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Using the Befkeley éolarized-proton target, we have measured the
pola.i-ization parameter P(8) for proton-proton (p-p) s_c:a.tteririg.' The meas-
urements were ootained at beam kinetic energies of 0.330, O. 680 and .
0.740 GeV at the 184-in. synchrocyclotron and 1. 70 2.85, 3.50, -.OO, 5.05,
and 6.45 GeV at the Bévatron. The angular i'egions measured were from
20° to 100° center of maés; the square of the four-momentum transfer ranged
from 0.4'to 0.8 (GéV/C)Z | |

By means of copper absorber, the external cyclotron beam was de-
graded from the maximum energy of O 74 GeV to the minimum of 0,33; the
Bevatron ex‘cgrnal proton beam was spilled at various times during the ac-+
celeration 'cycle. The manner in wyhich these beams were formed makes it
unlikely that they contained any significant degree of polarization, and the
symmetry of the arrangement was such that no component of beam polariza-

tion normal to the scattering plane would be expected.



2o ] UCRL-14440 -

-1, EXPE \IME’\ITAL \/.L,TI-*OD

- For these expenments, the target conslsted of a 1-1nch cube of

La Mg3(NO 24 H O, with approximately 4 percent of the La replaced by

3)12

Ndiéz, The hydrogen content was about 3% by weight and the hydrogen thick-
ness wé.e 0.15 g/cmz. The free protons in the crystal were polarized by the'
d«,.rna.n:d.c4-nuclear.--oriex:n:a.t:ion‘1 technique,' which for this experiment involved
immersion of the target in a 1,2°K liquidv helium bath ix;side a conStagt mag-‘ '
netic fiéld of 18.75 kilogaués (kG). The appi;opriate "forbidden" tran;‘itions
“"were excited by microwave radiation at about 74 kMc. A small variaé:ion of
. the microwave frequency made it possible to reverse the direction of the pro-
.ton spins, ' ' . - ' » . :s

| The polarization was éontinuously monitored- b)'r meashring the%stzength
- of the proton magneti'c resonance at the fréqﬁency v = 80 Mc., At apz%’i-ox-
imately 42-hour intervals the spin system was allowed to come: .1nt.o therma.l

equilibrium with the liquid helium bath, Measurement of temperature and

L4
5
)

signal strengfh under these conditions gave the.scale factor necessary for as-

signing the absolute polariza.tion values :,(
The magnitude of target polarizations for thesn experiments ranged
from 20% to 60% ; the direction was reversed about every 45 minutes_i:o miﬁ-
ii‘nize_ syétemétic error due to variations in beam geometry and detecil_ién ef-
' ficieﬁcy;. . ) |
Elasfic p-p scattering events were s;aparated kinematically from other
events by counting protons in coincidence. Ten scintillation counters in an
u;&pier, array were placed to catch the conjugate protons (F‘ig. 1). Acceptable
events were required to satisfy the criteria: (a) éoincidence in Dd’ D D U

{b) one and only one of the counters ag - Ggi and (c) one and only one of the

counters ;30 ;39 Each event detected caused a count to be stored in one of
o . . ! i

H
i
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100 channels of a pulse-height analyzer, the address being determined by the
particular comBinatio:; of o and B cox.mtei-s. | '

The backgroundvcou‘nting rate was continuously monitored bf the coin-
cidences between upper array counters and lower array counters for which
elastic p-p events were kinematically impossible., In addition, data were
.taken with a dummy target that coﬁeisted of elements similar to vthose.of the
crystal but with no free protons, . In this Qaf the backgfound caused by quasi-
elastic scattering from the nonhydrogenous materials could be evaluated.

. . Figure 2 shows the magnitude .of the elastic-to-background 'counting ratio for
one case (6 GeV). |

The lower limit on momeﬁtum transfer for which polarization could
be measured was determined by the range of the re;:oil protons that could
reach the lower ‘counter array. The upper limit was‘ set both by the decrease
in the differential croée séction and svpace r'estrictio-ns imposed by the magnet

yoke. p

The polarization parameter is reiated to the p-p differential cross

section by
de} - _{ deo ) . o , . -
57 =\ [1+ POIPL]. - - (1)
4 pol " “unpol , : ,

where ‘PT is the target polarization. -The data were analyzed by means of

a2 least-squares fit to (1) after a proper background subtraction was made,

II. RESULTS
In Fig, 3, the measured values of P{6) are shown as a function both
of center-of-mass scattering angle 6 and square of four-momentum transfer
for each of the incident-proton energi.eé. Our data at 0,330 GeV are compared
with those of Chamberlain, Segre,. Tripp, Wiegand, and Ypsilantisz at 0.345

GeV, obtainled by the usual double-scattering techniques,
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In addition to the random errors ascribed to counting statistics and to
measuretnent of the strength of the proton n:xagnetie resonance during the run,
there were the followmg systematic effects A systematic error common to
all angles and energxes is due to error in measuring the strength of the _pro-
ton—magnetic-resonance signal at thermal.equilibrium' and in measuring the
temperature at equilibrium.

The data must be corrected to account for the fact that the target crystal
is nonumformly polarized This nonuniformity is due to the presence of tem-
perature gradients within the crystal, radiation damage in the region of high
beam intensity, and limited penetration of the microwave radiation to the in-
terior of the crystal In order to estimate the size of this correction, the var-
iations in beam density and detection efﬁciency of the rf system across the
crystal were folded in with an assumed distribution of target polarization, These
results were 'compared with data taken with a 1/4-inch-diameter beam spot ir-
ra.dia.ting_g.r various portions of the crystal. For the runs at 1.70 to 6.15 GeV, a
15% positive correction was made to P{8) and a 10% systematic error’is due
to this effect, |

For the runs at 0,330 to 0.740 GeV, the thermal contact of the crystals
to the helium bath was improved and the rf-detection-system sensitivity made
more uniform, so that the correction was estimated to be less than 4% and was
not applied to the data. The insert for each plot in Fig., 3 gives the total sys-

tematic error for that energy.
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III. PISCUSSION
Calculations based on Regge poles have given expressions for proton-

proten polarizatiori in the limit of high energy and small momentum trans-

54 Consideration of only the Pomeranchuk pole and the nearest neigh-
(a_-a)
boring pole that communicates with the (pp) system gives P 5 P

fer.

/'\,d

[large s and small fixed (-t)]. Here t is the square of the fbu.r-moment'umf
transfer given by t = -Zqz(i - cosfl), q being the c.m. momentum;i s is the
invariant mass squared, s = 4M2 + 4q2; °p and o, are the positions of the ’
Pomeranchon and its nearest z;eighbor at low momentum transfer. Po}.arization
is shown for (-t) = O.VZS (Cxe\.f/c)2 in Fig.'. 4, The ppint at 8 = 20.3 (Ge,V)2 is
from reference 141, As svhown in Fig. 4, there is not a good fit to any power-
law behavior; however, it is not clea? that these measurements can be con-
sidered asympto.tic in energy. |

‘Figure 5 shows the variation of maximum polarization over a2 range of

4.5 decades in incident beam energy. The values shown below 0.30 GeV are

representative of several measurements made in this region,
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of 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 disclosed 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.





