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Polarization Param~ter in P-P Bcattering

Using a Polarized Iroton ~'~arget

(presented by' L •.Holloway)

UCRL-16866

This is a report or the results of two e):periments to measure the

1 2polarization parameter in p-p scattering.' Both experiments utilize

an unpolarized proton beam incident on a polarized proton target. 3

One experiment was performed at t,he Berkeley 184-inch cyclotron using

incident protons of 328, 614, 679, and 736 Me,r kinetic energy. The

other experiment was performed at the levatroll and measurements were

taken at 1.7, 2.85, 3.5, 4.0 5.0~5, and 6.15 GI~V kinetic energy. The

o ()
angular regions measured were from 20 to 100 center of mass; the

square of the four-momentum transfer ranged from 0.1 to 0.8 (Gev/c)2.

I. Expe:d.mental Method

The polarized proton target used in thesE~ experiments consisted of

f.our single crystals of La.~3(N0
5
h2 •24H20 ill which approximately one

142 1/percent Nd had been added. Th~ hydrogen C(llltent was about 3°/ ° by

weight and the hydrogen thicknes:3 was 0.15 ~(:m2. The free protons in Ghe

waters or hydration were polarize". by the dyru.mic-nuclear-polarization

technique4 , which for this exper:i.went inyo1vee immersion of the target

in a 1.2oK liquid helium bath in:3.1de a constal~t magnetic field of 18.75

kilo gauss. The appropriate "for'oidden" tranfitions were excited by

microwave radiation at about 71 k]I(c. A small variation in the microwav,~

frequency made it possible to rey,!rse th,= dirEction of the proton spins.

The polarization was rnonitoTr!·d by n,2asurj ng the strength of the
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proton nuclear magnetic resonanCE' :3igwLl at a frequency of about 80 Me.

This signal appeared as the chanf:e in 'roltage across a coil surrounding

the target crystals through which u. cOllstant current rf source was

applied. As the rf frequency waf GWeI>i; across the NMR frequency the absorp

tion of the rf power by the prote,ns changed the Q of the coil and henc(~

the voltage across it. Every 12 haurEl or so the microwaves would be turned

off and.the proton spins allowed ta come to thermal equilibrium. The ther

mal equilibrium polarization, about 0.15% ,..m.s then measured and used as

a calibration of the NMR detectie·n apparatus. The magnitude of the target

. polarizations for these experiments ranged frJlIl 200 / 0 to 600 /0. The direc

tion was changed every hour or so to mj.nimize systematic errors due to beam

geometry or detection efficiency changE:s.

Figure 1 shows the experimental arrangem·,mt. Elastic p-p scatterE

were detected by a coincidence in one of theLO up-array counters and one

of the 10 down-array counters. A count was s',~ored in a coded bin of a

100-channel analyzer for each event detected, as an,element of a lOxIO

matrix. The dimensions of the counterf: and their distances were chosen

to maximize "the ratio of the elastic p--p scat-~erings to the background, .

consistent with the desired angular ref:olutiojl and counting rate. r-ince

qUB.si-ela~tic scatterings of protons irl the b,~am with protons in the nuclei

of the non-hydrogen elements of the ta:rget we:'e prime contributors to the

background, advantage was taken of the fact tha.t these protons in the nuclei

~ave an average Fermi momentum of f'OO (MeV. c). The orientation of this

momentum is random, and its effect is to smea:,' out the trajectories of the

scattering particles through an angle

e '" 200 (MElv/c) P (MeV/e) .
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In addition background data were taken .rith the crystals replaced by a

dunnny target that contained hydrogen f)'ee elements simulating the heavy

nuclei of the real crystal.

An experimental measurement of P(O), at:t given energy, consisted

of storing elastic p-p events und.er cOlldition3 in which only the sign and

magnitude of the target polarization .Tere all·)wed to change. Figure 2

shows an example of elastic-to-backgrolIDd couating ratio at 6 GeV.

The polarization parameter 1'(0) j.f: relat·~d to the p-p differential

scattering cross section by

(1)

where P
T

is the target polarizatton. The d;lta were analyzed by means

of a least squares fit to equatton· (1) a:t'ter a proper background sub-

traction was made.

II. ResuJts

The results of the measurement aTE shown graphically in Figs. 3

through 5. The error flags indics,te ftatist:~cal counting errors only.

In the high energy data a relative systematic error (RSE) has been indi-

cated which includes the error artE'.ing from the thermal equilibrium

polarization measurement and a non-uniform taj'get polarization correction.

Figure 6 is a plot of the maximun polarizatioll as a function of beam energy.

III. Discussion

A Regge pole model of elastic p-p scattering predicts that in the

limit of high energy the polarization parameter is given by
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Here S ia the total energy squared and the Expression is to be evaluated

at a fixed value of the four-momentmn transfer t . and ex
n

are the

positions of the Pomeranchon and its nearest neighbor at low momentum

transfer. Figure 7 shows a fit to the slopes ~f~~~ ~~ While the

fits are not too good they certainly do not djsagree with the Hegge

hypothesis. If we assume the leading pole is on the Pomeranchuk trajectory

then the interfering trajectory seems to have a value at t=O of about

0.25 ± 0.35.

It should be pointed out that we are certainly not in the "asymptotic"

energy region and should not expeet perfect agreement.
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This report

sponsored work.
mission, nor any

was prepared as an account
Neither the United States,
person acting on behalf of

of Government
nor the Com
the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa
ratus, method, or process disclos~d in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor

mation, apparatus, method, or process disclosed in

this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee

of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.


