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NEUTRON—PROTON SCATTERING AT 90. MEV

Robert Fox

I, INTRODUCTION
In the last two decades many experlments have been carrled out to
_obtain4data on the neutron—proton 1nteract10n, Most of these have been

in the low and medium energy range, In this energy range none of the ex-

- periments give 1nformatlon concernlng the expllclt radial dependence of

:the forces or of the foreces in other than S states and even the ranges are -
vdetermined only approximately,l To obtain expliclt 1nformatlon on the
radlal dependence of the forces experiments at high energy are requlred g0
-that K the De Broglie wavelength of the 1ncident particle in the c.g, .
system 1s less than the range of the forces
| ”v'_Therefore, when the 184-inch cyclotron first produced a beam of
-nent:ons of 90 Msv mean energy‘by stripping of deute;ons,z it was used by |
,Segre and _co-v_vorke_rS3 to do neutron-proten scetterdng experiments at 40 Mev
and;QO Mev, In tneir ekperiments, both.the totel cross sections and the
', enguler'dependencelof thevdifferential.cross sections at the twO-energies
. were studied,_ |
"Itvturns'outl.that'these experiments; together with the'low energy
'.experiMénts ere‘sﬁfficient.to rule out the stmetrical‘theory for central
forces.' Aiso; the inclueion of a tensor potential is.required,to give the
VrightIShepe at 96@, This is in agreement withlthe'existence of the quad—
rupole moment .of tne deutenon,. |

| "Therevis, however, one featufe of the 90 NMev angular distribution
whien eppears to warrant further investigation, This is the apparent

existence of a high peak at 180° in the ¢,g, system, This peak represents



.geome{;ry and since Pl = P2'= P, AP " Iﬁl - §2| = [2p2 (1-cos 6) ]

.a 30 percent increase in do /dn in going from 170° to 180°, That such a

sharp peak représents a long tail of appreciable depth in the potential

can be shownz,qualitatively by the following uncertainty principle argument:

Consider a collision in the c.g8, system between two particles of equal mass,

- We can ‘assign the c_ollis'ion parameter "b" to such a collision, Let

- bma.x = R where R is maximum separation at which the interaction is of
‘épp"reciable strength (ibe.'R,'represents the range of the interaction).

) ) Thén,- for those collisions with values of b ~R there will be a distribution

in the momenf_cum transfer and hence in the scattering angle, '_No?n, by
| 1/2 -

- 2p sin 9/2  p © for small angles, Now, one can replace b by Ax and apply

.the uncert_aiﬁty ‘relation AP AX>= A . Substituting for Ap,' Ax one has,

_R> "ﬁ_/PG;-» At 90 Mev; p = 0,45 Mc where M is the reduced mass of the system .

‘so'R = 7\/0,450, e __represerits'the width of the peak due to the lo;ngvrange

' taii So here 9~5°_" =0,1 radian, Thus R~20 A~ 1.8 x 10_‘:L2 em which seems -

unduly long,. .
| " The pufcpose of this work is to investigate 11_1 greater detail the

angular distribution of the differential cross section in the neighborhood

. of this peak, In the laboratory syst_em,' this corresponds to small angles



»

in the forward diractions'when one counts neutrons by detecting thé protons

_reCoiling at rightjangles, With this in mind, a detecting system'was built

. up which had improved'angular and energy resolution, Scintillation counters

wéré ugsed instead of.proportional counters because of their greéter speed,

.'This mede it,posSible to uée the full beam intensity at all times in spite
: 6f-the low coincidence/singles ratio occasioned by narrowing the acdeptable
5‘energy interfal from 66-130 Mev to 85-95 Mev, A further contribution to the

. smallness of this ratio was the fact that the scintillation counters could

COuht'some'neufrohs adireétly‘dué to prdton recoils in the stilbene crystals,

- 'This effect, however; Wés small_and the Qisadvantages due to it were out-

weighed by the_advantége resulting ffom increased counter speed,

In order ﬁo allow an approximate normalization of the final results

to the earlier work of Segré and co-workers, measurements were made at 10° and

25° in the laboratory system as well as from lo,to 50,



11, EXPERIMENTAL METHOD

" A, Detector System

The neutron beam was formed by stripping 190 Mev deuterons on a
2-inch thickness of beryllium, The neutrons then passédlthrough three éuc—

éessiVevéollimators before reaching the counting region outside the ten foot

"thick concrete wall surrpunding the cyciotrono A short distance from the wall
a fixed polyethylene target was placed to furnish recoil protons for the

. ‘monitor télescopé which was fixed in position and angle throughout a day'é

run, Some five feet behind the monitor scatterer was placed the scéttering
fable Whiéh contained the target holder and two counter telescopes, The

scatterers used were always considerably larger than the beam and perpendicular

“to one counter telescope which we shall call "B" and at 6° to.the other which

shall be called "C", "C" was used only during the last few runs when atten-
tion was concentrated on the range 1° to 5° and could cover only this range,
"B", on the other hand, was used on all runs and could cover the range 0° to

259, This arrangement is shown in Fig, 1, Note that "C" counts negative

-anglés,,'

Thus, recoil protons einer_ging from the target at angles‘@ p and . @C
afe couhted by "B" and "C" respectively, Simultaneously, the monitor, which

shall be called "A", counts recoil protons from the monitor scatterer to re-

‘cord the beam intensity during this period,

By the'method described in Section ITI, the counter telescopes "B"

~and "C" were made sensitive only to protons generated by neutrons of energy &

in thelrange‘85;95 Mev,
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To determine thé effect due to' carbon and background, runs were also

maae with a carbon target and a blaﬁk, For the angular range 1° t0°5° the

hydrogen effect was then determined by the relation N = Nems ;»S‘NC - (1- S)NB

where,’( _
N- = hydrogen effect
NCHg'? polyethylene counts
NC  = carbon cpunts | '
-NB - background couhts
s = .me

» ‘For larger gngles the more general relation N = Y [NCHZ - 6((@) Ng
- (1~ 5.(()3))1‘.\13] , Where Y = thickness of CHz/cbs Cﬁ , was used since both

target'thicknesses and the ratio of polyethylene to carbon was changed, This

'Wés thé result of demandihg that at any angle the energy 1oss of a recoil‘
vproton of energy 90 cosg <b Msv orlginatlng at the rear of the target should

- be SAMev, This is discussed further in Sectlon III

B Tranformation to the c .g. System

The number N measured in the above manner is proportlonal to the

'dlfferentlal cross sectlon o @)) since the solid angle dN = d ¢ 4 cos &

" is kept constant, ILet us further define the angles:

%9f; angle of scattering'df the_neutrqn in the

| lébo;atory éyétem, |

d? = angle betweenvincident neutron énd recoil
proton in thevc,g;_system,

Between these. angles. there are the foilowing relations:
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ten © = (1 - p2)1/2tan (9/2)
tan = (1 - p5)V/2cot (9/2) |

: ) 2, 2
a cos §/ d cos 0 - /4 17182 (1= Bcog%&g‘ QL

¢

2, =By (1- %)/ (1-p% + tan? B)

2
= By cos? d)(l/l + ?:B'z sin® 'CI))

In this experiment 52/1532 =0,045 énd sin2q94s0.18 so that the relativistic
‘effect in the last equation is:% 0,8 percent and may be neglected, |

‘The d-ifferéntial'crqss section in the ¢, g, system may then bé obtained
by o (8) = o ( (I)) d cos '(b/ d cos © since Y, the azixﬁuthal angle, is the

same in both laboratory and c¢,g, systems,
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III, DETAILS OF THE DETECTOR SYSTEM - ‘

‘A, Neutron Beam Collimation, .

. The collimation of the neutron beam was éffected ﬁy three collimators;
" The firsf copsisted.of_a‘cube of cpncrete approximately six feet on a side
lwithva.ﬁ-inch diametef hole_andvlocated between the c&élotron and the sur-
rounding concrete shield, The latter is ten feet thick and contains a 3-inch
digmetervneutfon port, This port was further collimated on the inner end by
‘a 3=foot long.brasé plug with a l/zeingh sduare aperture, Since the enq of
the'collimafing éystem was 40 féét from the soﬁrce.and the. latter was apbroxi_
v_mételj-a point source, the angular'divergence ip the resulting beam was less
than 0:10, This wasg cbnfirmed by photographs taken lZ_feet from the exterior
'coliiﬁator showing a spieading of_l/8 inéhvin'that distance'Or abéuf 0,050,
’ B, Monitof;. - | | |
o The monitof teiescope consisted of three scintillation counters in
 trip1e coincidence three féet'from the monitor target'and mounted at 159
frém the-beam diréction,f-A copper'absorber_;/B ineh in thickness was placed
’ in_front of;thg teiescope ﬁo aﬁsorbprecbil protons ffom low enérgy_neutrons,
;‘it waé'placed'in froﬁt gf all the counters rather than between the second
_énd third begause>it was_mofe'important to minimize the single counfs.due to
 sﬁ¢h low energy recoils théh to.prevéﬁt'Rutherford sdattering losses in thé
ﬁbsorbar; The copper absorber fqgether with the stilbené crystals of the
Lirst twolcounters defined the minimum enefgy neceSéary for avfecéil proton
"to prqduée a true ffipie coincidence, This minimnm_energy'was about 60 Mev,
'jBefére Run No, 8, this monitor was modified.;n such a way that its aperture
_‘was defiﬁed only by the secoﬁd.crystél for particles coming frqm the'target,

V~Thus, for the last two runs, its effiéiency did not change and the results



"

-11-

of these runs could be combined directly without the necessity of doing a

statistical fitting, If the monitor efficiency does ehange from one run to

- the next,'it usually does so in an unknown amount with consequent loss of

information,' Since low counting rate is a major difficulty in such an experi-

ment as this, it was necessary to remove if possible any such sources of.

‘information loss,

C. Counter Telescopes,

- The two counter telescopes "B" and "C" were jidentical in natufe,
They were mounted four feet from the target and each consisted of four

seintillation counters together with two absorbers, The fluorescent erystals

" uged in all the coﬁnters consisted of stilbene, The crystals for the first

threelcOunters were O,lOO—inch thick and 1/2-inch square, The fourth counter

_ crystai was 1/4-inch thick and 3/4-inch square, All crystals were mounted in

;-0.0os-inch polished aluminum light tight boxes which in turn were mounted

rigidly ohrthe telescope'base_ 1P21 photomultiplier tubes were_mounted»at
the other end of the aluminum boxes to collect the light, Each had an electro-

static shield at cathode potential covering all the‘glass envelope except for

~ the aperture for the light pulses The details of telescope "B" are shown in.

Flg, 2,
A:protog of energy E, would lose energy AE(EP, t) in traversing a cry-
stal, where t is thevcrystal thickness, A fraction of this energy € AE is
converted into'light‘quanta wbich enter the photomultiplier tube and are
converted iﬁto photoeleotrons ‘This photoelectric current is amplified'and
appears on the output as a fast. ('v O Ol p see,) negatlve pulse, This pulse

is fed into a cathode follower with 20 Mc bandwidth and thence along 100 feet

'of_RGBS/U transmission line to the counting area, There the signal was used
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fo trip a three stage amplifier with positive feedback which produced a.standard
square pulse 25 vdlts high and 0,2 p sec, long, The necessary signal input
fér trippiﬁg thisbamplifier was 0,1 volts,

Thus, signals of uniform height and shape could be fed into the germanium
diode mixer circuit which had a coincidence gate width of 0,1 p sec, The
coiﬁcidence signals were finally fed into standard scaiérs and registers, The
" scalers had a 10 p sec, dead time, |

D.. Absorbers,

Each teleScopevcontained two absorbers of accurately known thicknesses,
A‘fhick copper absorber waé placed between the second and third counters, For
- a given detection angle(@ , 1ts thickness was so chosen that a recoil proton

of 85 cos2 qﬁMev originétihg in the center of the targef would enter the

thlrd crystal with 2 Mev ‘residual energy and thus be counted,  These three
counters were in trlple c01n01dence ‘Thus the minimum energy required by a
neutron to produce a triple coincidence was 85 Mev, A thin coppér absorber
was placed between the third and fourth counters, and as close to the latter
as possible, It was of suéh thickness tﬁgt a recoil proton originating in the
- center of the target had to have a minimum of 95 cos? CE’Mev in order to enter
 the foﬁrth.crysfal with 2 Mev energy, The signal from this counter was fed
iﬁto a quadruple 6oinéidencebmixer; This is illustrated in Fig, 3.

Thus 'any proton of energy ©5 cos? (Pmbv producing a count "in the

’
triple coincidence channel, which we shall call B3 (or C3 for telescope "C"),

‘also prodﬁced a countiin the quadruple coincidenée channel, whidh we shall.cail
. B4 (or C4), | Thus, the counts due only to protons in the energy range 85 cos2<@
to 95 coszq) were given by the expression N NB5 - NBQ- This method of doing

anti-coincidence seems preferable to doing the subtractlon electronically -
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for two reasons, In the first place, the opergtion of an anti-éoincidence
circuit at this speed is not as dependable as that of a coincidence circuit,"
In the second piace, any failure.of-the fourth channel during a run Wéﬁld
_immediétely show up in the countihg rate of B4 (or 04) and in the ratio NBS/Nb4
(or NCS/NC4) which should remain constant from one ménth to the next, On one
_ocgasion a failufe in the electronics during a run was detected in this mannér
and the troubiéjrectified, | .

The abéorbgr thickhesses wefe calculated tovan accuracy‘of 0.5 percent
using’accurate‘tables of ranée; and_stopping powers available at this laboratoryé,
The thick’absorbers were machined to an accuracy of ¥ 0,001 inch and the thin.
ones Weré rolled to an accuracy of ¥ 0,0002 inch, The thicknesses thué calculsted
are tabulated in Table I.'. |

- Since in this experimeht-the measurements wereﬁconfined principally to :
- small angles, E, (Eh,»_@) 4id not vary much with (), Therefore, the effect
‘of Rﬁtherford scattering in the sgqond absorber was heglibible since losses
due to fhis effect are"pfoportional_to Zt/Eg, where 1t is;the‘abSOrber thick-

ness, while t was varied approkimately as Eg,

E, Scatterers,

The carbon and polyethyiene scatterers were 2-inches square and so\moqnted
that»the>neutr§n beam pa;sed through their centers, Thus all of the beam was
intercepted by the térget and the beam area défined'the'size of the soﬁrce ofv‘
'recoil protons, Polyethylene was used rather thah ﬁaraffin.because of its
. much gféater uniformity in denSity and mechanical rigidity? |

The uniformity of density gf the polyethyiene wés checked by the follow-
ing’methbd:‘ A humber of 1/2~-inch squareé cut from the sheet materialrto be
used were-placed‘in a water-ailcohol mixture whoée density'coﬁld be adjusted

to thét of polyethylene,, When this was done with 400 cc of solution, it was
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‘TABLE I

- Absorber Thicknesses in mg/§m2 of Cu

. Thick Absorber

: 7275'
pzss
7235 |
7204
7162
7056
6822

4805

Thin Absorber

10

25

1325
1319

1310
1289
1235

786
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- TABLE II

Scatterer Thicknesses in mg/em®

o
- 583
579
576
568

- 555

412

694
692

687

678

660

471
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found.that the adaition of 10 drops of alccohol or water would cause all the
pieces to sink or risé; respectively, This leads to an'estimated uniformity
ip. density of 0,01 percent,

Next the variations in surface density of the sheet material to be used
were checked and found to be < 0,5 percent, Since polyethylene can not be
machined accurately, the various scatterers were laminated from pieces 0,002,
0,064, 0,010, 0,062 and 0,125 inches thick,

The uniformity in density of the carboﬂ used was checked by mﬁchining
accurétely many l/4-inch_cubes ffom one sheet and weighing them, The standard
deviation from the mean was found to be 2,5 percent, Since the carbon’efrect
‘was‘«425 pe?cent, this Waé negligible,

For a given angle of observation ¢>; the thickness of the scéﬁterers
was such that a proton of energy a0 cosztp Mev originating aﬁ the rear of the
>scatterer lost 5 Mev of energy, The effect of this finite scatterer thiék-
ness is to smear out the energy range for counting neutrons,  For a zero .
thickness target a plot of counﬁing efficiency vs;'energy is shown in Fig, 4sa,
. In Fig, 4b such a plot is also shown for a 5 Mev thick target,

Since the peék in'the energy distributi&n of the neutron beam is at
90 HKev and.its width is considerably larger than the energy range allowed for -
counting, its effect may be disregarded,

. Angular Resolution,

r
Since the angular divergence of the beam was negligible, the factois
coﬁtributing to the angular resolution were tﬁé fihite source and detector
sizes and‘multiple scattering in the scatterer, Let @)be the détection dngle ‘
and Y the‘initial_scattgring angle of a recoil proﬁonfv If a =|<@‘- Y‘-,'we

can find an expression P (a) for the probability of counting the recoil proton,
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Then, the width of P (a) defines the angular resolution of the system, Let
us calculate this function, The detector angulér width is 0,5‘7o while that
6f thg_source is O,?lo, The effect of these two widths are similar in nature
and they are nearly equal so to a first approximation we may set both equai
to 0,640, If o= (3'2)1/2 is the root-mean square-angle of multiple scatter-
ing for the carbon targets (o for the carbon targets“is larger than for the -
5

polyethylens targets), a calculation gives the result 0‘«41,00, Let us

represent both source and detector by the same function £ (x):

£ (x)

2b = 0,64

'We can fiﬁd a function represen#ing the combined effect of the two,
r (x), by the folding operatioh: |
o
r (x) = £ (x - t) £ (t) at

- 00

Doing this integral we get the result:

+2b

Nowrtheieffect of the multiple scattering in the target can be intro-

duced by another folding operation,
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w .

2 ’ +2b
‘ 1 - =ixea) _ - o ={x-a) o
P(a) =  =——p— 8 8o r(x) dx-= %‘T e 20° r(x)ax
2uor . o / o _
- m : -

This is a straightforward integral and yields the result:

, -
-1/2(3:)

]

2%
e @ cosh (——2:> -1

P(a)‘ o [+ o

.

* a+2b (2b+a _a=2b <2b -a (_c_r._> '
+. -2 V2 FO" _2 :/ 2 o/l ‘
| ' ' 4 o<a<2b |

- a>2h

where F{t) -/—- J[ dy is the probability integral,

1}

Substituting o = l‘,C)0 a.nd_2a 0;640 ‘and using tables to get values of ‘
cosh (4ba/0’2 ) and ‘the probability function, P (a) can easily be calculated, The
result bis .shown in'vFig,,S, It is seen that the angular resolution is approxi;

ma’ceiy 1,3°,
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IV, EXPERIMENTAL PROCEDURE

A, Adjustments and Tests of Apparatus,

At the beginning of each day's run all counters were checked With a
radium'soﬁrce to make syre they were counting satisfacforily° Rext, in order
to ascertain that all protons in the requireg energy range Cbming from the
target were,counted_and.noﬂﬁng_ else, the coincidence counting rate vs, counter
voltages was measured, Plateaus extending over 200 to 300 volts ﬁére normally
obtained, A typical éxample is shown in Fig, 6, The counter voltages were
sét at fhe center of the plateau,
| In order to check'the accidental coincidence rate, the ceﬁtral counters
in the triple coincidence telescopes Werevnow moved outb of>line, This rate
- was - always less than 1 percent of_the true coincidence rate, Now, the
accidentalbtriple coincidence rate va:iés as the cube of the beam'strengfh,'
so during the actual run when the beam level was down by a factér of ten frpm
that used for testiﬁg; thé éccidental triple coincidence rate was éompletely
negligible, | |

.The cfitical paramefer in aetermining the amount of saturation 'in the
counﬁers wés the recovery time of the oseillator cireuits, This wasiméasured
by feeding in short (0,05 @ sec,) pulses in pairs with variable separation
-and height, It_was{found that.fgn'puISe heights just sufficiént to tfip the'
oscillators'this recovery time Waé about 1,2 p sec, while for pulses twice
this height 6r more it waslo,4 p sec, Since the géin of the phéiomuitipliers
increases appréximately by a facfor of 2 for each 100 volts'increase in voi—
tage,-and sinée all counters were set not less than 100 volts above the lower

edge of the plateau, one can conservatively estimate that the recovery tinme

was < 0,6 i sec,
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Now let us consider the‘dature‘of the beam to see what this‘meané
in terms of counter saturation, The modulation frequency of the cyclotron is
about 120 ¢, p.s. 'At the end.of each modulation e¢ycle the orbit of the beam
is large enough so-that it strikes the target on each revolution, This pulse
lasts for aboﬁt 100 pu sec, There is a fine structure due to the frequency of
revolution and to radial oscil).ations° If it ﬁere not for the latter one
would observe individual pulses 0,1 u sec, apart for 100 p sec, 'Actually;
one observes a group of from one to three pulses so spaced, the gréup appear-
ing once per p sec,

Because of the low counting rates, the only kind of safuration one can
'préct is that oceurring when a single count in one c¢ounter renders it in-
sénsitive for a fime’r and within T’a true coincidence occuré but is thus not
counted,

Here, fhis could only happen if both the single and the true coincidence

count occurred in the same 0,2 p sec, group'but not if they occurred in separate

groups ‘or during the séme 0.1 p sec, pulse, From this information the fractional

loss of counts AN/N can be calculated as a function of E:iAi where A; is the
observed single counting rate'of.the i-th counter in a telescope, All the Ay
were measured during each run, Normally, EziAi < 50 c;p,é. for ahy of -the
three telescopes used and led to a value of AN/N < 0,005,
| Théré was. also the possibility of aceidental coincidences between ;
true éouble coincidence in the first two counters and a single count in the

third, This effect is easily calculable if the double coincidence rates are

measured also, It was found to be < 0,5 peréent in all cases,

As a final preparation for a run; the 1/2-inch collimators were inserted

and the equipment aligned accﬁrately with respect to beam direction, The
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scattering table was mounted on pArallel stéel rails which could be displaced
or rotatedvpérpendicular to the beam, A cathetomete? was aligned with the
center line of theexmipmegt and thén the rails adjusted ﬁntil it waé centered
with resPect.to fhe collimétoréo A final check was made by photographing the
beam, In this manner the alignment could be done easily to within 0°l°°

B, .Counting Procedure,

In order to minimize possible trends in systematic errqrs,_each day*s
run of abduf ten hours ‘was broken up into-short runs of about a half hour's
duration, During one of these_NCHz,‘Nc, and Ng were measured for one angle,
The measurements for a given @)werq mad9 at different times throughout the
run, alternating with those for other values of @L'

| Thevrunning time was apportioned among‘determinations-of NCHgv Nc;_NB
_in such a way that each contributed equally to the statistical error in the

determination of N, This gave maximum efficiency of counting time,
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V, CALCULATION OF RESULTS, ERRORS, FITTING
The values of N ‘f‘or each angle were calculated using the difference

formula préviously given, From this -formula opne obtains the error formula
1/2

Aﬁ = . [Nzcﬁz(l + NCHz,) . 82‘1\'[ (1 + Nc (1 -5)?N32(1_ + Ng) :l
| CHp ng ~ np

_ni' is the dctual difference between triples and quadruples for target "i"™ while

Nj is the ratio of this number to the monitor 6omts taken simultaneously,:

To fit the data obtained in different runs, the following procedure was .

-used: The weighted geometrical mean of the ratios N (@) for runs 3 and 7 to

those of run 4 were calpulated ax_ld.used to adjust these runs 1_'.0 run 4, Then
weighted averages of the values of N for each'angle, @ calculated and the re-
svult‘invg' distributic_m _usgd as a‘_base to which éll other runs were fitted, In
doing .these‘.fit'tings,"" one obta‘ip_s‘fo'x_'mulae éf the type -ﬁi“(@) = Pj'Ni(®) where -
Pl is the _fitting factor for run i ‘and 'ﬁi(@) is the fitted vaiﬁe of N @) for
this run, ThlS process introduces a fltj:mg error N(@)A,o gince AT (@

1\1i @) (AF 2 + (,011)2 ANi((P) 2 1/2, 'AP can be est‘imated from
the statistical errors of the measurements which determine f , ’

‘ . The final results were then normalize‘d. to a smooth curve drawn thréugh

the results of Segré and co-workers, These results are tabulated in Table III



TABLE III

'R@n No. 2

. s |8 [o | o | |
. C dem§ L8 , . ME) oo
o o a—JQOS ® [Detector = B B B B | B c B c B | C ¢ =
1 |178.9d 0.239] L18|  oh422] 3771 405 393 A59| WAL WATA| 419 1146
N t,041| 2,051 *.075| £.074| %121} ¥.101| %.057| £.069 | £.023  *.64
2 1175.9 0.239 4211 341 406 .341] 446 410] 4330 12.0
: 2,071f £.069| £.,062| *.064| *.042] £.035| £.022 %61
3 [173.4 0.239] 510| 477] 91| wes| o521) a8l s8] wass] .505| Lu66| 486 13.5
| 2,043 *.053| *.038| %.059] *.064] *.065| £.067] +.099] 2.063| *.054| t.018 1.50
4L {171.4 0.240| LIT) 466|485 o380  .427) .393| 421 11.7
' z.0631 £.086| t.067| t.058| t.o40f £.036| 2,020 .58
5 | 169.9 0.240 WAL W4BL| W440 387 481 376 .508( .413| .380| .425 11.8
. ‘. t.030f .060{ *.044 t.066) £.1411 £.1021 t.093] t.073| 2.044| *.018 t.50}
7 | 165.4 0.241 405\ 3| | 409 11.4
_ : : t,052] *.042 .033  1.92
10 | 159.5 0.243| - 3531 342 =345 9.7
‘ . t,063] *.036 t,031 tf.83
25 | 129.4 0.268 .179 313 265 8.1
t,027 t.035 £.02, %73

Note: Runs 1 and 6 were for instrumentation only.

a-gz—
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VI, DISCUSSION OF RESULTS

eBy reference to Fig; 7? it is seen that the results agree satisfadtorily

‘with previous results in the region l7o° to 130° as would be expected, but show

a definite disagreement at the very small angles, Except for the value at 1740,

~the .@istribution appears to be essentially flat from 1700 to 180°, One can

hardly take'the apparent peak at 174° too seriously since the statistics do not

warraht it, Such a peak Wouid indicate the existence of a very long-tailed

tensor force, Neglecting this point, it does seem well established that there

is no high peak at 180° and fhat therefore the range ef the interaction is not

" much greater than the usual nucleon radius,

It is quite apparent that more work should be done on these measurements,

The prlncipal difficulty is in the low counting rate which is a direct result

vof the good angular resolutlon The 001n01dencevcounting rates amounted to an

effective rate of 50 per hour where by effective rate is meant N/ AN for the
day's run,  The actual rate was five times this, the losses coming from the

use of a difference method and the nece351ty of many flttlngs An increase in

’_neutron beam 1nten31ty together with the use of faster counting equlpment would

greatly aid in improving the results_ With the present intensity, the effort

involved in improving the statistical accuracy would be excessive,
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