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The absolute differential cross section has been measured
for 31.6 Mev protons scéttered elastically from helium., Seven incre-
ments of angles from 15° to 51° in the laboratory system of ccordinates
have been measured simultaqeously‘using propertional counters,

The observed nuclear scattering is approximately three times
the calculated Rutherford scattering for a scattering angle of 17° in
the center of mass system and approximately 100 times the calculated
Rutherford scattering for an angle of 62° in the center of mass system,
Also, the differential cross section for a center of mass angle of 55°
has been observed to be 59,1 millibarns/steradian for incident protons

of 19.5 Mev in the laboratory system.
INTRODUCTION

The elastic cross section for scattering of protons from Heb

vl’2’3’4’5 and a phase shift

has been measured at energies up to 9.5 Me
analysis made for low energy protons.6 The Berkeley proton linear ac-
celerator has allowed the region of 32 Mev and below to be investigated.

The apparatus which was used for proton-proton scattering7 was used
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without modification to obtain data for elastic scattering of protons
from helium 4 in the forward directions. An independent experiment
giving the elastic and inelastic cross sections will alsoc be reported.

. 8,9
in anocther paper, *

METHOD

The 31.6 Mev proton beam from the linear accelerator was
deflected 12,6° in an analyzing magnet and a collimator 6 meters long
gave a beam of 1 cm diaﬁeter, having a.divergence of *0,001 radius,
The energy was calculated by measuring‘the deflection of the besm and
the magnitude of the magnetic fileld along the trajectory. The beam
entered the scattering chamber through a double 0,0002 in. nylon foil
and was scattered by helium at a'pressure of slightly greater than one
at‘mc;«sphere° Thé scattered protons could be detected in either of nine.
probortional counters operated simultaneously. An additicnsl counter
detected only background neutrons and xX-rays.

The.fraction of the beam which was not scattered continued
on through a 0,001 in, thizk duraluminum feil, and on into the faraday

cup, arranged as a charge integrator.

PROCEDURE
The scattering chamber was evacuated to a pressure of less
than 10‘5 mm of Hg and observed to be vacuum tight. Helium of greater

than 99.5 percent purity (Grade A), obtained from the Mathiesen Company,
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was allowed to enter the scattering chamber through a liquid nitrogen
trap made of stainless steel, The impurities before trapping were re-
ported to be mostly hydrogen.

.It was possible to measure the amount of hydrogen impurity
by detecting the 90° coinecidence scattered protons in the scattering
chamber, (see below),

The helium was admitted to the scattering chamber at a con-
stant rate of approximately one liter per minmte and allowed to bubble
out through an 0il lock column of Litton oil 5 em high., The number of
scattering nuclel was determined by measuring the height of this column,
the barometric pressure, and the temperature of the gas in the scattering
chamber. t

The pesition of the beam and the amount of multiple scattering

»

of the beam were detected by inserting a photographic emulsion at the
charge integrator. The beam was observed to have a mean diameter of
2.4 cm at the charge integrator., The charge integrator had an aperture
of 6 cm, thus the amount of the beam lost was negligible,

The scattered protons were detected by the same proportional
counters which were used for proton-proton scatteringo7 The countber
plateaus were determined by adjusting the gas mudltiplication and amplifier
gain, making a2 run, then a background run with the shutter closed, and
then repeating the run with a higher value of gas multiplication., The
number cf protons plus background was recorded for each of the ten

counters. Alsc, the number of 90° coincidence counts was measured in
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the 450—450 counters, and in the 51°=39° counters. This was a measure

of the hydrogen contamination in the helium, plus accidental coincidence.
RESULTS

The data for two series of runs are given in Table.l° The
nunber of counts for each angle measured is tabulated, corrected for
background, counter resolving time, and normalized to NTP, The counting
rate was sufficiently low so that the correction for counter resolving
time was always less than 1 percent. The "plateau” was such that for
the first group of ruans, a 50 volt increasé in-potential of the propor-
tional counter wire indicated A 0,3 percent decrease in the scattering
éross section, while in the‘second group of runs, A 1,1 percent increase
in the secattering cross section was indicated., The statistical fluctua-
tion was ¥1.3 percent, |

The mumber of 90° coincidence counts is tabulated for each
of two sets of counters. The pulse repetition rate of the linear ac-
celerator was 15 pulses per fecbrd, 400 microsecond long pulses., The
resolving time of the coincidence circuit was 1.0 microseconds, and '
from the observed counting rate, the calculated number of accidental
- coincidence counts is’l.ﬁ (unscaled) per run, From these corrected
data and the measured cross section for proton-proton scattering,IQ
the amount of hydrogen impurity is determined to be 1,0 * 0,5 percent,

The corrections have been made for each angle assuming 1 percent hydrogen
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cpntamination and no other contamination. The calculated cross section
for each angle is given in-Table II. The assigned probable errors
includes

a, Collected charge + % percent.

b. Mean'energy-t 1 percent,

¢. Measurement of temperafure and pressure X & percent,

d., Slope of plateau + 105 percent., "

e. R.M.,S, deviation of counts + 1.5 percent,

f. Calculated geometry + 3/ percent,

g. Contamination séattering-f~% percent,

The R.M.S, value of these probable errors is * 2.6 percent,

vFig. 1 is a comparison of the cbserved éross section with the
calculated Rutherford cross section at this energy. A further comparison
will be made in a following paper-o9

Protons of 19,5 Mev incident energy were obtained by adjusting
the radio frequency voltage distribution of the linear accelerator cavityolo

The differential cross section was then messured at a center of mass angle

of 55,0 degrees and observed to be 59,1 * 1,6 millibarns/steradiano'
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TABLE I

1. Actual counts divided by four and normalized to N.T.P. and A collected charge of
306.9 x 10722 coulombs,

2., Mean energy = 31,6 ¢ 0,3 Mev,

3, Geometrical scattering length = 5,38 cm,

L. T and B refer to top and bottom halves of a given counter,

MEAN ANGLES, CENTER OF MASS DEGREES P -« SCATTERING
Proton=Proton

Date Scattering:
62.5°T  62.5°B  55.0°T 55,0°B  47.8°T 47.8°B  40.1° 24.8° 17.1° | 102°-78°  90P-90°

2.11-50 352 337 474 469 - 657 1,560 1,554 1,182 1.7 1.1
365 350 512 474 - 668 1,545 1,490 1,173 1.7 1,9
386 314 509 L9 - 618 1,510 1,520 1,140 1.1 2,1

5.18-51 355 30 49 457 710 634 1,498 1,47, - 1.7 1.2
350 385 % 480 666 658 1,572 1,530 - 1.9 1,2
366 343 490 . 490 654, 656 1,546 1,574 - 1.4 2.2

Total 2,174 2,070 2,928 2,849 2,030 3,891 9,231 9,142 3,495 9,5 9,7

Total

Both by 2L, 5,777 7,851 9,231 9,142 6,990 9, 9.7

Sectors ; . .

9% em v

ea/ 31.53 45.21 68,7  93.3 145.5 159.9 14.30 14.39

millitarns/ ’

steradian

Probable +0.8 +1.2 +1.8 t2., 3.8 *4.2  t0,15  *0.14

Error -

£L9T~TH0N
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TABLE II

ELASTIC SCATTERING OF PROTONS FROM H“‘!P E = 31,6 MEV PROTONS

e Lab e cm Measured | Caloulated 22 \ on
8o on o]

Deg. Deg. Z;;lﬁ$~ 2 Rutherford x 107°¢ cm
x10 cm

13,64 17,07 159.9 £ 4.2 47,1

19.89 - 24.80 145.5 + 3.8 1075

26021 = = 3058

32,33 40,13 93,3 * 2.4 1,65

38,82 47,80 68,7 1.8 0,847

44, .82 55,00 45,2 £ 1.2 0,503

51.19 62,50 31.5 ¥ 0,8 0,315
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