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Abstract

Usinc a polarized beam and polarized target' we have measured the

spin-correlation parumeter in proton-proton scattering for an

incident-proton lnboratorJ-systcm kinetic energy of 680 MeV. The polarized

beam WUG made by scattering unpolnrizcd protons from the l84-in. cyclotron

in an external first target of liquid hydroGen resulting in a polarization

of 0.4h. To reverse the beam polarization, the incident-proton scattering

ancle w~s reverscd. The target protons were polarized by a solid-state

technique called "dYnamic polnrization" to 0.40 on the average. Thc elastic

proton-proton interactions ihvolving the polarized protons were kinematically

separated from other interactions by countinG both protons in coincidence.

Thc angular reeion covered by the 13 data points extends from 51.2 to 88.7

dee in the center-of-mass system. The results show the C~~ rises in this

region from about 0.5 to 0.9 with a typical standard deviation of 0.1.

I. D;;:SODUCTIOrI

Among the iwportant Parumeters to be measured for a quantitative

description of the nucleon-nucleon interaction are the spin correlation

parameters, C
NN

and C
KP

.1,2 \f.hile the phenomenological picture of

nucleon-nucleon scattering is now fairly complete up to 300 MeV lab

kinetic cnergy, fcw experiments of any kind have been done above this

enerGY' A canplcte phaGe shift analysis at a single energy would require

9 independent eX:L>crir:icnts to (lc:~cribc ~ne clnstic scattering ll.lonc, [In(;'

rr.....ny more "to GCGcl'ibc "the incln.:;~,ic ci-.:,:, ..clG. He report here the rCGtL..ts

of n n;casurcmcnt of C.~. in prot.Ol';-pr0t.on elnGtic Gcattering at 680 ~;cV,, ~.



(1)

-;,:-

in the angulo..r reGion 500 to 90° center of 1l1LlSr; system (ems), in the

expectation tha.t future experiments "".ill enable a complete analysis

to be carried out.

In the pant, CUN has been mC:l:~urcd w-,inC; unpolarizcd beams and

targets} and simultaneounly measuring the polarization of the scattered

and recoil nucleons. 3 In this experiment} CN?~ was mea;~red with

polarized beam and target, avoiding the necessity of measurinc final-

4
state polarizations. It Clln be shown that the res\ut of these two

types of measurement is the same, and that this does not depend on the

assumption of invariance of the scattering matrix under time reversal. 5

In this paper, only polarizations perpendicular to the scattering

plane are considered. The counting rate with beam polarization PB

and target polarization P
T

is given by3

I(e) = Io(e) 1 + (PB+PT)p(e) + PBPTcNN(e)

where Io(e) is the unpolarized counting rate, pee) is the polariza-

tion PD..rameter. All polarizations are taken to be positive in the

direction ~ = k. X k ,where). q
...
k

i
is the momentum of the incident

proton and
-+
kq is the momentum of the faster outgoing proton in the

lab system. Equation 1 defines cNN(e) } the spin-correlation parameter

normal to the scattering plane.

The experimental procedure consisted of measuring I(e) successively

with the four possible combinations of P
B

and P
T

Using these four

counting rates the four ~~own quantities cNN(e) J pee) J PB J and

I (0) were extracted.
o
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such that the oricnt.c,tion of the :~cat~~t'}'inG pl~nc L~ vertical. The

target is polarized horizontally [did pcrpcndicul[:,r to the ::;cattcring

plane. To measure C
7

,"" we hllve polarized the beam horizontally by
,I,;

a first scattering in the vertical pl~Lnc. Unpolarized protons

extracted from the lell-in. cyclotron at fixed enerGY (nominally

740 HeV) arc collimated by a set of 4-in. brass jaws of the pre-

:r~Gnct collimator, bent into the proton cave direction by the steer-

inc L~gnct, and passed through an 8-in.-bore quadrupole doublet

focu::;inC magnet that focuses the protons at the first scattering

target in the proton cave. From here on the system is shown in

Fig. 1.

The protons emerge from the evacuated beam tube and enter tbc

proton cave. Here the beam is deflected by a pair of bending magnets

to cross over its original trajectory at an angle of 12 deg at t~e

po::;!tion where the first scattering target is located. At this point

the beam spot measures about 1.5 in. horizontally by 0.5 in. verticD.lly.

The beam's path through 6 in. of liquid hydrogen, viewed ut an angle of

12 dec from the beam, then appears as a r~rticle source about 1.5-in.-

square. Before it buries itself in a bcaIl',J:;topper of 10 ft. of concrete,

the beam passes through a split ion chamber to provide u :~iGnal for the

cXlJcrimcnt,~'r .:I.G a check on the cour:~c ,-)1' t.he beam.

P:lrticles Gcnttcring eln.st,icll1y 1;, the ilrst tarGct in the :.omr:e

direction as the protons entcrLLJ:: th,-, C[1'<'(; from the cyclotron maKc Ul)
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the polarized beam. They I1Te i'ocu:>sC'd O:'lto the polarized target

crystals by an 8-in. - bOTe symmetric qU.:ldrupole triplet focussing

UUlgnet buried in the: ....;all of shic1clinc: ncar the center of the

cave. The beam stoppers arc p2rt of t1lC Gmne :;hic1ding wall. The

magnification of this focusing mncnet in both vertical and horizon-

tal planes is about -1, giving u beam spot approzirr~tely 1.5-in.-

square at the polarized target. A 2-1n. -thicic brass collimator with

4-in. by 6-in. oval op0ning, located in the first section of the

of scattering anr;les thus accepted fromThe raneeGr.

focusing magnet, limits the solid anr;lc of acceptance to about

6 X 10-4

the first target is 12.1 ± 0.6 deg.

Range curve measurements of the polarized beam indicate a beam

energy of 683 MeV. During the experiment the proton flux from the

l84-in. was about 1.5 X lOll particles/sec., a factor of two or more

below maximum capable. It was thought best to clip the beam some"hat

in order to keep the spot size small. The flux of elastically scattered

6
protons at the polarized target was about 3 X 10 /sec.

One of the numbers resulting from the data analysis is the averal3c

beam polarization. It is found to be 0.44 ± 0.02. Since the beam

contains a small amount of inelastic contamination, this number is not

exactly equal to the elastic-scatterinl3 polarization.

B. Polarized-Proton Target

The polari zed-proton turcct 1m::> b,s~n de scribed by Schult£:
6 o.nd

Shapiro7 . Details of the targe:t-IJolarizution measurcment procedure

arc given in these referenccs und in Rcf. 8.
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C. Counters and Electronics

Counters and electronics were identical with those in Ref. 8.

The physical layout is shown in Fig. 2. Kinematic resolution was

sufficient to give clastic-peak to background ratios of 4 to 1.

The following effects were considered as possible sources of system­

atic errors: 5

a) contamination of the polarized proton beam by inelastic protons

and pions

b) enerGY variation of the polarized proton beam across the face

of the polarized target

c) uncertainty in the subtraction of the non-hydroeen background

by the dlmmy target method6J7

d) errors in the computation of the target polarization

e) non-uniformity of the target polarization over the volume of

the target.

It was found that a), b), c), and e) contribute negligibly to the system-

atic error in C'rnT J compared to the contribution from d). The error in
l',h

the measurement of the target polarization is estimated at l~~. This

mu::Jt be added as an overall normalization uncertainty to the results

quoted for CNll • The relative errors are due to counting statistics

and are indicated in the results.

nr. RESULTS

Results for p(O) and C.,.."(0 ) are (;iven in Table I and sho·...'l1 in
", .. -

Fig!:; • .5 and 4. The results for P(O) ure in good agreement with thost:

of Ref. 8.
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IV. DISClJ.3SION

stapp has pointed out that at 90 dec center-of-maGs the value of

Cl'TN contains informnt:i.on about tLe sin131et-triplct content of the

interaction. 2 A value of +1 repre~.;ents pure triplet scattering, while

-1 is pure singlet. Evidently at this energy the triplet amplitudeG

predominate.

Recently, other measurements of C'm using polarized beam:::; and
ul'.

. 10 11targets have been performed.' The availability of polarized targets

has also led to u nurrilier of new measurements of p(O) at a variety of

12
energies. It is to be hoped that further measurements of C

NN
and

other parameters will lead to an eventual quantitative understanding

of the nucleon-nucleon problem in this energy region.
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Table I. Rcc;ultc for p(O) and C"',r(O) of proton-proton elastic scattcr-
!H~

ing at 680 t-!cV; t is the invariant four-momentum transfer squared;

in addition to the random errors quoted, there are systematic frac­

tional errors of 10% on all values.

==e -tc=:.
105(~'icV/c)2 pee) C;>f.N(O)(deg)

51.2 2.38 0.472 ± .053 0.449 '± .122
54.3 2.66 0.564 t .041 0.570 ± .097
57.4 2.94 0.528 :t .039 0.543 ± .092
60.5 3.24 0~494 ± .01~1 0.545 ± .097
63.7 3.54 0.386 ± .042 0.708 '± .100
66.7 3.86 0.375 :t .043 0.665 ± .104
70.8 4.27 0.384 ± .032 0.574 ± .079.
73.7 ·4.58 o•317 :t .•027 0.603 ± .069
76.7 4.90 0.252 ± .028 0.752 ± .075
79.6 5.22 . 0.189 ± .029 0.806 ± .078
82.6 5.55 0.175 :t .030 0.731 ± .079
85.6 5.88' 0.129:t .039 0.909 ± .101
88.7 . 6.22 0.004 ± .053 0.835 ± .128
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FIGURE CAl'""TIO:i:8

Fig. 1. Polnr:L:,:d-proton beam :;y::;tcl:l. Prot,one from the 184-1n.

cyclotron enter frc,T:l the le:';~.

Fig. 2. Schc~ltic dr~w~ng of the po~,rizcd target and scintillation

countcr~. The proton::; ccnttt;red up arc the faster ones}

forward in t'nc: cm:>} and arc detected by the array aO•• .a
9

.

The conjugate protons rqjistcr in the array 13
0

, •• 13
9

•

Auxiliary counters are used to insure that the events origi­

nate in the tarGet, that the l~rticles in (30 ••• (39 are slow

protons) and to reduce the accidental rate.

Fig. 3. Results of this experiment: C!~r(e) in elastic proton-proton

scattering at 680 MeV. (The open circles are the results of

Ref.9 at 640 MeV.) An overall 10% fractional error due to a

systematic uncertainty in the target polarization should be

added to the errors shown.

Fig. 4 Results of this experiment: pCe) in clastic proton-proton

scattering at 680 ~l;cV. An overall fractional error due to

a systematic uncertainty in the target polarization should

be added to the errors shown. The solid straight line

represents a Good fit -;',0 tIlL' do.tn oC Ref. [) at this (~ncrgy

'.,hilc the dns/lCd line cor:.rc,:p~ll;ds to data of Ref. 9 at
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