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A Wilson cloud chamber™ ', containing only hydro k’eu and water

vapwgs =¥ ;Jhamgra.ghed stereccaopically in a magneilc fée}..:%" of strength

2,4

» UCC gauss to obtain data on the protons scattered by 200-Mev neu-

tron_s»’._ Certain selection coriteria were wdopted for the measurements

cof the tracks, which were obtained in twe runs at the Berkeley cycintron.

A lower lmit of 153 Mev was set on the neutron energy {or a track tv be

accepted, Definiiec regions of the cloud chamber were chosen for the meas-

N

urements in ¢ach of the twe rune. Tracks whose dis angles exceeded

50° were excluded from measurement., The scatter angle was generally
limited to 35°, although a few fracks were measured with angles up tc
860_ to make sure no 85” tracks were missed. ‘

The ¢ energy s*:.-“.truizz foz the neutrons that were produced in
14D target, l~.::/ in. thick, by 346-Mev protons inside the cyclotron is
ahown in- Fig. 1. This spectrum was derived from the original histcgram

of the cioud~chamber data by an error-unfolding process. A total of 1425

»r

,ra;,‘ms were selezted {rom the angular growp {scatisr angles lesd than
Ry s T .
857 and dip angles less than 757) for which the energy weasurements . re
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best. The onvisgion yf tracks v with dip angles exceeding 75

p - : L
dor by applying alyew _ca.z correction {actor, ~ based on the assumption

-

&

e.»

2

tering crossg sects - with the m;ut:;"pn energy was included in the error-
unfoiding process.. p 3 :
In order to justify the assumption of uniform distri
protone in the azimuthal angle {inessured in 2 plane gerpendicelar to the
-
direction of the neutron bearr) tabulations” of the data were made, Figare

2 shows the 2szimuthal distribut tioge for dip angics legs than 407 and for -

*Thta WwWOTE Was ,Jerfswmoc* umibr *hc; auspices af the ¥, &, Stonstc Snergy
Commission, .
INow at the Hanford Atomie. Products Coervation, General Elactric Company
Hichiand, Washington.
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neutron energies abeve 200 Mev., Tracks with dip angles greater than

$07 fall int> the exeludeé region and are not tabulated. The number of
tracks for any square or partial square is given inside the square. The

..umbarﬂ within any vertical colamn and contained in whole s\;u‘..res should

,ag*;'ae within the Hmitations im;:aoseﬁ by the statistical errora of nieasure-

ment. A consideration of these data shows that the azsumption of uniformity

z 3,

. of.fthe azimuthal distrxbutmn ig valid.

Tavle I liats the angular disivibution data, based on 2057 tracks,

fur the neutrons iz the center-of-mass system. The data are lin-ited to

n

nedtrons with energles above 200 Mev and to protons with dip angles less

o C s
than 407,  The geometrical correction {actor 1’}.3;:' the value unity for pro-
ton deflection angles less than 407, but above 456° the value of this factor
rises steadily up to thd value 2.25 at 90", By assuming a tofal n-p cross

3

rectivn of 35 i, u, is pc%e‘b to calculate the differential cross section

: frmr: the tatal wei*h;ed aumber of tracks., Howsver, the standard statis-

t*r‘m errors in the differential crosyg section are based on the uncorrected
number of tracks in the 10-degree angular intervals. The ﬁiper itrniz

on the standard evror in the neutron angle in the center-of-gnass system:

. ‘. L A® . . i
is estimated to be + 3,07, while the average standard error is estimated
“ ~ O . :
to be 2 1.5,
The. datz eontained in Table I are plotted in Fig. 3 in histogram

forra. They are to be compared with the data obtained with counters by

e . s ~ - . 7 -
Keliy, Leith, Se{gre, and Wiegand , who reported neutron epevgies (absut
260 Mev} somewhat sroalier than the neutron energies nreasured in the

present experiment. The agreement is considered satisfactory. The
sp.adai point was computed from a sioooth curve drawn through the counter
datd to iliustrate how the cicud chamber with its selscted 10-degree chan-
nel width would deplet this vapidly changing portion of the ::znguiar«-diatﬁ-
butitn curve. Tha cloud-chairpber data extended into smaller neutron
angles then do the veunter data and clearly show a marked departure irom v
symrrisetry about 3G° in contrast to the 90-Mev data, 8' ¥ which exhibit sy~
wetry about 0%, )
Thanke zre due to Professor W. ki, Powszll, who suggested tuis
preoblem, and whose encouragement and interst in-the progress of the

work have been a constant inspiraiion to this writer.



-

¥ e Pangher, Fhys. Rowv.

4. -0e Pangner, University o

No., UCRL-2153, March 1853,

WL M. Powell, Rev. Sci. Instr, 20, 403 (1949).

Y. De Pangher, Phyvs. Rev. 32, 1682 {1953},

K. Bruechmer, W. Hartssugh, E. Hayward, and W,
Rev. 75, 555 {1949).
e

ti. R, Mott, G, L. Guernsey, and B. K. Welson, Phys,

=z

Sailfornia Radiation T aboers

tory Report

‘

Powell, Phye.

3 .
Rev, B3,

ifesith, B Segre, zad C. Wiegand, Phys. Rev. 77, %&

0. Chambeflain and J, W. Easley, Thys. Rev. 24, 703 (i954),

C. ¥. Chihiand W. M. Powell {private communication May, 1954},
.. \

v

3

S

%

]



Y

R0-85

ag-100.

100-110
110-120
1'!11.« iJO
130140
140-150
150160
160-170
170-180

-4- CRI.-258

-

Table I

Angular Distrzb&’itmn of Neutrous in Center-cf-Aasa

-

System for Neu cmi M.erclee above 200 ruw RLLD LG
Protor lé '!1-.157 €es @ou than 400

Number of Nuwber

Tracks for Weightmﬁ mb per

First Bun Both Runs Fuarntey Cteraidi

26 e 37 3.2 3.83 =

42 56 121.9 2. 48 +

. 56 84 J81.0 3.81 %
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T8 132 155.6 1.89 &

75 Tk 125, 0 1.3

04 164 FEG, 0 0V %

14 1573 YhiL D ST =

a0 170 VI, O .51 2

114 e 1720 3,656 ¢

1 i8 123 163, ¢ &, 0F &

Ga . YLE IR 4,74 &

&1 L a0 GAR o

if a3 LD Doid %

V.

Sia ey,

r'"a

£33

Y

[ S L B O Lol B a
[EEINE ) B JE% = SRRV RN SR B S o 3



rey
B

®
[

5. UCRI-2582

Figure Capticns

The neutron energy spectrum {row. 340-Mev vrotons 2 1-3/4 -

in. thick LiD target. Errors of measurement were taken from
the original data by an error-unfolding process.

Azimuthal distribution for dip angles less than 40°. Neutron
energies are greatel than 200 Mev.

Two sets of data are displayed here, the cloud chamber work
{histogram) and the experimental points of Kelly ot al. oun the
angular distribution of neutrons in the center-of-mwass system.

The meaning of the special point is given in the text.
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