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We report on the result of an electron proton scattering
experiment in which the elastic scattering cross section for mo-
mentum transfers between 10 and 105 f_z was measured with a preci-
sion of about 5%. The measurements were performed at scattering
angles elab <& 25°  where charge scattering contributes noticeably

to the cross section, When combined with existing large angle data

2)3)4)5)62 separation of the electric and the magnetic form factors

1)

is possible over the whole range of momentum transfers,

In the experiment, the slowly ejected electron beam of the
6 GeV synchrotron was momentum analyzed and focused onto a liquid
hydrogen target. A Faraday cup72 placed in a concrete house 32 m
behind the target,acted as an intensity monitor and beam stopper.
‘A secondary emission chamber7zlocated in the beam between target
and Faraday cup,served as an additional monitor. Elastically scat-
tered electrons were identified by means of the magnetic spectro-
meter shown in fig,la. The spectrometer was composed of six guadru-
pole magnets and three bending magnets mounted on a turntable which
can be pivoted around the target center. BElectrons which approxi-~
mately satisfied the elastic scattering kinematics were brought to

a horizontal angular focus by quadrupoles Q, and Q.. The horizontal

angular acceptance ( a0, = $£12,00 mrad ) was defined by a collimator

H at this focus and was therefore independent of the target size,
Under the action of quadrupoles Qq and Q4 and the bending magnets
M., M and M3 a dispersed horizontal image of H was produced at

1 2
counters S1 and Sz. The electrons were then identified in a 5.5 m

long ethylene filled threshold ferenkov counter and registered in
counters S3, 84, 55’ and 36‘ In the vertical plane the target was
imaged onto counters Sl and 82 and the angular acceptance ( Aey =
9,11 mrad ) was defined by collimator V behind QB‘ Optics and coun-—
ter dimensions were chosen such that full transmission through the
entire system was assured for all particles having passed collima-
tors H and V, The momentum band was limited by the horizontal width
of counters Sl and 82a The spectral shape of the elastic peak was
registered by the 10 counter elements of 0,8 cm horizontal width
which constituted S,. An example for q° = 30 £72 is shown in fig.lb,
Optimum resolution was obtained at any scattering angle and energy
by adjusting the slope of the acceptance window in the (p-0)-plane

to that of the kinematic curve for (e=p) 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 Mas A line spectrum obtained at q2 = 30 f“'2 by
changing the spectrometer setting in steps of 0.,1% is shown in fig.lc.
The Yerenkov counter had an efficiency of (99,7:0,3)% for counting
electrons, but was insensitive to muons and heavier particles. On
the basis of kinematics, negative particles having a momentum within
2% of the elastic peak value had to be electrons. Electron identi-
fication was done in 5 different coincidence channels: (518385),
(5,5,5¢)r (5,¥8455), (5285486), (8,8,545,855¢)» where 8, and Sg

were about 20% larger than S4 and Sc. The comparison of the five
channels served as a continuous check of the spectrometer optics,
background rejection, and the functioning of the counters and elec~

tronics,

For cross section evaluation a hydrogen density of {(0,0706
+0,0003) g/cm2 was assumed and various corrections applied. The
most important were the radiative8) and bremsstrahlung corrections.
When finite horizontal angular acceptance, dead time, counter effi-
cliency 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 q2 & 50 f-z was essentially systematic,
For q2 = 75 and 105 f 2 counting statistics contributed 2% and 3.5%

respectively.

The cross sections obtained are listed in table I. Proton
form factors derived by assuminglo)GE=GM/u, using only data of
table I, are shown in the second column of table II, Separation of
the form factors was achieved by combining the cross sections of
table I with large angle scattering data of other authors. The
results are shown in columns 3 and 4 of table II.

At q2 = 10 f-2 our measurement is in excellent agreement

with those from Stanford and Orsay (fig.2a). Rosenbluth plots for
q2 = 20 and 30 f"2 displaying the results of this experiment and
the Stanford measurements are shown in figures 2b and 2¢, There is no

indication of a failure of the one photon exchange approximation,

For q2 = 40 and 45 f“2 the Cornell cross sections3) mea-

sured at very large angles, together with the results of this ex-
periment, allow a good separation of the form factors (table II).

The Rosembluth plot for q2 = 45 £ 2 is shown in fig.2d, At q” = 50 £



the charge form factor was derived by extrapolating the magnetic
2 = 45 £72, The extrapolation

form factor found at Cornell3) for ¢q
2 the data of the Har-

was made with the Orsay fitgz For q2 § 50 f
vard group4) have not been used in the analysis since they were

taken at angles only slightly larger than the ones covered in the

present experiment.
4)

The magnetic form factors measured by the Harvard group
at q2 = 75 f"2 and at q2 = 100 fﬂz, the latter one extrapolated to
q2 = 105 fhz, were used in the analysis, For both 75 f“2 and 105 f
cne finds Gé < O, The Harvard data4) alone also give Gé < 0 for
q2 2 75 f~2° On the other hand positive values for GE are obtained

when the data of the DESY internal beam scattering groupS)G)are used.

2

We summerize our results as follows:

1, The cross sections, combined with published large angle data, can

be well described by the Rosenbluth formula for momentum trans-

fers up to 50 £ 2,

2

2. For q2 = 20, 30, 40, 45 and 50 £ % the precision in Gg has been

improved.

3, The relation G5 = GM/u is valid within the experimental limits

for q° < 50 £ %,

4, Precise measurements at large angles are needed to derive Gp and

2 -2
Gy for g » 50 £ °,
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Table I

Crogss Sectlons

2 do
e ° Fin an /&
-2 2 L d Mott
(fermi ) | (degrees) (GeV) (cm”/sterad)
10 10,0 3,685 1.760 + 1073° 0,284 (£3%)
-30
10,0 5,274 0.339 ¢ 10 0.115 (+3%)
20 12,0 4,433 2,276 + 10°°1 0,115 (£3%]
14.8 3,640 1.462 + 1071 0,118 (£38)
11.1 5,907 0.875 + "1073% 0.0582  (3%)
30
15.1 4.436 0.437 + 10731 0.0585 (£3%)
40 14,8 5,278 1,800 ¢ 10732 0.,0321 (£3%)
45 16.0 5,245 1.024 + 10732 0.0253 (23%)
50 15,0 5.888 0,813 + 10732 0.0195  (+3%)
75 19.5 5,883 0.952 + 10733 0.00732  (%4%)
105 25.0 5,886 1.113 ¢ 10734 0,00272 (£5%)




Table II

Form Factors

Derived from data of Table I and large

q2 y angle djta c
_ G, = G,/ G ' G,/ /u Refe-
{fermi °) E M 12 M rences
0.421 (£2,8%) 0.400 (%1,8%) 1)
10 0.410 (*2%)
0.411 (3,5%) 0.409 (%2,5%) 2)
20 0.226 (t2%) 0.210 (:5%) 0.234 (21.5%) 1)
30 0,145 (%2%) 0,146 (£12%) 0.145 (t4,2%) 1)
40 0,100 (%2%) 0.0891 (*16%) 0.103 (t2,6%) 3)
45 0.0861 (2%) 0.0955 ($15%) 0,0834 (t4,3%) 3)
50 0.0739 (2%) 0.0721 (:45%) 0.0743 (%9,2%) 3)
Gg <0 0.0487 (%7.3%) 4)
75 0,0405 (%2,5%)
0.0826 (:23%) 0.0304 (+148%) 5)
G2 < 0
E 00,0307 (£10%) 4)
105 0,0222 (:3%)
0.0532 ( 30%) 0.0167 (%26%3) 6)
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Figa 1

Figo 2

Figure Captions

The magnetic spectrometer

a)

b)

c)

'g“ = 45 and 105 f

Drawing of the arrangement, The target (T) had a
length of 5 cm for measurements at q2 = 10, 20, 30,
40, 50 and 75 f—z, and a length of 10 cm for

2 2 and for test runs at q2 = 30 £ 7.,

Elastic peak with radiative tail registered by the

hodoscope at q° = 30 £ 2 using a 10 cm long target.

The elastic peak recorded by hodoscope elements 4, 5,
and 6, with spectrometer setting varied in steps of
0.1%,

Rosenbluth plots

a)

b)

c)

d)

For q2 = 10 f-z the two straight=line-fits to the

Orsayz) and the Stanfordl) data and our point at

e = 10°,

Straight~-line~fit to our points and the Stanfordl)

data at q2 = 20 £—2.

The same as b) for q2 = 30 f—2.

A fit to the large angle points of the CornellB) group
and our 16° point for q2 = 45 £72,




W Yoy
T heri i
7 7 AL
A e

), //// At {///ff

20 CONCRETE
¥ LEAD

PN

O L8]
3,
X .
Q ] S w0
L.
L @
s iy
K—S;.;spon ):_)‘r 1500
') +
W 2
R NS
N y—i"l_’r—l' B
0 - it T T T e
9 98 7 65 4% 321 g #02 #Oy Q6 +OB  #MO ”248"’
HODOSCOPE ELEMENTS - SPECTROMETER SETTING —® g5
1 I 3 1 .

-2 -4 0 +f 2
A
2 ) Ic




Tt ootg2d =90 £
164 Tyt 019 2 T=0f
154
10-
Fig. 2b
5.
. ::::::::::':::::—I" i
i o -
03-
i i § Stanford
e | ¢ This experiment
01 | ' ,
_ B
| | | _ f f | | COtg 7
0 o5 1 15 ? 40 70 100 130
404 Tex 29 2 -2
—.colg 2 =
TMott g 2 q m f
10- . Stanford
Fig. 2a
T T T Orsay
7 |
L
a
| I Stanford
n & o ) I
s A This experiment
/ i 1% Orsay
o
| B ool
0 1 3 5 90 10 130

15

10

gl




Oex 9 9 2_ -9
___.Cgt g —LS f
O'Mott 97 q’
2 2
15-
1 |
|
006- I
|
|
| § Cornell -
0041 i ¢ This experiment
|
| 28
. coigg
01 03 0 50 50

s This experiment
§ Stanford

0,101

005+

015 |
|
!
s
!
|
!
!
|

cotg? 3
DR 50 70 90 10 120







