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. ABSTRACT

The ‘Wolfenstein A parameter for proton-proton scattering is measured
~ for three angles at an ircident laboratory energy of 316 Mev.
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mTRonncmoN v

This report is a description of the last in a series of measurements :
performed at Berkeley on the proton “proton system at 316 Mev. The object
. of this experiment ie to obtain information concerning the scattered spin
polarxzation when the initial polarization is along the direction of motion
. Three scatterings are therefore required. the first and last act as polarizer
- an& analyzer, by means of which the unknown parameters of the second scate.
: tering are to be determined. In this way we are.able to measure another
L "inﬂependent parameter of the proton-proton syatem. denoted by 1¢1|To].£enstem.1
as A(a) . R S e
; S To obtain a longitudinal component of polanzation it is necessary to
| employ an auxiliary magnetic field, since the polarzzatxou produced at the
’ firat target is perpendicular to the plane of the scattering. This requiremeut
' .may be compared to the conditiona for the other two triple-scattering experi-
L ments already. performed at this laboratory. namely the measurements of the
D and R parameters‘ 2. These are concerned with components of the final
A polarization when the initial polariza.tion is perpendicular to the directmn oi
'*motion. - : - . ‘

THE POLARIZED BEAM

‘I‘he polarieed 316~Mev proton laea,m3 was- produced by a 13 left elastic
- scattering of the internal circulating beam of the 184 «inch cyclotron from target -
| No. 1, of beryllium. The polariaation vecf:or of the first scattered beam, <‘...> 1’
is directed. upward, perpendicnlar to the: plane of the scattering, and has the

' 'magnitnde P ) = 0.69 & 05 The beam is brought into the experimental area

u‘
S
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| {cave) through a 2 <inch-diameter collimator at a rate of 3 x 106"ﬁparticles per
o -éecond. Here it entera a horizontal magnetic field which deflects it upward

‘by an angle Q= 28, 4 . Figure 1 outlines the experimental geometry in the
'cave. When the beam emerg,es ‘from the magnet the polarmatwn vector iz no .
longer perpendicular to the direction of motion, but has been rotated backward
»through an angle x, in the' vertxcal plane. Consequently the beam has acquired
,va longxtudmal camponent of polanzation equal to -P 1 sin x, with respect to

?,the direction of motion.

That the. angle X. is different from zero after passage through the honzonta.l

. 'magnetic field is. due to the anomalou,s pa.rt of the proton magnetic moment. -

The following formula. derived by Garren4 and contained in the work of Mendlowitz
'a.ud Case, 5 A_giyes‘ the rgla:tion between x and a as defined in the previous para-

‘graph v : R S -
. X a_y(p. - l)ﬂ. . ‘ o | - (1)

' Here. Y repreaents the relativietic mass increase and p, is the px"o'ton magnetic

| moment in units of the rmclear magneton.. ‘For 316 2 10- Mev protons and

u_,Q 284 &0255. x has thevalue 66 5°=|=0‘7°

PSPPI : sCATTERmG'GEOMETR-i |

: The dlsposition of the second and third acattering planes is descnbed

\ 7‘,-.;below and depicted in Fig._ _l Proceedmg upward from the magnet, the beam

, ’_encmmtere the aecond target. composed of 1. 13 g/cm?‘ liqmd hydrogen. We

fix our attention onprotons that are scattered at an angle @, in a plane w,,
which is perpendtcular to the vertical plane pa.umg through the deflected beam.

' Theae ecattered protems are allowed to scatter again at the third target, in a

, plane tr3' chosen perpendicular to ", and conta.inmg Targets 2 and 3. The’
third or analyzing target is composed of berylhum and located 4 ft. from the

xhydrogen target. By meaaurement of an asymmetry after the last scattering,
-the component of ecattered polarization at right angles to the plane w3 is deter-
--~mined. and thereby the quantity A, ' '

The rclation between the measured aaymmetry at the third target and the
parameter A is got from Eq. 1. 4b of Wolfenstein: 1

2 <~9~>z "8 = Izo_ E‘ <£>1 - Xy tR <9~>'1 ' (,‘Ez. x}:zﬂ (2)
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The subscnpt refers to the particular scattermg. 80 that IJ and IjO are the
S mtensitiea out of the jth target for polarized and unpolarized incident beams

' ‘_‘reapectively. and kj and k' are the unit vectors in the incident and outgomg E
:fdirections. res;:ectively. A system of coordinates is defined for the scattered

.'v’particiea at any target by the unit vectors. ho kj' V‘i.!' where 2y = kj x k'/'k x‘E;,,

R and j wéé X kj‘ The symbol 0‘ 13 represents the polarization
L ';produced at target No. 1 but rotated in the hoﬂzontal magnetac field, whereas

@ )Z is. the polarization vector. of unknown chrection and rnagnitude, after
: acattenng at targei: No. Z.> For the geometry choaeu. <0’> is perpendr.cular
-:;:to {32 x&z. which means that the effect of the parameter R does not appear,

""Since we wish to rxféaaure the component of <o >Z along. the du‘ecnon S0 the
ana.lyzing plane is’ chosen perpendicular to 8, and therefore perpenchcular to
”v"%plane of second acattermg.» ‘I‘he scattered intensity eut of tb.e third target

" *' - 13"130“+ <0>2 w._ 3l o <

, Let 13 (:l:) deuote the intensity when hg is parallel to + 8 w»Z' then the asymmetry

R at target No. 3is defmed to be .

[13(3*)-13( ):]/E (+)+1 ( ):] <£~ z'iﬁz N (4) |

': If we insart Iz = IZO (1 + <o>l . nz 2) in Eq. (2) and use the geometncal

- £aeta. <~>I - kz = -P sin x and <t§‘>1 =t Pl coa x, we obta.in the follow-
S mg expreaaion for e3 . j‘ P R . o o
. The % refers to left or rightal acatter from target No. 2.

‘ ‘I‘he parameter ‘A may he related to the coefficients of the proton-proton
scattering matru:, a8 given in Ref 1 The re3u1t7 is

‘% The directxons denoted by left or right are- those that would be discerned
by an observer moving with the ‘beam incident on Target 2 and oriented with

s respect ta the perpendicular component of polanzatwn.

.
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I}&A = Im C* (B +G-N) co;,‘ e/z +

--1/2 Re \:(N H) B*+(G N)*(N+H)J sin 0/2, . (6)

where 6 is the c.m. acattering angle. and Io is the unpolanzed differential .

croag section. In this expressmn. relativistic corrections are neglected.:
s may be noted that another geometry is available to measure A besides
the one employed here.} It involves magnetic deﬂection in the manner described E

above. but the second scattering takes place in the vertical plane, while the

ana.lyzmg plane is again perpendlctﬂar to the plane of second scattering., To ,}
eliminate the parameter R from the picture a magnet’ sufﬁcmntly powerful
to rotate the spm through 90 must be used.

. EXPERIMEN_TAL DETAILS

An ionization chamber was placed before the entrance to the deflecting

- magnet for the pnrpose of rnonitoring the polarized beam.. Four plastic scintil-

lation counters connected in comcidence. together with their associated

o electronic circuite. were used to record the deau-ed events. "Two of these

- counters, called A and B, each having the dimensiona 3 by 3 by 1/4. inches,
were placed between targete Nos. 2 aed 3 to define the second scattered beam.
Counter A was at the midway point, while B formed parﬁv of the third target.
The Last two counters. la.beled 1 and 2, were placed after target No. 3. The
distanc;es of Counters’}.and 2 from Target 3-were 25.5 and 33 inches; their |

' dimensiona were 2.5 by 8 by 3/8 inches and 3 by 9 by 3/8 inches, respectively.

Between the last two counters was located a variable amount of copper absorber
ior the purpose of reducmg inela.atic scattering from the third target., When
‘Counters A, B, 1, and 2 all fire within apyro:dmately 3x10° -8 sec of each
other. a tripleoacattering event is said to have occurred. The four counters
and target No. 3 were mounted ona supportmg frame located behind the
hydrogen target. v

The followmg quantltiee muet be known before A may be calculated from
Eq. (5): €34 Plps, PIPZ, and Y. Determination of €30 whxch is the
primary experimental quantity, involvee measuring the A-B-1-2 counting rate
with the hydrogen target in’ olace. and then replacing the target by a blank and
measuring the background counte arising from scattering at the vacuum-jacket
windows. In addition, background arieing from accidentai coincidence events
was measured. Table I gives the relative magnitude of the backgi?ound effects.
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Tablel

Rela‘.vtiw»r'e; veines _of;viiackgr»onnd and effect,® .

gl - Mbmgec"' Rp/Ry  RyRy
. Qz : Lo . , ) ST . : ‘ L
18® - ear 0.07

36°. T 0.04 S 0.026

_‘ a ’RB = blank counting rate, R R = a"cc'idental counting rate, RH = counting rate ’.
vm:h the hydrogen target in piace. The third scattering angle. 93. has different
o values for each ®,. These are listed in Table 1I. ' - S '

L «, . o ' . '
s N . . . h . °
'

’ '- The £actor Pl P3. Awhich may be called the calibration asymmetry. was
L determined separately at the end of the rui’i* The procedure used was as fouows.
L . The hydrogen target and deﬂectmg magnet were removed from the cave. The
| , = supporting frame was. then lowered so that counters A and B were in line with-
' x . | the vundeflected polarized beam. The frame had also been rotated in such a
S f‘v _'maaner that the a,nalyzing plane was paranel to the plane of the cyclotron. ‘The’
o ) -bea.m energy was degra.ded to a value corresponding to the energy of a proton -
"-'after scattering from hydrogen at one of the anjles used previously, Under
' :f',;t&semrcmstaﬁ:mn asymmetry was measured at the beryllium target which
- .19 equal to Py P3 for the required expenmental conditions. -
Py z was calculated from pregiouaiy known information on the beam
: polarization and from data £0r PZ' the hydrogen polaruanon function. .
v Knowledge of the beam ‘energy and the angle ‘of deflection, £, enables
' one. to compute ¥. The angle @ was determined by locatmg the deflected and
_undeflected beams by use of photographic films and measurement of the angle
between them by use of transits. This method checked quite well an estimate
- . for Q got by constrnctmg a current-carrying wire orbit through the magnet for
‘ther gven value of the field
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RESULTS

The parameter A was determined for.three values of the second scattering
angle @2 (l1ab. ) equal to 11.8°%, 24°

for a left and a right scatter from hydrogen. This procedure provides a check

, and 36°. The last two points are averages

on the réliability of the data; mechanical limitations, however, confined. measure-
“ment of the 12° point to a left scatter only. Figure 2 shows the experimental
values of the parameter A plotted against the c.m. angle 85 while Table IL

gives values for the per%‘nent experimental information,

%,

Table II

. Experimental quantities for the A experiment.

6, (c.m.) 25.4% +3:6° 51.36° % 4.5° © 76.26° £ 4.7°
0, (lab.) 13.85° = : 12.25° : 19.9°

Target 3 2 in. Be | 2 in. Be 1 in. Be

e, left -0.155 + .028 -0.018 + .028 0.129 + .034

ey, right . . 0.025 # .032 -~ 0.103 % .034

P,P, 0.543 % .021 0.515 + ,022 0.537 % .027

P, 0.335 £ .025 0.317 # .025 0.142 + .025

A (average) -0.339 % 064 0.007 £ .045 ©0.236 % .050

The quoted errors in eés, PIP.3, and PZ are expressed in terms of standard
deviations. The spread in §, is due mainly to geometrical resolution, with
some contribution from multiple scatter in Target No. 2. Values of Py are

extracted from Ref. 8.

ey

The uncertainty in A was calculated by combining the errors in the various
measured quantities, - The errors listed for €3 and P1P3, although pre.dominaritly
due to counting statistics, include a contribution from estimated false asymmetries
vin,duced by misalignment in the zefo-setting of ‘®3. Misalignment contributes |
approximately 15% to the total error in A at the two smaller angles, and about

5%at the larger angle.
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At the time fo this expériment the first stage of a phase-shift analysis on
the proton-proton system at 300 Mev had been completed. 9 Reference 9 reports
28 different relative minima, 10 which together with six found later gives a
total of 34. Six of these gave' a fit to the expérimental data (not including the
‘measurements reported here) that was satisfactory for a solution. However,
only one of these six solutions was in reasonable agreement with the results
of this experiment, |

Continuation of the searching with the A data incorporated into the phase-
shift analysis gave rise to the following effects. First, the total number of
minima was reduced from 34 to 19, which diminished considerably the amount

-of additional searching required. Furthermore, of the six solutions that had
previously been considered satisfactory, only the one mentioned above remained
essentially unaltered. Four of the others changed materially but remained
good solutions, while one was modified in such a way a'svto provide a poor fit

to the experimental information.
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LEGENDS.

Fig. 1, Perspective drawing of the A experimént geometry. Not to scale.

N

The circles labeled 2 and 3 represent the hydrogen target and the analyzing
target respectively. The first scattering inside the cyclotron is not
shown. The plane labeled LY is the vertical plane containing the deflected
beam, while the planes LPY and w, are, in order,‘ the planes of second and
third scattering. The planes oy and w, are perpendicualr as are the planes
w, and LI The vector n, lies in the ve';'tical plane. The vector H repre-

sents the horizontal magnetic field.

Fig. 2. Experimental values of the parameter A plotted against the center-of-

mass scattering angle 62.
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