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BXPER IMENTS WITH HIGH ENERGY POLARIZED PROTONS
0, Chamberlain, E. Segre, R. Tripp, C. Wiegand, and T.4Ypsilantis

Radiation Laboratory, Department of Physios, University of California
Berkeley, California
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There have been recent repox'l:.slt2 on high energy polarized proton
beams and their scattering properties. We also have been'acattering
protons in the Berkeley oyclo{;ron and 1nvest§.gating their polarization
by double socattering experiments and we wish to give at this time a
progress report because the deta so far collected appear of interest.

The beam is polarized by scattering on target A of beryllium or
carbon (Fige 1) and is deflected by a steering magnet into the shielded
experimental area (cave).

The engle of scattering\y in & horizontal plene and at target A
varies between 17° and 20° 'in different experiments. The energy Eg of the
primery beam is 340 Mev. The scattered beam follows an orbit as drawn in
Fige 1 end its energy is approximately EsE, cosz\y as if it underwent an
elastic scattering on a free nucleon, E is measured by e range determina=-
tione

The following experiments show that the beam between targets A and B
is polarigzeds A second scattérer By, in the cave, scatters the beam by an
angle @ ¢ To completely define the direction of the scattered beam we
need also an engle § between the plene of the incident and scatbersd
beam and the horigontal pléne ix; which \I/ has bsen measured. For a given @

the scattered intensity I is e function of é and we oall

o(@)=[1(P=0) -1 (@.-1800)] /[1 (P =00) +1 (<I>-1ao°)] .
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Using targets A aﬁd B of ocarbon, measured values ;f I at () = 15° are
s followss I (P = 09) = 134.1 £ 4,0; I (P = 90°) = 101.8 £ 3.7;
I (= 180°) = 69,3 2 4,3; 1 (= 270°) = 104.7 t 3.3 from which e = 0,39 = 0.04
and [I (= 90°) - 1 (&= 2700)] /[1 (B=90°) + 1 (2= 270°)] = 0.01 % 0.02,
which is & satisfactory check indicating that the polarigation is a real effect.
When liquid hydrogen ﬁas_used as scatterer B we found that e(4%), where
1% is the scattering angle in the c.m. system, is given by the cuive of Fig. 2.
It will be noticed that e(90%,.m,) is consistent with zero as it should be
for reasons of aymmet;y. These checks and an accurste study of the align-
msgt, geometry, and_oounter properties, which we do not now report, have
‘oonvinoed us that the polarizetion effect is real. Furthermore we have
checked that the external beam extracted in the ordinary way shows no
esymmetry with either hydrogen or carbon as target B. (This confirms the
fact that our p=«p scattering experiment33 were not influenced by polariza=
tion effeots,) ;

The absolute intensity of the polarized beam entering the cave was

approximately 2 X 10° protons per second over an area of § amz.

In order to use the polerized be§m for quang;tative measuremsnts we
would like to know its degree og_?olhrization Pa= (F* - F_)/'(F+ + F)
where F, is the intensity of the protons with spin up or down roapezzively.
If the soatterings in targets A and B were elastic, and the tgrgeta were
of thg seme meterial, and 1f-CT equals \Pf, then P equsals V;-at least
approximately. (We neglect the degradation of energy.) At present we
have no completely satisfactory way of knowing the degree of polarization

of the beem.
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A curve with tergets A and B of carbon is given in Fig. 3. This
curve is obtained with an absorber in the telescope which would cut off
protons with an energy smaller +than 3/4 of the energy E oosz() which
would obtain in em elastic nucleon nucleon scattering. It shows that at
30° the polarization is sufficiently small to have escaped Marshall,
Nedgel, and larshall. :

Since in the case of carbon a large part of the scattering might be
inelastic, especially at large () s it is important to investigate e not
only as a function of 69 but also of the energy of the protons detected.
We have started thisiinvestigation by taking messurements with various
energy cutoff velues by inserting various absorber thicknesses in our
counter telescope et (J = 15° and 9%, In each case the lowest energy
group of soattered protons (0 to 210 Mev) shows no observable asymmetrye.
For ) = 15° the intermediate energy group (210 to 280 Nev, quasielastic’
scattering) gives la;ge psymmetry with e = 0,37 % 0.04, =aud the elasti-
cally scattered protons (290 Mev) indicate e = 0,45 £ 0,04, For &)= 99,
the elastically SNt tared protons show e = 0,43 £ 0,02,

If the ﬁeam polarization P were known, we could determine the
pelarigetion in scattering by hydrogen PH from the relation oy = P 2H.

If we tentatively assume that e, = p2 (even though the carbon scattering

C
is not elasﬁc) then we obtain from the data for ‘Y = @ = 20° the result
P w» 0.5, and Py = 2 eys This allows a provisional interpretation of the
date of Fige 2., Quite aside from thé absolute value of Py, its angular
distribution is given in Fig., 2 and this indicates a more complex
dependence than the sin (21%) dependence obtained by considering only

s and p=waves,

This work wes done under the auspices of the Atomic Energdy Commission.
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Fige le. Plan view of thg experimental anwxgement showing the angles \I/ and
@ at the first and second targets. The angle @ » measuring rotation
of the apparatus in thepoave around the beem, is equal to zero for the
configuration shown.

Figs 2. The asymmetry parameter e plotted &s a function of the center-of-mass
scattering angle Qy'for proton=proton scattering at target Be. The
errors shown inélude'only counting statistiocs.

Fige 3. The qsymmetry paremeter e plotted as a function of the laboratory
angle 8 for scattering.from a carbon target at position B. Differeat
absorbers were used in the counter telescope at different angles as

outlined in the text. The errors shown indicate counting statistical

errors.
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