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The polarization of the negative muons was
consistent with zero, as expected. A detailed
analysis of the longitudinal polarization in terms
of the form factors is in progress.
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We report on the result of an electron-pro-
ton scattering experiment in which the elastic-
scattering cross section for squared momen-
tum transfers between 10 and 105 F~2 was mea-
sured with a precision of about 5%. The mea-
surements were performed at the scattering
angles 0151, < 25°, where charge scattering con-
tributes noticeably to the cross section. When
combined with existing large-angle data,'™®
separation of the electric and the magnetic form
factors is possible over the whole range of
squared momentum transfers.

In the experiment, the slowly ejected elec-
tron beam of the 6-GeV synchrotron was mo-
mentum analyzed and focused onto a liquid-hy-
drogen target. A-Faraday cup,’ placed in a con-
crete house 32 m behind the target, acted as
an intensity monitor and beam stopper. A sec-
ondary emission chamber,” located in the beam
between target and Faraday cup, served as
an additional monitor. Elastically scattered
electrons were identified by means of the mag-
netic spectrometer shown in Fig. 1(a). The
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spectrometer was composed of six quadrupole
magnets and three bending magnets mounted
on a turntable, which can be pivoted around
the target center. Electrons which approximate-
ly satisfied the elastic-scattering kinematics
were brought to a horizontal angular focus by
quadrupoles €, and @,. The horizontal angu-
lar acceptance (A6, =+12.00 mrad) was defined
by a collimator, H, at this focus and was there-
fore independent of the target size. Under this
action of quadrupoles @, and @, and the bend-
ing magnets M,, M,, and M,, a dispersed hor-
izontal image of H was produced at counters
S,and S,. The electrons were then identified
in a 5.5-m-long ethylene-filled threshold Cer-
enkov counter and registered in counters S,
S4 S5, and S.. In the vertical plane, the tar-
get was imaged onto counters S, and S,, and
the angular acceptance (Afy==+9.11 mrad) was
defined by collimator V behind @,. Optics and
counter dimensions were chosen such that full
transmission through the entire system was
assured for all particles having passed colli-
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FIG. 1. The magnetic spectrometer. (a) Drawing of the arrangement. The target T had a length of 5 cm for
measurements at ¢g2=10, 20, 30, 40, 50, and 75 F 2, and a length of 10 cm for g2 =45 and 105 F~2 and for test
runs at q2 =30 F~2. (b) Elastic peak with radiative tail registered by the hodoscope at ¢*=30 F~2, using a 10 cm
long target. (c) The elastic peak recorded by hodoscope elements 4, 5, and 6, with spectrometer setting varied

in steps of 0.1%.

mators H and V. The momentum band was
limited by the horizontal width of counters S,
and S,. The spectral shape of the elastic peak
was registered by the ten counter elements

of 0.8-cm horizontal width which constituted
S,. An example for g2=30 F~2, where g% is
the squared momentum transfer, is shown in
Fig. 1(b). Optimum resolution was obtained
at any scattering angle and energy by adjust-
ing the slope of the acceptance window in the
p-0 plane to that of the kinematic curve for
electron-proton scattering. This was achieved
by pivoting the rear part of the spectrometer
around a turning point at the exit of M,, i.e.,
by changing the bending in magnets M, and M,.
A line spectrum obtained at ¢2=30 F~2 by chan
ing the spectrometer setting in steps of 0.1%
is shown in Fig. 1(c). The Cerenkov counter
had an efficiency of (99.7+0.3)% for counting
electrons, but it was insensitive to muons and
heavier particles. On the basis of kinematics,
negative particles having a momentum within

g_

2% of the elastic-peak value had to be electrons.
Electron identification was done in five different
coincidence channels: (S,S;S;), (5,5,S,),
(S1CS3S5), (S,€S,Se), (S:5:545.5:Ss), where

S, and S, were about 20% larger than S, and

Ss. The comparison of the five channels served
as a continuous check of the spectrometer op-
tics, background rejection, and the function-
ing of the counters and electronics.

For cross-section evaluation a hydrogen den-
sity of (0.0706+0.0003) g/cm? was assumed
and various corrections applied. The most
important were the radiative® and bremsstrah-
lung corrections. When finite horizontal angu-
lar acceptance, dead time, counter efficiency,
and other smaller corrections were added, the
correction to the cross section amounted to
between 25 and 30%. The 3% total error in the
cross sections for ¢2<50 F~2 was essentially
systematic. For ¢%=75 and 105 F~2% counting
statistics contributed 2 and 3.5%, respectively.

The cross sections obtained are listed in
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Table I. Proton form factors derived by assum-
ing® Gg =G/, using only data of Table I, are
shown in the second column of Table II. Sep-
aration of the form factors was achieved by
combining the cross sections of Table I with
large-angle-scattering data of other authors.

Table I. Cross sections.
7* 0 Eine (i‘]%xlo32
do /fdo
(F—?)  (deg) (GeV) (cm?/sr) 79 (@‘)
Mott
10 10.0 3.685  176.0 0.284 (3%)
20 10.0 5.274 33.9 0.115 =3%)
20 12.0 4.433 22.76 0.115 =3%)
20 14.8 3.640 14.62 0.118 (+3%)
30 11.1  5.907 8.75 0.0582 (+3%)
30 15.1 4.436 4.37 0.0585 (£3%)
40 14.8  5.278 1.800 0.0321 (+3%)
45 16.0 5.245 1.024  0.0253 3%)
50 15.0 5.888 0.813 0.0195 *3%)
75 19.5 5.883 0.0952  0.00732 (x4 %)
105 25.0 5.886 0.0113  0.00272 (+5%)
Table II. Form factors. Values in column 2 were ob-

tained assuming G =Gpy/k. The form factors in col-
umns 3 and 4 were evaluated from the data of Table I
and large-angle data.

2

q Separated form factors
F-2 GE=GM/M Gy GM/u Ref.
10 0.410 0.421 0.400 a
+2% +2.8% +1.8%
0.411 0.409 b
+3.5% +2.5%
20 0.226 0.210 0.234 a
2% +5% +1.5%
30 0.145 0.146 0.145 a
+2% +12% +4.2%
40 0.100 0.0891 0.103 c
+2% +16% +2.6%
45 0.0861 0.0955 0.0834 c
+2% +15% +4.3%
50 0.0739 0.0721 0.0743 c
+2% +45% +9.2%
75 0.0405 GE<0 0.0487 d
+2.5% +7.3%
0.0826 0.0304 e
+23% +14%
105 0.0222 GEZ <0 0.0307 d
+3% +10%
0.0532 0.0167 f
+30% +26 %
aRef. 1. CRef. 3. €Ref. 5.
bRef. 2. dRef. 4. fRef. 6.
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The results are shown in columns 3 and 4 of
Table II.

At ¢2=10 F~2 our measurement is in excel-
lent agreement with those from Stanford and
Orsay | Fig. 2(a)]. Rosenbluth plots for g2= 20
and 30 F~2 displaying the results of this exper-
iment and the Stanford measurements are shown
in Figs. 2(b) and 2(c). There is no indication
of a failure of the one-photon-exchange approx-
imation,

For ¢%=40 and 45 F~2, the Cornell cross
sections® measured at very large angles, to-
gether with the results of this experiment, al-
low a good separation of the form factors (Table
II). The Rosenbluth plot for g2=45 F~2 is shown
in Fig. 2(d). At ¢%=50 F~2 the charge form
factor was derived by extrapolating the mag-
netic form factor found at Cornell® for q%=45
F~2. The extrapolation was made with the Or-
say fit.’° For ¢2<50 F~2 the data of the Har-
vard group* have not been used in the analysis,
since they were taken at angles only slightly
larger than the ones covered in the present
experiment.

The magnetic form factors measured by the
Harvard group* at ¢2="75 F~2 and at ¢2= 100 F—2,
the latter one extrapolated to g%= 105 F—2, were
used in the analysis. For both 75 and 105 F~2
one finds Gg#<0. The Harvard data* alone also
give Gg?<0 for ¢?=75 F~2. On the other hand,
positive values for Gg? are obtained when the
data of the DESY internal-beam-scattering
group®® are used.

We summarize our results as follows:

(1) The cross sections, combined with published
large-angle data, can be well described by the
Rosenbluth formula for squared momentum
transfers up to 50 F~2, (2) For ¢*=20, 30,

40, 45, and 50 F~2 the precision in Gg has
been improved. (3) The relation Gg =Gpy/u

is valid within the experimental limits for g2
<50 F~2, (4) Precise measurements at large
angles are needed to derive Gg and G, for ¢*
>50 F~2,
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this experiment possible. We also want to thank
Professor P. Brix for his help in the early
stages of the experiment. We are very much
indebted to Professor W. Jentschke and Pro-
fessor P. Stahelin for their interest and sup-
port. Two of us (B. Dudelzak and H. Nguyen-
Ngoc) are grateful to Professor Blanc-Lapierre
for his constant support and encouragement
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FIG. 2. Rosenbluth plots. (a) for ¢2=10 F—2 the two straight-line fits to the Orsay? and Stanford! data and our
point at =10°. (b) Straight-line fit to our points and the Stanford! data at ¢*=20 F~2. (c) The same as (b) for q°
=30 F~2. (d) A fit to the large-angle points of the Cornell® group and our 16° point for ¢®=45 F~2,
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