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HIGH-ENERGY -PHYSICS" EXPE..J:{TIIfEI'TI'S HIT"rl POLARIZED TA.."t\GETS 

O-Hen Chamberlain 

1'6 • "December 190 

If we are to do a Horknanlike job of studying the strong interactions 

it is imperative that we have knmdedge of the IS pin dependence of the forces. 

This implies that polarization experiments are essential. Already Earey-re: 

1 
Bricman) Stirling and Villet- have shovm that pion-proton polarization experi-

ments should be interpreted as indicating tHO neH resonances not previously 

seen by_ other methods. 

The present-day approach to determining detailed pion-proton scatter~ 

ing amplitudes is to use measured differential cross sections) polarization 

measurements) dispersion relations) and isospin conservation rules. Ftrrther 

assQ~ptions are unitarity of the S matrix and the short-range nature of strong 

interactions. In the more distant future I hope He may see the day Hhen the 

scattering experiments will be sufficiently detailed that the dispersion 

relations will not be necessary to the interpretation of results. Then the 

_dispersion relations may themselves be checked experimentally} rather than 

being assumed. , 
I see) then} an early ueriod of polarization experiments followed by 

~ " -

a later period in which more extensive experimental results will be called-

for. For the p~on-proton system the first period seems well progressed} 

based on measurements of differential cross section and p} the pOlariza-

tion. In the second period more complex experiments sholud be re~uired) 

such as measurements cf the narameters .. - R and A. In R and A measure-

I 
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ments; the protons :nave a knol-ffi polarization before the collision takes 

place. After the pion scatters on the proton; on~ asks hOi.,. muchresidu.al 
, 

polarization the proton has. 

The nucleon-nucleon (IiT-N) system is' susceptible to similar analysis; 

but there' are more amplitudes to be determined; so more experiments must 

be performed. The N-N system is less well analyzed at present than the / 

n"-N system. 

Before describing in detail the experiments that have already been 

performed I-re revieH the definition of polarization; restricting our discus-

sion to particles of spin 1/2. If a beam or target has random spin-e.,"'Cis 

directions it is se.id to be unpolarized~ If all the spin axes are oriented 

in a particular direction it is said to be completely (or 100%) polarized 

in tr~t direction. For any beam or target we may imagine that He measure 

the· component of spin along a particular direction for each particle; 

finding for each particle either + ~ (spin up along ,the chosen direction) 

or - ~ (spin dOwn). The component of pole.rization in the chosen direction 

is then 
N -N 

p= up dOl-ffi 
Nup+Ndown 

where. Nup (or Ndown ) is the number l-Vith spin up (or dOl-m). 

The first experiment performed l-Vith a polarized proton target was 
", 

that' of Abragam;.Borghini; Catillon; Coustham; Roubeau; and:Thirion. 2 It 

was a measurement of the parameter C nn for proton-prot'on scattering at 

20 MeV. The pare.meter Cnn is a spin correlation coefficient expressing 

the dependence of the differential sce.ttering cross section on the relative 

.. 

<", 
.~.; 
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spin orientation of two colliding protons. The subscripts n refer to the. 

normal to t.ne scattering plane. He imagine first tr...at a proton beam complete-

lypolarized in a particular direction normal to its direction of motion 

impinges on a proton target completely polarized either parallel or antiparallel 

to the polarization direction of the beam. In either case let I(e) be the 

differential cross section for scattering in a plane perpendicular (normal) 

to the polarization direction at center-of-mass angle e . The parameter 

would then be 
I (e)-I. (e) c (e) = parallel antlparallel 

nn Iparallel(e)+Iantiparallel(e) 

If the beam polarization is PB and the target polarization PT then the 

equivalent expression is 

c (e) ·1 1 
nn = P

B 
P

T 

I .. (e)-I (e) 
parallel antiparallel 

Iparallel(e)+Iantiparallel(e) 

C nn 

A sketch of the experimental arrangement of Abragam et al. is sho.m in 

Fig. 1. A beam of a particles was incident at the left on a hydrogenous 

foil) giving rise to knock-on protons highly polarized in a vertical direc-

tion (normal to the scattering plane at the hydrogenous foil) the first 

target). The highly polarized protons (of 20 I1eV) impinged on a polarized 

proton target (of lanthanum magnesium nitrate (LMN)) and proton-protpn 

scattering events were counted at center-of-tl1.ass angles between 600 
. and. 900

• 

By measuring the rate of p-p scattering events with the target.protons polari-
, 

zed parallel or antiparallel to the beam polarization) they could determine 

For the proton-prot on system the meaning of c. is particularly nn 

simple at 900 c.m. scattering angle: Spins parallel means triplet spin 
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state; spins antiparallel means. singlet. . The experimenta.l value of -0.91 

for C corresponds to the fact that the p-p scattering at this energy is nn 

mainly in sil'1..g1et states. HOI,rever) as the scattering angle dev"iates from 

90o (c.m.) the interpretation becomes more complicated. 

Since I attribute to Professors Abragam and Jeffries the birth of 
/ 

. . 

polarized proton targets in usable form) it would be fitting if I next 
. " 

described work of which Professor Jeffries is a co-author. How"ever) I 

want first to give the definition of the relevant parameter P and then 

to describe the older technique of measuring it. 

The definition of the polarization parameter P is thefinal~state 

polarization after the scattering process .providing the particles were 

unpolarized before the scattering. In fact Fig. 2 shovs a plan vie"T of an 
\. 

experiment) to meas~..re the parameterP by rescattering the recoil protons 

from a 1(-:p collision. A pion beam strikes the ('\Jnp~larized) hydrogen target. 

The recoil protons are rescattered on a second (carbon) target) "There any 

vertical component of polarization would result in a left-right asymmetry 

in the scattering at the carbon" target. This is a tolerable way to measure 

P if no more convenient way is readily available. vfuile some improvements 
. 4 

on this basic method have been made vrith the introduction of spark chambers) 

it is still.better to use a different approa~h that involves a polarized. 

proton target. 

The use of a polarized target to measure P depends on the presumed 

." ... 

facts tnzt the strong interactions conserve parity and are invariant lli~der ~~ 

the time-reversal transformation'. He vrill not make the arguments here) but 

they may be fOlli>1d in a revie"r paper of 'ivolfenstein. 5 The result is that for 
'. :' 
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elastic scattering the left-right asyrr~etry E of the scattering on a target 

completely polarized up iB numerically equal to P 

where Nl n~ (or N. ht) is the number of pions elastically scattered to eI v rlg 

the left (or right) at angle e and P is the polarization in scattering 

at the same angle. If the target is not 100% polarized this may be corrected 

for by using 

E =P P 
T 

where PT is the target polarization. By measuring P
T 

and the as~~etry 

E we may deduce P. 

In practice one of the two configurations (let us say that of right 

scattering) can be rotated by 1800 
around the beam direction so that the 

counter is on the left but the target polarized down. This has the advan-

tage that the counter rr~y be in exactly the same position for the two cases 

being compared, so there is no problem of making a left scattering angle 

exactly equal to a right scattering angle. The desired asymmetry is then 

E = 
N -N up dOlm 
N +N up dOlm 

where N (or 'N ) 
up down is the number of scattering processes detected in a 

counter to the left when the target is polarized up (or down). This is the 
" 6 

method used by Jeffries, Schultz, Shapiro, Van Rossum and myself .. 

A further comment is necessary concerning the separation of pion-

proton scattering events from other types ,of scattering such as pion scatter-

::'ng by prqto.ns bound in complex nuclei. \wen the target material is lanthanum 
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magnesiu!l double nitrate (U!lJ\f) the protons of hydrogen constitute only 

3 percent of the target ',reight . Accordingly) scattering by boQrJ.d protons 

is much more co~mon than scattering by free protons (hydrogen). To avoid 

having the interesting events overshado\-red by D.nl-ranted scattering processes 

one must select elastic pion-proton scatterings from other scattering processes 

on the basis of the scattering kinematics. 

The selection of elastic scattering processes on free hydrogen can be 

accomplished by steps as follo\-rs.: 

a) Observe \-Thether a scattered pion is accompanied by a coplanar 

recoil proton) as required by the· elastic scattering on hydrogen) 

b) Observe whether the angle of emission of the coplanar recoil 

proton is that expected for elastic scattering kinematics; 

c) Check whether the en.ergy (of the emerging pion is consistent "ith 

kinematics) and 

d) See whether the energy of the recoil proton is consisterit with 

the kinematics. 
,. 

If all of these checks 'were applied) the background would be small in-

deed) as Mitnessed by the very-high-momentum-transfer 1'-1' scatter~ng experi

ments at alternating-gradient syncbtotrons. 7 . In practice it is often suffi-

cient to apply (a) and (b) only; and is much simpler', That is the way most 

of the ~-p scattering experiments were done • 

. Figure 3 shows the apparatus, A coincidence between the pion telescope 

and some proton cODnter indicated a coplanar event (condition. (a))) and a 

coincidence w"ith the' central -proton counter indicated the proton angle iolas . -
consistent with ~-p scattering, Scattering by bound protons is rather like 

.. ,..., 
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s.ccttte:ring from a mov-:Lng nucleon) so the emergence angle of the proton is 

usually not that of elastic scattering on free hydrogen. 

Figure 4 shm'Ts a further elaboration of the same method in1-Thich the 

scattered beam particle may be detected in anyone of 10 counters above the 

beam line) and the recoil proton detected in one of 10 counters below. Figure 5 

shows a typical histogram constructed out· of the scattered particles from a 

polarized target made of Lt1N. Each event that registered in a particular 

upper counter (number 6) has been entered in the histogram if it 1-laS coinci-· 

dent with a count in one of the ten lo,'ler cOlL.'1ters so as to show the number 

of coincio.ence COli.1'1ts in each of the lOvler counters. Tne figure shows 3 

sets of data: counts taken vdth the target negatively polarized (opposite 

to the termal equilibrimn direction)) counts taken "dth target positively 

polarized) and COli.1'1ts tctken with a dummy target) chosen to be similar to 

hMN except having no hydrogen content. The polarized target data show a 

strong peak due to free hydrogen above a broad background from heavy elements 

in the U1N. The dmruny-target data allow a reason~ble subtraction of the 

background to be ~~de. Notice that the size of the hydrogen peak is slightly 

different for the t1-TO signs of target polarization) indicating some asymmetry 

in the scattering process in this case. 

8 Figure 6 shows the results of Betz et al. on the polarization in proton-

proton scattering at 740 MeV: as an illustration of typical· results. Figure 7 
•• 

ShOvlS their results at 328 MeV) compared to earlier results at 310 MeV. obtained 

without benefit of polarized target. The agreement is not perfect but) within 

the recognizable errors) indicates t:b..at "e may have confidence in the measure-
, 

ment of the target polarization in this case. 
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Figttre 8 shows results of Grannis et a1. 9 fo~ polarization in p-p, scat-

:- , tering at higher energy. 

Figure 9 displays the largest value ,'of polarization in p-p scattering 

as a fUl'lction of the (laboYatory) kinetic energy. After it reaches a peak 
-'II 

value near 700 MeV it decreases monotonically at higher energy) in ~ualitative 

agreement with theoretical expectations. 

wnen it is desired to use the polarized target for a measurement of 

polarization at a very small angle it rnaybe impracticable to make the target 

thin enough that the recoil proton can emerge reliably. In this case one is 

restricted to making measurements only on the scattered beam particle 'to 

distinguish the scattering from free hydrogen. A case in point is taken 

from reference 6) "There polarization in small-angle pion-proton scattering 
. r",t 

w?-s attempted. The method consists in measuring the energy of pions scattered 

at a particular angle and selecting those whose energy is consistent "Qth 

elastic scattering kinematics. In this case the range of the pions in a copper 

absorber could be used as a measure of their'energy. 'Figure 10 shows differ-

ential range curves taken with u~ target and with dummy target. The differ-

ence shows the elastic scattering 'on hydrogen) but notice that for data taken 

at the appropriate value of copper absorber the u~ cou.11.ts are only about 20%, 

due to hydrogen) the rest being background from heavy elements. This indi-

cates the limitations on the use of a polarized Ull-J' target when only one 

con?traintcan be applied to distinguish the scatteYing on free hydrogen. 

&'1 arrangement for measuring C nn in pYoto,n-pYoton scattering is .. -. 

shown in Fig. ll. It is the apparatus of Dost et al. 
10 The 740-r,1eV exter-

nal beam from the cyclotron is deflected by two wBgnets so as to impinge,on 
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the first target of li~1.1id hydrogen either from above or from belov the 

regular beam line" Tne protons that go in the fonTard direction are 

polarized in the scattering and may be focussed onto the polarized hyd~ogen 

target (of um). In order to determine C "dthout altering the counter nn 

positions one takes a 4-way difference invollring both signs of beam polari-

zation, by striking the li~uid hydrogen target both from above and from 

below, and both signs of polarization in the n~J target. The expression is 

C nn 
1 

=-
N -N -N +N ++ +- -+ --
N +N +l'I +l'I 

++ +- -+ 

where T indicates target (UIiN) ,:8 indicates beam (incident on the LL'vIT'J 

target) and the other subscripts refer to incident-beam polarization direc-

tion and polarized-target polarization direction. The results are shown in 

Fig. 12, along with three points obtained by Golovin) Dzhelepov} Zul'karneev: and 

wa_Ch'umgll without the benefit of a polarized target. The agreement between 

the two experiments is ~uite good. The fact that Cnn is nearly 1 at 90
0 

indicates t~Bt the scattering there is mostly triplet scattering. 

A very important series of measurements on pion-proton polarization 

has been made by Atkinson, Cox, Duke, Heard, Jones, Kemp} Murphy}°Prentice, 
and Thresher. 12 

Their apparatus is sho"m in Fig. 13. It uses an extensive series of counters 

on each side of the beam. Figure 14 shows a view of their apparatus vieve'd 

along the beam direction. They have used an extensive array of counters to 

assure the coplanarity of the events they have used in their results. They 

have IT~de measurements at a number of energies. Figure 15 shows tJ~ical 

'results} for the case of inCident pion momentt.un ofo 1080 °MeV/c. These results 

~Bve played a crucial part in the analysis of BareYTe} Bricman, Stirling, 
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and Villet}l 

Similar experiments have been carried out at a somel,rhat higher energy 

. 14 
of :rc-p scattering by SUiv'"a} Yokosa'i'Ta} Booth} Esterling) .and Hlll. Their 

experimental arrangement is shmffi in Fig. 16) and Fig. 17· shOvls their 

"hydrogen peak"; in the histogram of coincidence c01.mts between the counters 

of one array ;Qth a particular counter in the other array. An example of 

their,results is shmm in Fig. 18. 

A recently used arrangement of Hansroul et al.15 -is shmffi in elevation 

view in Fig. 19 .. Some 30 counters above the beam partly overlap each adj'a-

cent counter so as to give some 60 "bins " of angle in the scattering plane. 

Counters below the beam line are similarly arranged. Not shmffi in the figure 

are like sets of counters running in a perpendicular direction so that when 

a particle strikes the plane of a counter array both its coordinates can be 

recorded. This system should combine good coplanarity determination and good 

angQlar resolution with a large solid angle for counting scattered particles. 

Some trouble vlas experienced with electrons. in the pion beam. It was found 

that electrons may emit high-energy X rays in the first part of the ll1N tar-

~t and these X rays may then wEkeelectron-positron pairs in the latter part 

of the target. The pairs go almost directly fon-lard) but the magnetic field 

of the polarized-target magnet deflects one member of the pair up into one 

counter array and the other dOl.ffi into the other cO'I..L."1ter array. Because these 

electron-pair events tend to satisfy the coplanarity'requirement automatically) 

!. they can represent a troublesome background'. It vas also found that it is 

helpful to have the polarized target rather completely surrounded vQth anti-
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coincicience COlh'1ters in directions in ,.,rhicn the desired events do not send 

particles. At high energy the anticoincidence COtnters help to suppress 

UDw-anteci inelastic processes. Heasurements ' . .,rere made· at 10 energies for 

the rc--p polarization and 15 energies for the + rc -p As an example of 

some of the better results) Fig. 20 shm'Ts the results for incident momentum 

1.44 GeV/c. 

We have said above that for elastic scattering the asymmetry observed 

in scattering on a polarized target is guaranteed by parity conservation and 

time-reversal invariance to be related to the polarization P in the same 

scattering process by 

E = P
T 

P 

:Bilen'kii
16 

has pointed out that if the character of the particles changes 

in the scattering process "\Ve may have the more general relation 

where the plus sign applies if there is no change in the intrinsic parity 

of the particles involved in the scattering: the minus sign if the intrinsic 

:parity changes .. 

As an example) consider the reaction 

+ + rt'+p->K +L: 

:Both the pion and the K meson have zero spin and both proton and z: hyperon 

have spin 1/2) so this is a suitable place to apply the :Bilen'kii argu~ent. 

If the product of rt' and p intrinsic parities is the same (or different) 

from the .product of K and L: intrinsic parities we "11.11 l13;v2.a plus (or 

minus) sign in the relation 
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P has already been measvxed in bubble~chamber experiments so a measure-

ment of asymmetry E in the reaction on B, polarized target could check 

the product of intrinsic parities of K and I: . '(The ;r-p system is already 

knm-iTI to have an odd product of intrinsic parities.) 

In spite of the fact that the K-I: parity was believed demonstrated to 

be odd} on the basis of work by Tripp et al. 17 D ·'~ 1 t 1 18. ~ . 1 
lever~e ea. In nerKe ey 

decided to ,remeasure the K-I: parity as a demonstration of the new' method and 

as a fu,rther reassurance about the Tripp result. The apparatus used is 

shoWL in Fig. 21. The incident pion beam was partially separated to suppress 

protons. Pion momenta were measured in spark chambers and magnets along the 

beam line. The desired reaction was selected by the observation of a final

state 'K+ particle} detected in a some"lvhat standard K+detector involving K + 

tJ'1..at come to rest in ai-Tater Cherenkov cOUJ.'1ter. :By observing, theK+ angle 

of emission (by spark chambers) and the K+ energy (by range measvxement) 

the authors could obtain a one-constraint selection of the desired reaction. 

Figure 22 shows more detail of the apparatus in the vicinity of the "later 

Cherenkov counter. Two prior Cherenkov counters "rere required to show no 

pulse (the desired K mesons being too slo~ to produce Cherenkov light there) 

but the large w~ter Cherenkov was re~uired to show a delayed pulse (due to 

. + + 
the fast decay products of the K ).' The range of the K ,was determined by . 

extrapol~ting forward the spa~k-chamber track of the entering K+ particle 

and extrapolating backviard'the decay product as observed in the "~llt spark 

chamber. 

For each stopping K+ a parameter was calculated to compare the obser-

ved energy with that expected from kinematic relations for the desired reaC-

,.:.., 

" 
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+ tion·for a K emitted at the angle observed for that event. To construct 

, h -'- . K+ -,-.L.' • ~ '.L.' • • .L. d -'" f this farame~er eac svopplng \~s vreavea as II lv orlglnave Lrom ree 

hydrogen but as if the unobserved particle were not necessarily a ~ particle) 

but some 'fictitious particle of mass m (missing mass) ~ Hhen this missing 

mass falls close to the mass of a ~+ the event is consistent with the desired 

reaction. 

Figure 23 shows the distribution in missing mass for the observed events 

from the polarized target (of L..MN). There is certainly no clear hydrogen peak 

" in the vicinity of the ~ mass. Rather) there is a broad distribution more 

characteristic of the heavy elements in the target. Hhen the L..TvJN target ioTaS 

replaced with a CH2 target the resulting missing mass distribution did show 

a hydrogen peak) as shovm in Fig. 24. This indicated that the apparatus 

was performing as expected and allowed one to make a computation of the 

fraction of free-hydrogen events in the polarized-target data. On the basis 

of this analysis these data confirm the odd parity of the K-~ system rather 

than even parity by odds of 40 to 1. The experiment indicated again' the 

difficulties of working with one-constraint fits to separate the hydrogen 

effect in the LMN target. 

A conceptually similar experiment designed to measure the intrinsic 

parity of the:=: hyperon is in the analysis stage at the CERN laboratory. 

A valuable extension in the uses of a polarized proton target has 

been made by a Saclay-Orsay~Pisa collaboration) as reported by Sonderegger 

at the stony Brook Conference. They have used. a polarized target to measure 

the polarization in charge-exchange scattering 
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particularly at high"energy and s!11.all moment'Ll.J."l1 tra.nsfer to the nucleon., 

Figure' 25 ShO'iTS' their experimental arrangement • They observe the neutron 

and measure its velocity by time of flight in scintillation counters and 

they observe the garrma rays from the decay of the neutral pion in spark 

, chambers. Their trigger is based on an incident negative pion) no charged 

particle emerging from the target) and the detection of,a reasonably SlOH 

neutron. Their separation of a hydrogen peak is quite clear in Fig. 26. 

Their results are shOlffi in Fig. 27) for incident pion momenta of 5~9 and 

11.2 GeV/c. This process is quite interesting i,n that the polarization 

had been expected to vanish rapidly at high energy according to the simp

lest Regge-pole model. 

Extensive high-energy polarization measurements have been made for 

~~p and p-p scattering bya group of CERN authors consisting of Borghini} 

Coignet} Dick,; Kuroda} di Lella} Macq} l<lichaloHicz and Olivier. They used 

incident momenta from 6 to 12 GeV/c. Because of the high incident energy 

the measurements are limited to the most fon-Tard directions of scattering. 

However} there is a great deal of interest in this near-fon-Tard scattering 

a's it contains vital information on the limiting behavior of scattering 

amplitudes at high energy. In partictU8.r) it is important to decide whether 

Regge poles are sufficient to describe the high-energy scattering at small 

angles. Other more complex polarization experiments Hill also be needed 

but the measurement of P is a very important first step. One form of 

,their experimental arrangement is 'shown in Fig. 28. They have used a 

counter hodoscope to determine the angle of scattering of the beam particle 

and have used an ingenious substitute; .Thich I .rill not discuss here} to 

determine the·angle of the recoil proton. ~neir hydrogen peaks 'are sho"n 

, " 

,. 
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in part in Fig .. 29. Their results for rr-p polarization are shoi.ffi in Fig. 30. 

In all cases the data for rr+-p polarization are positive at small angles} 

those for rr -p are negative at small angles. The curves are the theoretical 

values of Chiu) Phillips} and Rarita19based upon a Regge-pole analysis. 

The agreement with the Regge analysis is not bad. The experimental results 

for p-p scattering are sho,ffi as solid circles in Fig. 31. At 6 GeV/c there 

I 

is not perfect agreement I·Ti th results obtained in Berkeley. 

I have omitted descriptions of some other quite interesting applica-

tions of polarized proton targets such as their use to obtain relatively 

high-intensity polarized neutron beams) as reported by Dragicescu) 

I,ushchikov) Nikolenko) Taran) and Shapiro. 20 Incidentally} this work 

suggests that for targets of high polarization it may be practicable to 

measure the target polarization by. measuring the transmission of the target 

to an initially Th~polarized beam of slow neutrons. 

Several other valuable polarized-target experiments are now under way. 

K-p polarization experiments are now well started at CERN and at the Ruther-

ford Laboratory) and work is well progressed'at Saclay toward measurements 

of the parameters A and R for rr-p scattering. While many of the experi-

ments previously mentioned could have been done} if necessary) without polarized 

proton targets) the measurements of A and R definitely require polarized 

targets. Here is an important aspect of ~cattering for which polarized 

targets are absolutely essential. 

It is my expectation that .. Te will hear during this conference about 

promising possibilities for target materials other than the presently 

predominant u'vI:U. There is a particular need for polarized targets with a 
,'. 



.. ., .. 

: -.. 

-16-, ',UCRL-17433 

higher proportion of hydrogen;, and for some experiments'it will be impor-
" 

ta!'_t to have targets less susceptible to radiation damage than LMN., I 

look fon,rard to hearing the current status of nev target materials' and I 

hope this,conference vill lead to further work to'\.;ard finding superior 

ne,,; target 'materials. 

'" 

.. 
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Fig. 1. Sketch of the apparatus of Abragam et al.; that 1-laS used to measure 

the spin con'elation coefficient Cnn for proton-proton scattering 

at 20 MeV. A highly polarized proton beam made by alpha-proton 

scattering is incident on the polarized proton target: 

Fig. 2 Plan vie1v of the apparatus of Foot et al.) used to measure the 

polarization P in pion-proton scattering. The pion-proton 

scattering occurs at the first target. The polarization of the 

recoiling proton is measured by a second scattering on a carbon 

target. This technique has for the most part been replaced by 

polarized-target methods. 

Fig. 3. Sketch of the rather simple experimental arrangement of Chamberlain) 

Jeffries) Schultz) She,piro) and Van Rossum as used tomeasm'e the 

polarization in pion-proton scattering. The polarized proton 

target is located at the center of the magnet. 

Fig. 4. Elevation view of a more sophisticated apparatus for measuring 

polari·zatiem in elastic scattering. The upper and lower counter 

arrays each have 10 counters. The beam'is incident from the left. 

The Cherenkov counter C is used for monitoring the beam intensity 

on:the polarized target. To be of interest a scattering event 

should count in counters U ), Dd ) D ) one of Ul to U10 and 
0 0 

one of Dl to DIO . 
Fig. 5. Histogram of coincidence events betw'een the upper cOlIDter U6 and 

each of the lower counters) Dl to D10 ) for the apparatus sho1.ffi 

in Fig. 4. The peak in counters D_ and D4 represents elastic 
) 
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. scattering on free target protons .... The dl)Iflmy target datasho"l-T 

the umvanted contribution from heavy elements in the polarized 

target. The intensity difference between runs taken 1rlth nega-

tiveandpositive target ~olarization indicates an asymmetry of 

about 5 percent for this particu~ar scattering process. 

Results of Betz et al. for polarization in proton-proton scatter-. 

ing at 740 MeV lab. kinetic energy. The apparp.tus has been shmm 
.~ 

in Fig. 4. The relative systematic error) corresponding to uncer-

tainty in the polarization of the polarized target) is 7 percent. 

This means there is a 7 percent uncertainty in the scale against 

"\-Thich pCe) .. is measured. 

Fig. 7. Results of Betz et al. for polarization in proton-proton scatter-

ing at 328 MeV) compared to 315-MeV'results obtained without. 

benefit bf a polarized target. 

Fig. 8. Results of Grannis et al. on polarization in proton-proton scatter-

ing for incident lab. kinetic energy of 6.15 GeV.. The polarization 

scale is uncertain by 14 percent. t is the invariant square of 

momentum transfer. e is the center-of-rr~ss scattering angle .. 

Fig. 9. Plot of the maximum polarization inproton~proton scattering as 

a function of lab. kinetlc energy Tp 

Fig. 10. Counting rate of scattered pions in a differential range telescope 

as ~ function of copper absorber thickness. The solid curve repre-

sents data taken with the polarized target in place but not highly 

polarized. The dashed curve represents d1..L1"!1.my target. The diffe;r

encenear 60 grams/cm2 is due to elastic scattering on free protons 

in the targ'et. 

itl-
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Fig. 11. Elevation vie,·r of the apparat·us of Dost et a1. for measuring 

the spin correlation coefficient C nn The proton beam vas 

polarized by a first scattering on a hydrogen target. The 

resulting polarized beam ',las incident on the polarized proton 

target. 

Fig. 12. ResQlts of Dost et al. on Cnn in proton-proton scattering 

at 680 MeV, along ,nth 5 points (open circes) Of Golovin et al. 

at' 6L~0 MeV. The Golovin experiment ..... ras performed Hi thout a 

polarized proton target. 

Fig. 15. Apparatus of DQ1<:.e et a1. for measuring the polarization in pion-

proton scattering. A5 and A4 are anticoincidence counters 

placed against the magnet pole faces. 

Fig. 14. Apparatus of DQ1<:.e et al. as seen from the beam direction. The 

series of counters B2, Sp ,and S~ were used to select copla-

nar scattering events. 

Fig. 15. Typical results by D~~e et al. The momentl~ of the incident 

negative pion beam is 1080 MeV/C. The original scale shows the 

asymmetry observed. A suitable scale of polarization is indicated 

by markings at P=0.5 and P= -0.5. The horizontal scale repre-

sents the cosine of the center-of-mass scattering angle. 

Fig. 16. Polarized target arrangement of SUI·ra, Yokosa,.,ra: Booth) Esterling) 

and Hill. 

Fig. 17. Histogram of coincidence counts behleen one counter of one bank 

and each counter of the other bank. The peak near cOw~ter 22 is 

due to elastic pion-proton scattering. The apparatus is shOi.ffi 

in Fig. 16. 
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Fig. 18. Polarization resu~ts 0[8U,'TC:1; Yokosa,\.T8.; Booth; Esterling;. and 

Hill for negative-pion~protonscattering. The momentum of the 

incident pions vIas 2 .08 GeV/c . 

Fig. 19. Elevation vie"vT of the apparatus of Hansroul et a1. for measuring 

the polarization in pion-proton scattering.. 'I-Inen the incident 

particles I·rere positive pions it vas necessary to use the 

Chere~~ov counter at certain angles of scattering to determine 

vhether the particle reaching the 10'l{er set of counters '\Vas a 

pion or a proton. 

Fig. 20. Polarization in positive-pion-protonscattering as a function of 

cosine of center-of-mass scattering angle according to Hansroul 

et a1. The incident beam momentum vas 1.441 GeV/~. 

Fig. 21. Elevation vievl of the apparatus of Dieterle et a1.) used for 

'the K-Z parity determination. 'K+ mesons '\Vere detected if they 

came to rest in the H20 Cherenkov counter. 

Fig. 22. Detail of the apparatus of. Dieterle et a1. K+ tange vas determined 

by extrapolation of spark-chamber tracks in the spark chambers 

K4 and anyone of four f.l spark chambers placed around the "later' 

Cherenkovcounter. 

Fig. 23. His.togram 'of "missing mass" for the event.s of Dieterle et a1. 

obtained w~th the u~ target. Events on free hydrogen should 

shO'l{ as a peak at the sigrna mass; but tney are here obscured 

io. •• .A 
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by a large bac1~gro1.Jnd due to collisions on heaV'J elements in 

the target. 

Fig. 21+. Histogre.tn of "missing w.ass II for the events of Dieterle et al. 

when a CH2 target was substituted for the LMN target .. The peak 

at the sigma mass indicates the apparat1..lS I-las adjusted as intended) 

and allo",s an estilnate to be made of the fraction of 1T'@i events 

-
near the sigma mass that are due to free hydrogen. 

Fig. 25. Apparatus of the Saclay-Orsay-Pisa ·collaboration for measuring 

the polarization in charge-exchange scattering of negative pions 

on protons. The neutron c01..mters are to the left and right of 

the' beam. A spark chamber was used to detect the gamma rays 

from the neutral pion. 

Fig. 26. Tne hydrogen peaks) clearly evident above the backgrOQDd (dashed 

line)) of the Saclay-OrsaY~Pisa collaboration. 

Fig. 27. Polarization results for pion-nucleon charge exchange) from the 

Saclay-Orsay-Pisa collaboration. t ·is the s<luare of invariant 

moment1..~ transfer. Po is the polarization. 

Fig. 28. Plan view of one arrangement used by Borghini et al.to study 

polarization in pion-proton and proton..;proton scattering. K 

is a ChereY'lwv COQDter in the beam used to distinguish pions 

from protons in the beam. V is an anticoincidence co~~ter. 

H2 isa hodoscope used to measure the angle of the scattered 

beam particle . 

. Fig. 29. Examples of the hydrogen peaks in the ,vork of Borghini et al. 
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Fig. 30. Polarizati6nres'\J~ts -plotted againstinirariant sqyare of momenttlJD. 

transfer for pion-:proton scattering) from the ,wrk, of Borghini et 

0,1. The cu:rves sh01,7 predictions of a Regge-pole model. 

Fig. 31. Experimental proton-proton polarization results of Borghini et 0,1. 

e dark circles). The points indicat-ed in the fig1.1re as, Ref., 5 are 

Berkeley res1.1lts. The points indicated as Ref. 6 are probably 

from the Soviet Union . 

. -
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