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ABSTRACT

A tritium target was bombarded vith 5 m.s. pulses of 6,1 Mev
deuterons produced by the Los Alamos Variable A ]ftron.
A collimated beam of 22.5 Mev neutrons from the reaction
wes directed into & 3.2 liter liquid hydrogen bubble chsmber. The
resulting proton recoll tracks were photographed with 90° sterec-
photography. Film scanning, date reduction, and uncertainties
in the measurements are described. The measurements cover neutron
scattering angles from 60° to 180° in the C.M. system. The measured
differential cross secticn in the C.M., system can be written
Q0/40 = A + A,cos”0, where A /A, = 092204,
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I. DWIRODUCTION

Accurate date on the n-p differential .seattgrmg crogp seetion at
&m’t energies are neeessary in order to specify the form of the nucleene’
nucleon interecticn, and to choose betveen the varicus potential functioms,
Although the correct potemtiel functicn must also sstiofy the deutercn
binding energy and electrie quadrupole moment, and the n-p singlet and
triplet scattering lengﬁm, all of which are knowm from independent meagurew
ments, it has not, thuo far, been possible to isolste it from all the
. possivilities. hxtémd!ste encygy measurements of the n«p difforential
sosttering cross secticn have been meds both t lower ensrgies (14.1 Mev'
and, 17,9 #ov7) and st higher encrgies (27.2 MevS and 28.4 Mev') than the
reaswrenents reported here vhich are at 22,5 Mev, The present measurements
were méde vith o 1iquid hy@rogen budble chamder, and ere somevhat more
Wwwmwtsinthuémrwm&e.

IX. THECRY |
The differential scattering cross section can be writien in the form

da/dﬂuno-rﬂlcoae-o-l\emae | (1)
vhere 0 is the secatiering angle, All measurements in the intermesdiete
energy range heve shown 49/d<) to be symmetric ebout 90° in the C.M,

system, within the accuracy of the memsurements. This implies thet A, is
. zero, or very spall. We write the scattering emplitude as’

2(6) » ¥ + g(6) (2)

where T is the spherically eymmetric S vove scattering, If the result
for g(0@) 1o ealculated using the Born approximation, and is expanded in
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a power series in kr, where kv << 1 for k corresponding to 22.5 Mev and
r is vithin the range of nuclear forces, we obtain

=

. .
&(e) :Eﬁ. cos © f v(r) =t ar | (3)
o _ |

fo
£ is the vave mmber of the tocoming perticle in the C.M. eyetenm, r is the

separetion dietsnce of the particles, s is the reduced msss of the particle,
4 48 Plonek's constant divided by 27, and V(r) is the intersction potential,
e anguler depeadence of g(0) is characteristic of a P wave scattering
amplitude. The term A, cos” 6 1n Eq. (1) 16 related to the singlet g (6)
end the triplet g,(0) by |

A cos® 6 o % gta(a) ¢ %ﬁ- 332(6) | ' (%)

_i:msaaeemmmmrgyofmmm 16 known, and was not meesured in

 Tos loo Alowos Varisble Fnergy Cyolotron wac pulsed to produce 5 m.o. .
burate of 6.1 Mov deuteroma, These vare i}’/m?@ & tritiun~gns @get. |
The reoulting e2,5 Mev noutroma from the reaction were colllosted
by phasing through twe coniemleshaped holea (apexss adjoining) in a 30" |
long block of steel, The 3,2 liter )iquid hydrogen hubble chember wus
lcestod At the far end of the collimter. The cxperiuental Wﬁt
io shown in Pig. 1. Pulsing the cyclotren was sccauplished by means of
6a arc modulation eircuit, and hed the diitional edventage of producing
‘a gufficiently low hackstmmﬂ that persocanel could work inm the vieinity
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of the bubble chamber, |
The bubble chexber end ita cperation have been descrided previously.®

As ® neutron spectramster, the bubble chamber has an enorgy rescluticn in

the zero to 30° forvard cone st 22.5 Mev of .65 lov, vith e background

in e vieinity of the peak of ebout if. To obtein meximm aceuracy in

| ' phy 1e used with two

messurement of the proton recoils, 90° sterecphotogrs
Recordsk microfilm camsras vieving the chamber from above and from the side,
A reduction of 16 to 1 s used in these cameras, the large value being
‘nece'sae.ry to minimize the variat;m of dmmiﬂc&tﬂ.&x 201003 the chanber,

60 88 to facilitate identificstion of sterco-pairs,

IV. DATA REDUCTION
hawmwmkeraymmasmmtedmmcouwm@muas'
recorded in the 90° sterecphotogrephy system, it wvae mecessary to construct
@ specisl miercscope. The microscope anmd the vigual pregentation of
either view of the chambder by means of light-hlooking levers, which meant
mtmmcmwmmamomwsmmm
'mfmwtwmmumzmm@m.mmx
angle. The microscope gserev positions were sensed by brush-type encolers,
and the resulting digitel information was put cn coxrds by en IBM sumery
puch, Al) measurements were autematically recoxded on IBM cards by de-

pregsing a foot pedal,

Since & track messwrement mmtedoff@urthwthefow‘euﬁ-'
polats; plus a measuwrement of the reference origin, it was necessary to
comdbine this information for pregentation to an IEM T04. This was aecemplished
by mesng of an IHM 1401, The 704 them performsd all the necessary couputa~
tims to cbtain the energy and directiom of each track, In addition, calcus
lations vere made. to #ind the oterting point of each track, as vell es the
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Mmmméhwcammvim. Those quantities were then
used %o Getermine suy possible asymetry in the visible regicn of the
bubble chanber, |

Polloving the computation of the angles and energles of all the tracks,
the data were run through a sorting code which separated it into 5° inmtervals,
end 6160 1nto 0.2-Mev energy intervals within each sngular interval, The
dsts falling cutside @ given fiducial volume for the track starting points
. were rejected by this code, %his latter volume was always less then the
wolume scemned by the reader, so that sdge effeets in scanning oould be
eliminated, Although 6000 tracks were rejected out of a total of 12,000
which vere reed, in arder to eliminate bias, it wes still necessary to
correct the finn) regsults at emall engles £or longeyenge recoils vhich
 jeft the £ield of viev, MGcmummwwmmamtzmof
‘angle by the use of a Monte Carlo calenlation, Thats calowlaticn, which
took sceomt of the gecmetry of the chenber sad of the meutron source,
used & semtempirical differential cross section dus to Cenme1, T which vae
considered sufficlently acourste for the correction. The correoticn amounted
d measuremant at the forvard proton angles,

'i‘n«.
and fell to a few percent et the larger angles., Uncertainty in tho voluwe
in the £inal result et small proton angles. A new £ilm viewer nov in use
for sconning bubble chmmber photographs will reduce this difficulty ia
futwre werk, by allowing pore efficient scamning of o smaller volume of
the charber, |

The tracks which were not dlscarded by the sorting code vere then
plotted for each 5° interval. An example of cne of these plots is shown
in Fig. 2. The total nwmbar of trecks under the peak, efter @ sumll backe



groumd correction i mede, §a propartionsl to the Giffersntiel ccattering
. eross section, The backgrownd was obtained by dreving 6 symmetrie eurve
mmm,MmMWMemmem@ side which
vere shove this cwrve, The romaining nwber of tiacks was then 1dentified
with the s0lid angls in the O M, system which corrwspunds to the 5° dnterval
in the lahmtm'y systen, .
" V. RESULTS |
o best Jnear function of cos®d vhtch £1t the muber of tracks
. ebaarved 10 sach of twslve 10° €M, sngeler Intervals was dwbermtned by the
method of lest squares. Tuis deternined the ratio AJ/A, to be .092¢.04.
The total cross section was then normelized to 425 200 for 22.5 wev,
sosuming the capture cross sscticn to be negligidle. This gave A, .
32.8 m.b./staredian, and A, » 3.03 m.b./otersdian, The data do not extend
veyond 60° C.M., due to the short length of the recoil proton tracks at
smeld nentron seattering sngles, The protons observed nt neutren angles
legs than 60° ¢ C.M, have eperates belov 5 Mev wnere the sesnning efficiency
ig knowm to fall below l.e%. |
mmzmmmmmmmammmmm X end in Pig. 3,
 elong vith the results of previcus authars at M.l Mevt and 27.2 Mev. The
" Gsshed line n Pig. 3 46 tho semiempirical thecretiesl curve Gue to Cammel,!
and 1o shown beesuse 3t was wsed in the Momte Carlo calewlation to correct
*;l;w dats for long-range recodls which left the €ield of view, For this
curve, the ratio Ao/Ag 40 spproxiuately 6.13.

 We vich to acknowledge the assigtance of I, lowis Rosen, . Bowerd
Bryont, Mr. John Weotcn, and Mr. Ray Rylander. The careful film scanning
by Mickey Gibsom, Mildred Schrosr, Virginia Stovall, and Miriem Woodward
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is apmmtéd.' The cyclotron persmﬁe; are also to be complimented for
their akill in operating this machine, '
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Tebile I

. .M. Augle

nep Geattering Data

a {1) Statistical Exrver
(aegrees) (varno/ster.) (%)
173 35.9 12,0
165 . 343 7.5
155 3.0 5.7
S5 37.0 4.7
135 35.6 b3
T 3.7 4.0
15 o 2A k.0
- .305 32.2 3.8
95 33.2 3.7
85 32.7 3.7
15 32,6 b3
65 333 5.
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Pigure Captions

Pig. 1. Plan view of the experiment, showing cyelotrom, tritium target,
. collimator and bubble chamber locations, |
. Pig. 2. Recoil pu-otonaﬁcawéi-ed fnto the angular interval 15° to 20°,
. plotted as a function of energy.
Fig. 3. The differential n-p scattering cross section at 14,1, 22,5, and
272 Kev. The dats at 14,1 sod 22,5 Mev are taken from Ref. 1
aé@ 3, The dashed line is the semiempirical theoretical curve
by Cammel, Ref, 7. The erroro indicated for the 15.1-Mev data

- and the present data are the statistical erroras oaly.



SERVIGE AREA N A\

\

Mty

R BN - %
N\ , L1
/] PUMPING \ , % O ‘ QU
‘s ﬁf N\ EXPERIMENTAL 7 SHINAIS
g \ VAULT \Q | gl = ///
4 1 NEUTRON TARGET NN\ - ! ;
| N \ |
N7 CO\SYLPHON (s?aoneﬁ %\589&@%—- y
é BUBBLE \\{RCSLLIMATOR FOCUSING RN\ J = Y- 4
% CHAMBER \ ' LENS \\ .
N
¢ \ 2 .
Z N 7
? ¢ 7 \
’ / - 7 / 7 X )
/ i \
-y =18
g A T T
2 CONTROL ROOM
%7//////////////7 > :



50° (LAB)

ol

i

I ] ] 1 i

L
Y
o~

<
¢

I ‘
N vo) O o < (o)
wn < < N oV -

AVAY3LNI A3W 20/ SHOVYL

26

|6

“En (MEV)



D

o (8), BARNS/STERADIAN

.06

Ol

——BEST FIT TO DATA

i — _ _GAMMEL'S CURVE
14 MEV
22.5 MEV
27 MEV
! | ! 1 1 J
180 150 120 90 60 30 0

NEUTRON SCATTERING ANGLE, C.M.





