ratio, we calculate the corresponding integrals for the dif- p 

ference between proton and neutron. For values of x’ > 0.28, we have used the 

data from ref. 26. Remember that there are no data for x’ < 0.02 and also no 

data in the scaling region for x’ K 0.05, and that these regions may be important 

for the I2 p and I 2N integrals. Note that the errors given in Table XIII are the 

estimated systematic errors. Propagation of the statistical errors yields 
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values much smaller than the errors shown, An interesting discussion of the 

significance of these sum rules is given in ref. 34. 
4, 

F. A-Dependence 1 

The phenomenon of “shadowing’,’ in which the scattering probability per nu- 

clean decreases in heavy nuclei, has been observed 35 in purely hadronic proc- 

esses, such as TA scattering, and also in photoproduction. The usual explana- 

tion relies on the fact that the mean free path for hadronic interactions is of the 

same order as the nuclear sizes, so the incident particle is only able to see the 

surface of the nucleus. This would give a cross section of oA = aoA 2/3 . In 

photoproduction, where a naive estimate gives a mean free path large compared 

to the nuclear size, models like vector dominance, in which the photon spends 

some of the time as a hadron, can be used to account for the observed shadow- 

ing. However, previous experiments in electroproduction have failed to show 

any shadowing effect. 4 

In this experiment, we took data on targets of hydrogen, deuterium, beryl- 

lium , aluminum, copper , and gold at energies of 13 and 20 GeV in order to see 

if any A-dependence could be observed for low q2 electroproduction. The anal- 

ysis for the targets heavier than deuterium was done in the same way as for 

deuterium, except that no smearing correction and no inelastic radiative cor- 

rections were made. In Table XIV we list all the cross sections used for this 

analysis. The data with and without the elastic and quasi-elastic tails sub- 

tracted are plotted iniFig. 26. We have omitted points from further analysis 

when the radiative tail subtractions were greater than 25%, and we have made 

no inelastic radiative corrections for any of the targets. We should point out, 

however, that applying our procedure for calculating the inelastic radiative 

corrections to the data does not change the results of the comparison of cross 
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sections between nuclei. In models such as vector dominance that show de- 

. creasing shadowing for small WI, the effects of the radiation process tend to 

dilute the possible shadowing when looking at data which,are not radiatively cor- 

ret ted. 36 Comparisons with theoretical predictions, therefore, require the 

calculation of the expected results including the effects of the radiation process. 

We calculate the “shadowing factor” 

0. (A) 
F = No(D) - (N-Z)0 (H) 

where (z(D), 0 (II) are the deuterium and hydrogen cross sections, N is the av- 

erage number of neutrons, and Z the number of protons in the nucleus. No 

corrections for proton smearing were made to u (II), since it affects the value 

of F by 5 0.5%. In Fig. 2 7, F is plotted vs. A for each of the kinematic points. 

The results for each (q2, W) point were fitted to the expression 

F = aOAE 

determining the parameters a0 and E. (Note that in this section E is not the 

photon polarization defined in Sec. III. ) The results are listed in Table XV and 

E plotted as a function of x1 in Fig. 28. 

Systematic errors are difficult to estimate. Many sources of systematic 

error cause shifts in E at all values of x1 and are, therefore, “normalization” 

errors in E. We estimate these kinds of errors as f .02 in the value of E . 

The subtraction of elastic radiative tails introduces errors which would 

depend on x’ (though Ithe dependence is also a function of Eo). We are, there- 

fore, reluctant to interpret the observed falloff at low x1 as definitive evidence 

for the observation of shadowing in electroproduction. 
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V. Conclusion 

The results of this experiment can be briefly summarized as follows: 
- 
1) The turnon of scaling behavior for the proton appears to take a remark- 

ably simple form in q2, which is independent of the value of w’ chosen and is 

consistent with the closure approximation. The lack of q2 dependence in the 

ratio S/U: suggest that the turnon of scaling in the neutron is similar to that 

observed for the proton. 

2) The ratio of vW~~/VW~~ is less than unity even for U’ as large as 20, 
‘. 

suggesting a sizable nondiffractive component to the scattering. 

3) We observe no significant resonance enhancements between W = 2 GeV 

and W = 3 GeV. 

4) For our range of q2 = 0.1 to 1.8 (G~V/C)~ the first resonance decreases 

in size relative to its underlying background. For the higher lying resonance 

enhancements the ratio of peak to background remains relatively constant, 

vary&g no more than 30% from q2 = 0 to q2 = 1.8 (G~V/C)~. 

5) Electroproduction shadowing in heavy nuclei is significantly smaller 

than in photoproduction. 
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APPENDIX I 

RADIATIVE CORRECTION FORMULAE 

In this appendix we present the expressions used in the radiative corrections 

for this experiment. The corrections consisted-ofi the radiative tail from 

elastic scattering, geltail, * the tail from quasi-elastic scattering in the case of 

targets other than hydrogen, o * and the inelastic radiative corrections. We qtail’ 

are able to calculate exact radiative tails under the assumption of one-photon 

exchange and for single photon emission. 
37 This we call aetiail. We also can 

use the angle-peaking approximation to calculate o pktail’ which is a faster cal- 

culation and is used where speed is more important than accuracy. In the case 

of the quasi-elastic scattering, we must include the smearing due to the motion 

of the nucleons within the nucleus. Because of speed limitations we use the 

peaking approximation for radiation when the smearing calculation is done to get 

oqt. This is then corrected by comparing an unsmeared, but exact,radiation 

calculation to the unsmeared peaking approximation result. In both elastic and 

quasi-elastic cases, we correct for the finite solid angle of the detector using 

the peaking approximation to average over the acceptance to get afinite. By 

putting all these factors together, we obtain the following for the total elastic 

and quasi-elastic tails: 

5eltail = aextail ’ 
afinite 
g pktail 

5 extail afinite 
oqtail = aqt ’ cpktail . opktail 

In the case of the inelastic correction, we use the peaking approximation 

and a model for the inelastic cross sections as described in the text. The 

following are the formulae as used in the analysis. 
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A. General Definitions 

We first consider the cross section for elastic electron scattering from a 

target of mass MT. This will define the structure functions WyQ(q2) and Wie(q2): 

5 = a2cos2 e/2 __ eQ 

4Ei sin4 0/Z 
+ 2 tan2 8/2 WI 

where E. is the incident energy 

0 is the laboratory scattering angle 

and 

a! = fine structure constant = l/137.03604 . 

We consider three cases: elastic proton scattering, elastic nucleus scat- 

tering and quasi-elastic scattering and define the parameters needed for the 

calculation: 

1) Elastic electron-proton scattering 

MT = Mp = .938256 GeV 

eQ 2 
W1=TGMp , weQ = 

Ggp+ T Gkp 

2 1+7 

where r = q2/4M; 

GMp = t1 + Kp) GEp’ Kp = 1.7927 

and GEP = P(q2)/(l+q2/. 7q2 

where P(q2) takes into account the deviation of the measured form factors from 

the dipole expression, 12 and is given by: 

Ll [(p-j)/ci-j,j 

(jfi) 
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and Ho = 1.0007, Hl = 1.01807, H2 = 1.05584, H3 = 0.836380, H4 = 0.6864584, 

H5 =-+. 672830. 
. 

2) Deuterium elastic 

where25 

and 

and38 

and 

MT E 1.87537 GeV 

eQ 2 
w1 = FD. 3 eQ ~TG;, W2 

FD = F(q) = y (tan-’ & - 2 tan-’ & . + tan-l &) , . 

‘I- q= q2 infm-l, 

GP=FIN 1P +F 

‘S = F1N + FIP + KNF2N + KpF2P 

FIN = T GMN/( l+~) 

FIP = PEP + TGMp)/(l+T) 

F2N = GMN /K (l+T) N 

F 2P = (GMP - GEp)/ Kp(1+7) [1 1 
GMN = KNGEP 

KN = -1.91348 

3) Beryllium elastic 

MT = (. 938256/l. 00797). 9.012 = 8.38871 GeV 

( we;e=o 

W”z” = [Z . F(q)12 

where3’ F(q) = 1 - ax2/[2k(2+3a)] e-x2’4k 
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and k = 3(2+5a)/2(2+3a) 

4 a = (Z-2)/3 

x=q.l.O7A l/3 

q in fm -1 ; Z = atomic charge number-of ‘the nucleus and is 

given in Table I. 

4) Aluminum, Copper and Gold Elastic 

MT = (.938256/l. 00797). 26.98, 63.54, 197 

= 25.1140 GeV, 59.1454 GeV, 183.375 GeV 

wTQ= 0 

WiQ = [Z . F(q)12 

where F(q) = e -(qb)2’6,(1 + q2c2,6) 

and 

b= 2.4fm 

c = 1.07 A1’3 fm 

q is in fm -1 

5) Quasi-elastic 

MT = .938256 GeV 

WTQ=7G$ , WgQ= 
Gg + TG; 

1+7 

where l5 G$‘= Z [1-F2(q;1 GiP 

G$z + NK; I Gip 

and the appropriate F(q) is chosen according to the target, 

and N = number of neutrons in the target and is given in Table I. 
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B. “Exact’1 Radiative Tail 

The cross section v ex for the radiative tail from a state of definite mass 

Mf can be calculated exactly under the assumption of oneiphoton exchange and 

for single photon emission. It depends upon knowledge of the structure functions 

WyQ(q2) and WiQ(q2) and is given by Tsai. 13 We have changed the notation in 

the following sections from that used in the previous part of this paper, in order 

to follow more closely that used by Tsai. This means that now 

s(Esr$ four momentum of the incident electron (Es=Eo) 

p(Ep, p?’ four momentum of the outgoing electron (Ep=E’) 

t(MT, 0): four momentum of the target particle 

k(w, (i: four momentum of the real photon emitted 

and in addition we define the four vectors 

u=s+t-p 

where 

Pf= u-k 

2 Pf.Pf=Mf . 

For the radiative tail from elastic scattering Mf = MT. 
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Then following Tsai we obtain: 

- 2+2v(x-l -y-l) 
1 
m2(s.p-w2)+(s.p) 

C 
2EsEp- (s.P)+~(E~-E~) 11 

-1 2 

4-X [ 2(EsEp+Esw+E;) -I- 5 - (s-p) - m2 1 
-1 2 

-Y -Epw+E;) ++ - (s-p) - 

+ G1(q2) 2 + ;t’ 

K ) x3 y3 
m2(2m2+q2) + 4 

+ 4v(x -1 -y-l)(s.p)(s.p-2m2) + (x-1-y-1)(2s.p+2m2-q2) 
i) 

where w is the photon energy in the lab system 

w = ; (u2-M;)/(u,- Ir;l cos Ok) 

s-p = E E s p - il;l Ia cos e 

uO 
=Es+MT-E 

P 

IZI = (ui 2 l/2 
-u ) 

U2 =2m2+Mc - 2(s.p) + 2MT(Es-Ep) 

q2 = 2m2 - 2ts.p) - 2w(Es -Ep) + 2w I‘;;1 cos Ok 

a = w(E p - 151 cos op cos 6k) 

a’ = w(Es - 13 cos es cos ek) 

b’ = -0 IF;‘r sin BP sin 8 k 
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v = (a’- a) -1 

4\ 
cos eP = 

13 cos 8 - 1j3 - 

G-1 

cos es = 13 - IET;rl cos 8 

Ia 

x=(a2-b ) ‘2 m 

y = (af2 - bf ) 2 l/2 

m = electron mass = 0.511 MeV 

8 = scattering angle 

Bk = angle between zand Ii* 

and 

@,b-12) = Qq2) WYQ(q2) 

@2tq2) = e12) WiQ(q2) 

Qnd - -& Qn2 
m2 1 i E 

$ 
P 

x 1.357 

TJ = Qn (1440 Z -2/3 )/Qn(l83 Z-1’3) , 

T=ta+tb 

and 53 and ta = total path length in units of radiation length of the electron in 

the target before and after the scattering respectively (see Table II). 

The Spence function is defined as 

G(x) = 
/ 

X-Qn Il-yl dy 

0 Y 
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C. Real Bremsstrahlung and Ionization Loss in Target 

Fhe straggling caused by target bremsstrahlung and ionization loss also 

’ contributes to the radiative tail and can be written: 

MT+2(Es - ws) sin2 e/2 

MT - 2Ep sin2 O/2 

+ Oee(y 

2E 
w S = Es - EP/ 1 - ti sin2 e/2 

T j 

sin2 O/2 - E 
P 

,$ =E ta ’ tb 

(Z + 1) ) Qn(183/Z1’3) 

V S = CL& 

vp = wpWp + up’ 

c)(v) = 1 - v + 3/4 v2 

and zeQ(E) = F(q2) aeQ(E) . 

D. Peaking Approximation 

It is also possible to develop an angle-peaking approximation for the exact 

radiative tail which looks very similar to the expression for target straggling: 

2 da 
( ) 

MT + 2(Es-us) sin2 Cl/2 

“p’ dadE peak = 
P approx. 

MT - 2Ep sin2 e/2 

where - 1 1 . 
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E. Multiple Photon Correction 

3’he cross section for single photon emission is corrected for- multiple 

soft photon radiation by multiplying by the factor: 

F. Target Radiation 

In an attempt to take into account radiation from the target, we have used 

the approach in Ref. 12. We calculate the quantity 

t= c $ / 
k-d52 
.-.--Jzzee 

t PiPj) 

i,j ‘I 47f i j i j (Pik)@jk) 

where for i=l zi = -1 ei = +l 

2 -l-l t-1 

3 -1 -1 

4 +l -1 

and compare this to teQ, which is obtained by 

or j= land3. This results in a correction: 

Rt = t/teQ 

G. Complete Elastic Radiative Tail 

pi = s 

t 

P 

p f 

summing over only terms with i 

By putting all the above expressions together, we arrive at two expressions 

for the elastic tail: qextsil, using the exact one-photon formula and (T pktail ’ 

using the peaking approximation: 

oextail ex * Rt + “b 1 Fsoft 

Opktail = op + ob Fsoft II 1 
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We also evaluate one other cross section using the peaking approximation, 

but Geraging over the finite Aa acceptance of the spectrometer. This is done 

by summing over the individual 6 and $ bins of the spectrometer: 

.n 

ofinite = (2ni+l)i2nG+l) 
% - 

c” c 
i’-ne jzwn 

~pktail(Es, El7 sin2 f3/2) 
e 

where 

sin2.8/2 = sin 2(eotiAe)+ sinf(ik$k) -2 sin2ro+iAe) sin2(y) 

and 

8 = scattering angle corresponding to the center of the 8 - $ bin 

Ae = width of e bin 

(2ne+ 1) = number of 0 bins summed over 

e. = central horizontal projected angle of the spectrometer 

A+ = width of 4 bin 

(2n$ + 1) = number of 4 bins summed over 

The final expression we have used for the complete elastic tail is then 

aeltail = (Textail . 
of inite 
o pktail 

H. Quasi-elastic Scattering 

The quasi-elastic scattering cross section in Section A does not take into 

account the motion of the nucleons within the nucleus. It represents a &function 

scattering with the correct total strength, but without the shape which is a result 

of smearing by the nuclear motion. Following the treatment by Atwood and 
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West, l4 we calculate the quasi-elastic peak cross section as: 

eQ + 2 tan2 e/2 WI FE 
P sP dtcos ecm) 

I 

where W eQ eQ 1 and W 2 are the nucleon form factors as in Section A. 

cm = center of mass of photon-deuteron system 

P cm 

E = s,+M;-M;/2Wt 
( 

-‘t”l sy 
1 

St = M; + 2MDv - q2, v=E s-E ; lg21 =q2+v 
i 

P 
Mp = proton rest mass, MN = neutron rest mass, MD = deuteron rest mass 

and Fp = the probability that the nucleons have the momentum G inside 
sP 

the deuteron. We use Fp = I$ (pp) I 2 where $(p’,,, is the Fourier 

transform of the non-relativistic spatial wave function. 
40 

i?j I - tMD+) Pcm ‘OS 

sp sP 
(Mi or Mk) 

P”=MD-E 
sP 

p2=1 2 1 
X Z ‘cm - ~0s~ ecm 

Pi = P2 
sP 

- 2Pi 
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I. Quasi-elastic Radiative Tail 
- 

“The radiative tail associated with this quasi-elastic scattering is then 

calculated using the peaking approximation as given in the following formula: 

W,,+t,’ Es-E; 
Es-E’s ’ t ----I + &;)2 Es 1 dE’s 

where 

R= 
MT + 2Es sin2 e/2 

MT - 2Ep sin2 O/2 

AE = 5 MeV 

c)(v) = 1 - y + 3/4 v2 

G(Es, EP) = h2) aqtEs, EP) 
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J. Inelastic Radiative Corrections 

-The corrections for radiation from the inelastic states is done in the 

peaking approximation. 

By replacing oq in Section I.by a model for the inelastic cross section 

uM , we obtain the cross section with radiative effects included o”(radiated). 

The measured cross sections are corrected by the ratio o”(radiated)/a 
M . 



- 46 - 

APPENDIX II 

NON-RELATIVISTIC DERIVATION OF CLOSURE 

A. General 

We write the cross section da/da for the scattering of a spinless particle 

interacting solely by Coulomb interaction as 

do/d&? = oM G(q2) 

where @ M is the Mott cross section. We will not worry about recoil factors. If 

the target is made up of N constituents with charge ei each, then the “form- 

factor” for the transition to a particular final state <f I is given in the non- 

relativistic Born approximation by 

Go--f (q2) = If? ei <flei’*n;16,12 
i=l 

where gi is the position of the ith constituent. We shall distiuguish the case 

where f is the same as the initial state (elastic scattering) from all others 

(inelastic scattering) and write 

Gtot(q2) = x Go+f(S2) = C,l(S2) ’ Gine1(q2) 
f 

For the case of elastic scattering, <f I = < 0 I, so 

Gel& 
2 

) = GoMO (q2) = 12 e.<olei"*n;10,12 
i=l l 

For simplicity we assume that the ground state expectation value is independent 

of the index i, that is, each constituent has the same momentum distribution 

inside the target, and define 

Fel(q2) = < 0 lei” I&> 
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Then, we get 

4. 

I 

Now, we evaluate the form-factor for the total cross section: 

Gtot(q2) = q Go-ftq2) = C 12 ei<f 
f i=l 

12 
le 

Expanding the squared matrix element, 

Gtot(q2) = ~~~ e.e. <Ole-i;l:5 If><f 
f i, j=l ’ J 

We now make the closure approximation, that c 
f 

all possible final states can be excited. So, 

Gtot(q2) = c”c 
ic fli-Rj) 

IO> 
i, j=l 

eiej <Ole 

iG R’. 
e 70, 

f> < f I = 1. This assumes that 

Separating out the diagonal terms and using the normalization < 0 IO> = 1, yields 

GtottC12) = C ei + C 
N 2 N ee <o,eiC*(~i-fCj) 

F 
i j IO> . 

i=l i j 

Next, we separate out a contribution, C (q2), which vanishes if there are no two 

particle correlations in the ground state, and which we assume to be independent 

of the constituents? indices i and j so that / 

<Ole 
iz. (Ki-Kj) 

IO> = lF,(q2) I2 + C(q2) 

so, 
Gtot(q2) = ? e: + d$ 

i=l . . eiej 1 Felts21 1 2 + Ctq2) TIF eiej . . 
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Now, we can subtract the elastic contribution to get just the inelastic form- 

- factur: 

5 N 
Ginel(q2) = C 

i=,l 
ei + Lx eiej lFee(q2) 12, 

i#j 
\ 

2 I FeI(s2) I2 + C(ti2) FTF e-e- . . 1 J 

N 
Rewriting the second term containing Fee as cx eiej 1 Fee(q2) 1 2 yields 

-1 

Gine1tq2) = 5 e; 
i=l 

- fl ef I Fef(q2) I 2 + C(q2) $Y eiej 

or, summarizing the results: 

Gee(C12) = 1 E ei 1 2 
i=l 

I Fe&q2) l 2 

Gine1(q2) = f ef [l - I FeL(q2) 12] + C(q2) $C eiej 
i=l 

B. Application 

We can now apply these results to the proton and neutron if we consider 

them as being made of constituents. These yield immediately 

/- 
I inel 

dv W2P(q2, v) = - I Fan I’]+ Cp(q2) 

. 
J inel 

dv W2N(q2,v) = I F,Ne(s2) I”] 

Fzi and Fzl would be equal if the momentum distributions of the constituents 

were the same in the proton and neutron, so if the correlation terms were 
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negligible, one might expect WZN /Wsp to scale to lower values of q2 than either 

W2P-or W2N alone. Gottfried noted that in the simple quark model the charge 

sum in the correlation contribution vanishes for the proton, but not for the 

neutron. 27 1 

For the case of particles with spin, magnetic moments, and more realistic 

ground states, the results get much more complicated. There are several more 

detailed accounts in the case of nuclear scattering in the literature. 41 However, 

the simple approach stated here agrees with the spirit of the more complex 

analyses . 
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TABLE I 
- 

TARGET PARAMETERS ,, 

Target 

Density Length ’ 

(1020 nucleons/cm2) (cm. ) Z N A 

H (Liquid) 2921.5 -.f 0.94% 6.952 f 0.4% 1 0 1.00797 

D (liquid) 3605.8 f 1.26% 7.117 f 0.4% 1 1 2.01471 

Al (*‘emptyll) 55.1 f 2% 0.0914 13 14 26.98 

Be 418.1 f 2% 0.344 4 5 9.012 

cu 11.88 -1: 3% 0.0145 29 34.62 63.54 

Au 1.241-110% 0.0021 79 118 197. 

The length of the heavy target foils is the average thickness based on the meas- 

ured weight and area. The indicated error is an estimate of possible non- 

uniformity in the region where the beam went through. 
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TABLE II 

TARGET RADIATION LENGTHS. , 

tb (1o-3 radiation lengths) ta (1o-3 radiation lengths ) 

Hydrogen (liquid) 5.459 11.129 

Deuterium (liquid) 6.348 12.018 

Be I 5.64 11.451 

Al 5.30 11.111 

cu 5.382 11.193 

Au 3.682 9.493 

The quantity tb is the thickness in radiation lengths of all material upbeam of 

the target plus one-half of the thickness of the target. The quantity ta is the 

thickness of all material between the target and the spectrometer vacuum, 

including one-half the target thickness. 
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TABLE III 

-h COUNTER AND CHAMBER DIMENSIONS (in cm) 

Horizontal Vertical Thickness No. of wires 

TRl 

TR2 

TR3 

TA 

14.8 13.5 0.32 

11.2 11.2 0.64 : 

15.2 16. 9 1.27 

29.2 36.8 (16 radiation lengths) 

MULT 1,2,3 20 20 0.64 

C 20 20 285. 5 N2 at 1 atm. 

. 0685 Al 

. 0127 Mylar 

Chamber 1 (Y ) 18.8 14.0 

Chamber 2 (X) 16.4 18.8 

Chamber 3 (Y) 18.8 15.6 

Chamber 4(Y) 18.8 18.0 

Chamber 5 (X) 16.0 18.8 



TABLE IV 

HYDROGEN AND DEUTERIUM DENSITY 

Hydrogen Deuterium 

I I Lower Upw= 

Vapor Pressure (atm. ) 1.0897 f 4.9% 

Temperature (OK) 20.560 zt 0.83% 

Density (g-mole/cm3) 0.03495 f 0.38% 

Av. Density (g-mole/cm3) 0.03489 + 0.54% 

1.1480 f 5.2% 

20.741 f 0.88% 

0.03484 f 0.40% 

1 

Lower 

1.0970 f 5.2% 

20.582 f 0.88% 

0.04218 f 0.84% 

Upper 

1.1029 f 5.3% 

20.601 f 0.89% 

0.04217 f 0.85% 

0.04218 * 0.86% 
I 

Measured values of the vapor pressure below and above the target volume and the calculated average density which ’ 

is the mean of the extreme values of the two measurements for each target. The errors are estimates of the sys- 

tematic uncertainty arising from the measurements and the known temperature-density relationship. 
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TABLE V 

- SOURCES OF SYSTEMATIC UNCERTAINTIES 
IN THE ABSOLUTE CROSS SECTIONS , 

Hydrogen . 8 Deuterium 

No. of target nuclei f 0.94% f 1.26% 

No. of incident electrons f 1% 

Solid angle f 2% 

. Reconstruction efficiency f 1% 

Total f 2.62% f 2.75% 

Estimates of the systematic errors contributing to the absolute 

cross section measurements. Errors due to the following sources 

were smaller and were neglected: rate effects, incomplete T-e 

separation, errors in the E. and .9 measurements, purity of the 

gases used to fill the liquid targets. In addition to these systematic 

errors there are also errors due to radiative corrections which are 

discussed in the text. 
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TABLE VI 

- 
ELASTIC ELECTRON-PROTON CROSS SECTIONS 

EOt-W q2 (Gwc J2 

4.500 0.098 

da/da - 
(clb/sr) 

110.80 f 0.49 

Systematic Error 
Cub/W 

f 3.10 

7.001 0.235 30.164 f 0.065 f 0.846 

9.993 0.474 7.641 f 0.025 f 0.214 

13.000 0.797 2.2151* 0.0046 f 0.0620 

16.000 1.198 0.7136* 0.0041 f 0.020 

18.010 1.510 0.3473* 0.0028 -+ 0.0097 

20.005 1.853 0.1778zk 0.0011 f 0.0050 

Both the statistical errors and the estimated systematic errors’are shown. 

The systematic errors are obtained by adding in quadrature the 2.62% error 

estimated in Table V to a 1% error estimated in the radiative correction 

procedure. 
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TABLE VII 

NEUTRON-PROTON RATIOS 

Bin (A-1) Systematic Errors 

0 < x' < 0.02 

0.02 < x' < 0.04 

0.04 < x' < 0.06 

0.06 < x' < 0.08 

0.08 < x’ < 0.10 

0.10 < x’ < 0.12 

0.12 < x’ < 0.14 

0.14 < x’ < 0.16 

0.16 < x’ < 0.18 

0.18 < x’ < 0.20 

0.20 < x’ < 0.22 

0.22 < x’ < 0.24 

0.24 <.x1 < 0.26 

0.26 < x’ < 0.28 

0.994 f 0. 0125 

0.949 f 0.0096 

0.892 f 0.0089 

0.862 f 0.0074 

0.839 f 0.0084 

0.822 f 0.0089 

0.797 -f 0.0077 

0.781 f 0.0096 

0.769 f 0.0067 

0. 724 f 0.0089 

0.736 f 0.0073 

0.692 f 0.0077 

0.685 f 0.0096 

0.672 f 0.0121 

* 0.053 

f 0.036 

f 0.031 

f 0.030 

f 0.030 

f 0.030 

f 0.029 

-f 0.029 

f 0.029 

f 0.028 

f 0.028 

* 0.028 

f 0.028 

f 0. 027 

A is determined from the fit to c~/I$ = A(1 - IFD(q2) 12). The 

first error shown is from the fit. In the right-hand column we 

give estimates of the systematic errors. These are computed 

by combining in quadrature the f 1.57% systematic error in 

uI,/; w ith the estimate of radiative corrections errors given in 

Sec. III?. 
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TABLE VIII 

EXTRACTED STRUCTURE FUNCTION - 

Bin D AR Extrapolation’ Combined 
Error Error 

8< w’< 12 

12 < w’ < 16 

16< w’< 20 

20< w’< 24 

24< w’< 28 

28 < w’ < 32 

32 < w’ < 36 

36< a’< 40 

40 < id’< 44 

44< w’< 48 - . 

48 < w’ 

0.355 f d.0005 

0.343 rt 0.0008 

0.335 f 0.0012 

0.325 -+ 0.0014 

il.328 f 0. 0029 

0.321 jc 0.0031 

0.332 f 0.0027 

0.317 f 0.0022 

0.320 f 0.0051 

0.332 rt 0.0030 

0.319 f 0.0014 

rt .004 

f ,005 

f .006 

* .009 

f .OlO 

* ,011 

f .009 

f .013 

f .018 

f .Oll 

f .020 

f .OOl 

f .002 

f .003 

f ,006 

f .Oll 

f ,018 

* .017 

f .023 

f .031 

f .024 . 

f .031 

f .0042 

f .0054 

* .0068 

f .0109 

f .0151 

f .0213 

* .0194 

f .0265 

-+ .0362 

f .0266 

f .0369 

Values of D determined from the fits to vW2 for each o’ bin. The first errors 

shown are from the fit. The errors listed under AR arise from uncertainties in 

R and are obtained by letting R = 0 and comparing to the results with R = 0.18. 

The extrapolation. error assigned corresponds to l/2 of the difference of the 

function evaluated at the asymptotic value and at the q2 of the last measured data 

point for that bin. These three sources of error are then combined in quadrature 

and the result listed under combined error. There is also the overall f 2.62% 

systematic uncertainty (see Table VI). There is an additional systematic error 

from the radiative corrections of 3 - 7.5% which is larger for higher w’. 
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TABLE IX 

RESONANCE REGION ASSIGNMENT; 

Resonance Region L J Identified with 

1 1 1 0.160 P33(1236) 

2 2 1 0.350 D13 (1520) 

3 3 2 0.350 Fl5 (1688) 

4 3 2 F37t19W 

Spin assignments are taken from Ref. 28. X is the parameter 

determining the mass variation of the width. 
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TABLE X 

RESONANCE ITT PARAMETERS 

4.5 Ge” 7Ge” 10 a?” 13 Gev 16 rev 18 Gev 
Region 1 

20 Gev 

AR Wb) 

WR Pm 

rH (QV) 

Region 2 

AR b-b) 

WR (@=V) 

rR (GeV 

Region 3 

.$ 64 

WR (@V) 

rR WV) 

Region 4 

+ Cub) 

WR (CeV) 

rH WV) 

2*9.7*4.05 221.3i1.50 167.1*1.51 

1.227+u:oo10 1.231+0.0005 1.225+0.0006 

0.11610.0040 0.123+0.0021 0.119*0.0027 

118.2*3.82 100.**1.70 82.94*1.61 

1.519*0.0025 1.516*0.0010 1.512*0.0010 

0.144+0.010 0.130*0.0046 0.114*0.0043 

64.92+3.74 61.56~1.67 61.06+1.93 

1.675+0.0031 1.681+0.0014 1.692+0.0016 

0.113+0.014 0.102*0.0055 0.115*0.0071 

___ ___ 2*.*7*4.13 
___ __- 1.950 -- 
___ 0.200 -- 

- 

137.7a0.75 118.8+1.62 104.5*2.32 93.79*1.67 
1.224*0.0004 1.226~0.0010 1.233+0.0015 1.236t0.0015 

0.119+0.0016 0.120+0.0046 0.124+0.0066 0.141+0.0071 

12.52t0.82 70.62fl. 70 62.06+2.20 61.15a1.70 
1.509*0.0005 1.507&O. 0009 1.511*0.0012 1.513*0.0009 
0.097*0.0021 0.068t0.0040 0.077*0.0052 0.078*0.0042 

57.32tl.01 51.18t1.64 

1.69610.0008 1.700+0.0013 

0.105io. 0035 0.094+0.0061 

12.5711.59 10.26+2.08 

1.950 -- 1.950 -- 

0.200 -- 0,200 -- 

50.79*2.16 

1.105+0.0017 

0.092+0.0079 

13.71i3.14 

J.950 -- 

0.200 -- 

47.00*1.75 

1.713*0.0014 

0.102*0.0072 

11.78zk2.49 

1.950 -- 

0.200 -- 

BACKGROUND FIT PARAMETERS 

Cl W&eV) 351.2e36.8 167.2113.4 186.2a14.3 164.6+8.07 185.3+19.5 54.Oh24.8 94.6i21.0 
C2 @b/CeV2) -926.5~266.2 -364.3+98.7 -4*1.4*103.3 -316.4+53.14 -333.4*115.1 564.21149.7 320.3*124.1 
C3 @b/G&) 1657.6h623.5 1270.2G?21.2 1323.5+247.1 912.1*122.1 879.5h236.5 -940.3a318.0 -482.9A264.9 
C4 &b/GeV4) -1191.0*440.4 -1017.1+147.7 -1011.9*175.5 -681.2h83.7 -651.6+150.4 446.1~206.8 204.4a173.0 

The errors shown are the results from the error matrix from the fit. If no error is shown, the parameter was held fixed. 

If no value is shown, the parameter was omitted from the fit. 
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TABLE XI 

RESONANCE AMPLITUDES 

2 c-ww2 cRES Gub) 
.Error From Fit 
Parametrization 

First Resonance Region 0.09 

0.22 

0.46 
<. 

0.78 

1.17 

1.48 

1.82 

Second Resonance Region 

0.08 

0.21 

0.44 

0.75 

1.14 

1.44 

1.78 

Third Resonance Region 

0.08 

0.20 

0.43 

0.73 

1.12 

1.42 

1.75 

Fourth Resonance Region 

0.40 

0.70 

1. 08 

1.38 

1.71 

505.0 i7.06 f 8.75 

468.7 +3.19 f 6.68 

327.2 *2.95 h 5.82 

187.7 41.03 + 4.00 

98.02+1.50 f. 2.72 

59.12% 1.31 f 1.88 

36.4850.73 f 1.32 

129.5 rt4.19 *lo. 1 

113.8 *11.92 f 8.63 

84.24 f 1.63 f 6.67 

57.07 rt 0.65 f ‘5.11 

38.84&O. 94 f 3.79 

25.89kO.92 + 3.14 

19.121tO.53 f 2.25 

65.87~3.79 *ll.B 

60.29 i 1.64 410.2 

51.52*1.63 * 7.50 

37.73~kO.66 f 5.89 

24.47-+0.78 -+ 4.46 

19.11~kO.82 -I 3.59 

13.74Jro.51 + 2.72 

15.9853.02 + 7.82 

7.18 h-o.91 f 6.51 

4.39i0.89 f 4.95 

4.76 f 1.09 * 3.91 

3.29Lko.70 i 3.10 

The amplitudes of each resonance region cross section cREs at the corre- 

sponding resonance mass. The first errors shown are the fit errors. We 

also estimate the error due to the particular parametrization used in the 

fit by assuming a different parametrization could result in the background 

varying by as much as f 10%. 
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TABLE XII 

FIRST RESONANCE TRANSITION FORM FACTOR 

0.09 0.950zt0.03b 

0.22 0.905~0.019 

0.46 0.828*0.022 

0.78 0.735*0.020 

1.17 0.633&O. 027 

1.48 0.548*0.030 

1.82 0.475 rt 0.027 

Values of the transition form factor G& compared 

to a dipole form G,(q2) = 3/(l+q2/. 7q2. The 

errors include the fit error added linearly to the 

fit parametrization error estimate. 
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TABLE XIII 

ELECTROPRODUCTION SUM RULBS 

Exnected 

3 quarks Parton Model 

IlP v 1 2+- 9 3<N> 1 

I lP% 1 1 
5 3 <N> 

I2P 1 z+- 1 2<N> 9 

I 2P%N 1 1 
3 3 

Measured Values 

This Experiment Extended Range 
0.02 < x’ < 0.28 0.02 < x’ < 0.82 

0.089*0.005 0.152*0.009 

0.019~0.003 0.045~0.005 

0.895zkO.072 1.052-+0.085 

0.139&O. 031 0.200~0.040 

Expected parton model values are from Ref. 33; <N > is the average number of 

partons. The extended range of 0.02 < x’ < 0.82 includes data oN/ap from 

Ref. 26. The errors are an estimate of the systematic uncertainty from the data. 
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TABLE XIV 
i 

CROSS SECTIONS FOR A-DEPENDENCE ANALYSIS 

EO = 13 GeV 

W Target R2W Raw-Tails W Target Raw 
l,,hLCgV-ari\ 

Raw-Tails 
*V\ f,,h/vk.V-nrl\ ,rmv, hnh/lG=.V-.rl\ Irh/(+Q&,@& 

2.00 H 

D 

Be 

Al 

CU 

AU 

2.25 H 

D 

Be 

Al 

CU 

AU 

2.50 H 

D 

Bt? 

Al 

CU 

AU 

2.75 H 

D 

Be 

Al 

CU 

AU 

3.00 II 

D 

Be 

Al 

CU 

AU 

3.173a 0.028 

5.697-t 0.068 

25.24 * 0.39 

76.4 i 1.2 

186.1 * 3.9 

554. +20. 

2.651h 0.029 

4.697-t 0.039 

21.34 zt 0.28 

64.32 * 0.92 

156.8 + 2.6 

481. a15. 

2.192* 0.024 

3.946 f 0.034 

18.11 f 0.25 

53.63 f 0.77 

132.4 f 2.4 

414. * 13. 

1.890& 0.018 

3.414+ 0.021 

15.12 + 0.17 

45.71 + 0.60 

106.2 f 1.7 

345.6 * 8.1 

1.639+ 0.016 

2.960+ 0.018 

13.21 f 0.19 

39.76 + 0.52 

92.3 l 1.7 

286.0 * 9.3 

3.027 zk 0.028 

5.490* 0.068 

24.39 + 0.39 

73.7 * 1.3 

180.0 * 3.9 

538 +20. 

2.525+ 0.029 

4.523i 0.039 

20.62 t 0.28 

62.04 i 0.92 

151.6 f 2.6 

467. l 15. 

2.076 f 0.024 

3.788 l 0.034 

17.45 + 0.25 

51.50 l 0.77 

127.6 i 2.4 

401. +13. 

1.774* 0.018 

3.259-t 0.021 

14.47 * 0.17 

43.55 * 0.60 

101.2 * 1.7 

331.9 * 8.1 

1.517+ 0.016 

2.798 f 0.018 

12.52 f 0.19 

37.36 + 0.52 

86.6 l 1.7 

269.4 + 9.3 

3.25 H 

D 

Be 

Al 

CU 

AU 

3.50 II 

D 

Be 

Al 

CU 

AU 

3.75 H 

D 

Be 

Al 

CU 

AU 

4.00 H 

,D 

Be 

Al 

CU 

AU 

1:477+ 0.015 

2.628+ 0.017 

11.70 * 0.18 

34.82 + 0.46 

81.3 * 1.5 

270.1 5 8.8 

1.307+ 0.014 

2.354i 0.017 

10.28 l 0.14 

31.19 * 0.50 

73.7 l 1.4 

230.1 f 7.0 

1.265 f 0.020 

2.185 * 0.031 

10.17 * 0.20 

29.66 * 0.62 

70.9 * ‘2.0 

223.1 + 8.4 

1.221+ 0.022 

2.135 * 0.035 

9.35 t 0.23 

29.72 I 0.72 

74.3 + 2.5 

241. * 11. 

1.339*0.015 

2.449+0.017 

10.92 +0.18 

31.94 kO.46 

74.1 b1.5 

247.7 +8.8 

1.14oio.014 

2.141*0.017 

9.34 *0.14 

27.43 kO.50 

63.6 il.4 

195.7 h7.0 

1.045+0.020 

1.912*0.031 

8.70 io.20 

24.29 iO.62 

55.4 l 2.0 

164.3 rt8.4 
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I i’ 
E. = 20 GeV 

W 
*VI 

Target Raw-Tails W. 
S=V\ 

- Target Raw Raw-Tails 
rth/Gey-rr\\ 1s 

2.50 

2.75 

3.00 

3.25 

3.50 

3.75 

4.00 

n 0.762GzO.007 0.753*0.007 

D 1.292*0.008 1.279+0.008 

Be 5.72 ho.11 5.67 +O.ll 

Al 17.66 k-o.34 17.48 IO. 34 

CU 42.44 10.95 42.03 i0.95 

AU 123.5 k5.5 122.3 55.5 

n 0.695+0.007 0.686*0.007 

D 1.205*0.006 1.192*0.006 

Be 5.39 -+o. 11 5.34 l 0.11 

Al 16.99 10.20 16.80 *0.20 

CU 40.4 il.2 40.0 +1.2 

AU 123.3 +5.1 122.1 l 5.1 

n 0.634+0.007 0.62550.007 

D 1.125 +O. 007 1.112iO.007 

Be 5.119*0.070 5.061*0.070 

Al 15.40 +0.24 15.18 a0.24 

CU 36.51 10.79 36.02 i0.79 

All 115.1 -t3.5 113.7 i3.5 

n 0.583+0.006 0.573iO.006 

D 1.038+0.007 1.023kO.007 

Be 4.731*0.094 4.666iO.094 

Al 14.70 -to.22 14.43 AO.22 

CU 35.49 l 1.03 34.87 el.03 

AU 112.7 h4.5 111.0 *4.5 

II 0.532*0.006 0.521iO.006 

D 0.956*0.006 0.94OiO.006 

Be 4.308+0.059 4.232cto.059 

Al 13.04 hO.19 12.70 -to.19 

CU 31.44 50.67 30.60 *0.67 

AU 97.4 l 3.0 95.0 -t3.0 

n 0.495*0.005 0.461+0.005 

D 0.899kO.007 0.88010.007 

Be 4.001+0.080 3.908*0.080 

Al 12.49 10.19 12.06 +0.19 

cu 30.06 *o:a7 28.92 l 0.87 

AU 90.7 *3.7 67.3 l 3.7 

H 0.471~0.004 0.454*0.004 

D 0.640+0.006 0.817iO.006 

Be 3.79610.036 3.679*0.036 

Al 11.23 *O. 17 10.67 +O. 17 

CU 27.53 *0.59 25.98 a0.59 

AU 86.2 ~2.6 81.3 12.6 

4.25 

4.50 

4.75 

5.00 

5.25 

5.50 

H 0.431* 0.005 0.408+0.005 

D 0.7831 0.010 0.752~~0.010 

Be 3.428 + 0.072 3.27510.072 

Al 10.67 f 0.19 9.92 *o. 19 

CU 26.32 I 0.80 24.19 10.80 

AU 86.0 * 3.7 78.8 k3.7 

n 0.426* 0.004 0.39410.004 

D 0.777* 0.006 0.735-tO.006 

Be 3.385* 0.049 3.177hO.049 

Al 10.44 * 0.17 9.42 bO.17 

CU 24.03 t 0.50 21.02 l 0.50 

AU 69.8 A 2.3 58.9 +2.3 

n 
D 

Be 

Al 

CU 

AU 

0.4241 0.004 

0.765* 0.006 

3.392zt 0.072 

10.23 -t 0.16 

76.6 * 3.5 

n 0.458* 0.005 

D 0.796* 0.007 

Be 3.591i 0.084 

Al 10.68 zt 0.17 

CU 25.94 * 0.88 

AU 76.4 i 4.1 

n 0.497+ 0.007 

D 0.903a 0.010 

Be 4.16 f 0.11 

Al 12.87 f 0.25 

CU 31.5 * 1.2 

AU 117.1 •k 5.9 

n 0.6011 0.011 

D 1.009+ 0.013 

Be 4.79 * 0.15 

Al 16.69 + 0.39 

CU 46.5 l 2.0 

AU 186. * 11. 
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TABLEXV 

A-DEPENDENCERESULTS 

EO 
W cl2 X’ 

v 

(GeV) Pm (@V/c )2 WV) 
aO EXlOOO x2(4D.F.) 

13 2.00 0.695 0.148 2.034 0.998+0.008 
2.25 0.660 0.115 2.581 0.994*0.008 
2.50 0.621 0.090 3.191 0.994iO.008 
2.75 0.578 0.071 3.870 0.998*0.006 
3.00 0.531 0.056 4.612 1.002*0.007 
3.25 0.481 0.044 5.416 1.003+0.007 
3.50 0.425 0.034 6.282 1.007+0.008 
3.75 0.366 0.025 7.216 1.014+0.014 

20 2.50 1.588 0.203 3.707 0.997+0.006 
2.75 1.524 0.168 4.373 0.991*0.006 
3.00 1.453 0.139 5.095 0.996&0.006 
3.25 1.375 0.115 5.894 0.990*0.007 
3.50 1.292 0.095 6.750 0.997+0.007 
3.75 1.203 0.079 7.666 0.997+0.007 
4.00 1.107 0.065 8.647 1.001*0.007 
4.25 1.005 0.053 9.692 0.997~0.009 
4.50 0.897 0.042 10.800 1.012ztO.007 

3.8zt3.8 2.1 
12.9zt3.5 2.5 
13.2~3.7 5.7 
0.5+3.1 5.4 

-3.ozk3.5 0.6 
-6.2*3.7 6.5 

-15.4h4.0 0.8 
-18.816.2 5.6 

7.2-t4.1 1.7 
16.0*3.7 1.7 
9.Odc3.6 1.4 

18.8i4.1 1.8 
6.4~3.6 1.3 
6.4*4.3 0.9 
0.8h3.6 6.2 
0.3+5.0 4.9 

-24.614.0 7.3 

Results of the fits to the A-qependence of the form F = aOAE. The errors shown are from the fit only. 
Systematic errors can shift the values of E by as much as +0.02. 
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FIGURE CAPTIONS 

1. Xlan and elevation views of the SLAC 20-GeV spectrometer. The arrange- 

ment of magnets is shown at the bottom of thepicture”where B = bending 

magnet, Q = quadrupole, S = sextupole. 

2. The detector arrangement in the hut of the 20-GeV spectrometer. 

3. Distributions in the reconstructed scattering coordinates of all events 

satisfying the trigger at incident energy 13 GeV and spectrometer 

momentum 9.13 GeV/c: 

a) the horizontal projected scattering angle 0. The shape of the 

distribution reflects the l/sin4 8/2 of the cross section; the 

cut at 53.5 mrad is shown; 

b) the vertical projected scattering angle 43. The position of the 

vertical slits at &4.25 mrad is shown; and, 

Cl the fractional momentum M/p. The cut at rtl. 6% is shown. 

4. Event distribution in the pulse height from the TA counter. The arrow 

indicates the position of the TA pulse height cut. The lack of events below 

channel 50 is due to the discriminator threshold setting. Zero pulse 

height should typically appear near channel 40. 

a) Typical running conditions, Eo= 13 GeV, Et= 9.13 GeV. The peak 

shows the clean electron signal; a very small two-electron peak 

can be seen around channel 475. 

b) One of the worst conditions, Eo=20 GeV, E’=4.14 GeV. The 

shaded region shows the data after a cut on the pulse height from 

the Cerenkov counter is made. 

5. Measured efficiency of the MULT pulse height cut as a function of detected 

particle energy. The curve is the function used to correct the data in the 
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region shown. The data points show the mean and standard deviation of 

-all measurements from runs in each bin of E’. 

6. The raw scattering cross section d2rr/dfidEf for hytiogen at Eo= 13 GeV. 

No dummy subtractions, positron subtraction or radiative corrections have 

been made. The elastic peak is reduced by 5. 

7. Positron subtraction for the worst line, E. = 20 GeV and the hydrogen tar- 

get. The open circles are the cross sections from all detected electrons; 

the closed circles are after the positron cross sections are subtracted. The 

solid line is the ratio of the cross sections before and after subtractions. 

8. Experimental value of the cross section d2U/dSIdE’ vs. missing mass for 

the 13 GeV hydrogen data. The line is the calculated elastic tail contri- 

bution. The errors on the data points are smaller than the symbols. 

9. Experimental values of the cross section d20/dfidE’ vs. missing mass 

for the 4.5 GeV deuterium data. The lines are the calculated elastic and 

quasi-elastic peaks and radiative tails with effects of momentum resolu- 

tion included. The statistical errors on the data points are smaller than 

the symbols. 

10. Experimental values of the cross section d2a/dl;2dE’ vs. missing mass for 

all the data. The incident energy and q2 range (q2 increasing with 

decreasing W) for each line are shown. a) Hydrogen. b) Deuterium. 

11. Kinematic (q2, v) plane showing the location of the measured 4’ cross 

sections. The heavy lines represent fYscannedll data, where the measure- 

ments from each run overlapped. Lines of constant missing mass, W, 

are shown dashed, and lines of constant a= 2Mv/q2 are indicated. 

12. The smearing correction applied to the hydrogen measurements when 

analyzing deuterium. The different lines are the six incident energies 

with data above W = 2 GeV. 
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13. Feynman diagram for electron-proton scattering in the one photon 

-approximation. 

14. Experimental values of the cross section d20/dadEr;.for elastic electron- 

proton scattering at Eo= 13 GeV. The openeircles are the data before 

radiative corrections; the closed circles are after unfolding the spectrum 

to take into account radiative effects. The energy resolution at this energy 

is 24 MeV FWHM arising from the incident beam energy definition. The 

errors are smaller than the symbols. The data are plotted vs. missing 

energy, the difference between the electron energy corresponding to 

elastic scattering and the measured energy of the detected electron. The 

slight offset from zero is an example of the differences in calibration of 

the spectrometer momentum and incident beam energy. 

15. The ratio of the measured elastic electron-proton cross section da/da to 

the cross section calculated using the dipole approximation for the electric 

form factor GE = (1 + q2/. 71) -2 , form factor scaling to yield the mag- 

netic form factor GM = 2.793 GE, and the Rosenbluth 23 approximation 

to the elastic cross section. Statistical errors for this experiment are 

shown by the inner error bars. The extended lines show the estimated 

systematic errors. The other points are deduced from fits to the Rosenbluth 

cross section extrapolated to 4’. The inner error bars on these points 

represent the errors derived from the fits with statistical errors on the 

data. The extended lines show the systematic errors quoted by the 

authors added in quadrature with the statistical errors. 

The ratio of the deuterium cross section to the smeared proton cross 
2 section vs. q for different range of x1 as shown. The curves are the 
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functions A 1 - I FD(q2) I “1 , 
[ where values of A are determined from fits 

--to each set of data, and FD is the deuteron elastic form-factor from 

Ref. 25. For all points W is greater than 2.1 GeV: 

17. Experimental measurements of the smeared neutron-proton ratio, 

fl;/g vs. x’. For this experiment, statistical errors are shown by the 

inner error bars. The extended lines represent estimates of the syste- 

matic errors. No corrections have been made for any possible A- 

dependence in deuterium. The other data are from Refs. 24 and 26, the 

error bars do not include estimated systematic errors of about *6%. 

18. Extracted values of vW2 for the proton vs. q2. Only data with W > 2 GeV 

and 0’ > 6 have been used and R = oL/aT = 0.18 has been assumed. The 

errors are statistical only. 

19. Extracted values of vW2 vs. q2 for the proton assuming R = 0.18. The 

separate CQ’ ranges are shown. The open circles are 6’ data and the 

dashes 10’ data from Ref. 24. The curves are the functions 

D[1 - W;‘(q21j with values of D determined from fits to each set of data 

separately. 

20. The points below C,J’ = 8 are values of vW2 for the proton from Ref. 12. 

The data above W’ = 8 are the values of D shown in Table VIII. The solid 

line is a fit to all the data shown using statistical errors on the data only. 

21. The residuals from the quadratic fits to the cross section for the range 

2 GeV < W < 3 GeV for each energy. The XX/degree of freedom for each 

fit is shown. 

22. Measured values of B(q’, W) (see text) vs. missing mass, W. The curves 

show the fit and typical contributions of the resonances and background. 
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Each lower energy line is offset upward by 30 pb. The top line is photo- 

Foduction data of Ref. 30 offset by 210 ,ub. The succeeding lines are the 

data from the current experiment for 4.5, 7, 10, 135 16, 18, and 20 GeV. 

The curves along the bottom axis show the .deeomposition of the 20 GeV line 

into the contributions from the individual resonances and the background. 

production data of Ref. 30 offset by 210 pb. 

23. Measured values of the transition form factor for A(1238) production 

compared to the dipole GD(q2) = 3/(1+q2/. 71)2 vs. q2. The open circle ,. 
is from a fit to photoproduction data of Ref. 30. The other measurements 

are from Ref. 31. 

24. Measured values of the cross section from the resonances evaluated at 

each resonance mass vs. q2. The open circles are from fits to photo- 

production data of Ref. 30. Errors are statistical only. 

25. Measured values of the ratio of resonance peak cross sections to the 

background at each peak as determined from the fits. The open circles 

are from fits to photoproduction (Ref. 30). 

26. Measured values of the cross section d2cr/d9dEr vs. W for each of the six 

targets as shown: 

a) Incident energy, E. = 13 GeV 

b) Incident energy, E. = 20 GeV (note suppressed zeros) 

The closed circles are before any radiative corrections; the open circles 

are after elastic and quasi-elastic tails are subtracted. Statistical errors 

are shown where they are larger than the plotted points. Data where the 

subtraction arising from radiative corrections exceeds 25% are not used in 

the subsequent analysis. 
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27. The shadowing factor F (see text) vs. A for each kinematic point. The 

line?? are fits to the form aOAE for each plot. Only statistical errors are 

shown. 
i’ 

a) Incident energy, F, = 13 GeV . 

b) Incident energy, E. = 20 GeV 

28. The exponent, E , from the fits to the shadowing factor F =aoAt vs. x1. 

The closed circles are from the 13-GeV data, open circles from the 20-GeV 

data. Only statistical errors are shown in the figure. Systematic errors 

can shift the values of E by as much as f 0.02. 
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APPENDIX C 

- TABLE OF CROSS SECTIONS FOR HYDROGEN AND DEUTERIUM 
:’ 

All of the cross sections are listed as a function of the missing mass W for 

each of the different energies. The errors are-just statistical except for ten 

points on each target as explained in the text. 

These are the tables referred to in S. Stein et al -_* 9 Phys. Rev. D 12 -’ 

1884 (1975), on p. 1891, as reference 15a. 



I . . . m,. _Ix.._ ..-.--. u-.. -1.. -_ ” ..,.,. ._, ^.^ . ,. . .- . . . . 

C.l 

I 

- E =4.499 GeV Hydrogen 

du do 
w W rFri%iF 

do 

(CCV) [pb/(GeV-sr)] (GeV) [pb/(GeV-sr)] 
W dME W dME’ 

(GeV) [pb/(GeV-sr)]. ” (CeV) r)lb/(GeV-sr)] 
1.080 7.hQ4 + 2.554 13.956 t 2.487 1.096 17.070 + 2.453 1.104 20.537 + 2.434 
1.111 32.054 f 2.514 1.126 37.143 + 2.586 1.134 41.517 + 2.618 
1.141 
1.170 
1.199 
1.227 
1.254 
l.ZRl 
1.307 

; 1.332 
1.357 
1.3R2 
1.406 
1.433 
1.454 
1.477 
1.499 
1.522 
1.544 
1.5h5 
1.5F7 
1.605 
1.620 
1.640 
1.670 
1.690 
1.710 
1.729 
1.749 
1.768 
i-787 
l.aoh 
l-R24 
1.843 
1.861 
1.A7Q 
1.897 
1.015 
I.932 
1.050 
1.967 
1.984 

2R.145 i 2.4RO 
48.283 I 2.7017 
R.6.537 + 3.192 

122.640 5 3.275 
120.021 I 3.3R3 

78.~17 t 2.484 
55.305 i 2.06A 
38.h31 ?. 1.753 
34.543 i l.‘Pq 
28.031 i 1.311 
26.R27 + 1.147 
26.R36 ! 1.049 
26.445 i 1.039 
31.156 + 1.117 
32.374 i 1.152 
35.058 i 1.276 
32.020 k l.‘i?f’5 
27.743 t 1.115 
24.552 k I.042 
22.719 5 0.941 
21.950 t O.RPO 
21.214 : O-84@ 
21.435 t O.RSIL 
21.692 + ‘.I..951 
20.322 + O.R24 
17.333 + ‘I.773 
16.373 + 3.74h 
14.224 i 0.704 
12.RBb 5 0.6R5 
13.2aa + o.hQa 
12.731 i 0.692 
11.325 t 0.677 
12.ohQ t 0.671 
10.7R3 .+ 0.675 
11.218 7 0.676 
10.390 i 0.656 
10.359 I 0.654 

Q-P95 + 0.647 
10.570 i 0.652 

8.795 i O.hZR 
8.905 i 0.626 

l.ORP 
1.119 
1.149 
1.176 
I.2Ob 
1.23L 
1.261 
1 .ZA? 
1.313 
1.339 
1.3h4 
1.3RR 
1.412 
1.436 
1.450 
1.4R2 
1.505 
1.527 
1.549 
1.571 
1.592 
1.613 
1.634 
1.655 
1.675 
1.h95 
1.715 
1.734 
1.754 
1.773 
1.792 
l-R10 
1.829 
l.R47 
l-R66 
l.Ra4 
1.901 
1.919 
1.937 
1.954 
1.971 
l-948 

53.513 E 2.797 
Q4.RP9 c 3.114 

127.244 !. 3.291 
108.151 t 2.917 

72.961 5 2.393 
51.443 2 1.990 
35.412 * l-h93 
29.954 : 1.464 
27.503 r 1.24A 
25.OPh + 1.100 
26.104 ; 1.039 
2R.772 t l-Oh6 
30.158 t 1.110 
33.567 t 1.178 
34.270 +_ 1.254 
32.134 t 1.199 
26.823 + 1.096 
24.467 * 1.009 
20.414 i 0.900 
21.765 < O-R67 
22.195 + O-R56 
21.577 1. O-R55 
20.657 + 0.841 
10.921 z O-R05 
17.22R t 0.76R 
14.877 t 0.724 
14.531 ?. 0.705 
12.492 c O.SR2 
12.651 L 0.691 
12.536 + 0.692 
11.556 i 0.676 
11.423 L 0.670 
11.628 t 0.678 
11.251 t 0.676 
10.256 : 0.656 
10.720 ?. 0.659 

9.040 + 0.639 
9.937 i 0.642 
8.963 2 0.629 
e-573 + 0.623 

1.156 
1.185 
1.213 
1.240 
1.267 
1.294 
1.323 
1.345 
1.37’3 
1.394 
1.41R 
1.442 
1.465 
1.4aa 
1.511 
1.533 
1.555 
1.576 
1.597 
1.619 
1.639 
1.660 
l.hRO 
1.700 
1.720 
1.139 
1.759 
1.778 
1.796 
1.815 
i-834 
1.852 
~..a70 
l.ar)q 
1.906 
1.923 
1.941 
1.95a 
1.915 
1.992 

54.099 ; 2.932 
106.444 5 3.175 
130.475 i 3.290 
100.938 + 2.708 

61.720 + 2.210 
413.534 2 1.923. 
33.025 + 1.653 
29.359 ; 1.409 
29.152 I 1.235 
27.a02 + 1.110 
27.743 + 1.058 
2R.457 + 1.066 
30.822 + 1.109 
35.211 i 1.191 
35.052 t 1.276 
31.906 i 1.192 
25.100 + 1.067 
24.021 i 3.984 
23.069 + 0.917 
22.346 t 0.Bh-f 
21.558 + 0.854 
21.867 + 0.R55 
21.293 + O-A41 
19.063 E 3.804 
17.161 + 0.761 
14.634 5 O-71@ 
13.172 L 0.698 
13.125 t 0.6@8 
ii-ala t 0.685 
11.295 t 0.67R 
12.214 i 0.675 
12.352 + 0.688 
11.406 + 0.679 
11.252 k 0.675 
11.045 + 0.662 
9.369 i O.b43 
9.567 + 0.642 
9.707 ; 0.640 
9.177 c 0.630 
9.459 t 0.630 

1.163 
1.192 
1.220 
1.247 
1.274 
1.300 
1.326 
1.351 
1.316 
1.400 
1.424 
1.448 
1.471 
1.494 
1.516 
1.538 
1.560 
1.581 
1.603 
1.624 
1.644 
1.665 
1.685 
l-i05 
1.724 
1.744 
1.763 
1.782 
1.801 
l-a20 
l-R38 
i-857 
i-875 
1.893 
1.910 
1.928 
1.945 
1.963 
1.980 
1.997 

77.134 E 3.109 -.. 
120.279 t 3.2al r- . 
125.017 +_ 3.181 .* 

92.353 r 2.661 
56.936 E 2.124 
40.326 t 1.800 
31.464 + 1.592 
24.040 ; 1.297 
28.207 c 1.186 
28.991 i 1.094 
25.579 t 1.022 
27.907 t 1.064 
30.544 + 1.117 
35.390 t 1.218 
33.977 +_ 1.245 
29.435 t 1.151 
25.064 5 1.068 
21.506 5 0.939 
22.256 c 0.893 
20.922 k 0.845 
21.026 +_ 0.849 
21.079 5 0.850 
19.7R2 t 0.826 
lR.667 z 0.792 
16.707 +- 0.752 
13.950 5 0.709 
13.404 t 0.691 
12.499 5 0.693 
12.170 i 0.687 
11.401 $ 0.679 
11.022 : 0.665 
11.65-l t 0.618 
10.918 t 0.674 

9.904 + 0.661 
11.093 t 0.664 
10.226 + 0.653 

9.830 t 0.646 
8.862 f 0.629 
9.385 ? 0.631 
a.401 I 0.620 

E = 7.000 C&V Hydrogen 

1.07R 
1.192 
1.175 
1.14s 
1.172 
1.194 
1.2lh 
1.237 
1.258 
1.279 
1.290 

. 1.310 
I.330 
1.359 
1.379 
1.397 
1.415 
1.434 
1.452 
1.470 
1.4RR 
1.505 
l-=23 

2.123 $ 0.064 
6.913 f 3.635 

14.314 i 0.563 
22.332 t 0.710 
38.Q57 i O.A23 
56.122 L 0.971 
h4.73R 5 0.930 
54.t.84 t o.a31 
42.293 t 0.715 
31.970 I 3.614 
25.695 5 0.541 
21.327 < 0.409 
lR.P45 5 0.4t9 
16.787 t 0.464 
lh.449 + 0.437 
lh.Rl5 $ 0.439 
16.292 t 0.433 
lR.086 t 0.455 
10.373 + 0.471 
20.9R4 i 0.4Ol 
73.8QQ k 0.521 
24.P27 c 0.52f. 
22.7t.2 5 0.499 

1 .oe4 
1.108 
1.132 
1.155 
1.177 
1.199 
1.221 
1.242 
1.263 
1.784 
1.304 
1.324 
1.344 
1.363 
1.3A3 
1.401 
1.420 
1.43R 
1.457 
1.475 
1.492 
1.510 
1.527 

2.762 * ‘3.645 
9.014 6 0.635 

15.759 ; 0.66h 
27.225 r. 0.747 
44.328 5 0.~58 
5R.726 t 0.931 
64.735 L 0.920 
52.337 + 0.007 
3Q.7h3 r 0.691 
31.096 5 0.604 
24.042 t 0.530 
20.577 + 0.491 
17.97R t 0.45s 
16.927 + 0.443 
15.425 i 0.436 
16.001 + 0.430 
17.348 L 0.445 
17.Rb9 5 0.451 
19.214 * 0.472 
20.296 i 0.487 
23.710 ?. 0.519 
23.445 + 0.512 
21.064 i 0.4FO 

1.393 
1.114 
1.138 
1.160 
1.193 
1.205 
1.226 
1.249 
1.2h9 
1.2a9 
1.309 
1.329 
1.349 
1.368 
1.387 
1.406 
1.425 
1.443 
1.461 
1.479 
1.497 
1.514 
1.531 

4.049 + 3.636 
10.373 + 0.644 
la.423 i 0.6R5 
29.282 L 0.758 
4R.057 i 0.879 
63.630 t 0.953 
62.584 ? 0.898 
48.277 t 0.773 
38.098 t 0.671 
29.033 ; 0.592 
23.134 : 0.525 
19.930 c 3.482 
19.531 2 0.462 
17.494 k 0.448 
16.455 + 0.43A 
16.773 : 0.43A 
17.104 t 3.443 
la.634 $ 0.462 
19.425 + 0.474 
22.121 I 0.507 
23.9~36 + 0.521 
23.121 t 0.508 
21.991 k 0.4a5 

1.096 
1.120 
1.143 
1.166 
1.188 
1.210 
1.232 
1.253 
1.274 
1.294 
1.314 
1.334 
1.354 
1.373 
1.392 
1.411 
1.429 
1.440 
1.466 
i.4a3 
1.501 
1.518 
1.53h 

6.475 + O-h44 
12.133 + 0.655 
21.432 5 0.707 
34.465 +- 0.795 

~52.110 + 0.901 
65.632 t 0.950 
60.253 + 0.875 
47.289 + 0.756 
36.280 + 0.652 
26.849 ; 0.561 
22.a48 + 0.514 
la-R40 t 0.471 
16.633 2 0.444 
16.548 k 0.439 
16.R63 L 0.439 
16.772 t 0.438 
17.561 + 0.450 
18.671 + 0.464 
20.39A t 0.483 
22.171 ; 0.506 
24.039 t 0.521 
22.603 +_ 0.503 
20.052 z 0.465 



- -. 
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c.2 

.A!?- . du 
dME’ 

[lrb/WJ-.=)I 
dME’ 

--C& 
dRdE’ 

[W(‘W-so] [W@J-W] 

1.540 19.622 c 0.458 
1.557 17.974 ,- 0.432 
1.574 15.876 t 0.406 
1.590, 15.450 t 0.400 I 
1.607 14.801 + 0.395 

15.405 k 0.403 
15.446 ; 0.409 
15.664 + 0.411 
16.175 + 0.415 
15.643 ; 0.407 
IS..023 + 0.394 
13.432 t 0.368 
12.763 + 0.35 I 
11.362 i 0.335 
10.752 + 0.323 

9.988 2 0.312 
9.923 f 0.310 
9.587 + 0.305 
9.499 l 0.304 
9.423 z 0.303 
a.972 5 0.297 
a.508 i 0.290 
9.107 t 0.297 
8.955 t 0.295 
8.459 C 
8.180 

<p-207 
t 0.281 

1.623 
1.639 
1.655 
1.671 
1.686 
1.702 
1.717 
1.733 
1.74R 

’ 1.763 
1.777 
1.792 
1.807 
1.821 
1.836 
1.850 
1.864 
1.878 
1.892 
1.906 
1.920 
1.933 
1.947 
1.960 
1.974 
1.987 
2.000 
2.013 
2.026 
2.039 
2.052 
2.079 
2.129 
2.178 
2.221 
2.233 
2.244 
2.256 
2.26% 
2.284 
2.329 
2.374 
2.418 
2.461 
2.4R3 
2.494 
2.504 
2.515 
2.529 
2.570 
2.611 
2.651 
2.690 
2.729 
2.742 
2.752 
2.761 
2.782 
2.819 
2.R56 

-2.993 
2.929 
2.964 
2.990 
7.994 
3.007 

7.833 2 0.276 
8.229 + 0.2al 
8.260 ; 0.279 
7.984 t 0.275 
1.255 t 0.264 
7.161 t 0.262 
7.069 t 0.278 
7.327 5 0.318 
6.882 : 0.360 
6.753 t 0.421 
6.128 + 
5.654 i 

0.496 
i.39a 

5.699 f 0.376 
4.994 + 0.369 
5.163 t 0.277 
4.894 C 0.270 
4.867 + 0.273 
4.781 + 0.265 
4.590 + 0.2P7 
4.628 + 0.312 
4.161 + 0.331 
3.721 i 0.268 
3.994 + 0.281 
3.614 ? 0.209 
3.565 5 0.208 
3.724 i 0.214 
3.232 + 0.197 
2.996 + 0.265 
3.275 t 0.246 
2.099 c 0.215 
3.288 ?. 0.225 
3.069 t 0.22h 
2.634 + 0.175 
3.059 + 0.177 
2.709 i 0.163 
2.534 t O.lh~ 
2.762 i o.zza 
2.717 t 0.221 
2.470 t 0.195 
2..675 f. 0.207 
2.610 + 0.222 
2.593 + 0.195 
2.703 c 0.21R 
2.543 I 0.212 
2.476 i 0.216 

1.544 
1.561 
1.57R 
1.594 
1.611 
1.627 
1.643 
1.659 
1.675 
1.690 
1.706 
1.721 
1.736 
1.751 
1.766 
1.781 
1.796 
1.810 
1.825 
1.839 
1.853 
1.868 
1.682 
1.895 
1.909 
1.923 
1.937 
1.950 
1.964 
1.977 
1.990 
2.003 
2.016 
2.029 
2.042 
2.055 
2.091 
2.141 
2.190 
2.224 
2.236 
2.247 
2.259 
2.271 
2.295 
2.340 
2.3R5 
2.429 
2.471 
2.486 
2.497 
2.507 
2.518 
2.540 
2.591 
2.621 
2.661 
2.700 
2.735 
2.745 
2.754 
‘2.764 
2.791 
Z.k?ZR 
2. ah5 
2.902 
2.9311 
2.973 
2.992 
3.001 
3,.010 

18.970 + 0.448 
17.423 ?. 0.425 
16.303 t 0.409 
14.656 + 0.393 
14.944 + 0.398 
15.931 !. 0.409 
15.197 + 0.405 
16.774 ; 0.422 
15.950 +- 0.412 
15.814 +_ 0.405 
14.569 5 0.388 
12.937 : 0.361 
11.526 c 0.339 
10.689 r 0.324 
lo.228 f 0.317 

9.884 5 0.313 
9.773 t 0.308 
9.940 2 0.310 
9.370 5 0.303 
9.013 l 0.297 
a.928 ? 0.296 
8.825 5 0.294 
8.705 t 0.291 
8.791 t 0.291 
8.295 i 0.285 
R.517 C 0.286 
7.902 t 0.277 
a.210 i 0.281 
7.833 C 0.275 
7.557 C 0.269 
7.383 L 0.265 
6.686 + 
6.296 i 

0.260 
0.275 

6.687 i 0.321 
7.665 i 0.393 
6.150 t 0.441 
5.917 + 0.420 
5.972 + 0.404 
4.906 i 0.403 
5.378 t 0.288 
5.013 5 0.273 
4.631 k 0.266 
4.626 t 0.261 
4.772 c 0.265 
4.865 5 0.330 
4.171 t 0.334 
3.868 C 0.275 
4.006 i 0.320 
4.056 5 0.270 
3.541 i 0.203 
3.838 f 0.209 
3.287 i 0.204 
3.940 i 0.209 
3.118 i 0.231 
3.151 t 0.254 
3.341 +- 0.262 
3.293 L 0.250 
2.681 5 0.231 
2.948 ? 0.177 
2,507 L 0.163 
2.665 + 0.165 
2.727 i 0.170 
3.097 k 0.210 
2.739 5 0.217 
2.460 i 0.220 
2.747 k 0.215 
2.475 f 

; 
0.201 

2.732 0.224 
2.504 5 0.200 
2.618 + 0.214 
2.621 t 0.237 

1.548 
1.565 
1.582 
1.590 
1.615 
1.631 
1.647 
1.663 
1.679 
1.694 
1.710 
1.725 
1.740 
1.755 
1.770 
1.785 
1.799 
1.814 
1.828 
1.843 
1.857 
1.871 
1.ae5 
1.899 
1.913 
1.926 
1.940 
1.953 
1.967 
1.980 
1.993 
2.007 
2.020 
2.033 
2.045 
2.059 
2.104 
2.153 
2.202 
2.227 
2.239 
2.250 
2.262 
2.274 
2.307 
2.352 
2.396 
2.439 
2.478 
2.489 
2.499 
2.510 
2.520 
2.550 
2.591 
2.631 
2.671 
2.710 
2.738 
2.747 
2.757 
2.765 
2.800 
2.838 
2.R74 
2.911 
2.947 
2.9’32 
2.994 
3.003 
3.012 

18.473 + 0.441 
17.075 t 0.420 
16.157 ‘t 0.410 
15.607 ; 0.402 
15.233 + 0.400 
15.427 ; 0.406 
15.601 2 0.411 
16.330 5 0.419 
15.449 + 0.406 
15.025 f 0.396 
14.‘679 + 0.386 
12.780 i 0.360 
12.209 + 0.344 
10.598 i 0.322 

9.980 t 0.313 
9.895 + 0.310 

10.148 i 0.313 
9.239 t 0.301 
9.499 + 0.304 
9.377 + 0.302 
9.865 t 0.308 
9.202 + 0.299 
8.671 k 0.291 
8.772 + 0.291 
8.681 i 0.289 
7.965 t 0.279 
8.092 + 0.279 
8.260 t 3.282 
7.512 i 0.269 
7.670 + 0.270 
6.967 ; 0.259 
7.414 +_ 0.277 
7.165 + 0.295 
7.072 + 0.335 
6.172 2 0.383 
7.002 5 0.497 
5.854 k 0.413 
5.619 + 0.450 
5.228 2 0.356 
5.102 t 0.274 
4.962 + 0.270 
4.543 + 0.265 
4.640 I 0.263 
4.572 5 0.257 
4.936 + 3.334 
4.489 ? 0.310 
4.090 k 0.305 
4.212 i 0.278 
3.982 : 0.263 
3.599 ? 0.207 
3.658 t 0.206 
3.696 t 0.205 
3.397 + 0.209 
3.356 i 0.262 
3.515 + 0.237 
2.662 i 0.211 
3.209 i 0.227 
2.711 + 0.216 
2.868 t 0.166 
2.075 + 0.165 
2.741 -, 0.165 
2.haO t 0.206 
2.577 t 0.227 
2.R62 5 0.216 
2.573 + 0.194 
2.422 : 0.218 
2.944 t 0.221 
2.431 i 0.214 
2.343 t 0.196 
2.133 + 0.206 
2.205 : 0.353 

1.553 
1.569 
1.586 
1.603 
1.619 
1.635 
1.651 
1.667 
1.683 
1.698 
1.713 
1.729 
1.744 
1.759 
1.774 
1.789 
1.803 
1.818 
1.832 
1.846 
1.861 
1.875 
1.889 
1.902 
1.916 
1.930 
1.943 
1.957 
1.970 
1.984 
1.997 
2.010 
2.023 
2.036 
2.049 
2.066 
2.116 
2.166 
2.214 
2.230 
2.242 
2.253 
2.265 
2.276 
2.318 
2.363 
2.407 
2.450 
2.481 
2.491 
2.502 
2.512 
2.523 
2.560 
2.601 
2.641 
2.681 
2.719 
2.740 
2.750 
2.759 
2.772 
2.810 
2. a47 
2.084 
2.920 
2.956 
2.988 
2.996 
3.005 

18.673 ? 0.443 
16.863 i 0.417 
15.369 C_ 0.400 
14.741 2 0.394 
14.695 + 0.395 
14.674 + 0.399 
16.034 ; 0.414 
16.222 +_ 0.416 
16.138 t 0.412 
14.117 + 0.384 
13.614 + 0.372 
12.748 

-.. 
+ 0.356 

11.965 5 0.341 +_ . 

10.633 + 0.321 .- 
10.419 k 0.317 
10.253 2 0.313 

9.566 + 0.305 
9.030 +_ 0.300 
9.684 2 0.308 
9.266 + 0.302 
9.194 +- 0.300 
9.019 + 0.298 
‘3.482 t 0.209 
8.765 + 0.292 
8.168 5 0.264 
8.016 t 0.279 
a.305 2 0.282 
7.993 + 

i 
0.276 

7.067 0.273 
7.177 ?r 0.263 
7.032 +; 0.260 
7.235 t 0.276 
7.040 + 0.302 
6.718 t 0.343 
6.702 i 0.404 
6.800 t 0.325 
6.514 + 0.488 
5.509 + 0.374 
4.751 + 0.353 
4.863 + 0.268 
5.093 C 0.272 
4.539 + 0.273 
4.949 + 0.269 
4.078 i 0.264 
5.086 + 0.372 
4.453 k 0.297 
3.978 t 0.292 
3.431 + 0.283 
3.840 2 0.220 
3.523 + 0.202 
3.569 t 0.208 
3.376 t 0.203 
3.324 t 0.278 
3.504 t 0.250 
3.180 5 0.254 
2.879 + 0.247 
3.280 ?r 0.245 
3.129 t 0.233 
2.741 t 0.168 
2.880 ? 0.167 
2.906 + 0.171 
2.593 + 

; 
0.196 

2.934 0.211 
2.768 5 0.229 
2.278 ? 0.215 
2.397 + 0.189 
2.610 t 0.222 
2.455 + 0.423 
2.319 + 0.199 
2.435 i 0.213 



I 

c.3 

E = 9.993 GeV Hydrogen 

- & 
A A. do du 

W dQdE’ W dME’ W w m 
(c&V) [tib/l(GeV-sr)] 

dME’ 
(GeV) [pb/(GeV-sr)l (c&V) rpb/(CkV-$rj] (GeV) [(lb/(&A’-srjl 

l*ORZ 
1.116 
1.149 
l*LRl 
1.213 
1.243 
1.273 
1.392 
1.331 
1.359 
I.386 
1.413 
I.439 
1.455 
1.493 
1.515 
1.540 
1.564 
1.5Q4 
1.611 
1.634 
1.657 
1.679 
1.732 
1.72L 
1.745 
1.767 
1.7as 
l*QOR 
l-R29 
1.940 
l*P7? 
l*PQn 
1.9JO 
1.920 
l-041( 
1.367 
1*91c 
2.25l-l 
3.2co 

1.429 t 0.234 
3.6R4 5 0.235 
A.673 : 0.276 

lR.761 5 0.351 
24.‘51 5 0.38’ 
19.123 t 0.327 
13.1’3’3 + 0.271 
10.191 + ‘3.232 

8.436 + 3.211 
8.252 + 3.206 
7.950 + 0.203 
7.957 5 0.203 
9.698 i 3.212 

10.141 : 0.237 
12.A61 t 0.755 
11.757 I 0.23R 
10.774 ,. 0.223 

9.215 i 0.21)3 
8.255 + O.l’J2 
P-445 I 0.195 
8.793 ~0.199 
9.362 t 0.206 
Q-PO5 t 0.213 
9.252 i 0.206 
A.2bQ C 0.192 
7.537 I O.lRl 
6,567 t 0.16P 
h-f.39 I 0.16P 
5.R09 t r)*l5P 
h.l?c: + 0.15” 
6.226 + 0.160 
6*07* + 3.1’5 
5.969 E 0.156 
5.574 : 7.151 
5.717 t ~I.151 
5.cao : 0.1’1 
4.QO4 i 3.1Ll 
5.233 : 1l.lA3 
3.hh9 c f-1.040 
1.41R ?. 0.370 

1.091 
1.125 
1.157 
1 ..I d9 
1.220 
1.251 
i-290 
1.309 
1.33R 
1.365 
1.393 
1.4lQ 
1.446 
1.471 
1.496 
1*‘21 
1.5&C 
l.‘7C 
1.591. 
1.617 
1.1-40 
1.663 
l.he=l 
1.707 
1.729 
I.751 
1.772 
1.793 
l.RlL 
1.a34 
l-R’< 
I.?75 
1.806 
1.914 
1.934 
1.953 
1.972 
1.991 
2.500 
3.530 

l-p24 t 0.22s 
4.7R2 + 0.245 

11.027 t 0.296 
20.5ch -, 0.368 
24.160 r. 0.377 
19.4lR + 0.317 
12.5A7 i 0.259 

9.627 5 0.225 
9.lR4 1. 0.207 
7.655 L 0.201 
7.hR9 t 0.199 
a.612 : 0.209 
Q-332 2 0.216 

10.571 i 0.233 
12.5Pl t 3.251 
11.855 5 0.237 
10.03R 2 0.215 

5.943 + 0.199 
7.Ob4 I O.la9 
q-427 .! 0.194 
0.942 L 0.201 
9.460 + 0.2OR 
0.104 i 0.207 
9.142 I 3.204 
8.102 i 0.149 
7.127 ! 0.174 
b.640 I 0.169 
6.62” ! 0.169 
h-399 1 0.164 
5.953 k 0.157 
6.Ohl + ‘3,lSR 
5.030 + 0.156 
5.R72 ; 9.155 
5.P24 ?. 0.153 
5.577 5 0.153 
5.567 L 0.149 
5.240 ?. 0.145 
5.0% 5 0.141 
2.771 ‘, 0.032 
1.212 2 0.020 

1.099 
1.133 
1.165 
1.197 
1.225 
1.75A 
1.28’3 
1.317 
1.345 
1.372 
1.399 
1.426 
1.452 
1.473 
1.523 
1.527 
1.552 
1.576 
1.593 
1.623 
1.6Cb 
1.661 
1.691 
1.713 
1.734 
1.755 
1.777 
1.799 
l*Rl? 
1.839 
l-R53 
l.RRJ 
1.399 
1.91= 
1.939 
1.958 
1.977 
1.996 
2.750 
3.750 

2.278 t 0.227 
5.473 + 3.259 

11.733 t 0.309 
22.560 t L-1.378 
22.274 t 0.359 
14.354 c 0.298 
12.298 L 0.254 

9.560 t 3.225 
5.070 + 3.205 
7.6RO t 3.199 
a.079 t 0.204 
8.299 c 0.207 
9.261 2 3.2lP 

10.990 2 0.23R 
11.870 + 3.243 
11.357 t 0.231 
9.399 t 3.207 
R-741 f. 0.197 
7.833 k 3.lRP 
7.996 ! 0.190 
9.740 : 0.199 
9.t40 + 3.209 
9.443 I 0.210 
5.614 $ 0.199 
a.013 ! 3.19h 
5.R20 i ‘3.172 
b-h62 1 O.lhA 
6.247 f. 2.164 
5.957 : 0.158 
6.151 c 3.150 
5.122 * 3.159 
6.2137 t 3.159 
6.037 I 3.156 
5.719 i 3.152 
5.50R A 0.149 
5.421 ?. 3.147 
5.292 ! 0.145 
+.A90 t 0.140 
2.131 t 3.326, 
1.049 ?. 0.025 

E = 13.000 CeV Hydrogen 

l.lOA 
1.141 
1.174 
1.205 
1.236 
1.266 
1.295 
1.324 
1.352 
1.379 
1.40h 
1.432 
1.455 
1.484 
1.509 
1.534 
1.55R 
1.5R2 
1.605 
1.628 
1.651 
1.674 
1.696 
1.718 
1.740 
1.761 
1.7R2 
l.RO3 
1.824 
1.944 
I-R65 
l*PRS 
1.904 
1.924 
1.943 
1.963 
1.9P2 
2.000 
3.000 

3.435 + 0.235 
7.076 + 0.264 

14.072 + 0.326 
23.R54 f 0.394 ,- 
21.100 i 0.347 -- 
14.816 f. 0.2P2 
10.695 5 0.239 

9.091 c 0.219 
7.939 ? 0.203 
R.Obl t 0.203 
7.624 2 0.199 
R.515 t 0.209 
9.410 $ 0.221 

ll*SRO t 0.244 
12.269 + 0.244 
11.092 + 

9.050 I 
0.227 
0.202 

R.506 5 0.195 
R.330 t 0.193 
7.9Pl + O*lQl 
9.236 c 0.2Oh 
9.362 5 0.207 
9.376 t 0.208 
~3.706 t 0.103 
7.R6R i O-l!?6 
0.792 C 0.171 
6.389 + O-lb6 
6.213 t O.lh3 
h.007 * 0.157 
6.116 IO.158 
5,909 ? 0.156 
6.052 ! 0.157 
5.877 2 0.155 
5.1396 t 0.154 
5.401 $ 0.147 
5.530 + 0.148 
5.316 z 0.145 
5.007 ? 0.140 
1.719 t 0.022 

l*O9~ 
1.133 
1.175 
l-71& 
1.255 
1.243 
1.331 
l-3&7 
1.402 
1.436 
1.477 
1.5iJ3 
1*<3= 
l*f;hc 
1.597 
l*r7R 
1.657 
I*hRh 
1.715 
1.743 
1.771 
1.799 
l.S25 
1.952 
l.R79 

0.472 c 0.0‘1 
I.915 t D*OLL 
5.234 ! J.)C7 
9.334 c 7.3‘C 
6*7?3 t o.n=5 
4.33.a ? 3.346 
-i-c07 l ).i)k3 

3.366 i !).,j42 
3.496 : 3.343 
3.996 i Q.Qk7 
4.797 5 3.052 
6.020 2 a.:)‘1 

3.97R I O*OLh 
4.259 5 0.044 
k*PJh ?. 9.052 
5.262 t 9.1’4 
5.034 ?. o-3=3 
4.271 L 7.3’3 
3.651 + 3.:,47 
3.605 I 0.7~7 
3.Ekl ?. 9.3&7 
3.fZ-i t 0.047 
3.626 : 0.947 

1. ICI> 
1.143 
I.195 
1.726 
I.256 
1.303 
1.34(’ 
1.376 
1.411 
l.L4’r 
1.4’P 
1.511 
l.Cf.3 
1.574 
I.605 
L.C.35 
1.665 
1.694 
i-722 
1. ‘50 
1.77P 
I. 53‘ 
l.P32 
l.P’” 
l.DP5 

0.725 ! 0.040 
2.432 + 0.04h 
6.354 t 0.061 
9.lhO i 0.064 
5.5Cl i 0.052 
4.135 i 0.045 
3’.SRO t 0.043 
3.415 f ‘3.042 
3.634 c 0.044 
4.532 l 

5.IR9 1 
0.04P 
0.055 

5.SlL L 9.057 
4.“.?0 2 0.352 
4.lP’J I 0.047 
4.079 F 0.046 
4.442 5 9.Ok9 
5.124 5 0.053 
5.10s 1. 0.054 
4.R93 !. 0.053 
4.171 IO.049 
3.7R7 ?. 0.047 
3.720 i 0.047 
?.727 i 0.047 
3.605 : 0.047 
3.657 r 7.047 

1.111 
1.154 
1.105 
1.236 
1.275 
1.312 
1.3%9 
I.305 
1.419 
1.453 
1.437 
1.519 
1.551 
1.592 
l-h12 
1.642 
1.672 
I.701 
I.729 
1.757 
l.lA5 
1.912 
l.R39 
1.865 
1.991 

l.lTI9 t 3.041 
3.263 5 3.049 
7.417 t 0.004 
7.492 + 0.061 
5.157 E 0.050 
3.922 t 3.044 
3.409 ! 3.342 
3.469 ?. 0.342 
3.b55 t 0.044 
4.412 ?. 3.350 
A.762 : 3.357 
5.769 L 3.057 
4.744 t 3.350 
4.lOA l 3.047 
4.192 i 3.047 
4.459 : 0.350 
5.102 : 3.354 
5.197 i 3.054 
4.624 + 3.051 
4.079 i 0.048 
3.P53 + 3.047 
3.704 f 3.047 
3.653 ! 3.047 
3.64R + 3.347 
3.t3fl f, 0.346 

1.122 
1.164 
1.206 
1,245 
1.2R4 
1.321~ 
1.35R 
1.393 
1.42R 
1.462 
1.495 
1.527 
1.559 
1.590 
1.620 
1.650 
l.h79 
1.109 
1.736 
1.7h4 
1.792 
l-R19 
I. R45 
1.872 
l-R97 

1.496 C 3.342 
4.122 ! 0.053 
R.124 t 0.066 
6.896 + 0.05R 
4.716 f 0.048 
3.77R t 0.043 
3.417 L 0.042 
3.4RI c 0.043 
3.Pl3 f. 0.045 
4.4Rb I 0.050 
5.831 i 0.058 
5.429 2 0.055 
4.504 t 3.349 
4.111 t 0.046 
4.111 + 0.047 
4,721 + 0.051 
5.264 i 0.054 
5.085 + 0.054 
4.458 i 0.051 
3.971 t 0.04P 
3.~03 t 0.048 
3.705 t 0.047 
3.529 c 0.046 
3.691 t 0.047 
3.679 * 0.047 



I 

c.4 

1.~0‘k 
1.023 
1.‘154 
1.170 
2.034 
2.029 
2.n52 
2.07h 
2.9)90 
2.122 
2.145 
Z.lhfl 
.?.lQ@ 
2.212 
2.23L 
2.256 
2.277 
2.290 
2.323 
2.341 
?.3hl 
2.382 
7.402 
2.&?3 
?.443 
2.463 
7.4P2 
2.537 
2.521 
2.541 
2.560 
2.570 
2.5OR 
2.blh 
2.A3’i 
Z.hSLi 
2.672 
2.691 
2.70s 
2.72h 
2.744 
2.761 
2.779 
2.797 
?.914 
2.931 
2.R49 
2.ShS 
2.RR2 
2.9QO 
2.910 
2.933 
2.049 

-y 2.966 
2.952 
2.999 
3.999 

3.b46 i 3.047 
3.51s l ?I.‘)17 

3.4\3 I 3.749 
3.278 5 O.wo 
3.270 5 7.051 
3.116 ?. 5.352 
3.035 t 0.054 
2.032 t 5.053 
Z.P’J3 L 0.7=2 
2.793 z 3.061 
2.795 L 7.351 
2.607 i “.,C” 
z..c52 : n.or9 
2.‘23 ?. 0.3~~ 
2.q77 k O.?‘P 
2.433 ?. 0.0~7 
2.L74 : 0.347 
Z.&Z1 + 0.046 
?.394 : ‘,.‘)46 
2.204 5 Q.‘~Gc 
2.761 t o.o’+t 
2.119 +“).oLc 
2.115 : 0.046 
7.121 t O.OLb 
2.097 5 ,9.94t 
1.954 l 3.3L’ 

1.913 ?. 3.344 
l-R73 + 3.045 
1.859 t cl.346 
l.b”A i O.7Lk 
1.701 * 0.044 
1.733 f 3.044 
l.b59 ?. ‘).341 
1.557 k 0.040 
1.594 5 1.737 
1.619 5 0.035 
1.675 c 3.335 
1.572 5 3.335 
1.595 f. 0.035 
1.653 k 0.535 
1.513 i 3.339 
1.4R7 c 0.03.9 
1.507 2 7.039 
1.443 t 3.037 
1.442 i 0.037 
1.355 r 3.136 
1.375 i 0.036 
1.409 t 0.039 
1.359 t 0.042 
1.343 z 0.040 
1.271 + 0.041 
1.221 t 3.543 
0.707 t o.ooa 

l.QlO 
1.93c 
1.051 
1 .OREI 
2.010 
2.034 
2.05P 
r.ps1 
2.105 
2.12P 
2.151 
2.173 
2.195 
2.219 
2.239 
2.261 
2.293 
2.304 
2.375 
2.346 
2.36-l 
2.3R7 
2.457 
2.42P 
2.449 
2.4hF 
Z.&q7 
2.507 
2.526 
2.545 
2.554 
Z.sR3 
2.672 
2.621 
2.639 
2.h5F 
2.676 
2.504 
2.712 
2.730 
2.748 
2.756 
2.793 
Z.ROl 
2.u1e 
2.836 
Z-R53 
2.870 
2.887 
2.904 
2.920 
2.937 
2.954 
2.970 
2.9Rh 
3.249 
4.249 

3.572 t 3.046 
3.5-17 i 0.04a 
3.377 !. 0.049 
3.207 t 0.050 
3.137 + 0.051 
3.030 ; 0.052 
2.Oa5 : 0.054 
3.011 c 0.054 
2.901 t ‘I.052 
2.817 t 0.051 
2.711 1. 0.050 
2.f.52 t 0.049 
2.h72 + 0.049 
2.601 ; O.OkP 
2.557 r. 0.048 
2.503 t 0.047 
2.373 I 0.046 
2.303 + 0.046 
2.364 i 0.04b 
2.2P2 + 0.046 
2.301 i 0.046 
2.212 i 0.046 
Z.lQS IO.046 
2.110 5 0.046 
2.034 + 

i 
0.045 

2.004 0.045 
1.909 ?. 0.044 
1.966 t 3.044 
1.959 + 0.044 
1.944 z 0.044 
1.914 t 0.044 
1.R42 t 0.045 
l.ROR < 0.045 
1.729 + 0.044 
1.799 5 0.045 
1.723 1. 0.043 
1.592 t 0.040 
l.h40 t. 0.040 
I.509 5 0.036 
1.672 5 0.035 
1.5e4 * 0.035 
1.527 t 0.034 
1.505 t 0.034 
1.467 k 0.034 
l.bbb : 0.037 
1.517 + 0.039 
1.444 z 0.037 
1.428 + 0.037 
1.413 i 0.037 
1.401 + 0.037 
1.357 i 0.037 
1.297 5 0.039 
1.344 k O.043 
1.343 i 0.039 
1.376 t 0.043 
1.076 + 0.006 
O.b53 f 0.010 

1.917 
1.942 
1.967 
1.992 
Z.Olh 
2.040 
2.064 
2.097 
2.110 
2.133 
2.156 
2.179 
2.231 
2.223 
2.245 
2.267 
2.289 
2.3OS 
2.330 
2.351 
2.372 
2.392 
2.413 
2.433 
2.453 
2.472 
2.492 
2.512 
2.531 
2.550 
2.569 
2.599 
2.607 
2.626 
2.544 
2.562 
2.691 
2.h99 

.2.717 
2.735 
2.753 
2.175 
2.7R.9 
2.805 
2.923 
2.aco 
2.857 
2.874 
2.991 
2.909 
2.924 
2.941 
2.958 
2.974 
2.990 
3.499 
4.499 

3.632 + 3.347 
3.563 i 3.049 
3.337 + 0.049 
3.271 ; 0.050 
3.097 k 3.051 
3.095 1 0.054 
2.984 $ 3.3’4 
2.915 ! 0.053 
2.879 L 3.052 
2.809 + 3.351 
2.859 i 0.351 
2.733 t 0.050 
2.690 +_ 0.050 
2.573 ! 0.048 
2.523 t 3.048 
2.455 : 0.947 
2.421 i 0.046 
2.340 + 0.046 
2.233 5 0.045 
2.268 f. 0.046 
2.225 5 0.046 
2.147 * 3.046 
2.205 c 0.047 
2.059 t 3.346 
2.050 2 0.045 
1.997 t 0.345 
1.960 + 

f 
3.044 

1.969 3.044 
1.875 t 0.343 
1.896 2 3.044 
I.742 i 3.044 
1.795 ?. 0.045 
1.795 l 0.045 
1.840 : 0.046 
1.722 * 3.044 
1.703 + 0.042 
1.602 + 0.040 
1.673 ! 3.040 
1.622 I 3.036 
1.595 i 0.035 
1.497 k 0.034 
1.52b + 3.034 
1.5Rl 5 0.035 
1.492 t 0.038 
1.549 ! D.03R 
1.492 + 3.038 
1.414 I 0.037 
1.440 i 0.037 
1.442 C 3.037 
1.372 2 0.03b 
1.338 t 0.037 
1.358 t 0.040 
1.26R + 0.043 
1.298 2 0.039 
1.2R2 t 0.043 
0.903 c 0.015 
0.637 ? 0.015 

1.923 
l-948 
1.973 
l.99a 
2.022 
2.046 
2.070 
2.093 
2.116 
2.139 
2.lb2 
2.184 
2.207 
2.229 
2.250 
2.272 
2.293 
2.314 
2.335 
2.356 
2.377 
2.391 
2.418 
2.438 
2.458 
2.477 
2.497 
2.516 
2.536 
(2.555 
2.574 
2.593 
2.612 
2.630 
2.649 
2.667 
2.6R5 
2.703 

.2.721 
2.739 
2.757 
2.175 
2.792 
2.aio 
2.827 
2.844 
2.861 
2.878 
2.895 
2.912 
2.929 
2.945 
2.9bZ 
2.978 
2.995 
3.749’ 

3.582 t 0.047 
3.394 t 0.04R 
3.357 k 0.049 
3.258 I 0.051 
3.080 2 0.052 
3.072 c 0.054 
2.965 + 0.054 . 
2.903 I 0.052 

* 2.900 k 0.052 ._- 
2.766 + 0.050 
2.743 I 0.050 
2.692 ? 0.049 
2.636 t 0.049 
2.b34 + 0.049 
2.591 I 0.048 
2.456 5 0.047 
2.397 $ 0.046 
2.351 c 0.046 
2.313 $ O.OCb 
2.298 : 0.046 
2.19P t 0.046 
2.164 ! 0.046 
2.151 ?. 0.046 
2.142 2 0.046 
2.0kR i 0.045 
2.065 t 0.045 
1.945 t 0.044 
1.931 f 0.044 
1.933 t 0.344 
1.950 + 0.045 
1.829 I 0.045 
1.7Q9 t 0.045 
1.729 ? 0.045 
1.788 f. 0.045 
1.763 ? 0.044 
1.669 t 0.042 
1.684 C_ 0.041 
1.618 I 0.038 
1.628 ! 0.036 
1.574 f. 0.035 
1.533 5 0.034 
1.509 t 0.034 
1.492 + 0.035 
1.487 I 0.038 
1.483 t 0.038 
1.470 t 0.037 
1.437 t 0.037 
1.427 L 0.037 
1.362 ! 0.036 
1.455 + 0.037 
1.276 i 0.037 
1.258 t 0.040 
1.279 t 0.041 
1.340 i 0.041 
1.235 + 0.043 
0.800 I 0.006 

E = ~~.CIDCI GeV Ilydrogen 

1.080 0.195 i 0.033 1.093 
1.134 
l.l@h 
1.235 
1.283 
1.32Q 
1.373 
1.416 
1.45P 
1.499 
1.538 

O.Cb8 i 3.03b 
2.140 L 3.351 
2.705 _* 0.053 
1.899 ; 0.043 
1.584 I 0.038 
1.531 : 0.03R 
1.694 t 0.040 
2.006 t 0.043 
2.790 i 0.351 
2.449 t 0.046 

1.147 
1.198 
1.247 
I.295 
Ii.340 
1.3R4 
1.427 
1.4bR 
1.509 
1.548 

0.231 t 0.032 
0.R75 5 0.038 
2.605 L 0.055 
2.503 + 0.050 
1.745 + 0.041 
1.569 2 0.038 
1.5RO 5 0.038 
1.773 + 0.060 
2.265 f 0.046 
2.aac + 0.051 
2.409 L 0.046 

1.107 O-295 5 0.032 
1.160 1.253 ?. 0.042 
1.211 2.855 i 0.056 
1.259 2.299 t 0.047 
1.306 1.654 t 0.040 
1.351 1.442 + 0.037 
1.395 1.564 + 0.038 1.406 
1.437 1.774 + 0.041 1.448 
1.479 2.637 i 0.049 1.4a9 
1.519 2.731 i 0.050 1.529 
1.558 2.167 2 0.043 1.567 

1.121 
1.173 
1.223 
1.271 
1.318 
1.362 

0.495 t 0.334 
1.645 5 0.046 
2.8kR 2 0.055 
2.073 t 0.045 
1.644 + 0.039 
1.546 IO.038 
1.662 r. 0.039 
1.907 +- 0.042 
2.‘750 !. 0.051 
2.729 2 0.049 
2:OEb + 0.042 

. . 



c.5 

1 .f7’ 
l.615 
1.651 
1.497 
1.722 
1.757 
1.701 
l.Q24 
I.957 
l.QnQ 
I.920 
1.951 
1.9@2 
2.012 
2.047 
2.071 
2.100 
2.120 
2.156 
2.1R4 
2.211 
2.23n 
2.265 
2.2Ql 
2.317 
2.343 
2.3he 
2.394 
2.41° 
2.443 
2.4bP 
2.492 
3.250 

-22070 t 0.3L2 
2.026 c 3.342 
2.371 i ‘-I.‘)&5 
2.12s i o.nbQ 
2.635 c O.OL’ 
2.223 i O.OLl 
2.002 L 3.937 
2.131 t 3.035 
2.132 L 0.333 
2.171 2 0.332 
2.133 I 0.030 
2.043 t O.OZQ 
l.Q73 ?. 3.523 
l-Q53 5 3.728 
l.Phl ?. 0.72Q 
1.943 ?. 0.73,) 
1.752 I 0.030 
1.734 ?. 0.532 
1.a33 % 3.335 
1.759 t 0.036 
I.654 5 3.335 
l.bQ9 + 0.935 
1.60s f 0.535 
1.t.52 i 3.035 
1.527 : 0.033 
1.543 ? 0.034 
1.539 i 0.033 
1.478 + 0.033 
1.435 IO.737 
1.49s t 3.533 
1.410 ?. 0.031 
1.420 i 0.031 
0.799 + 0.009 

1.596 
1.624 
I.650 
1.606 
1.731 
1.75C 
1.799 
1.~732 
l.RS5 
I. RQ? 
l.QZP 
1.959 
l.QRQ 
2.019 
2.049 
2.078 
2.107 
2.135 
2.163 
2.191 
2.218 
2.245 
2.271 
2.298 
2.324 
2.349 
2.375 
2.400 
2.425 
2.449 
2.474 
2.49.9 
3.500 
4.500 

2.340 c 0.042 
2.060 + 

; 
0.042 

2.4R3 
i 

0.046 
2.745 0.049 
2.484 + 0.045 
?.167 ; 0.039 
2.077 t 0.036 
2.072 5 0.034 
2.060 ?. 0.032 
2.109 + 0.031 
2.OQ2 + 0.030 
2.039 c 0.029 
2.004 k 0.028 
I.902 L O.OZR 
1.eea 5 0.029 
1.827 i 0.030 
l.R23 L 0.031 
1.763 +_ 0.033 
1.739 1 0.035 
I.650 i 0.035 
1.644 L 0.035 
1.648 2 0.035 
1.619 L 0.035 
1.58” ?. 0.034 
1.540 t 0.034 
1.511 c 0.033 
I.501 t 0.033 
1.509 5 0.033 
l.4?2 L 0.032 
1.397 t 0.031 
1.385 k 0.031 
1.320 + 0.031 
0.695 + O.OOR 
0.43s 5 0.007 

1.596 
1.633 
l.bh9 
1.705 
1.740 
1.774 
1.809 
1.849 
1.873 
1.905 
1.935 
1.9h7 
1.997 
2.027 
2.056 
2.095 
2.114 
2.142 
2.170 
2.197 
2.225 
2.251 
2.278 
2.304 
2.330 
2.356 
2.391 
2.kOb 
2.431 
2.455 
2.450 
2.750 
3.750 
4.75” 

2.019 r O.LlCl 
2.237 2 3.044 
2.573 + 0.047 
2.750 t 0.049 
2.387 k 0.044 
2.132 i 3.038 
Z.-Ill .c 0.036 
2.124 c 3.034 
2.115 + 0.032 
2.119 i 3.031 
2.083 t 0.029 
1.92a 5 0.028 
1.9Rb 2 3.028 
1.913 t 0.028 
1.874 5 0.030 
1.831 i 0.030 
I.794 r 3.031 
1.705 k 0.033 
1.728 + 3.035 
1.708 z 0.036 
1.630 i 0.035 
1.611 + 0.035 
l.blO t 0.034 
1.630 c 0.034 
1.558 i 0.034 
1.479 : 3.033 
1.461 + 0.032 
1.477 5 0.032 
1.37R + 0.031 
1.404 5 0.032 
1.421 + 3.032 
1.149 t 0.012 
0.614 k 3.007 
0.439 + 3.009 

1.605 
1.642 

/ cl.678 
1.714 
1.748 
1.782 
1.816 
1.849 
i.aai 
1.912 
I,.944 

: 1.974 
2.004 
2.034 
2.063 
2.092 
2.121 
2.149 
2.177 
2.204 
2.231 
2.258 
2.2ac 
2.311 
2.336 
2.362 
2.387 
2.412 
2.437 
2.kb2 
2.48b 
3.000 
4.000 
5.000 

1.954 C_ 0.041 
2.212 C 0.044 
2.661 k 0.048 
2.570 i 0.048 
2.372 t 0.043 
2.178 5 0.038 
2.076 t 0.035 -.. 
2.036 +_ 0.033 . 
2.118 + 0.032 
2.098 t 0.031 
2.082 t 0.029 
1.9RR C 0.028 
1.948 + o.oza 
l.R57 ?. 0.029 
1.859 + 0.030 
1.814 + 0.030 
1.773 t 0.032 
1.740 5 0.034 
1.798 + 0.036 
1.727 ; 0.036 
1.658 i 0.035 
1.601 2 0.034 
1.577 + 0.034 
1.597 + 0.034 
1.536 c 0.034 
1.526 + 0.033 
1.514 i 0.033 
I.438 + 0.032 
1.491 t 0.032 
1.417 5 0.032 
1.440 ? 0.032 
0.942 l 0.010 
0.529 I 0.013 
0.433 5 0.015 4.250 0.478 t 0.013 

E = 18.010 GeV Hydrogen 

l.ORl 
1.141 
l.lQQ 
1.2’4 
1.307 
1.35P 
1.407 
1.454 
1.5w 
1.544 
1.587 
l.bZQ 
l.b73 
1.71’) 
1.749 
1.7RP 
l.S25 
l.r(hZ 
1.9QR 
I.933 
1.06s 

0.008 + 0.020 
0.339 + 3.022 
1.119 * 3.334 
1.294 i 0.333 
0.025 t 0.027 
O.Q-39 5 0.027 
0.050 t 3.029 
1.123 ?. 3.03@ 
l.bs2 ? I.236 
1.459 f 0.033 
I.261 I 0.930 
1.343 +_ “.?I32 
1.55Q + 3.034 
1.895 + 0.337 
1.563 + 0.033 
1.430 ‘, 0.031 
1.393 I 3.331 
1.426 i 3.332 
1.427 C 0.032 
1.408 ? 0.331 
1.393 I 0.031 
1.416 i 3.331 
I.339 5 0.333 
1.3bl t 0.330 
1.292 L 0.029 
1.291 ? O.OZQ 
1.310 2 0.029 
l.Zbb t 0.029 
1.229 % 0.325 
1.225 % 0.028 
I.237 i 0.02s 
1.168 5 0.027 
1.192 t 0.02a 
1.216 t 3.02R 

2.002 
2.335 
2.05a 
2.103 
2.132 
2.164 
2.195 
2.225 
2.256 
2.295 
2.315 
2.344 
2.312 

l.OQb 
1.156 
1.213 
I .26P 
1.320 
1.370 
I.419 
1.465 
1.511 
I.555 
1.5QR 
1.t40 
1.58” 
1.720 
1.754 
I.791 
I.@34 
l.R?l 
I.936 
I.942 
l.Q7b 
Z.Ol!l 
2.043 
2.074 
2.lOR 
2.140 
2.172 
2.203. 
2.233’ 
2.263 
2.293 
2.322 
2.351 
2.350 

0.354 ?. 0.020 
0.436 i 0.024 
1.337 ?. 0.035 
1.174 5 0.031 
o.es5 > 0.027 
0.939 L 0.027 
1.035 f. 0.029 
1.230 i 0.032 
l.bQO 5 0.036 
1.432 5 0.032 
1.236 t 0.030 
1.390 5 0.032 
1.571 + 0.035 
1.h74 i 0.035 
1.473 + 0.032 
1.402 t 0.031 
1.3R2 * 0.031 
I.462 ; 0.032 
1.429 ? 0.032 
1.423 k 0.031 
1.422 I 3.031 
1.355 t 0.030 
1.371 + 0.030 
1.350 5 0.330 
1.288 +_ 0.029 
1.305 f. 0.029 
1.313 + 0.029 
1.2b9 1 0.029 
1.220 c 0.02R 
1.23s L. 0.028 
1.218 i 0.029 
1.204 I O.OZA 
1.168 t 0.027 
1.151 L 0.027 

1.111 
1.171 
1.227 
1.251 
1.333 
1.392 
1.433 
1.477 
1.522 
1.556 
1.609 
1.650 
1.693 
1.730 
1.7h9 
1.806 
l.R43 
1.8AO 
1.915 
1.950 
1.955 
2.018 
2.052 
2.084 
2.115 
2.148 
2.179 
2.210 
2.241 
2.271 
2.300 
2.329 
2.353 
2.387 

0.133 ? 0.020 
0.61; + 0.027 
1.361 l 0.035 
1.050 ; 0.029 
0.557 ‘_ 0.026 
0.902 $ >.027 
0.971 i 3.028 
1.367 t 0.033 
I.699 t 0.036 
1.303 l 0.031 
1.236 ; 3.030 
1.470 % 0.033 
1.806 ? 3.037 
1.724 ! 0.035 
1.431 + 3.032 
1.401 $ 0.031 
1.410 + 3.031 
1.392 f 0.031 
1.493 + 0.032 
1.452 ? 0.032 
1.398, i 0.031 
1.351 t 0.030 
1.297 + 0.030 
1.323 ! 0.030 
1.313 + 3.029 
1.279 i 0.029 
1.276 + 3.029 
1.244 z o.oza 
1.235 + 0.023 
1.203 + 0.028 
1.175 t 0.027 
1.177 t 0.027 
1.149 5 3.027 
1.083 i 0.02b 

1.125 
1.185 
1.241 
1.294 
1.345 
1.395 
1.442 
1.489 
1.533 
1.517 
1.619 
1.660 
1.700 
1.740 
1.778 
1.816 
1.853 
1.889 
1.92k 
1.959 
1.993 
2.027 
2.060 
2.092 
2.124 
2.156 
2.187 
2.21a 
2.24a 
2.278 
2.307 
2.337 
2.365 
2.394 

0.223 I 0.021 
0.851 + 0.031 
1.310 t 0.034 
1.023 ; 0.029 
0.878 i 0.027 
0.944 $ 0.027 
1.140 t 0.030 
1.527 c 0.035 
1.563 t 0.034 
1.257 L 0.030 
1.264 i 0.031 
1.569 L 0.034 
1.775 + 0.036 
1.577 IO.034 
1.391 + 0.031 
1.396 t 0.031 
I;409 5 0.032 
1.369 ?. 0.031 
1.446 C 0.032 
1.364 + 0.031 
1.401 IO.031 
1.359 c 0.030 
1.324 ? 0.030 
1.319 5 0.030 
1.293 +_ 0.029 
1.257 i 0.029 
1.304 t 0.029 
1.256 t o.oza 
1.252 L 0.028 
1.234 5 0.028 
1.156 + 0.027 
1.128 f 0.027 
1.131 t 0.027 
1.181 t 0.027 



C.6 

Y 

_ 
da do du 

W LIME’ W dME’ W dME’ w - 
(GeV) [pb/(GeV-srd (GeV) -[fib/(GeV-srl] (G3V) rpb/(GeV-sr)] (GeV) fpb/(c%V-srjl 
2.431 I.114 t 0.926 2.43P 1.159 ‘_ 0.027 2.415 1.128 5 3.026 2.422 1.119 +_ 0.076 
2.420 1.090 1. O-r)26 2.43t l.OR6 I 0.0&h 2.443 1.107 i 3.026 2.450 1.046 : 0.025 
2.45h 1.365 k 0.126 Z.&S3 1.099 !. 0.026 7.470 l.ORS 5 0.326 2.477 1.073 5 0.026 
2.4134 1.072 + 0.026 2.401 l.C64 + 0.025 2.497 1.017 $ 0.325 i 2.750 3.885 ?: 0.009 
3.03’) 0.751 I 0.30R 3.750 0.663 i 0.007 3.500 0.571 t 0.006 3.750 0.504 I 0.005 
4 .ooo to.433 t 0.30~ 4.250 0.404 i. o.ooq 4.500 0.376 C 3.OOq 4.750 0.34R t 0.010 
5.000 0.335 L 0.3c7- 5.250 0.351 I 0.010 

E = 20.005 GeV Hydrogen 

1.07R 
1.1&S 
1.200 
1.270 
1.32R 
1.3p3 
1.436 
I.400 
1.537 
1.5nq 
l-f.32 
1.677 
1.727 
1.765 
l.R37 
l.R48 
I.RBP 
1.927 
1.966 
2.334 0.951 I 0.014 
2.341 0.024 L 3.314 
2.077 F.936 5 9.014 
2.113 0.014 L 9.914 
2.148 0.938 i 0.314 
2.143 o.ea9 t 0.013 
2.217 0.011 * 0.014 
1.251 
2.2u 
2.317 
2.349 
2.3RO 
2.412 
2.443 
2.473 
2.533 
2.633 
7.563 
2.592 
2.621 
2.649 
2.677 
2.705 
2.733 
2.7ho 
2.797 
2.914 
2.R41 
2.R67 
2.RQ3 
2.910 
2.444 
2.970 
2.q95 
3.320 
3.345 
3.069 
3.004 
3.11P 
3.142 
3.166 
3.18s 

0.010 i 3.00~ 
0.193 L 0.00~ 
O.hl9 t 0.314 
0.543 i 3.012 
0.527 i 9.011 
0.535 + 
0.636 i 

3.31, 
3.312 

O.PL17 + 0.015 
0.022 I 3%015 
0.751 : cl.313 
0.786 i 3.013 
1.03s c C.015 
1.017 r !J.cJlr, 
0.090 i 0.015 
0.939 t 3.014 
3.941 !. 3.014 
0.963 L 3.014 
0.937 k 3.914 
0.969 ‘ 0.014 

O.R95 I 3.313 
O.PQ5 t 3.013 
0.@72 t ‘II.313 
o.e35 t 0.713 
0.~42 t 0.013 
0.813 ?. 0.312 
cl.815 t cl.712 
0.74< L 0.012 
O.Rl9 ! 3.312 
0.739 + 0.012 
0.791 E 0.012 
0.713 I cl.312 
0.759 2 0.012 
0.717 !. O.OL2 
0.750 i 0.311 
0.739 t 0.011 
0.709 I 0.011 
O.f79 t 0.011 
O.h75 i 0.711 
O.bQ7 + 0.011 
0.642 f 0.011 
3.663 2 0.011 
O.h49 t ~.Oll 
0.627 ?. 3.311 
0.63h L 0.010 
0.636 t 0.010 
0.623 + 0.010 
0.h3i-l i- 0.31’) 
O.h35 z 3.310 
0.596 t 0.31’) 
0.595 L 0.015 
0.584 t 0.010 
0.55Q t 0.010 
0.57) L 0.010 
0.564 + 0.310 

1.39% 
I.162 
1.775 
1.2@4 
I. 347 
1.39h 
1.449 
1.500 
1.549 
1.597 
1.643 
1.bS9 
1.732 
1.775 
1.817 
1.85R 
1.594 
1.937 
1.9’5 
2.013 
2.050 
2.OA6 
2.122 
2.157 
2.192 
2.22h 
2.259 
?.2Q2 
2.375 
2.357 
2.3RR 
Z.L?O 
2.450 
2.401 
2.511 
2.541 
2.570 
z.594 
2.628 
2.h5b 
2.6Q4 
2.712 
7.740 
2.757 
2.7O4 
2.P2l 
2.a4-i 
2.R73 
2.AQQ 
2.925 
2.051 
2.97b 
3.001 
3.03h 
3.051 
t4.075 
3.100 
3.124 
3.14R 
3.172 
3.195 

0.044 i o.ooa 
0.258 ‘- 0.010 
1).6PQ 2 0.014 
c-J.567 + 0.012 
0.519 5 0.011 
0.527 t 0.011 
0.637 I 0.013 
0.074 L 0.016 
9.893 t 3.014 
0.7=a ?. 0.013 
O.a25 i 0.014 
1.060 L 3.016 
1.075 i 0.016 
0.943 *_ 0.014 
0.931 L 0.014 
0.906 r 0.014 
0.969 IO.014 
0.9ab i 0.014 
0.934 ‘_ 0.014 
0.016 t 0.014 
0.93’; k 0.014 
0.935 + 0.014 
0.044 I 0.014 
0.032 ‘_ 0.014 
0.007 ‘_ 3.014 
O.EQQ c 0.013 
0.90R t 0.013 
0.990 t 0.013 
0.569 : 0.013 
o.a43 ‘_ 3.013 
O.R34 5 0.013 
O-R35 4 0.012 
O.PO7 z 0.012 
0.704 5 0.012 
0.793 ?. 0.012 
0.776 I 0.012 
0.759 ?. 0.011 
0.739 t 0.012 
0.775 + 0.012 
0.740 : 0.012 
0.712 i 0.011 
0.706 t 0.011 
0.689 L 3.011 
0.602 t 3.011 
O.b9b t 0.011 
0.701 t 0.011 
0.669 t 9.011 
0.645 ?. 0.011 
0.649 + 0.011 
0.642 f 0.011 
0.644 L 0.010 
I-J.619 5 0.010 
0.610 ’ 

; 
0.010 

0.607 0.010 
0.614 5 0.010 
0.5t.1 i 0.010 
O.E.QQ t 0.010 
0.5PZ I 0.010 
0.567 I 0.010 
0.575 ; 0.010 
0.542 : 0.010 

1.112 
1.17A 
1 .243 
1.29s 
1.356 
1.410 
1.462 
1.513 
1.5bl 
1.609 
1.655 
1.700 
1.743 
1.746 
1.827 
1.969 
1.939 
1.447 
1.955 
2.022 
2.059 
2.075 
2.131 
2.164 
2.213 
2.234 
2,267 
2.330 
2.333 
2.365 
2.395 
2.427 
2.459 
2.418 
2.519 
2.549 
2.577 
2.h06 
2.635 
2.643 
2.6Ql 
2.719 
2.747 
2.774 
2.ROL 
2.827 
2.R54 
2.890 
2.906 
2.932 
2.957 
2.952 
3.007 
3.032 
3.057 
3.031 
3.105 
3.130 
3.154 
3.177 
3.201 

0.075 i 0.30R 
0.39R i 0.012 
3.710 + 3.314 
0.343 i D.012 
3.519 L 3.011 
5.551 I 0.012 
0.579 2 0.013 
1.014 5 0.016 
0.836 + 3.014 
0.775 z 0.313 
0.890 L 0.014 
1.072 t C.010 
1.044 -t 0.015 
0.017 2 3.314 
0.?13 L 0.014 
0.949 t 3.014 
0.953 $ 3.014 
0.95R ?. 3.014 
0.933 t 0.014 
0.935 i 0.014 
0.933 t 0.014 
0.924 ? 0.014 
0.920 + 0.014 
O.QOB i 0.014 
Y.879 + 3.313 
O.PRS z 0.013 
O.R90 ?. 3.013 
0.879 t 0.013 
3.86R 5 0.013 
O-P74 + 0.013 
0.833 t 3.013 
O.R29 2 0.012 
O.“Zh I 3.012 
0.783 I 0.012 
0.796 t 3.012 
0.767 k 0.012 
0.760 i 3.012 
0.751 t 0.012 
0.725 !. 0.012 
0.717 t 0.012 
0.727 I 0.011 
0.719 + 3.011 
0.707 z 0.011 
0.696 ?. 3.011 
0.679 + 3.011 
0.658 f 0.011 
O.C5Q t 5.011 
O.b40 $ 0.011 
0.636 + 3.011 
0.652 2 3.011 
0.b37 i 0.310 
0.619 I 0.010 
0.624 t 0.010 
0.61n 2 0.010 
0.5Rl + 0.010 
0.596 i 0.210 
0.5RQ i 0.010 
0.585 i 0.010 
0.554 + 0.010 
0.553 E 0,010 
3.547 t 0.009 

1.129 
1.194 
1.255 
1.313 
1.369 
1.423 
1.475 
1.525 
1.573 
1.620 
1.666 
1.711 
1.754 
1.796 
1.838 
1.878 
1.918 
1.956 
1.994 
2.032 
2.068 
2.104 
2.140 
2.174 
2.209 
2.242 
2.276 
2.308 
2.341 
2.373 
2.404 
2.435 
2.466 
2.496 
2.526 
2.555 
2.585 
2.613 
2.642 
2.670 
2.698 
2.726 
2.753 
2.780 
2.807 
2.834 
2.860 
2.886 
2.912 
2.938 
2.963 
2.989 
3.014 
3.039 
3.063 
3.088 
3.112 
3.136 
3.160 
3.183 
3.207 

0.120 i 3.339 
n.515 + 0.013 
3.646 : 3.013 
0.520 t 0.011 
0.534 t 0.011 
0.567 t 0.012 
O.POl + 0.014 
0.972 2 0.015 
0.788 f. 0.013 
0.781 + 0.013 
0.944 5 0.015 
1.123 t 0.016 
0.987 L 0.015 
O.QO6 ! 0.014 
0.944 t 0.014 
0.934 : 0.014 
0.968 + 0.014 
0.944 L 0.014 
0.946 * 0.014 
0.045 t 0.014 
0.933 * 0.014 
0.924 : 0.014 
0.904 +_ 0.014 
0.906 : 0.014 
0.905 t 0.014 
0.905 *_ 0.013 
0.906 t 0.013 
0.869 l 0.013 
0.84fl IO.013 
0.855 L 0.013 
0.820 f_ 0.013 
0.793 * 0.012 
0.806 t 0.012 
0.789 k 0.012 
0.813 +_ 0.012 
0.760 L 0.012 
0.719 + 0.011 
0.751 + 0.012 
0.747 t 0.012 
0.739 k 0.012 
0.722 t 0.011 
0.694 t 0.011 
0.699 $ 0.011 
0.691 t 0.011 
O.hRl + 0.011 
0.677 ; 0.011 
0.660 C 0.011 
0.637 f. 0.011 
0.63A t 0.011 
0.622 t 0.010 
0.632 5 0.010 
0.627 t 0.010 
0.614 + 0.010 
i-I.506 + 0.010 
0.602 l 0.010 
0.595 i 0.010 
0.562 C 0.010 
0.575 t 0.010 
0.567 i 0.010 
o.?i43 i 0.010 
0.552 +_ 0.009 

‘. 



I 
c-7 

-T!L 
W dME’ 

do 
W dME’ 

rpb/(GeV-sr~ 
W 

[pb/(GeV-sr)] 
W i3%im 

(GeV) (GeV) (GeV, rpb/(GeV-sri] (c&IV) rpb/(GeV-sriJ 

3.213 - 0.541 i 0.00s 
-3.236 0.539 c 0.000 

3.2’” 0.552 + 0.00s 
3.2R2 0.526 ?. 3.009 
3.105 0.513 5 0.30s 
3.327 0.503 i 3.300 
3.350 3.511 5 0.309 
3.372 0.505 ! 0.009 
3.304 3.505 k 0.300 
3.417 0.435 c 0.009 
3.430 0.4R3 + 3.o!Y= 
3.465 0.4RR i 0.009 

3.219 
3.242 
3.255 
3.2RP 
3.311 
3.333 
3.356 
3.378 
3.400 
3.472 
3.444 
3.456 

0.524 !. 0.009 3.224 0.545 k 3.009 3.230 0.560 5 0.009 
0.543 L 0.009 3.249 0.543 ! 0.009 3.253 0.547 5 0.009 
0.535 c 0.009 3.271 0.509 t 3.009 3.276 0.508 t 0.009 
0.520 : 0.009 3.293 0.514 + O.OQW’ 3.299 0.522 + 0.009 
0.521 f 0.009 3.316 0.513 k 0.009 3.322 0.515 t 0.009 
0.515 L 0.009 3.339 0.512 5 0.009 3.344 0.501 t 0.009 
0.512 t 0.009 3.361 0.505 k 0.009 3.367 0.496 + 0.009 
0.4R4 5 0.009 3.353 0.694 + 0.009 3.389 0.501 + 0.009 
0.459 r 0.009 3.406 0.479 + 0.009 3.411 0.492 t 0.009 
0.502 L 0.009 3.428 0.4BP i 0.009 3.433 0.493 i 0.009 
0.472 i 0.009 3.449 0.486 t 3.009 3.455 0.483 + 0.009 
0.474 t 3.008 3.471 0.486 2 3.009 3.476 0.475 ? 0.008 

3.492 0.4b4 5 0.30R 3.497 0.4P7 5 0.009 3.493 0.481 + 3.000 3.496 0.465 5 0.008 
3.750 0.417 ‘_ o.on5 4.000 0.379 & 0.004 4.250 0.330 t 3.008 4.500 0.309 t 0.007 
4.753 O.?R7 ?. 0.007 5.000 0.285 5 0.005 5.250 0.270 5 0.005 5.500 0.257 i 0.008 

E = 4.499 C&V Deuterium 

i.om 24.053 c 4,479 
1.111 
1.141 
1.170 
1.190 
1.227 
1.254 
l.Zfil 
1.30’ 
1.332 
1.357 
1.392 
1.476 
1.433 
1.454 
1.477 
1.499 
1.522 
1.54% 
l-=6: 
1.587 
l.flc)P 
l-62? 
1.64O 
1.670 
l.L.QO 
1.710 
1.729 
1.749 
1.7&a 
1.787 
1.936 
1.524 
1.943 
l.Rbl 
1.879 
1.997 
1.015 
l-Q32 
1.950 
1.967 
1.984 

60.368 2 Z;hbr, 
104.059 L 2.254 
159.323 t 2.104 
707.431 + 2.5QP 
206.7h9 ; 1.9O3 
15Q.h37 i 1.7&3 
117.210 t l.f.39 

R4.352 + 1.610 
70.‘52 t l-t?01 
61.933 t 1.931 
5h.444 + 1.741 
58.559 L 1.755 
54.546 i 1.699 
57.014 + 1.741 
57.457 $ 1.773 
63.4’)9 ‘_ 1.837 
52.21h + 1.6OR 
c.Z.fQ3 5 1.6‘7 
45.319 k 1.CLl 
C2.lS7 + l.L?F 
39.Ql5 ! l.L?7 
37.198 ?. 1.305 
37.718 i 1.303 
34.556 5 1.341 
34.021 L 1.321 
29.5R8 + 
27.434 i 

1.253 
1.233 

26.2’19 $ 1.164 
23.826 t 1.115 
23.463 5 1.395 
24.597 : 1.111 
22.355 i 1.364 
19.753 t 1.917 
21.h47 ?. 1.04P 
20.094 5 1.017 
20.057 ?. 1.313 
17.15p. k 0.965 
17.634 + 3.9tR 
15.195 t 0.971 
14.413 i 0.906 
15.191 c 0.91t 

l.ORB 
l.llQ 
1.149 
1.17R 
1 .ZOh 
1.234 
1.261 
1.2R7 
1.313 
1.339 
1.364 
1.3nfl 
1.412 
1.436 
1.459 
1.402 
1.505 
1.527 
I.540 
1.671 
1.5Q2 
1.513 
l.h34 
1.655 
1.575 
1.615 
1.715 
1.734 
1.754 
1.773 
1.702 
1.810 
1.929 
l-P47 
1.856 
1.884 
1.a01 
1.919 
1.937 
1.954 
1.971 
1.9fle 

26.065 *_ 3.553 
67.329 i 2.497 

116.642 i 2.211 
176.673 t 2.097 
212.493 i 2.099 
195.875 t 1.929 
143.649 ; 1.693 
107.114 L 1.625 

70.t94 L 1.654 
6P.101 L 1.902 
6O.Ob4 k 1.910 
57.844 ! 1.753 
55.434 t 1.709 
58.325 t 1.739 
57.771 ; 1.760 
57.133 t 1.166 
54.421 ; 1.753 
55.9a4 ?. 1.730 
51.393 : 1.645 
n2.zrc3 1 I.500 
~.‘).C~l : I.CSb 
41.122 t 1.453 
39.265 L 1.424 
34.957 L 1.356 
31.896 + 1.299 
32.823 C_ 1.307 
28.Pl7 i 1.226 
29.176 5 1.218 
25.713 ! 1.154 
25.407 t 1.133 
23.251 f 1.099 
22.691 + 1.076 
21.750 ?. 1.055 
ZO.lb4 2 1.023 
18.174 t 0.9AEl 
le.486 + 0.995 
18.740 t 0.994 
19.641 ; 0.990 
16.892 $ 0.956 
14.594 t 0.910 
16.555 t 0.940 
15.724 t 0.922 

1.096 
1.126 
1.156 
1.195 
1.213 
1.240 
1.267 
1.294 
1.320 
1.345 
1.370 
1.394 
1.419 
1.442 
1.465 
1.488 
1.511 
1.533 
P. 555 
1.576 
1.5Sl 
1.619 
1.639 
1.650 
1.690 
1.700 
1.723 
1.739 
1.759 
1.778 
1.796 
1.815 
1.834 
1.852 
1.070 
1.883 
1.906 
1.923 
1.941 
1.959 
1.975 
1.992 

37.034 _+ 3.117 
74.46R + 2.399 

130.916 ‘, 2.153 
191.233 C 2.083 
216.365 ?, 2.090 
184.882 2 1.Bb5 
137.462 f. 1.693 

99.819 i 1.613 
76.150 i 1.6R4 
65.012 + l.PR7 
57.950 f 1.762 
57.692 t 1.740 
57.906 + 1.737 
50.229 ?. 1.749 
56.OAl.c 1.735 
59.079 t 1.778 
59.491 t 1.815 
53.574 t 1.706 
47.7h3 ? 1.588 
42.494 ! 1.492 
39.842 i 1.442 
37.160 t 1.400 
36.479 + 1.380 
34.211 ; 1.342 
32.449 i 1.312 
31.417 i 1.277 
28.709 i 1.225 
2R.025 k 1.200 
22.277 + 1.092 
24.535 + 1.118 
20.425 i 1.049 
21.09P : 1.047 
22.697 i 1.065 
ZO.OER i 1.024 
20.835 3 1.034 
18.093 r 0.983 
19.577 + 1.006 
18.952 i 0.994 
17.378 + 0.962 
17,12R t 0.950 
17.014 f 0.949 
16.liO i 0.931 

1.104 
1.134 
1.163 
1.192 
1.220 
1.247 
1.274 
1.300 
1.326 
11351 
1.376 
1.400 
1.424 
1.448 
1.471 
1.494 
1.516 
1.538 
1; 560 
1.581 
1.603 
1.624 
1.644 
1.665 
1.685 
1.705 
1.724 
1.744 
1.763 
1.782 
1.801 
1.820 
1.838 
1.857 
1.875 
1.893 
1.910 
1.926 
1.945 
1.963 
1.980 
I.997 

40.614 t 2.850 
92.295 ? 2.321 

144.243 k 2.118 
202.162 5 2.091 
211.090 5 2.035 
168.911 L 1.787 
123.893 2 1.644 

93.924 k 1.625 
76.691 + 1.758 
61.476 + 1.833 
55.168 ; 1.727 
56.062 t 1.718 
54.861 + 1.699 
56.832 + 1.747 
59.301 + 1.774 
57.651 + 1.778 
60.481 + 1.802 
51.378 I 1.661 
46.945 5 1.582 
41.875 t 1.488 
39.923 c 1.447 
37.141 * 1.407 
36.813 2 1.392 
36.363 $ 1.378 
33.242 + 1.314 
29.740 5 1.251 
29.858 ?; 1.232 
27.726 + 1.185 
24.771 +_ 1.128 
23.883 + 1.111 
22.435 ; 1.076 
21.061 : 1.050 
21.451 t 1.051 
21.772 C_ 1.049 
19.000 + 0.999 
10.499 5 0.993 
18.827 5 0.996 
17.574 5 0.970 
17.950 2 0.972 
16.028 + 0.951 
16.053 +- 0.931 
14.755 +_ 0.907 

E = 7.000 CieV Deuterium 

1.07R 11.664 : 0.675 l-Ii84 14.121 i 0.670 1.090 17.078 t 0.666 1.096 19.360 L 0.664 
1.102 22.954 f 3.672 I.108 26.349 t 0.681 1.114 27.6131 k 0.678 1.120 31.847 L 0.696 
1.125 35.122 + 0.704 1.132 39.077 t 0.718 1.138 43.101 i 0.733 1.143 47.758 i 0.753 
1.149 52.097 + 0.770 1.155 57.154 5 0.793 1.160 61.688 C 0.812 1.166 66.623 +- 0.835 
1.172 71.375 % 0.847 1.177 79.133 5 0.877 l.lR3 83.705 c_ 0.893 1.188 87.060 i 0.902 



I 
c.8 

& do 
W W dME’ W 

(GeV) [~b/(GeV-sr)] (GeV) rpb/(GN-erd c3e.V) rpb/(OeVsr)l 

1.194 91.843 c_ 0.918 
1.216 99.132 t 0.926 
1.237 94.115 5 0.876 

I 1.258 ~78.423 + 0.770 
1.279 
1.299 
1.319 
1.339 
1.359 
1.378 
1.397 
1.415 
1.434 
1.452 
1.470 
1.488 

I 1.505 
1.523 
1.540 
1.557 
1.574 
1.590 
1.607 
1.623 
1.639 
1.655 
1.671 
1.686 
1.702 
1.717 
1.732 
1.748 
1.763 
1.777 
1.792 
1.807 
1.821 
1.836 
1 .a50 
l-R64 
1.47R 
1.892 
1.906 
1.920 
1.933 
1.947 
1.960 
1.974 
1.987 
2.000 
2.013 
2.026 
2.039 
2.052 
2.079 
2.129 
2.178 
2.221 
2.233 
2.244 
2.256 
2.268 
2.284 
2.329 
2.374 
2.418 
2.461 
2.483 
2.494 
2.504 
2.515 
2.529 
2.570 

.., 

51.944 5 0.655 
.63.758 i 0.706 

44.153 + 0.623 
39.620 ; 0.614 
35.058 i 0.605 
33.725 t 0.624 
32.398 + 0.656 
33.945 i 0.679 
33.246 t 0.674 
34.299 + 0.689 
37.219 5 0.711 
37.129 + 0.712 
37.511 + 0.716 
35.736 t 0.694 
34.144 5 0.672 
31.795 5 0.642 
30.737 + 0.629 
28.059 5 0.590 
27.049 i 0.589 
26.483 ? 0.583 
27.032 f 0.587 
25.867 5 0.576 
25.727 + 0.575 
25.426 f 0.567 
23.855 + 0.548 
22.207 ?. 0.526 
22.374 L 0.524 
20.887 f 0.505 
18.621 + 0.476 
18.697 + 0.473 
17.727 t 0.459 
17.ROO i 0.458 
16.473 t 0.442 
16.649 i 0.444 
15.985 + 0.436 
15.851 ?. 0.442 
15.868 t 0.477 
14.640 + 0.504 
14.159 $ 0.556 
15.550 $ 0.656 
16.256 i 0.80R 
15.116 f 0.906 
15.674 + 0.909 
13.574 + 0.856 
14.180 ? 0.867 
12.948 + 0.769 
12.533 + 0.74A 
12.209 t 0.746 
11.967 i 0.703 
12.237 5 0.680 
11.097 k 

7 
0.316 

10.425 0.30~3 
9.728 t 0.295 
8.538 t 0.308 
a.954 i 0.345 
a.831 5 0.342 
8.554 i 0.336 
a.480 f. 0.335 
8.615 + 0.255 
7.968 + 3.265 
7.320 f 0.254 
6.853 t 0.247 
6.648 ? 0.244 
6.685 i 0.274 
7.058 i 0.284 
7.014 + 0.281 
6.822 + 0.276 
6.446 i 0.241 
5.792 + 0.232 

1.199 
1.221 
1.242 
1.263 
1.284 
1.304 
1.324 
1.344 
1.363 
1.383 
1.401 
l-42.0 
1.438 
1.457 
1.474 
1.492 
1.510 
1.527 
1.544 
1.561 
1.578 
1.594 
1.611 
1.627 
1.643 
1.659 
1.675 
1.690 
1.706 
1.721 
1.736 
1.751 
1.766 
1.781 
1.796 
l.RlO 
1.825 
1.a39 
1.853 
1.867 
1.881 
1.895 
1.909 
1.923 
1.937 
1.950 
1.964 
1.977 
1.990 
2.003 
2.016 
2.029 
2.042 
2.055 
2.091 
2.141 
2.190 
2.224 
2.236 
2.247 
2.259 
2.271 
2.295 
2.340 
2.385 
2.428 
2.471 
2.486 
2.497 
2.507 
2.518 
21539 
2.581 

94.595 + 0.924 
99.861 t 0.920 
88.952 + 0.847 
73.068 + 0.749 
60.612 t 0.694 
48.564 c 0.639 
43.460 f 0.622 
37.893 5 0.608 
34.466 L 0.606 
32.813 + 0.625 
32.830 + 0.664 
32.735 ; 6.668 
33.985 5 0.682 
35.170 k 0.694 
37.345 L 0.712 
36.949 5 0.711 
37.876 t 0.71’3 
36.835 c 0.701 
34.170 + 0.667 
31.058 t 0.634 
29.988 ?: 0.621 
28.401 t 0.604 
27.023 5 0.588 
26.785 C 0.586 
26.005 + 0.578 
25.888 5 0.574 
25.122 + 0.568 
25.772 + 0.570 
23.244 f 0.540 
22.406 C 0.528 
21.584 t 0.514 
20.922 t 0.504 
19.624 5 0.486 
18.150 i 0.466 
18.398 f- 0.466 
17.087 l 0.449 
17.733 f 0.45b 
lb.622 + 0.444 
16.433 5 0.441 
15.773 + 0.450 
15.520 c 0.483 
14.972 +- 0.525 
13.340 + 0.561 
14.978 + 0.658 
14.960 f 0.828 
14.073 $ 0.873 
14.888 + 0.895 
13.801 c 0.858 
13.261 t 0.850 
12.735 r 0.763 
11.269 t 0.688 
10.672 ?. 0.656 
11.060 t 0.658 
12.558 + 0.696 
11.576 t 0.322 

9.737 5 0.299 
9.402 i 0.291 
9.573 5 0.357 
a.344 5 0.335 
9.269 t 0.349 
8.846 + 
8.528 ? 

0.340 
0.336 

7.490 5 0.260 
8.031 5 0.266 
7.118 + 0.254 
6.936 5 0.249 
6.522 ,- 0.241 
6.308 + 0.269 
6.763 t 0.275 
6.977 k 0.276 
6.215 5 0.263 
6.222 + 0.236 
6.194 + 0.238 

1.205 
1.226 
1.24R 
1.269 
1.289 
1.309 
1.329 
1.349 
1.368 
1.387 
1.406 
1.425 
1.443 
1.461 
1.479 
1.497 
1.514 
1.531 
1.548 
1.565 
1.582 
1.598 
1.615 
1.631 
1.647 
1.663 
1.679 
1.694 
1.710 
1.725 
1.740 
1.755 
1.770 
1.785 
1.799 
1.814 
1.828 
1.843 
lya57 
1.871 
1.885 
1,899 
1.913 
1.926 
1.940 
1.953 
1.967 
1.980 
1.993 
2.007 
2.020 
2.032 
2.045 
2.058 
2.104 
2.153 
2.202 
2.227 
2.239 
2.250 
2.262 
2.274 
2.306 
2.352 
2.396 
2.439 
2.478 
2.489 
2.499 
2.510 
2.520 
2.550 
2.591 

98.207 t 0.938 
97.467 + 0.904 
84.686 ?. 0.027 
70.368 + 0.737 
56.870 t 0.678 
47.350 2 0.635 
41.459 1; 0.615’ 
36.488 + 0.604 
34.116 ; 3.612 
34.945 i 0.651 
32.054 i 0.661 
33.060 t 0.668 
33.566 ?: 0.680 
34.404 2 0.688 
37.202 + 0.712 
38.787 f. 0.725 
38.137 ? 0.720 
36.341 f 0.695 
33.061 + 0.655 
30.184 + 0.624 
28.487 + 
27.306 I 

0.607 
0.592 

27.242 t 0.591 
26.157 + 0.580 
25.444 t 0.573 
25.306 2 0.569 
24.590 ? 0.561 
24.714 + 0.559 
23.883 2 0.546 
21.424 + 
22.361 i 

0.516 
0.521 

20.247 + 0.495 
19.429 5 0.483 
17.902 + 0.463 
17.038 f 0.450 
17.367 + 0.452 
16.380 t 0.439 
16.337 + 0.442 
16.132 + 0.436 
15.645 5 0.456 
15.255 f 0.489 
15.367 i 0.544 
14.285 $ 0.595 
14.590 t 0.684 
14.170 f 0.855 
15.515 t 0.914 
12.028 t 0.820 
14.020 + 0.871 
12.744 + 0.833 
11.961 k 0.753 
12.236 ; 0.721 
11.762 k 0.679 
11.821 t 0.650 
11.045 f 0.619 
11.037 t 0.315 
10.364 f 0.304 

9.394 i 0.288 
9.376 + 0.357 
8.565 t 0.342 
8.714 + 0.344 
a.682 + 0.343 
8.772 ?. 0.341 
a.501 + 0.273 
7.,733 ?: 0.2bl 
7.505 t 0.259 
7.013 f 0.249 
7.350 + 0.327 
6.269 + 0.266 
6.577 + 0.269 
6.517 t 0.268 
6.726 + 0.284 
5.857 + 0.231 
5.633 + 0.229 

1.210 
1.232 
1.253 
1.274 
1.294 
1.314 
1.334 
1.354 
1.373 
1.392 
1.411 
1.429 
1.447 
1.466 
1.483 
1.501 
1.518 
1.536 
1.553 
1.569 
1.586 
1.603 
1.619 
1.635 
1.651 
1.667 
1.682 
1.698 
1.713 
1.729 
1.744 
1.759 
1.77k 
1.788 
1.803 
1.818 
1.832 
1.846 
1.860 
1.874 
1.888 
1.902 
r-916 
1.930 
1.943 
1.957 
1.970 
1.984 
1.997 
2.010 
2.023 
2.036 
2.049 
2.066 
2.116 
2.165 
2.213 
2.230 
2.242 
2.253 
2.265 
2.276 
2.318 
2.363 
2.407 
2.450 
2.481 
2.491 
2.502 
2.512. 
2.523 
2.560 
2.601 

98.808 f 0.930 
95.448 + 0.R92 
80.260 t 0.797 
65.935 7 0.715 
54.036 + 0.667 
46.319 7 0.632 
39.678 f 0.610 
36.761 +- 0.610 
34.404 2 0.620 
33.275 f. 0.651 
32.439 t 0.667 
33.196 + 0.674 

35.312 k O.b96 
35.795 t 0.698 
36.588 l 0.707 
36.234 i 0.707 
36.355 i 0.702 
35.566 + 0.686 
31.848 ; 0.643 
30.459 f. 0.628 
28.537 + 0.607 
27.296 c 0.592 
27.978 + 0.598 
27.037 +_ 0.588 
26.310 + 0.579 
26.620 t 0.581 
25.439 + 0.569 
24.138 + 0.551 
22.981 c 0.536 
22.270 + 0.524 
21.496 t 0.511 
19.610 t 0.487 
18.734 t O-k74 
la.302 f 0.466 
17.200 : 0.452 
17.052 f 0.448 
17.026 + 0.447 
17.131 + 0.449 
15.700 t 0.434 
15.624 t 0.464 
15.793 t 0.507 
15.172 k 0.554 
15.197 t 0.634 
14.808 + 0.726 
14.630 + 0.896 
13.412 t 0.859 
14.035 i: 0.866 
13.409 +_ 0.852 
13.491 f_ 0.826 
12.383 f 0.781 
11.552 + 0.719 
11.594 + 0.681 
11.794 + 0.658 
12.954 t 0.314 
10.557 + 
10.194 i 

0.308 
0.303 

9.081 2 0.284 
a.897 f 0.345 
9.339 5 0.352 
9.074 t 0.350 
8.619 t 0.342 
a.895 t 0.359 
7.598 k 0.260 
7.364 +_ 0.255 
7.272 t 0.255 
7.246 + 0.253 
6.691 +- 0.272 
6.341 t 0.265 
6.297 5 0.268 
6.501 i 0.274 
6.073 t 0.351 
5.875 t 0.232 
5.963 5 0.233 

. 



c-9 

I 

Lk...- do 
W dlME’ W dME’ 

db 

rclb/(CeV-srd 
W dRdE’ 

[rb/(GeV-sr)l 
W 2%m 

(GeV) (GeV) (GeV, rpb/(Ci&srfl (GeV) rwb/(GeV-srli 

-2.611 - 5.362 ? 0.226 2.b21 5.469 c 0.229 2.631 5.730 t 3.231 2.641 5.108 5 0.219 
2.4<1 5.195 + 0.223 2.661 5.635 ‘, 0.230 2.671 5.351 1 0.226 2.680 4.970 5 0.218 
2.b”0 5.0*3 L 0.221 2.700 5.433 1. 0.229 2.710 4.977 t 0.2li3 2.719 5.081 +_ 0.220 
2.72” 4.F93 i 0.197 2.735 5.331 t 0.239 2.737 5.101 r 3.225 2.740 5.208 C 0.231 
2.74) 5.256 t O-22? 2.745 5.019 2 0.223 2.747 5.466 t 3.233 2.749 5.177 +_ 0.22b 
2.152 4.023 + 0.223 2.754 4.817 I 0.22b 2.757 5.053 i 0.225 2.759 4.978 1. 0.225 
2.7f.l 5.024 + 0.226 2.744 5.264 +_ 0.230 2.765 5.‘354 t 3.2Rl 2.772 5.129 i 0.224 _. 
2.7@1 4.946 I 3.21P 2, 79.1 4.642 t 0.216 Z-R00 4.536 ‘_ 3.214 2.810 4.445 IO.212 ,. 
2.R19 4,771 L 7.21a 2.P28 4.491 k 0.213 2.A37 5.022 5 0.223 2.847 4.455 c 0.211 .- 
2.856 4.583 c O.ZlP Z-P.65 4.470 L 0.213 2.874 4.796 + 3.224 2.883 4.366 f. 0.213 
2.892 4.340 I 0.21c 2.002 4.30R 5 0.215 2.911 4.056 f 3.210 2.920 4.196 + 0.212 
2.9?0 4.146 b 

; 
0.210 2.938 3.919 5 0.212 2.946 4.172 2 0.2t6 2.955 4.014 t 0.211 

2.Qh4 4.159 3.214 2.973 4.034 c 0.218 2.9192 3.925 t 0.215 2.987 3.989 ?. 0.454 
2-V? 4.339 + 0.2.+6 2.492 3.812 : 0.242 2.994 3,973 i 0.243 2.996 3.976 t 0.242 
2.9c= 4.049 I 3.249 3.001 3.594 L 0.242 3.003 4.091 0.260 3.739 r 3.005 ?: 0.255 
3.007 4.026 C 0.267 3.009 3.563 + 0.275 3.012 4.038 5 0.402 

E = 9.9S3 GeV Deuterium 

. 

1.0-z 
1.110 
l-.149 
l.lRl 
1.213 
l-2&3 
1.273 
1.332 
1.331 
1.3qo 
1.3ss 
1.413 
1.439 
1.4b5 
1.49’) 
l.“lC 
1.547 
1.564 
I.588 
1.611 
1.634 
1.657 
1.670 
1.702 
1.724 
1.745 
l-7&7 
1.7Rq 
1.59u 
1.970 
1.@40 
l-R’7 
l-R33 
1.909 
1.920 
1.94’ 
1.967 
1.9’6 
2.250 
3.253 

5.993 t 5.45s 
11.774 ?. D-471 
lR.9Q5 t D-523 
27.234 + 3.5P7 
34.473 t 3.631 
22.243 * 0.5P4 
26.319 : 3.=12 
20.353 t 0.443 
16.O92 t 0.402 
16.323 c 0.300 
15.299 5 0.3PI) 
14.R95 + 0.373 
16.142 t 0.398 
lb-P93 i 0.410 
19.437 i 0.425 
19.016 ?. 0.427 
lR.3hl _c 0.415 
l+.Q26 + 3.397 
15.213 c 0,374 
15.695 k 0.37S 
15.690 t 0.3tl 
15.b32 L 0.3hO 
15.540 * 0.3to 
14.623 i 0.348 
13.364 I 0.324 
12.944 t 0.321 
12.543 l 0.316 
11.773 ; 0.304 
11.747 ; 5.301 
11.151 r 0.294 
11.447 c 0.2”7 
lO.OS3 I -J.Zl?P 
10.572 + 3.2P3 
10.569 L 0.2P4 
IO.093 i 3.275 
10.214. t 0.27A 

9.432 t 0.2tfY 
9.434 ; 3.263 
b.bq8 L 0.044 
Z-C25 i 0.031 

1.091 
I. 125 
1.157 
1.189 
1.220 
1.251 
1.290 
1.309 
1.33R 
I.355 
1.393 
1.419 
1.446 
1.471 
1.496 
1.521 
1.540 
1.570 
1.594 
1.617 
1.b40 
l.bfl3 
l.tR’ 
1.707 
1.72’= 
1.751 
1.772 
1.793 
l-R14 
1.434 
l-R55 
l.h75 
1. A95 
1.914 
1.934 
l.Q53 
1.972 
1.991 
2.500 
3.500 

7.525 5 >.454 
12.690 ?. a3.471 
21.@9A c 0.544 
29.R64 i 0.603 
34.832 5 0.629 
30.182 i 0.564 
23.910 I 0.489 
lQ.OlR i 0.431 
17.320 t 0.406 
15.716 5 0.396 
14.635 L 0.36s 
15.047 t 0.342 
15.516 i 0.389 
17.693 k 0.418 
18.719 c 0.431 
18.574 t 0.424 
17.287 2 0.435 
16.345 t 0.3a6 
15.327 i 0.372 
15.079 + 0.369 
15.491 IO.351 
15.53b I 0.361 
15.328 L 0.355 
14.210 L 0.340 
13.739 t 0.334 
13.121 L 0.325 
12.3b2 * 0.311 
11.624 c 0.301 
11.522 L 0.330 
10.714 t 0.247 
10.594 1. 0.2R5 
10.942 L 0.2R9 
10.712 L 0.2137 
10.70R ?. 0.283 

Q-P66 C 0.274 
9.705 t 0.269 
9.293 ?. 0.265 
9.112 t 0.261 
5.ORh * 0.050 
2.2<3 t 0.029 

1.399 
1.133 
1.165 
1.197 
1.229 
1.25R 
1.299 
1.317 
1.345 
1.372 
1.399 
1.426 
1.452 
1.479 
1.503 
1.527 
1.552 
lL57h 
1.599 
I.623 
l.h4h 
1.665 
1.691 
1.713 
1.734 
1.756 
1.777 
I.799 
l-R19 
l-P39 
1.840 
1.843 
l.S99 
1.919 
1.939 
1.958 
1.977 
1.996 
2.750 
3.750 

9.159 5 3.463 
15.087 $ 0.493 
23.189 r 0.556 
32,828 + 0.628 
34.761 t 0.617 
29.474 k 0.541 
23.655 + 0.480 
17.927 ? 0.416 
16.469 c 0.393 
15.764 l 0.383 
15.414 E 0.380 
15.429 : 0.380 
17.510 ! 0.402 
17.981 i 0.424 
19.181 5 0.431 
18.551 + 0.420 
17.371 + 0.455 
15.640 t 3.331 
14.915 + 0.369 
15.4AO t 0.366 
15.143 r 0.355 
15.67R 2 0.342 
14.295 t 3.346 
14.OP4 2 0.341 
13.512 : 0.329 
12.499 + 0.317 
12.352 t 0.313 
11.592 ; 5.332 
11.722 2 3.2Q9 
11.205 + 0.2Q5 
11.115 t 0.292 
10.741 + 0.284 

9.822 $ 3.275 
10.145 f 0.278 
9.A08 i 0.271 
9.878 + 0.273 
9.213 k 0.262 
9.tP4 + 0.271 
3.952 c 0.040 
2.007 t_ 0.03b 

1.108 
1.141 
1.174 
1.205 
1.236 
1.266 
1.295 
l-,324 
1.352 
1.379 
1.406 
1.432 
1.459 
1.4R4 
1.509 
1.534 
1.558 
I;582 
1.605 
1.628 
1.651 
1.674 
1.696 
1.718 
1.740 
1.761 
1.782 
l-A03 
1.824 
l-R44 
1.865 
1.885 
1.904 
1.924 
1.943 
1.963 
1.982 
2.000 
3.000 

13.554 % 0.464 
16.671 ? 0.502 
26.448 5 0.580 
34.279 c 0.631 
33.305 5 0.603 
27.214 i 0.528 
21.919 + 0.464 
17.416 ; 0.411 
15.700 $ 0.387 
15.722 5 0.384 
14.992 ,- 0.372 
16.126 ! 0.354 
17.700 i 0.409 
18.962 5 0.435 
18.664 5 0.428 _ 
18.498 + 0.421 
lb.756 t 0.393 
15.5Q9 1. 0.376 
15.210 + 0.370 
15.138 k 0.358 
15.275 5 0.359 
15.429 ?; 0.357 
14.920 2 0.349 
13.819 t 0.337 
13.197 +- 0.327 
12.999 5 0.320 
12.356 +- 0.310 
11.197 + 0.296 
11.636 5 0.300 
11.129 L 0.291 
10,647 L 0.287 
10.452 L 0.283 
10.277 t 0.279 

9.892 i 0.275 
9.829 f. 0.273 
9.378 i 0.264 
9.137 t 0.262 
8.9RD + 0.2bb 
3.172 k 0.035 

E = 13.000 GeV Deuterium 

l.OR9 ?.?OD _f O.lOP 1.190 2.677 ! 0.107 1.111 3.149 t 0.107 1.122 3.766 ? 0.108 
1.133 4.3*3 + 0.111 1.1’43 5.253 t 0.115 1.154 6.050 + 0.120 1.164 7.244 t 0.127 
1.17’; a.131 * 7.137 l.lR5 9.092 : 0.137 1.195 9.968 2 0.142 1.206 10.640 5 0.144 
1.2lh lO.QOfl r 0.145 L.22h 11.312 IO.145 1.235 11.13R IO.142 1.245 LO.‘+;12 5 0.136 
1.255 ln.4R9 * 0.135 1.265 Q-h38 + 0.128 1.274 9.420 + 0.126 1.284 8.859 + 0.121 

- 

1.203 R.53’) Io.11n 1.303 7.9Pl 5 0.114 1.312 7.t64 ; 0.111 1.321 1.390 I 0.109 
1.331 7.019 i 3.1OA 1.340 7.124 L 0.106 1.349 6.764 t 0.104 1.358 6.861 f. 0.104 

L 



c.10 

I 

1.367 

- 1.402 
I 1.436-s. 

1.470 
1.503 
1.535 
1.5bh 
1.597 
1.627 
1.657 
1.68A 
1.715 
1.743 
1.771 
1.79R 

, 1.1325 
1.852 
1.R7A 
1.904 
1.920 
1.954 
1.979 
2.003 
2.028 
2.052 
2.075 
2.099 
2.122 
2.145 
2.168 

6.64’) c 0.102 
6.397 t 0.100 
6.953 t 0.104 
7.800 ?. 0.110 
8.426 + 0.114 
8.207 + 0.111 
7.874 + O.lOR 
7.409 ; 3.105 
7.567 + 0.106 
7.759 t 0.107 
7.991 t O.lOR 
7.534 + 0.105 
7.272 5 0.102 
7.127 t O.OqP 
6.761 t 0.095 
6.589 i 0.094 
6.489 $ 0.093 
h-243 * 3.391 
6.368 i 0.391 
6.157 : 0.084 
6.04s + O.ORh 
5.758 + 0.084 
5.635 i O-OR4 
5.574 t ,D.OR7 
5.335 + O.OA9 
5.230 I O.OQ4 
5.273 + 0.106 
5.063 + 0.120 
4.904 + 0.136 
4.830 I 0.150 
4,877 t 0.144 
4.395 k 0.140 
4.625 ‘t 0.146 
4.530 + 0.143 
4.582 & 0.144 
4.216 k 0.138 
4.066 C 3.192 
4.241 I 0.195 
4.106 5 0.192 
4.086 5 0.191 
3.996 t 0.186 
3.659 + 

; 
0.179 

3.224 0.153 
3.843 i 0.122 
3.602 i O.llR 
3.548 ?: 0.118 
3.455 i 0.116 
3.609 t 0.119 
3.460 c 0.174 
3.391 f. 0.172 
3.278 t 0.170 
3.278 + 0.169 
3.081 2 0.163 
3.398 + 0.173 
2.R73 t 0.159 
3.062 5 3.163 
3.159 f 0.167 
3.074 + 0.163 
2.949 ?I D.lh0 
2.922 i 0.15R 
3.050 + 0.162 
2.747 ; 0.153 
2.573 ! 0.148 
2.481 t 0.147 
2.598 + 0.149 
2.711 F 0.153 
2.579 i 0.148 
2.424 + 0.145 
2.798 + 0.153 
2.531 2 0.146 
2.350 t 0.141 
2.732 + 0.151 
2.544 ?. 0.146 

2.190 
2.212 
2.234 
2.255 
2.277 
2.298 
2.320 
2.341 
2.361 
2.392 
2.402 
2.423 
2.442 
2.462 
2.482 
2.501 
2.521 
2.540 
2.560 
2.579 
2.598 
2.616 
2.b35 
2.h53 
2.672 
2.690 
2.70R 
2.726 
2.744 
2.766. 
2.783 
2.801 
2.8lA 
2.836 
2.853 
Z-A70 
2.8R7 
2.QO4 
2.920 
2.937 
2.954 
2.970 
2.996 

1.376 
1.411 
1.445 
1.478 
1.511 
1.543 
1.574 
1.605 
1.635 
1.664 
1.693 
1.722 
1.750 
1.778 
1.805 
l-R32 
l-P58 
1.884 
l-Q10 
1.935 
1.960 
1.9R5 
2.009 
2.034 
2.057 
2.081 
2.105 
2.128 
2.151 
2.173 
2.195 
2.217 
2.239 
2.2bl 
2.2a2 

.2.303 
2.325 
2.346 
2.367 
2.387 
2.407 
2.428 
2.447 
2.467 
2.487 
2.506 
2.526 
2.545 
2.564 
2.583 
2.602 
2.621 
2.63’9 
2.658 
2.676 
2.6Q4 
2.712 
2.730 
2.750 
2.770 
2.788 
2. R05 
2.1323 
2.840 
2.857 
2.874 
2.891 
2;908 
2.924 
4.941 
2.958 
2.474 
2.990 

6.609 k 0.102 
6.649 t D-10? 
7.2R2 + 0.106 
8.029 + O,Jll 
8.463 + 0.114 
8.296 + 0.111 
7.648 t 0.107 
7.375 IO.105 
7.746 i 0.107 
7.Q73 +0.109 
8.079 + 0.109 
7.575 2 0.104 
7.224 i 0.101 
b-R05 + 0.096 
6.660 t 0.095 
6.599 i 0.094 
6.536 + 0.093 
6.194 ; 0.090 
6.352 k 0.091 
6.027 + 0.086 
5.988 : 0.085 
5.935 L 0.085 
5.737 +_ 0.086 
5.673 + O.OR8 
5.506 c 0.091 
5.332 c 0.098 
5.173 + 0.108 
5.138 c 0.127 
4.703 i 0.137 
4.462 k 0.150 
4.897 +_ 0.139 
4.h19 5 0.146 
4.421 5 0.143 
4.285 t 0.140 
4.430 + 0.142 
4.221 5 0.139 
3.838 t 0.187 
4.067 + 0.191 
4.267 5 0.196 
4.074 5 0.189 
3.883 ?. 0.184 
3.873 + 0.194 
4.040 t 0.148 
3.652 t 0.119 
3.659 5 0.119 
3.583 t 0.119 
3.433 L 0.117 
3.430 t 0.117 
3.173 t 0.167 
3.342 + 0.172 
3.452 L 0.173 
3.277 i 0.169 
3.040 t 0.163 
3.285 ?. 0.169 
3.236 + 0.168 
3.155 ? 0.167 
2.941 2 0.160 
2.832 ? 0.157 
2.903 5 0.019 
2.760 $ 0.155 
2.640 t 0.150 
2.737.; 0.152 
2.761 i 0.154 
2.787 + 0.153 
2.386 < 0.145 
2.743 + 0.152 
2.637 ?r 0.149 
2.575 5 0.148 
2.320 t 0.140 
2.468 5 0.146 
2.330 !, 0.141 
2.29R i 0.141 
2.616 + 0.148 

1.384 
1.419 
1.453 
1.486 
1.519 
1.551 
1.582 
1.612 
1.642 
1.672 
1.701 
1.729 
1.757 
1.784 
1.812 
1.833 
1.865 
1.891 
1.916 
1.942 
1.967 
1.991 
2.016 
2.040 
2.063 
2.087 
2.110 
2.133 
2.156 
2.179 
2.201 
2.223 
2.244 
2.266 
2.287 
2.309 
2.330 
2.351 
2.372 
2.392 
2.413 
2.433 
2.452 
2.472 
2.492 
2.511 
2.530 
2.550 
2.569 
2.583 
2.607 
2.626 
2.644 
2.662 
2.681 
2.699 
2.717 
2.735 
2.757 
2.775 
2.792 
2.810 
2.827 
2.844 
2.861 
2.878 
2.895 
2.912 
2.929 
2,945 
2.962 
2.979 
2.995 

b.514 + 0.101 
6.bbD k 0.101 
7.288 i O-lob 
8.114 -+ 0.112 
8.165 i 0.112 
8.085 t O.klb 
7.729 i 0.108 
7.489 5 0.106 
7.672 t 0.107 
7:896 + D.lOA 
7.906 t 3.107 
7,448 + 0.104 
7.174 r 0.100 
7.033 + 

: 
0.097 

6.636 3.094 
6.557 t 0.093 
6.695 + 0.094 
6,393 2 0.091 
6.257 i 0.090 
6.003 t 0.086 
6.039 t D.Oab 
5.771 + 0.084 
5.605 ? 0.086 
5.514 f 0.088 
5.376 ; 0.091 
5.352 t 0.101 
5.056 ? 0.112 
5.007 t 0.130 
4.738 k 0.141 
4.638 + 0.158 
4.814 + 0.139 
4.707 t 0.147 
4.522 + 0.144 
4.528 I 0.144 
4.351 + 0.140 
4.083 + 0.147 
3.758 2 0.186 
4.259 _+ 0.197 
4.184 t 0.193 
3.954 2 0.186 
3.877 + 0.184 
3.939 _+ 0.186 
3.976 t 0.132 
3.691 t 0.120 
3.566 + 3.118 
3.740 t 0.121 
3.528 i 0.117 
3.578 _c 0.130 
3.431 ? 0.174 
3.554 i 0.176 
2.884 k 0.159 
3.249 2 0.169 
3.113 i 0.165 
3.106 ? 0.165 
2.666 k 0.160 
2.836 i 0.158 
2.721 t 0.154 
2.858 L 0.159 
2.781 + 3.156 
2.722 i 0.153 
2.616 t 0.149 
2.6A6 : 0.153 
2.873 + 0.156 
2.725 5 0.154 
2.790 + 0.154 
2.458 -+ 0.145 
2.760 f 0.154 
2.204 + 0.138 
2.543 i 0.148 
2,547 i 0.147 
2.362 I 0.143 
2,534 + 0.146 
2.651 i 0.151 

1.393 
l.42a 
1.462 
1.495 
1.527 
1.558 
1.589 
1.620 
1.650 
1.679 
1.708 
1.736 
1.764 
1.791 
1.818 
1.845 
1.871 
1.897 
1.923 
i-948 
1.973 
1.997 
2.022 
2.046 
2.Zh9 
2.093 
2.116 
2.139 
2.162 
2.184 
2.206. 
2.228 
2.250 
2.271 
2.293 
2.314 
2.335 
2.356 
2.377 
2.397 
2.418 
2.438 
2.457 
2.477 
2.496 
2.516 
2.535 

‘2.555 
2.574 
2.593 
2.612 
2.630 
2.649 
2.667 
2.605 
2.703 
2.721 
2.739 
2.761 
2.779 
2.797 
2.814 
2.831 
2.848 
2.865 
2.882 
2.899 
2.916 
2.933 
2.949 
2.966 
2.982 
3.000 

6.519 + 0.101 
6.712 + 0.102 
7.494 ?. 0.108 
8.301 i 0.113 
8.241 I 0.112 
7.959 t 0.108 
7.753 ?L 0.108 
7.440 + 0.105 
7.563 + 0.106 
7.863 + 0.108 
7.692 5 0.106 . . 
7.283 t 0.102 .- 
7.133 5 0.099 
6.672 + 0.095 
6.733 ; 0.095 
6.446 t 0.093 
6,442 k 0.092 
6.239 t 0.090 
6.290 +_ 0.090 
5.926 k 0.086 
5.902 + 0.085 
5.802 i 0.085 
5.577 + 0.086 
5.447 t o.oaa 
5.232 + 0.092 
5.209 : 0.102 
5.301 ? 0.118 
5.124 i 0.136 
4.773 L 0.145 
4.833 l 0.150 
4.585 ; 0.141 
4.575 c 0.146 
4.664 i 0.146 
4.692 + 0.146 
4.346 i 0.139 
4.192 t 0.164 
4.505 t 0.201 
4.039 + 0.190 
4.219 + O-19’-. 
3.995 f O.lE:- 
4.319 I 0.195 
3.519 t 0.176 
3.557 c 0.118 
3.657 k 0.119 
3.578 i 0.118 
3.493 t 0.117 
3.569 t 0.118 
3.326 + 0.141 
3.208 + 0.168 
3.391 f 0.171 
3.267 t 0.170 
3.149 t 0.166 
3.308 + 0.169 
3.251 + 0.170 
2.904 + 0.159 
3.lR8 t 0.166 
3.186 L 0.167 
2.949 + 

i 
0.160 

2.804 0.155 
2.687 + 0.157 
2.745 L 0.154 
2.656 t 0.150 
2.776 t 0.153 
2.718 ?- 0.152 
2.745 i P-152 
2,434 + L-145 
2,627 2 0.149 
2.570 + 0.149 
2.593 + 0.148 
2.395 ? 0.144 
2.509 +_ 0.145 
2.446 t 0.145 
2.393 + 0.016 

1. 



C.ll 

do 

a-m? 
do 
dZME’ 

do 

[b/C*‘J-d [WU.W-sr)] 
dCdE’ 

[@/(Gel’-Br)] [WWV-sr)] 

3.25F 2.015 5 0.014 3.500 1.700 t 5.027 3.753 1.536 + J.314 4.000 1.339 t 0.015 
4.250 1.236 C 3.021 4i500 1.173 + 0.024 

: 

E = 16. 000 GeV Deuterium 

1 .oeo 
1.134 
1.186 
1.235 
1.253 

2’ 
I .329 
1.373 
1.416 
1.458 
I.490 
I.<39 
1.577 
1.615 
I.651 
1.687 
1.723 
1.757 
1.791 
1.924 
1.857 
l.RR9 
I.929 
1.951 
1.9A2 
2.012 
2.047 
2.371 
2.100 
2. IZR 
2.15h 
2.144 
2.211 
2.239 
2.265 
2.291 
2.317 
2.741 
2.368 
2.394 
2.419 
2.443 
2.4hR 
7.492 
3.257 
L.25n 

0.771 : 0.043 
1.573 ?. 0.342 
2.R71 5 3.0’.8 
3.557 i 0.050 
3.251 5 0.046 
2.864 c 0.042 
2.732 ?. 0.341 
2.Pll i 0.042 
3.226 t 0.044 
3.704 + O.OLP 
3.757 t 3.‘)67 
3.=57 i 0.045 
3.53R * 3.045 
3.646 L ‘J.04r. 
3.R49 I ‘O.OL7 
3.904 t 0.746 
3.715 + 

i 
0.045 

3.629 0.944 
3.<54 F O.OL3 
3.531 L 0.043 
3.476 !. 3.043 
3.493 ‘_ 0.343 
3.364 L 0.942 
3.331 i 0.941 
3.205 1. 0.341 
3.250 t 0.041 
3.253 t 0.041 
3.148 k 0.042 
3.194 c 0.043 
2.977 k 0.343 
2.934 i 0.064 
2.R52 : 0.045 
2.852 I 0.045 
2.77U + 0.044 
2.722 i 0.044 
2.824 k 0.045 
2.672 C 0.043 
2.624 t 0.043 
2.662 i 0.043 
2.55R i 0.042 
2.462 t 3.33a 
2.450 + 0.037 
2.410 5 0.037 
1.505 + 0.014 
0.921 t 0.021 

1.093 
1.147 
l.lOR 
1.247 
1.295 
1.340 
1.3R4 
1.427 
1.468 
1.509 
1.54A 
1.5R6 
1.b24 
l.hhO 
1.696 
1.731 
1.766 
1.799 
1.832 
1.855 
1.997 
1.928 
1.959 
1.959 
2.019 
2.049 
2.07A 
2.107 
2.135 
2.lh3 
2.191 
2.2lR 
2.245 
2.271 
2.298 
2.324 
2.349 
2.375 
2.400 
2.425 
2.449 
2.474 
2.49R 
3.500 
4.500 

0.855 i 0.041 
1.R23 + 0.043 
3.304 i 0.051 
3.522 : 0.049 
3.142 I 0.045 
2.774 t 0.042 
2.a13 i 0.042 
2.896 5 0.042 
3.345 * 0.045 
3.671 t 0.047 
3.610 5 0.046 
3.510 5 0.045 
3.690 t_ 0.046 
3.869 i 0.047 
3.930 i 0.047 
3.793 I 0.046 
3.681 4 0.045 
3.577 T 0.044 
3.532 L 0.043 
3.542 ?. 0.043 
3.486 t 0.043 
3.533 i 0.043 
3.439 f. 0.042 
3.400 i 0.042 
3.195 f. 0.040 
3.218 t 0.041 
3.181 f. 0.041 
3.062 k 0.042 
2.990 k 0.042 
2.935 t 0.043 
2.085 2 0.045 
2.921 c 0.045 
2.876 & 0.045 
2.ROO + 0.045 
2.ROO 7 0.044 
2.765 t 0.044 
2.697 5 0.043 
2.597 5 0.042 
2.559 c 0.042 
2.571 : 0.041 
2.466 + 0.037 
2.49R z 0.03R 
2.3aA 5 0.037 
1.264 : 0.012 
0.857 ?. 0.011 

1.107 
1.160 
1.211 
1.259 
1.306 
1.351 
1.395 
1.437 
1.479 
1.519 
1.559 
1.596 
1.633 
1.669 
1.705 
1.740 
1.774 
1.808 
1.843 
1.873 
1.905 
1.936 
1.967 
1.997 
2.027 
2.056 
2.085 
2.114 
2.142 
2.170 
2.197 
2.225 
2.251 
2.278 
2.354 
2.330 
2.356 
2.331 
2.404 
2.431 
2.456 
2.483 
2.750 
3.750 
4.750 

1.052 + 0.040 
2.277 ?. 0.045 
3.426 t 3.051 
3.433 t 3.348 
2.926 i 0.@43 
2.801 ,- 0.042 
2.641 i 0.040 
2.957 t 0.043 
3.482 L 0.046 
3.630 + 0.047 
3.613 ! 3.046 
3.547 i 0.345 
3.656 t 0.046 
3.757 + 0.046 
3.930 I 0.047 
3.793 t 0.046 
3.702 t 0.045 
3.569 k 0.044 
3.517 2 0.043 
3.577 t 0.043 
3.512 + 3.043 
3.508 ! 0.043 
3.432 + 0.042 
3.293 + 0.041 
3.221 ; 0.040 
3.219 t 0.041 
3.124 : 0.041 
3.056 +_ 3.042 
3.047 2 0,043 
3.033 + 0.044 
2.933 + 0.045 
2.927 i 0.046 
Z.RQ5 + 0.045 
2.750 t 0.044 
2.769 i 0.044 
2.743 i 0.044 
2.720 i 0.043 
2.588 + 0.042 
2.505 k 0.041 
2.500 $ 0.040 
2.485 t 0.038 
2.441 ‘, 0.337 
2.077 + 0.312 
1.151 f 0.011 
0.615 + 0.314 

1.121 
1.173 
1.223 
1.271 
1.318 
1.362 
1.404 
1.448 
1.489 
1.529 
1.567 
1.605 
1.642 
1.678 
1.714 
1.748 
1.782 
1.816 
1.849 
l.BRl 
1.912 
1,. 944 
1.974 
2.004 
2.034 
2.064 
2.092 
2.121 
2.149 
2.177 
2.204 

‘2.231 
2.258 
2.285 
2.311 
2.336 
2.362 
2.387 
2.412 
2.437 
2.462 
2.486 
3.000 
4.000 
5.000 

1.334 +_ 0.341 p 
2.5Rb 1. 0.047 w- 
3.493 +- 0.051 
3.340 k 0.047 
2.879 + 0.043 

. 

2.775 ; 0.041 
2.609 + 0.042 
3.lR7 f. 0.044 
3.564 t 0.047 
3.521 2 0.047 
3.618 ? 0.046 
3.5hO + 0.045 
3.715 5 0.046 
3.770 i 0.046 
3.833 t 0.046 
3.753 t 0.045 
3.629 + 0.044 
3.578 5 0.044 
3.473 k 0.043 
3.552 i 0.343 
3.467 + 0.043 
3.480 I 0.042 
3.390 +- 0.042 
3.209 I 0.040 
3.179 ! 0.040 
3.264 t 0.041 
3.096 +_ 0.041 
3.OR6 i 0.043 
2.981 +_ 0.043 
3.030 5 0.045 
2.869 f. 0.045 
2.RBO 2 0.045 
2.839 t 0.045 
2.773 i 0.044 
2.766 + 0.044 
2.663 + 0.043 
2.735 t 0.043 
2.630 $ 0.042 
2.574 : 0.042 
2.540 I 0.039 
2.404 t 0.038 
2.400 c 0.037 
1.70A i 0.016 
1.007 t 0.022 
3.R24 $ 0.022 

E = 18.010 GeV Deuterium 
‘\ 

1.080 
1.141 
1.199 
1.254 
1.337 
1.35s 

0.3LR t 0.020 
0.857 : 0.015 
1.4q3 + 0.931 
1.755 L 0.030 
1.611 !: 3.029 
1.5h5 t 0.029 
l.f?h i 0.030 
l-P41 5 3.031 
2.125 * 0.0?4 
2.170 5 3.034 
2.137 + 0.034 
2.335 5 O-n34 
7.373 I 0.935 
2.422 + 0.03h 
2.378 f 0.036 
2.342 ?. 0.036 

1.096 
1.156 
1.213 
1.266 
1.323 
1.370 
l-L19 
1.465 
1.511 
1;555 
1.598 
1.640 
1.690 
1.720 
1.759 
1.797 

0.441 L 0.021 
0.950 5 0.026 
1.644 t 0.031 
1.68h IO.030 
1.596 + 0.029 
1.524 ; 0.029 
l-h39 t 0.030 
1.923 I 0.032 
2.135 c 0.033 
2.203 t 0.034 
2.136 + 0.034 
2.264 + 0.034 
2.401 < 0.035 
2.349 c 0.036 
2.410 5 0.036 
2.274 L 0.035 

1.111 
1.171 
1.227 
1.281 
1.333 
1.3RZ 
1.430 
1.477 
1.522 
1.566 
1.608 
1.650 
1.690 
1.730 
1.768 
1.806 

0.559 + 0.023 1.126 
1.175 t 0.028 1.185 
1.630 + 0.030 1.241 
1.697 t 0.030 1.294 
1.557 t o.oza 1.345 
1.630 t 0.030 1.395 
1.734 _e 0.030 1.442 

0.671 ? 0.025 
1.2a5 +_ 0.029 
l.bRB 5 0.030 
1.650 i 0.030 
1.524 k 0.028 
1.561 ! 0.030 
1.776 f 0.031 
2.050 ,’ 0.034 
2.180 t 0.034 
2.150 t 0.035 
2.219 i 0.033 
2.335 + 
2.290 i 

0.035 
0.035 

2.387 k 0.036 
2.369 t 0.036 
2.335’ i 0.036 

1.407 
1.454 2.033 2 0.033 

2.215 + 0.034 
1.488 
1.533 1.503 

1.564 
1.587 
l-A29 
1 .h70 
1.710 
1.749 
1.767 

2.153 5 0.034 1.577 
2.169 + 0.933 
2.249 t 0.034 
2.410 i 0.035 
2.441 t 0.037 
2.371 + 0.036 
2.338 + 0.036 

1.619 
1.660 
1.700 
1.740 
1.778 
1.816 



c.12 

W 
do du 
dME’ 

du 

rpb/(GeV-arfi 
W dZME’ 

(GEV) (c&V, [fib/(GeV-srjj 
W imis W z%m 

(GeV) rrcb/(CkV-srg p&V) rpb/(GeV-sr)] 

‘1.525 - 
l-R62 
l.RoR 
1.033 
I.967 
2.001 
2.035 
2.06P 
2.100 
2.132 
7.164 
2.105 
2.225 

.; 2.255 
2.285 
2.314 
2.344 
2.372 
2.400 
2.429 
2.450 
2.4R4 
3.000 
4.000 
5.300 

2.332 k 3.036 
2.273 + 0.037 
2.335 i 0.036 
2.313 L 7.033 
2.326 ?. O-03& 
2.32A k 0.035 
2.244 t 0.03L 
2.232 I 0.035 
2.202 t 0.332 2.1OR 
2.214 + 0.035 2.140 
2.153 7 0.032 
2.146 t 0.033 
2.111 + 0.037 
2.040 t 0.036 
2.055 t 0.333 
1.9Zh i 0.033 
2.015 + 0.03~7 
1.937 + 0.032 
l-R56 t 3.,)31 
1.819 c 0.934 
1.831 % 0.336 
I.850 i 0:036 
1.371 t 0.009 
O.AJb + 3.00h 
0.634 5 3.308 

l-R34 
1.871 
1.906 
1.941 
1.976 
2.010 
2.043 
2.07h 

7.171 
2.202 
2.233 
2.253 
2.292 
2.322 
2.351 
2.379 
2.407 
2.435 
2.463 
2.490 
3.250 
4.250 
5.250 

2.3R3 5 0.036 
2.337 c 0.038 
2.349 t 0.035 
2.247 k 0.033 
2.309 c 0.034 
2.253 + 0.034 
2.1QR L 0.030 
2.209 t 0.030 
2.17R t 0.033 
2.192 E 0.034 
2.131 t 0.032 
2.028 +_ 0.032 
2.nQR r 0.039 
2.096 ?. 0.035 
2.02R ?. 0.033 
I.936 + 0.034 
1.903 + 0.036 
1.951 + 0.032 
1.939 ; 0.032 
1.944 t 0.037 
l-R59 + 9.036 
1.853 5 0.036 
l.lAA k 0.008 
0.751 t 0.016 
0.641 ?. 0.013 

I.843 
l.BRO 
1.915 
1.950 
1.985 
2.OlR 
2.051 
2.094 
2.116 
2.148 
2.179 
2.210 
2.240 
2.270 
2.300 
2.329 
2.358 
2.386 
2.415 
2.442 
2.470 
2.497 
3.500 
4.500 

2.357 c 0.037 
2.385 + 0.039 
2.363 + 0.034 
2.330 f 0.033 
2.286 + 3.034 
2.262 t 0.033 
2.245 i 0.031 
2.232 i 0.031 
2.197 t 0.034 
2.123 - 0.033 
Z.ZOR t 0.033 
2.135 + 0.034 
2.065 i 0.039 
2.000 i 0.033 
2.048 t 0.033 
2.022 t 0.336 
1.957 + 0.035 
1.941 i 0.031 
1.867 t 0.032 
l-R98 t 0.037 
I.926 t 0.037 
i-804 ? 0.036 
1.043 t 3.007 
0.703 t 0.016 

I.852 
1.889 
1.924 
1.959 
1.993 
2.027 
2.060 
2.092 
2.124 
2.156 
2.167 
2.218 
2.248 
2.278 
2.307 
2.336 
2.365 
2.393 
2.422 
2.449 
2.477 
2.750 
3.750 
4.750 

2.302 t 0.037 
2.353 +- 0.037 
2.315 i 0.033 
7-119 IO.033 ---- 
2.242 t 0.034 
2.320 2 0.033 
2.187 + 0.030 
2.172 5 0.031 ^. 
2.199 ,- 0.035 .- 
2.144 t 0.032 
2.119 : 0.032 
2.060 + 0.035 
2.056 5 0.037 
2.018 5 0.033 
2.036 +- 0.033 
2.012 t 0.038 
1.9R2 k 0.034 
1.932 c 0.031 
I.836 t 0.033 
I.868 t 0.036 
1.891 ? 0.036 
1.590 L 0.010 
0.931 ? 0.007 
0.662 + 0.017 

E = 20.005 CkV Deuterium 

1.07R 
1.145 
1.209 
1.270 
I.328 
1.3R3 
1.436 
1.4R7 
1.537 
1.5R5 
1.632 
1.677 
1.721 
1.764 
1.806 
1.R4R 
1.88R 
I.927 
1.966 
2.003 
2.041 
2.077 
2.113 
2.14R 
2.183 
2.217 
2.253 
2.283 
2.31h 
2.34A 
2.390 
2.411 
2.442 
2.473 
2.749 
3.749 
4.749 

0.199 t 0.011 
0.472 !. 0.011 
0.760 L 0.012 
O.AbR k 0.012 
o-e43 L 0.012 
0.884 i 0.‘312 
1.023 5 0.013 
I.192 5 0.015 
1.209 5 0.016 
1.2RB % 0.016 
1.330 i 0.016 
1.469 + 0.017 
1.514 f. 0.015 
1.510 2 0.015 
1.491 L 0.014 
1.536 + 0.014 
1.524 I 0.013 
1.532 t 3.013 
1.539 + 0.013 
1.543 ?. 0.012 
1.532 + 0.012 
1.530 i 0.013 
1.508 + 0.013 
1.497 L 0.014 
1.504 t 0.016 
1.493 +_ 0.017 
1.457 L O.OlA 
1.455 + 0.019 
1.470 + 0.021 
1.445 k 0.021 
1.417 i 0.020 
1.497 t 0.022 
1.394 5 0.027 
1.369 c 0.031 
1.226 C 0.006 
0.771 I 0.006 
0.537 t 0.009 

1.095 
1.162 
1.225 
1.284 
1.342 
1.396 
1.449 
1.500 
1.549 
1.597 
1.643 
l.bQa 
1.732 
1.775 
1.917 
1.85.9 
1.89A 
1.937 
1.975 
2.013 
2.050 
2.OAb 
2.122 
2.157 
2.191 
2.225 
2.259 
2.292 
2.324 
2.356 
2.38P 
2.419 
2.450 
2.4RO 
2.999 
3.999 
4.999 

0.248 i 0.011 
0.540 K 0.011 
O-R36 + 0.012 
O.RR9 + 0.012 
O-A54 z 0.012 
O-R92 ‘_ 0.012 
I.060 C 0.013 
1.235 + 0.015 
1.28h f. 0.016 
1.2hb + 0.016 
1.364 t 0.017 
1.4RZ c 0.017 
1.507 i 0.016 
1.492 + 0.015 
1.4RO c 0.014 
1.505 k 0.013 
1.521 ?. 0.013 
I.518 t 0.013 
1.549 t 0.013 
1.540 +_ o.oi2 
1.519 2 0.012 
1.501 t 0.013 
1.535 c 0.013 
1.493 t 0.014 
1.517 : 0.016 
1.4A5 t 0.017 
1.475 + o.oia 
1.467 i 0.020 
1.403 k 0.020 
1.411 c 0.020 
1.435 l 0.021 
1.3RR IO.022 
1.398 i 0.029 
1.379 + 0.032 
1.095 t 0.007 
0.690 t 0.005 
0.519 i 0.010 

1.112 
1.178 
1.240 
1.299 
1.355 
1.410 
1.462 
1.512 
1.‘561 
1.609 
1.655 
1.699 
1.743 
1.786 
1.827 
I.868 
1.907 
1.946 
1.995 
2.022 
2.059 
2.095 
2.131 
2.166 
2.200 
2.234 
2.267 
2.300 
2.332 
2.364 
2.396 
2.427 
2.457 
2.488 
3.249 
4.249 
5.249 

0.289 t 0.010 
0.616 2 0.012 
O-R43 i 0.012 
o-a79 2 0.012 
0.875 r 0.012 
0.931 t 0.012 
l.OR1 t 0.014 
1.265 + 3.016 
1.289 i 0.016 
1.288 ! 0.016 
1.382 t 0.017 
1.492 + 0.017 
1.497 t 0.016 
1.502 + 0.015 
i-484 + 0.014 
1.505 5 0.013 
1.547 k 0.013 
1.541 $ 0.013 
1.533 t 0.012 
1.554 t 0.013 
1.529 ? 0.013 
1.534 t 0.013 
1.511 r 0.014 
1.512 t 0.015 
1.491 + 0.016 
1.460 i 0.017 
1.475 + 0.018 
1.435 t 0.020 
1.410 i 0.020 
1.436 c 0.021 
1.457 ? 0.021 
1.439 _e 0.024 
1.361 ?: 0.028 
1.360 ? 0.033 
0.968 t 0.007 
0.615 t 0.010 
0.530 t 3.007 

1.129 0.371 _+ 0.011 
1.194 0.708 5 0.012 
1.255 0.879 : 0.012 
1.313 0.888 * 0.012 
1.369 0.860 5 0.012 
1.423 0.964 5 0.013 
1.475 1.109 + 0.014 
1.525 1.247 k 0.016 
I.. 573 1.2R5 c 0.016 
1.620 1.346 + 0.017 
I.666 1.401 : 0.017 
1.710 1.499 c 0.017 
1.754 1.491 ? 0.015 
1.796 1.501 5 0.015 
1.437 1.499 I 0.014 
I.878 1.509 i 0.013 
1.917 1.543 + 0.013 
1.956 1.551 c 0.013 
1.994 1.552 ? 0.013 
2.031 1.537 k 0.012 
2.068 1.534 + 0.013 
2.104 1.515 t 0.013 
2.139 1.501 t 0.014 
2.174 1.514 t 0.015 
2.208 1.454 t 0.017 
2.242 I.498 t 0.018 
2.275 1.455 c o-o:9 
2.308 1.440 : 0.020 
2.340 1.454 t 0.021 
2.372 1.428 c 0.021 
2.403 1.408 i 0.021 
2.434 1.448 + 0.025 
2.465 1.377 5 0.029 
2.500 1.371 t 0.008 
3.499 0.855 i 0.006 
4.499. 0.580 2 0.009 
5.500 0.492 ?: 0.010 

c 


