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90 Mev Neutron-Proton Scattering at Large Proton Angles

Roger Wallace

- Radiation Laboratory, Department of Physics
Un1vers1ty of California, Berkeley, California

September 5, 1950

Abstract .

)Neutron-proton scaﬁterlng with 90 Mev neutrons has been investigeﬁed by
others,l’2busing a propertional counter technique and also using a cloudf
chamber. They measured the scatteriog cross section for neutrons for center‘
of mass angles from 36° to 180°., The present experiment was an attempt to
overlap the data of Hadley,'et al} from 74° to 36° and to extend the cross
section measurements.to smaller angles,' This experiment was performed with
nuclear emulsions in order to permlt the detection of protons down to about
1.5 Mev, and t¢ avoid systematic errors that‘might.be presentiin the‘oase'of
other methods of detectlon ‘The results agree with those of Hadley, et al.,
~within the probable error, and the cross sectlon curve exhibits beyond 36°
the same ‘general trend as the curve measured by Hadley, et al. The measure-
ments conflrm the fact that there is probably not complete symmetry of the

‘n-p cross sectlon curve about 90°. in the center of mass system,

1 J. Hadley, E. L. Kelly, C. E. Leith, E. Segre, C. Wiegand, and H. York,
Experiments on N-P Scattering with 90 and 40 Mev Neutrons, Phys. Rev. 75,
351 (1949) : _ .

N o : _ . ,
2 K. Brueckner; W. Hartsough, E. Hayward and W. Powell, Neutron-Proton
‘Scattering at 90 Mev, Phys. Rev. 75, 555 (1949)
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90 Nev Neutron-froton Scatteringvat large Proton Angles
Roger Wallace

Radlatlon Laboratory, Department of Physics
University of California; Berkeley, California

September 5, 1950 -

" Introduction

Nentron—proton scattering cross sections havevbeen measured using the 90
' Mev neutrons from the 184- 1nch Berkeley cyclotron by several dlfferent
1nvest1gators. Hadley, et al.,,1 used two dlfferent arrangements of propor— -
ulonal countersc Thelr results are shown in Flgure 8 It is seen that their
polnts ‘do not lle on a curve that is symmetrlcal about 90° | Tnis experiment
was performed to flnd out if the cross sectlon does rise in the small angle
reglon It has been felt by some that the cross sectlon curve. (Flgure 8) was
flat to the left of 700 and did not rise. The results of thls experlment serve
to conflrm the rlslng slope of the curve in the small angle range, in agree—
ment w1th Hadley, et al Bruecker, et al., 2 u51ng a cloud chamber technlque,
-have observed an angular dependence of the n-p cross sectlon 31mllar to that
observed by Hadley, et al The results of the present experiment also agree

well with the oloud chamber data.

Apparatus and Procedure

" The main part of the apparatus consisted of a nuclear plate camera,
similar in design to that used by Panofsky and Fillmore,3 The camera and
associated shielding (Figure 1) were mounted on a support, aligned in the

90 Mev.neutron.beam_of.the,lSAéinch.cyclotron,.similar to the paraffin

2 W. K. H Panofsky and F. L, Flllmore, The Scat+er1ng of Protons by Protons
‘near 30 Mev,_Phys Rev. 79, 57 (1950) ‘

/
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collimator mount used by Brueckner, et al 2 The colllmator was stopped down
to a 1/2-inch diameter circle and addltlonal lead bricks were added to reduce
the background. The camersa ﬂFigure 2) differed from that used by Panofsky
and Fillmore3 in that the pletesiwere'nounted fafther,frcm thefbeam and_farther
ffom eech other. These ddmensional changes were made since the neutron beem
’<intensity cf_the cyclotron is much less than the proton beam intensityfof
the linear7accelerator; thus it was necessary to include more beam area
w1th a consequent relaxatlon of the geometrlcal pre0131on of- the experlment
At each end of the cameraascatterlng chamber there was a O, 005 1nch duraluml—-
num foil window. - The cyclotron beam, collimated to 1/2 1nch, passed into and
@nt of the canera:through these fcilsq The exit foil was mounted on the end
of a tube, as shown in Figure»Q, in order to reduce the background on the
ip;ates that mlght have come froh partlcles scattered from the exit f011 |
Partlcles that might have been scattered from the entrance foil entered the
plates at such an angle that tracks caused,by them, when vlewed under a
microscope; were'eaeily distinguished from those;coming'from the hydrcgen‘

gas conteined in the scattering chamber, since the desired.tracksvand'the
f011 scattered tracks entered the field of view from dlfferent angular '
directions. Thus the partlcles ‘scattered from the entrance foil constltute

& non confusable background. | |

Four p01nt screw supports permitted the paraffln collimator and the

camera- to be allgned coax1ally within 1/16 1nch The allgnment'was carried
out with en optlcal telescope'énd'was-checked by exposing,. during thesfirst
fen minutee of-the cyclotron run, an x«ray film located in a kncwn nqsition

n the hamera. jA‘l/lé-inch-alignmentttolerance does not introduce a first
\ordef eource.ofﬁerror since the plates were arranged symmetrically afound-

)

the beam and the angular distribution data from ail‘pletes were combined.
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The plates were aligned in the camera by beiné held against-a*machined sur-
face for which the geometric tolerance was less than 0;010 inéh;v

wa identical eameras weré constructed, one for hydrogen expoéﬁres;,the.
other for wvacuum, background exposures. The expoéufes—frbm which the~datae
were taken were made;for'405_minutes at-an average of 27—1/2 R per §0uf, for,
the hydrogen ruﬁg and 65 minutes at an average of 28 R per hdur; for the,
vacuum run. ThiS‘made the hydrogen run 186 R and the neutron backgroﬁnd-fuhl,
30 R. The R 1s an arbitrary beam intensity unit approximately eQﬁal‘io |
105 neutrons/cm2 sec., which can be used to secure the ratio of thevhydfogen
ts the vacuum exposure.

The firsf few trial runs with hydrogen in the camera resultéd in-cémf :
pletély blackened.plates. At first it was thought that the'blackening was“
éaused_by impurities in the hydrogen gas, so the hydrogen was passed through
é hot palladium leak, thus separating all other elements with the possibiev |
exception of a minute trace of.heliumg Since the blackening still occurred
with this purified hydrogen it was concluded that the,hydrogengitself'mﬁst
attack the emulsion. W_ebb4 advised us later that it was possible the.ph;to-_
. graphic emulsiong were fogged by pure hydrogen gas. The reason that Panofsky
and FillmoreB'did not experience this difficulty was that they used;a ldﬁéf
hydroéen pressure than the two atmdspheres used in thisbexperiment,»and some~-
what shorter times duriﬁg which the plates were exposed to the-hydrogen.i It
was found that the blackening of the plaﬁes by the hydrogen was temperature
sensitiye, and that a reduction of'temperature to -15° to =20°,G»Would‘allow.
the plates to be only slightly fogged after 8 hours exposure. ,Consequentiy
a jacket was installed around the cémera in@ended.for,hydrogen exposufe,

which was filled with a eutectic mixture of rock salt and ice during'the~run.‘

4 Julian Webb, Eastman Kodak Companyy privéte communication.:
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The plate temperature was thuslﬁéiﬂtainedté%;about «15° C. . Webb indicated-
that a reductionvof‘thé_témﬁefaﬁu&e‘tofw15@{0 would: probably not reduce the
proton sensiﬁivity_of'ihe §1§%95;’ S R T

The data (Tabie I, Column 2) wefe taken from the plates‘with a micrb=»
scope operating at 570x scanning a swath 140 microns wide. The recoil
proton tracks were identifie&ﬂby their speéific’i#ﬁization,vtheir point of
:entfaﬁdé}“diVelangles into the emulsion, éheir azimuth angle in the micro- -
scope field;iand their range. When a track seen to start in the fileld of
the microscope had beeh‘recogniied as that of a proton, by ifs ionizaﬁign‘
density, the microscope was focused up and down to check the fact that the
track dived into the emulsion ét an angls that was compatible with the
geometric location of the photographic plate relative to thé neutron béamc.
If ‘the trackaaSSed this test, the plate was moved until the point at which
the track entered the emulsion was centered under the microscope retiéule
cross hairs. The cross hairsvwefe then rotated uniil one was tangent.to the
track as near to the poiﬁt éf‘éﬁtry ag possible. Panofsky and Fill_more3
explain how this may be aoné with a minimum of settiang error. The aéimuth.'
angle of theientry point was then @easured with a goniomeﬁer attached to one
of the microscope eyepieééso' This azimuth angle was the only.datﬁm recorded
for each track. | ‘

Thé classical expréssion for the energy of the scétterea protons varies
as the cosine 'squared of the prgtoﬁ gcattering sngle. The incident neutron
beam cbptains the distribution of energiegcgiven by Eq. (1), which will be
discussed later.. This distribﬁtion causes the protons that%are‘scattered at
any particular angle ‘to also havé-an energy distribution. .The energy aiSe
tributions~for'prot6n recoil éngles]@L = 09 30° and 45° in the laboratory 

system are shown in curves 'a, b, and ¢ of Figure 2, Curves of this general
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form give thé emulsion renge distributions and .also.the grain density dis-
tributions to be éxpected of the protons sgcattered at various‘angles,;-

Mosi spufious'tracks[werefrgjected on the.basi; ofvhaving the wrong
ionizatiﬁn for their azimuth angle or because they were too short for their
.angle, although these rejection criteria did not.need'to be uéed on_mdre
than 2 perCenﬁ-of‘the otherwise acceptable tracké. Another reason for'the
rejection of'tfacks was'that‘their dive ahgle into the emulsiontwas toé
steep for them to have been caused by protons coming from ihe beamvcylindef.
>T:a¢ks éomiﬁg,in the three other quadrants were easily eliminafed, although
tﬁeir number was very'limited.\ The scahning of vacuum backgrbund-plateé'
indiceted that the confusable background was less than 2 percent:

Two observers examined 2734 tracks., Of these gll pioton recoiis; 350 .
in‘number, observedvin the 45° to 51° laboratory angle range were not in-
cluded in the final results. ‘These tracks ﬁere excluded since the specific:
ioniZation'of tracks scattered at these angles, with energies of 35 to 50
Mev, is so low-that'an exceésive number of tracks is misSed’by the ob?efver.
In aadition 157 tracks in the angular range of 79° to 85° in the laboratory
system were not included‘in the final results since,‘as will be mentiéﬁed'-
late;, the correction factof for tracks that do not reach theApléfesjis too
| large. The two observeré_read the same'plafe.areas for 200 tracks and found
that each missed about 5 percent of the tracks. The tracks missedeere
evenly distributed over éll angles from 45% to 85° so this is a minor source
of error.

The platés used were I1ford, type C-2, with 50 micron emulsions. They
were deﬁeloped for 30 minutes at 68° F.in developer consisting of one part

of D19 mixed with six parts of water,
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;reatmnn of Data - o T A P R
Lhe ancorrected’data are-shown‘in,Fivure 4, The data are grouped into
three degree 1nuervals 1n the 1aboratory .system; so.any odfrecbionsmin'the

’angular measuremenb ‘that are small compared to three, degrees will not ‘be

not,ceable. ‘The relativistic correction (Figurerlﬂ curve a) make° tne

1aooraﬁory scauterlng anglee
The geomecry of thls experiment, although not. nearly as precise as that
- ’2 ) )
of P wcfsky and Fill more, did not make important corrections necessary. .
The L“acka were observea in swaths 140 microns wide as the @lides’were.moVed .
under the microscope'in a direction parallel to the x coordinate (Figure 2).

The swathsg were 21l located within 1/2 inch of the edges of “therplates . nearest

the beamg The‘positioﬁ of the particulaer swath, in which the mlcroscope was’

-~

WO”k*ﬂgg mhthn the 1/2 1nch wide band on the platesewas not recorded ‘ag
par* uf the daua. It must be p01nted out that there was no attempt made.to
»deuevmlne From Whl“h part of the 1/2 1nch dlameter beam cyllnaer each “indi-
éiéﬁéi/ k came, Nor was. -any record kept of the p01nt on the plauesAat
wﬁ:éﬁiéaCh:particle struck the plates.. Thus there is a random rectangular
distffbuﬂign of"the probability of a particlé landing-oﬁ a plete with a
Daéiicular #alue.of y. In addition the probability of a‘particlé'cdming
ffé@ a partlculﬁ“ part of the cylindricel; uniform intensity beam isfa'sine»
distributiop in z. These two dlstrlbutlcns intrcduce a geometric uncertainty
whiéﬁ.musi gé included in & consideration of uhe pre01s10ﬁ of the resulis.
The two prebabili§y=distribptions, one in .y and one in zwmustibe combined
by a fol&iﬁg process, whlch is “eally a Two sten random wa k effect. . Due

consid ration must~be givenfio the geometrlcal relatlon betwcen thp angWe g

observed in the microscope and the angle €y at which a yarticulaf proton is
P g L P ¢
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actually scattered from the beam. The meah difference between these‘two :
angles shown by curve b 1n Flgure 4 is seen to be less than 1/29°, |
The upper limltatlon on the observable scattering angle e is introduced
by the llmlted range of the‘low;energy, high angle, protons in theAhydrogen-
‘gas. Therrange-energy relations for protons.in hydrogenlat 2 atnospheres.
and -15° Ciand in_nuclear’emulsions are shown in Figure 5. It was-deoided,
on the Basis of the experience of Panofsky and Fillmore',3 that emulsion
uracks shorter than 30 microns should not be recorded. Tracks shorterbthan
30 microns are easy to miss in scanning the plates. When tracks shorter
then 30 microns are found, it is difficult to make a good measurement of
their emulsion entrance anéle, and there are & larger number of short oaok-
ground tracks against which it is tedious to discriminate if one tries to
meagure protonltrecks snorter then.BO microns. |
 ‘Since it was the purnose.of this experiment to extend the croes section.
curve to smaller angles it is importent to investigate the limitationelon )
the acceptabilitj of the data in the small neutron angular range."There are
four effecte fo beJCOnsidered-in deciding how far into tne small'angle region
the datalcan be considered dependable. .At about 6p = 80° the energy of the
scattered protons becomes}eo‘small,thet all of them do not have a range in
- the hydrogen gas long enough to allowvthem to strike the plates. 'Aleo:due_:
t0o their low energy ﬁhey experience appreciable amounts of small angle
scatteriné'in the'hydrogen~gas and in the photographic emulsions.: Tnis
scattering 1ntroduces errors in the measurements of the scatterlng angles.
Furthermore, in the reglon of 800, as a result of the reduced proton energies
as mentloned above, the ranges of the partlcles 1n the emu131ons are in many
~ cases too short to allow for accurate 1dent1flcatlon and measurement The

combined result of these . four effects must be ascertalned in order to evaluate
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the datarﬁfépéfij;
The neutron’ beam produced by ‘the. bombardment of a 1/2-inch beryllium .-

targe%pf”&fmiéb:MéV;deuterons.is;kn0wnpto-haVe-a bnpgdﬁenergy;@is@ri@utiop.

This distribution has Eeen'éalculated by Serber,5 and’ﬁeasureﬁfby Hadley, ét
al. For energies above the maximum of the distribution curve the.calculated
and measﬁ#ed’resultS‘agree; but the measured:resultsaare.highef;thgn the: -
theoretical ones for energies below.the maximum, For'theApurppses}of{this
ekperiméhfkit was assumed tha£ the probability P(E) of an incident neutron
having thé"eﬁefgy'E in Mev has the form:

P(E) = K exp& ~[(E-9o)/2_0].2} W
This relation, (Figure 3, curve e), approximates the high energy@digtribu-
tions of both'Serber5and Hadley, et al., tut only the measured values of ..
Hadléy,.ef é1§;ffor energiéé less than 90 MNev. I was‘further assuméd.ihat
the néutroh;ﬁroﬁon“scattéring cross gection is inversely;proporti@ﬁal to. .,
the eﬁéréy‘iﬁ the energyirange‘considered.' Thus”the neutron distribution that

is effective in produ¢ing recoil protons is given by:’

" ‘.P'.(E)o"" K (1/E) exp{ ”[(E«-%)/zo}?'}. ST
(FigﬁréfjgfcuPVe'a)a, The integral of this cﬁrve,gives,the fraction of the
recoil protons coming from that pért.of'the beam for which tﬁ@venergy_isv
below éﬁy,giﬁen'value; (Figure 3, curveld)q- This #elation,will,be us@dlté;
calculate the fractloa of the protons with energies too low to:reach thé
plates,at large'scattéring angles where the stopping power of the hydrqggn:_”
s high. From thefrangésenérgy relations for protons, in:hydrogen and : .
emulsioh (F&guﬁéﬁﬁ)ﬁﬁhe~ehefgyﬁof4the-pf6ton5'entening the;emulsionggbmingfg‘

fréﬁfdifféfént eneﬁgy-regions of the beam can be calculated as. a function of

R, Seroer, The Productlon of ngh Energy Neutrons by Stripping, Phys. Rev,
72, 1007 {1947)

~
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the laboratory'proton scattering angle, 91,. From these energies the ranges
in the emulsion foﬁ the.protons from different beam energy intervals can be
plotted as a function of the angle (Figure.6, curves a). ' Since no tracks
shorter than 30 mlcrons are to be considered, there will be a correction
factor by which the track égunts at various angles'¢ must be muifiplied;

he cutoffvis shﬁwn crossing the three beam fraction curves. - From the
cutoff curve the-initiel correutlon curve is calculated (Figure 6, curve b)..
This correction does not irclude the effects of gas and emulsion scattering.,

* The combined probability distriﬁutions due to the sﬁall angle gasiand
emulsion scattering are shown in Figure 7, curves a. These are for particles
that left the scatiering centers at ¢L = 78% and 79°. The probability dis-~
tributions are multiplied point by point by the correction curve (Figﬁre 6, b)
and plotfed on ﬁop of curves 7a, resulting in the peaks to the right .of the
maxima of the symmetiric curves. ‘The areés of these new curves as a functidn
of the original scattering angle @ (Figure 7, curve b) are then the.finalk,
correction factors. In reality the correction factor has a very small .
’influence on the final cross section cufve, The data that go: into the single
point for neutrons at 26° in the center of mass system are 71, 57, and 46
tracks at proton angles;, QL = 76° 770, and 78© l"espectrvely., When the
_corre;tlon factor is app$led the data are changed to 71, 62, and 62 respec—?
tivélyo This application of the cutoff correction factor raises the p01nt
at the eenter of mass angle of 260 by about 11 percent. |

The corrected track countss gr@uped in three degree intervals, as a
function of proton laboratory_ang;e (Table I9 column 4) were converted to
numbers proportional to‘the ﬁép scatterlng Cross section as a function of

~ the neutron center of mass angles by the relation:

' '(d0/du)c@ a N(B)ae ﬂzz + y2)/2}(1/ﬂ~(005_90m) o -(3)



UCRL-869
Page 13"

where N(ﬁ)ég is +he data divided by truevscattgring angles © instead of
observed angles ¢g Actually the difference-betweeh,these angles (Figure 4,
carve b) is.suc h a siowly varying function of: the angle that ohe correctlon o
for it was ho* appliedt The geometrlcal factor (22 - yz)/z is 1ndep°ndent
of the scattering angle. As a result of the geometrlcal parameters, When
,he two’ 1/2 ~inch geomet“1 al +olerances are comblned properly; they produce
) rrobable error of 1054 1nches in the geometrlcal factor,j(zg + y ;/z, whose
mesn vaiue is 13.12 inches. This probable-error only introduces & very small
error 1nto the relative cross section data which is combined with the st at1a=
tical error and 1isted in Table I, column 7. The valués of the &(cos'e)cm
‘factor obeq. {3} fof(transformation from iaborétory'to ceﬁter of maSs‘
angles are shown in Table I, column 50 The corrected data divided: by these
- znd multlplled by the factor 1,192 x 1073 to normalize the. results to the
abgolute cross sections of Hadley, et &l., are given in Table I, @olumm 6,

and plotted w;ﬁh probable errors in ngure 8, in comblnatlon w‘“h the points

- measured by Hadleyj et al.

Gonclﬁéions'

The n-p scattering cross séction can be measured with the nuclear
emulsion method.fOPIQO Mev:neutrons between neutron éngles in the center of
nass sysUem of approximately 260 to 80°, In general the » egulﬁg égréé with.

those secured Dy Hadley, et al., w;th counter The slopes:of ﬁhe‘curves
agree between 36° ana;609a The rebults of this experlment conflrm the
increasing siope of the cross section curve in the smaTl ‘angle reglon,
howevef the asymmetry of thelcurve abqut 900_ is based on the Hadley data
since the curve from>this experiment'is norméiized to the Hadley results.
The author wishes %o exprcsé Hi" *ppréciaéion to Kéiﬁh Bfuéékner who

aided in the d@ségp of the apparaﬁus, to Jack Steller who helped wit ,the
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runs and miérbscope reading, and to Professor W. K. H. Panofsky, under whose
direction the work was carried out. This paper is based on work perfofmed 

under @he'éﬁsPices of the Atomic Energy Commission.

Information Di#ision

9/6/50 md -
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Table I
1 | 2 3 4 5 6T
Proton'”fvv.Ne, of lean . No. of ‘--'@bds é)cm Qggy*fT ? 6B@bigéd'
Laboratory |Tracks Neutron Tracks Transfor- W’em | Probable
Angle | Observed| C.M.Angle | Corrected | mation ﬁinrlOf??¥ Error
Range = 77 ' Factor = |em " {7
46-48 | 114 86 114 0.06963
49m5i» 181 80 181 0.06874 |
52-54 | 241 74 241 | 0.06710 | 4.28 | 0.19
55-57 | 260 68 260 0.06472 | 4.80 | 0.20
58-60 280 62 280 0.06163 | . 5,42"f'-fd;éz
61-63 | 266 56 266 0.05787 | 5.48 0.22
64-66 | 270 50 20 | 0.05347 | 6.02 | 0.24
67-69 248 44 248 | 0.04848 | 6.11 | 0.26
70-72 240 38 240 0.04298 6,77_v;»;;9§29M~
73-75 248 32 248 0.03699 8,01 ;_;ifOQSZ
7678 | 174 26 195 | 0.03060 | 7.60 | 039
>79-81i.A | 120 © | 20 R
g2-84 | 32 1%

Total . — 2734 Tracks Observed

* Normalized to the cross sections of Hadley, et al., by the.faétprvfi 

1.192 x 103"
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Figure Captions.
Figure 1, Ar:angement of the paraffin collimator and lead bricks .in front
~of the scattering caméra, The alﬁernaﬁe camersas are shown. The
. Vacuum camera is‘shown in bbmbardment position, The jacketed
hydrpgen chamber is shown at 6ne side. The wood snpporﬁs for the.
'tapparatus,ére not shown. Twelve nucleg;.track plaﬁés wére arrangéd
symmetrically around the beam at 300 intervals, of which one is
. indicated in the figure.
Figure 2.- Geometrical location of the nuclear track plates.relétive to the
| neutron beam, The variables used in the measurements and calcu-
lations are shown. Aii variables are in the laboratory system.
~The relations be@ween the'scattering angle © and the observed .
angle ﬁvare indicated.
Figure 3. Functions dependent on the energy. Curves (&), (b), and' (¢c) are.
‘the probability of a recoil proton being scattered af 0°, 306, or
450 having_a pérticular_energy. It is seen that the absolute
| - dispersion in'enérg& décreaseé és the scaﬁtering'angle increases.
Curvev(d)‘gives.the percentage of the protons écatﬁéféd at Od
with energy above a definite value E. Thié‘curve ié secured .
directly from curve (e), the energy distribution of the<"90 Hevh
neutfon-beamvfrom 184«inch Berkeiey cyclotron,v
,Figure 4. Functions depending on the 1éboratory ang}gugp_which,the proﬁons'
recoil. Curve (a) gives the difference between the q}assicéi
recoil angle and the relativistic recoil angle. This.ﬁorrection
. 1s seen to be small. Curve.(b) shows the mean correction made
", necessary by the geometry. Curve (c) gives the mean path distance

through the hydrogen gas in the scattering chamber from the points
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of impact in the cylindrical beam region to the photographic

plates. Curve (d) is a histogram of the raw daté‘grouped in

- three-degree intervals, "The data from 46° to'52° and from 79°

Figure 5.

Figure 6,

Figure 7.

to 82° was considered unrelisble for reasons mentiocned in the

text. The data from 76° to 79° was corrected for limited proton

"range ‘in the hydrogen and for small‘angle-scattering in the gas

and emulsion, as shown. Curve (e) is the multiplication factor
for converting the laboratory coordinate data of curve (d) to

the center of mass data of Figure 8. The'convefsion factor is -
caiculated for the same threé»degree intervals into which the
data is divided.

Range-energy curves for protons in Hydrogen gas at 2 atmospheres
and -15° C and in nuclear track emulsion.

The expérimental cutoff‘of tracks at the large proton angle limit

is based on the three curves (a) of proton range in the emulsion

“for protens scattered at the angles shown, coming from the three

positions on the beam energy distribution shown on curve (d),.

Figure 3. The 30-micron cutoff shown above is explained in the

+text. Curve (b), the multiplicative correction factor that must

~ be applied to the data as a result of the cutoff, is secured from -

the three curves (a) directly, and includes no correction for gas
scattéring.

The symmetrical parts of curves (a) are the superposition of the

- small angle gas and emulsion scattering probabilities for protons

scattered at 78° and 79° in the laboratory system. Since some of

these particles are viewed on the plates at angles greater than

1799 and are thus partially not counted as a result of the cutoff
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shown on Figure 6, a correction must be applied to the recorded -

data. The correction curve shown in Figure 6(b) has been multi-

- plied by curves 7(a) point by point and the results are the

asymmetrical bumps shown on the right side of each curve. The
areas of the resulting'cufves are the correcticn factors that
musf be applied to the recbrded data and these factors érevgiven
by curve (b). |

The final corrected data aré'shown by the circles above. The
results of Hadley, et al.,l are shown by the triangleS;i It is

seen that the slopes of the results of the two experiments agree

between 36° and 6000
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