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HIGH-ENERGY -PHYSICS EXFERIMENTS WITH POLARIZED TARGETS
'Owen Chamberlain

December 1966

If we are to do a workmanlike Jjob of studying the strong interactions
it is imperative that we have knowledge of the 'spin dependence of the forces.
This implies that polarization experiments are essential. Already Bareyre,

1

Bricman, Stirling and Villet™ have shown that pion-proton polarization experi-

ments should be interpreted as indicating two new resonances not previously
seen by.othér methods.

The present-day approach to determining detailed pion-proton scétter-
ing ampli?udes is to use measured differential cross sections, polarization
meaéurements, dispersiqn relations, and isospin conservation rules. Further
assumptions are unitarity of the S matrix and the short—raﬁge nature of strong
interactions. In the more distant future I hépe we may see the day when the
scattering experiments will be sufficiently détailed that theudispersioh

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

..dispefsion relations may themselves be’checked_exPerimentally, rather than

being assumed.
\

I seé, then, an early period of polarization experiments'followeq by‘
a later period in which more exﬁensive expefimental fesults will be called’
for. For the pion;proton system the first period seems weli progressed,
based on measurements of differential cross section and P , the polariza-
tion. In the second period more complex experiments.should be reguired,

such as measurements cf the parameters R and A . In R and A measure-
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nments, the protons have a known pélarization before the coilisioh takes
plaée; After the pion scatters on the proton, one asks how much residuval
polarization the proton has: |
The nucleon-nucleon (I-N) system is'susceptible to.similér analysis,
‘but there aré more amplitudes to be determined, so more éxperiments 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 havé élready been
performed we review the definition of polarization, reSﬁricting our discus-
sion to partiéles of spin L/e. If a beam or térget has random spin-axis
directions it is said to be unpolarized. If all thé spin axes are oriented
in a particular direction it is said to bercompietely (orvloo%) poléfized
in that direction. TFor any beam or target ﬁe may imégine tﬁat ﬁe measure
the~component of spin along a.particular direction for each particle,

finding for each particle either + % (spin ﬁp aléng;tﬁe choéén direction)

or - % (spin down). The component of polafization in the‘chosen direction
“1is then ,‘ _ | N
' Nﬁp-Ndown '

N +N

P=
u+d0m

where. Nﬁp (or Naown) is the number with spin vp (Qr down).
The first experiment performed with a polarized proton target was

that’ of Abragam, Borghini, Catillon, Coustham, Roubeau, and Thirion.g It

was a'measurement of the parameter Cnﬁ for proton-proton scattering at

20 MeV. The parameter Cnn is a spin correlation coefficient expressing

the dependence of the differential scattering cross section on the relative
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spin orientation of tﬁo colliding protdns. The subscripts n refer té ﬁhe
normal to the scattering plane. Wé iﬁéginé first that a proton beam complete-
l&'polariied in a parfiéular direction normal to its direction of motion
impinges on a protontarget completely polarizéd either parallel or antipérallel
to the polarization directlion of the beam. ~In either case let I(e) be the
differential cross séction for scattering in a plane perpendicular (normal)
to the polarization direction at center-of-mass angle 6 .b The parameter Cnn

would then be

(6)-1

Iparallel antiparallel(e)

c.(8) =
na Iparallel(9)+Iantiparallel(9)

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

equivalent expression is

LY

1 Iparallel(e)—Iantiparallel(e)
(g)

¢, (6) ='%— 7 O
B "T “parallel antiparallel

d

A skgtch of the expérimental arrangement of Abragam‘et'al.'is shown in
FPig. 1. A beam cf «a particles was incidenﬁ at the left on a hydrogenous
foii,'giving rise to knock-on profons highly ﬁolarized in aAvertical direc-
tion (normal fé the scattering plane at the hydrogenous foil, the first‘
target). The highly polarized pro%ons (of 20 MeV) impinged.on a folarized
proton target (of lanthanum magneéium nitrate (iMN)) and proton-proton
scattering events ﬁere counted at center-of-mass angles between 60°- and 900.
By measufingithe rate of p-p scattering events with the taréet,protons polari-
zed parallel or antiparallel to the beam polarizaﬁion, they cou;a determine
c . For.the proton-proton system the meaning of Cnn is pérticularly.

nn
simple at 900 c.m. scattering angle: VSpins parallel means triplet spin
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state; spihs antiparallal means singlet. The experimental value of -0.91
for Cnn carre5ponds to the fact that the'p-p scattering at this energy ia
wainly in singlef states. Howefer,'as.the scattering angle deviates from
90o(c.m.) the interﬁretation becomes more complicated. -

Since I attribute to Professors Abragam and Jeffries the birtﬁ of
polarized proton targets in usable form, it would be fitting if I next
described work of which-Profesaor Jeffries is‘a co-author.’ waevef,‘I
want first to give the definition of the relevant parameter P and then
to describe ﬁhe older technique of measuring it.

The definition of the polarization pafameter P is the final;étate
pbiarization aftér the scatteriﬁg process providing the particles wefe
unpolariéed before the scattéring. In fact Fig. 2 shoﬁsla.g;an viewuéf an
experiment5 to measure thé parameter P by rescattefing the recoii protons
" from a s-p collision. A pion beam strikes the (unpolarized) hydrogen tafgef.
The recolil protons are rescattered on a seéond (carbon) target, where amj:
vertical component of polarization would result in a lefthight'asymmetry
in the scatteriag at the carbon’tafget. This is a tolerable way to measure
P 4if no more convenient way is readily available. While some improvementsi
on this basic ﬁethod have been made with the introducfion of spark‘chambers,
it isAstill.better to use a different apprbaph that involves a polarized
proton target. | |

| The use of a polarized target to measure P depends on the presumed
facts that the strong interactions conserve.parity and are invariant under
- the time-reversal transformationu We will not make the arguments here, but

they may be found in a review paper of W'olfenstein,5 The result is that for
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elastic scattering the left-right asymmetry e of‘the scatfering on a térget
completely polarized up is numerically equal to P :

Nleft'Nfight

lef* ]flght

=P

' L] ) 'F‘ 3 . : R
where Ni ot (or N rig ht) is the number of pions elastlca;ly scattered to

the left (or right) at angle 6 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

where PT is the target polarization. By measuring PT vénd the aéymmetry
¢ we may deduce P .

In practice one of the two configﬁratioﬁs (let us say tﬁat of right
scattering) can be rotated by 180° around the beanm direétion;so that the
counter 1s on the left but the targé% polarized down. This has tﬁe advan-
tage that the counter may be in exactly the same position for the two cases
feing compared, so there is no problem ofvméking a leftiscétfering angle

exactly equal to a right scattering angle. The desired asymmetry 1s then

_ NopMaowm

e—-
Nup+Ndown

where ,Nﬁ (or .Na;wn) is the number of scattering proéesSes detected in a
counter to the left when the target is polarlzed up (or down). This is the
method used by Jeffrleo, Schultz, Shapiro, Van Rossum and myself.

A further comment i1s necessary concerning “the separation of ploﬁ-
. proton scattering events from other types -of écattering such as pion scatter-~

‘ng by protons bound in complex nuclei. When the target material is lanthanum
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magnesium double nitrate (IMN) the protons of hydfogen constitute only
3 percent of the target weight. Accordingly, scattering by bound‘protons
is much more common than scattering by free protons (hydrogen). To avoid
having the interesting events overshadoWed by unwénted scattering processes
one must select élastic 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 follows:

a) Observe whether a scattered piom is accompanied by.a coplanar

fecoil 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 energy of the emerging pion is consistent with

kinematics, and

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

the kinematics. | .

If all of these checké"were applied, the background would be sﬁall in-
deed, as witnessed by the very-high—momentum-tfansfer p-D scéttering experi-
ments at alternéting-gradient synchrotrons.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 n~p scattering experiments were done.

"Figure 3 shows the apparatus. A coincidence between the pion telescope
and some proton counter indiéated a coplanar event (condition (a)), and a
coincidence with the central proton counter indicated the proton angle was

consistent with w-p scattering. Scattering by bound protons is rather like
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scattering from a‘movinc nucleon, so.the emergence angle of the proton'is
usually not that of elastic scatteriné on free hydrogen.

 Figure 4 shows a further elaboration of the same method-in-which thé
scattered bean pafticle may be detected in any one of 10 counters abéve the
beam line,>and the recoll proton detected in one of 10 counter; below. Figure 5
shows a typical histogram construéted out’ of the scattered ﬁarticles froﬁ a
polarized target made of IMN. Each event that'registered in a particular
upper counter (number 6) has been entered in the histogram if it was coinci-
dent with a count in one of the ten lower counters so as to show the mumber
of coincidence counts in each of the ;ower counters. The figure shows 3
sets of data: counts taken with the {arget negatively polarized‘(épposite
to the termal equilibrium direction), counts taken with target positively
polarized, and counts taken with a dummy targéf, chosen to be similar to
IMN except having no hydrogen content. The polarized target déta show a
strong peak due to free hydrogen above a broad background from heavy elements
in the IMN. The dumy-target data allow a‘reasonable sﬁbtraction of the
backgréund to be made. Notice that the size of the hydrogen peak is slightly
different for the two signs of target polarization,'indicating some asymmetry

in the scattering process in this case.

Figure 6 shows the results of Betz et al.8 on the polarization in proﬁon—
proton scattering at ThO MeV, as an illustration of typicél‘resulﬁs. Figure 7
shows their results at 328 MeV, compared to earlier results at 310 MeV.obtained
. without benefit of polarized target. The agreement is ﬁot perfect but, within
the recognizablé errors, indicates that we may have confidence in the measure-

ment of the target polarization in this case.
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Figure 8 shows results of Grannis et al.” for polarization in p-p scat-

tering at higher énergy.

figure 9 displays the largest wvalue ‘of polarization in p~-p scattering
as a function of the (laboratory) kinetic energy. After it reaches a-peak
value near 700 MeV it aecreases monotonically at higher energy, in qualitative
agreement with theoretical expectétions.

When it is desired to use the polarizéd target for a measurement of
polarization at a very small angle it may be impracticable t§ 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 téken
from reference 6, where polarization in small-angle pion-proton scattering
was attempted. The method consists in measuring the energ& of pions.scattered
ét a particular angle and selecting those whose energy 1s consistent with
elastic écattering kinematics. In this case the range of the pioné in a copper
absorber could be used as a measure of their energy. ' Figure 10 shows differ-
~ential rangé-curves taken with IMN target ahd with dumﬁy target. The differ-
ence shows the elastic scattering'on hydrogen,.but notice that for data taken
at the appropriate value oflcopper absorber‘the IMN counts are only about 20%:
due to.hydrogen, the rest being backgréuﬁd from heavy elements. This indi-
cates the limitations on the use of a polarized IMN target when only one
constraint can be applied to distinguish the scattering on free hydrogen.

An arrangement for measuring Cnn in protan-proton scatéering is
shown in Fig. 11. It is the apparatus'of Dost eﬁ gl.lo The TLO-MeV exter-

nal beam from the cyc¢lotron is deflected by two magnets so as to impinge on
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the first target of liqﬁid hyd?ogen either from above or from below %he
reguiar beam line. The proﬁons,that go in the forward direction afe'
polarized in the scattering and may be focussed onto the polarized'hydpogen
target.(of LMN). In order to determine. C__ .without altering'the counter
posifions one takes a lL-way difference involving both signs of beam polari-
zation, by striking the liquid hydrogen target both-from abo%e and from
below, and both signs of polarization in the LMNvtargeﬁ. The expreséion 1s

1 N, N, -N_ 4N
3
p Pp N A A

1
Cnn - P

where T indicates target (IMN), B indicates beam (incident on the IMN

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

tion and polarized-target polarizatioﬂxdirecfion. The results are shown in

Fig. 12, aiong wﬁth three points obtalned by Golovin, Dzhelepov, Zulikarneev, and
Wa-Cbﬁxngll without the benefit_of a polarized target. The agreemént'between

the two experiments iIs quite good. The fact that Cnn is nearly 1 ét 900~
indicates that the scattering fhere 1s wostly triplet écattering.q
A’very important series of measurements on pion-proton polarization
has beén made by Atkinson, Cox, nge, Heard, Jones;\Kemp, Murphy, Prentice,

and Thresher .2 ‘
Their apparatus is shown in Fig. 13. It uses an extensive series of counters

on each side of the beam. Figure 14 shows a view of their apparatus viewed
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. Thef
have.madé measurements at a number of eneréies. Figure 15 shows typilcal
‘results, for the case of incident pion momentum of. 1080 MeV/E. Thesé results

have played a crucial part in the analysis of Bareyre, Bricman, Stirling,
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and Villet,'

Similar experiments bhave been carried out at a somevhat higher energy
of w-p scaﬁtering by Suwa, fokosawa, Booth, Esterling, and Hill.l Their
experimentél arrangement is shown in Fig. 16, and Fig. 17 shows their
"hydrogen peak”, in the histogram of coincidence counts between the counters
of one array'with a particular counter in‘the other array. An‘example of

their results is shown in Fig. 18.

5

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

view in Fig. 19. Some 30 counters above the beam partly overlap each adja-
cent counter so as to give some 60 "bins" of angle in the scattering plane.
Counters below the beam line are similarly arranged. Not shown in the figure
are like'sets of counters running in a perpendicular direcfion 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

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

Some trovble was experienced with electrons. in the pion beam. It was found
that electrons may emit high-energy X rays in the.first part of the IMN tar- -
gt and these X rays may then make electron-positron pairs in the.latter part
of the target. The pairs gé almost direcfly forward, but the magnetic field
of the polarized-target magnet deflects one member of the pair up into one
counteflarray and the other down into the othgr counter array. Because these
electron-pair events tend to satisfy the coplanarity requirement autométiéally,
théy can represent a troublesome background} It was also found that 1t is

helpful to have the polarized target rather completely surrounded with anti-
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coincidence counters in directions in which the desired events do not send'
particles. At high energy the anticoiﬁcidence éomﬁfrs help to suppress
unwanted inelastic processes. Measurements were made at 10 energies for
the ﬁ;ip polarization and 15 energies for the'n+-p . As an example of
some of the better results, Fig. 20 shows the results for incident moméntum
.l.hh GeV/c.

We have said above that for elastic scattering the asymmetry'observed
iﬁ scattering on a polarized taréet ié guaranteed by parity.conservation and
time-reversal invariance to be related to the polarization P 1in the same’

scattering process by
©Tfpt
Bilen'kiil6 has pointed out tﬁat if the chafacter of the particles changes
in the scattering process we may have the more general relation
€ =% Pn P
where the plué sign applies if theré 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
T+ D K+ + Z+
Both the pion and the X meson have zero spin and both proton and X hyperon
have spin 1/2, so this is a suitable place to apply the Bilen'kii argument..
If the pfoduct of w and p intrinsic parities is the same (or different)

from the product of K and X intrinsic parities we will lmwe.a plus (or

minus) sign-in the relation
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P has already beén measured in bubble-chamber experiments so a measure-
ment of a;ymmetry ¢ in the reaction on s poiariéed target could check
_'the préduct of intrinsic parities of K and X . : (The n-p system is already
- known to have an odd product of intrinsic parities;)

In spite of the fact that the K-Z pariﬁy was believed demonstrated to
be odd, on thebasis of work by Tripp et al.17 Diéterle etval;lB in Berkeley
decided to reﬁeasure the K-Z parity as a demonstration of fhe newimethod and
as a further reassurance about the Tripp result. _The apparétus ﬁsed is
showr: 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 soméwhat standard K+detector involving K+
that come to rest in a water Cherenkov counter. Qy obéerving.the K+ angle
of emission (by spark chambers) and the X' energ& (by range measurement)
the authors could obtain a one-constraint sélectibn of the desired reaction.
Figure 22 shows more detail of the apparatus in the vicinity of the water
Cherenkov counter. Tﬁo prior Cherenkov counters were required to show no
pulse (the desired XK mesons beihg too slow to produce Cherenkov light there)
but the large water Cherénkov was required to show a delayed pulse (due to
the fast‘decay products of the K+).' The range of the K+.was detexrmined by

' extrapoléting forward the spafk-chamber track of the entering K+ particle
and extrapoiating backward the decay product as observed in the "u'" spark
chamber.

For each stopping k" a péramgter was calculated to compare the obser-

ved energy with that expected from kinematic relations for the desired reac-
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tiAn»for a K+ emitted at the angle observed for that event. To construct
£his parameterAeach stopping K+ was treated as if‘it'originated from ffee
hydrogen but as if the unobserved particle weré not necessarily a X particlé,
but soﬁe'fictitious particle of mass m (missing mass). When fhis missing

/

mass falls close to the mass of a Z+ the event is consistent with the desired
reaction.

Figure 23 shows the distribution in missing mass for the obseryed events
from the polarized target (of IMN). There is certainly no ciear hydrogen peak
in thelvicinity of the T mass . Rather, there is a broad distribution more
characteristic of the heavy elements in the targét. When the IMN farget was
replaced with a CH2 target the resulting missing mass distribution did showb
a hydrogen peak, as shown 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-Z system rather
than even parity by oddslof’ho to 1. The experiment indicated again the
difficulties of ﬁorking with one-éonstraint fits to separate the hydrogen
effect in the IMN target. S ‘ oo .

.A-conceptually similar expefiment designed to measure the intrinsic
parity of the = hyperon is in the analysis stage at the CERN léboratory.

A valuable extension in the uses of a polariéed proton target has
been made by a Saclay;Orsay-Pisa collaboration, as reported by Sonderegger

.ét the Stony Brook Conference. They have used,a polarizgd target to measure
the polarization iﬁ charge-exchange scattering

- 0
T+ P> +n
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particularly at ﬂigh energy and small momentum transfgr td the nﬁcleon.
Figure 25 shows their experimentél arrangement. They obgerve the neutron
and measure its veldcity by time of flight in scintillation counters and.
they observ¢ the gamma 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 slow
néutron. Their separation of a h&drogen peak is quife clear in Fig. 26.
Their results are shown in Fig. 27, for incident pion momenta of 5.9 and
11.2 GeV/E.F This process is quite interesting in thaf the polarization
had been expected to vanish rapidly at high eﬁergy according to the siup-
lest Regge-pole model.

Extensive high-energy polarization measurements have béen made for.
n-p and p-p scattering by a group of CERN authors consisting of Borghini,
Coignet, Dick, Kuroda, di Lella, Macq, Michalowicz and Olivier. They‘uséd
incident momentd from 6 to 12 GeV/c. Because of the high incident energy.
the measurements are limited to the most forward directions of scattering.
However, there 1s a great deal of interest in this near-forward scattering
as‘it contains vital infofmation'on the limiting behavior of scattering
amplitudés at high energy. In particwlar, it ié important to decide whether
Regge poles are sufficient to describe the high—energy scattering at small
angles. Other more complex polarization experiments will also be needed
but the measurement of P 1is a &ery important first step. One form éf
their experimental'arrangement is 'shown in Fig. 28. They ﬁave used a
counter hodoscope to determine the angle of scattering of the beam particle
and have used an ingeniéds substitute, which I will not discuss here, to

determine the-angle of the recoil proton. Their hydrogen peaks:are shown
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in pagt.in Fig..29. Thelr results for n-p polarization are- shown in Fig{ 30.
In all cases the data for ﬁ+-p polarization are positive at small angles,
tﬁoée for n -p are negative at small angles. The'cufveslaré the theoretical
values of Chiu, Phillips, and Raritélgibased upon a Regge-pole analysis.
The agreemenﬁ’with the Regge analysis is not.bad. The experimental results
for p-p scattering are shown as solid circles in Fig. 31. At 6 Gev/b there
is not perfect agreement with results obtained in Befkele&. |

I have‘omitted descriptions of some other quite interestihg applica-
tions of polarized proton targéts such as their use to obtainvrelatively
high-intensity polarized neutron beams, as repofted by Dragicescu,
Lushchikov, Nikolenko, Taran, and Shapiro.go Incidentally, this'work
suggests that for targets of high polarization it may be pracficable to.
measure the target polarization by measuring the transmission of the target
to an initially unpolarized beam of slow neutrons.

Several other valuable polarized-targét experiments are now under way.
X-p polariéation experiments are now well started at CERN and at thé Rﬁther-
ford Laboratory, and work is well progressed at Saclay toward measurements
vof the parameters A and R for n-p scattering. While manyvof the experi-
ments éreviously mentioned could have been done, if necessary, without polarized
proton-targets,'the measﬁréments of A and R definitely require polarized
targeté. Here 1s an important aspect of scattering for which polarized
targets ére absolutely essential. |

It is my expectation that we will hear during this conference about
promising possibilities for target materials other than the presently

_pfedominant IMN. There 1is a particular need for polarized targets with a



6-. . UCRL-17433

' higher proportion of hydrogen, and for some experiments it will be impor-
tant to have targets less susceptible to radiation damage than IMN. I

look forward to hearing the current status of new target materials and I

hope this conference will lead to further work toward finding superior

new target materials.



o

10.

-7 UCRL-17433
REFERENCES | - )
Bareyre, Bricman, 'stirling, and Villet, Phys. i,ett 18, 3k2 (1965).
Abragam,'Borghini, Catillon, Coustham, Roubeau, and Thirion,vPhysf
Lett. 2, 310 (1962). |
4Foote, Chaﬁberlain, Rogers, Steiner, wlegand, aﬁd Ypsilanfis, Phys.
ﬁev. 122, 948 (1961); Foote, Chamberlain, Rogers, and Steiner, Phys.
Rev. lgg, 959 (1961); Rogers, Chamberlain, Foote, Steiner, Wiegand;
and Ypsilantis; Rev. Mod. Phys. 33, 356 (1961).
See, for example, Bareyre, Bricman, Longo, Valladas,‘Villet, Bizard, -
‘Duchon, Fdntaine, Patry, Seguinot, and Yonnef, Phys. Rev. Lett. lh,
198 (1965), or Eaxdi, Devlln, Kenney, McManlgal, and Moyer, Phys Rev.
136, B536 (1964)
Lincoln Wolfenstein, Ann. Rev. Nuclear Sci. 6, 43 (1956).
Chamberlain , Jeffries, Schultz, Shapiro, and Van Rossum, Phys. Lett. 1,
295 (1963).
See, for example, Cocconi, Cocconi, Krisch, Orear, RubinStein, Scarl,
and Ulrich, Phys. Rev. 138, B165 (1965). -
Betgz, Arens, Chamberlaln, Dost, Grannis, Hansroul, Holloway, Schultz,
and Shaplro, Phys Rev. 148 1289 (1966) '
Grannis, Arens, Betz, Chamberlain, Dieterle, Schultz, Shapiro, Steiner,
Van Rossum, and Weldon, Phys. Rev. 148, 1297 (1966).
Dost,‘Helmut, University of California ILawrence Radiation Laborétory
Report No. UCRL-11877 (unpublished), and Dost, Arens, Betz, Chamberlain,
Hansroul,. Holloway, Séhultz; and Shapiro, Phys. Rev. (to be published)

(UCRL-11877 Rev, September 1966).



_18- . . UCRL-17433

11. B. M. Golovin, V. P. bzhelepov, R. Ya. Zul'karneev, and Ts'ui Wa-Ch 'vang,
J. BExptl. Theofet. Phys. 4k, 1Lk2 (1963), Soviet Phys; JETP 17, 98 (1963)..

12.. Atkinson, Cox, Duke, Heard, Jbﬁes, Kenmp, Murphy, Preﬁfice, and Thresher,
Proc. Roy. Soc. A, 289, 4ko (1966).

13. Suwa; Yokosawa, Booth, Esterling, and Hill, Phys. Rev. Lette?s 135, 560
(1965). | |

1Lk, Yokosawa, Suwg,AHill, Esterling, aﬁd Bootﬁ, Pﬁys. Rev. Letters 16, 71&
(1966). | |

15. Chamberlain, Hansroul; Johnson, Grannié, Hoiloway, Valentin, Robrish,
and Steiner, Phys. Rev. Letters 17, 975 (1966).

16. S. M. Bilen'kii, Nuovo Cimento 10, 1049 (1958).

17. M. B. Watson, M. Ferro-Luzzi, and R. D. Tripp, Phys. Rev. 131, 2248
(1963). |

18. Dieterle, Arené, Chamberlain, Grannis, Hansroul, Holloway, Johnson,
Schultz, Shapiroc, Steiner, and Weldon, to be published.

- 19. Chiu, Phillips, and Rarita, Lawrence Radiation Laboratory report

UCRL-16940 (1965,-unpublished).

.o o -
20. Dragicescu, Lushchikov, Nikolenko, Taran, and Shapiro, Phys. Letters 12,

334 (196L4) .



Fig. 1.

Fig. 2

Fig. 3.
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FIGURE CAPTIONS
Sketch of the apparatus of Abfagam etial., that was used to measure
the spin correlation coefficient Cyp, for proton-proton scattering

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

. scattering is incident on the polarized proton target.

Plan view of the apparatus of Foot et'al.,'used to measure the

polarization P in pion-proton scatfering. 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. |

Sketch of the rather simple experimental arrangement of Chamberlain,
Jeffries, Schultz, Shapiro, and Van Rossum as used to measure the
polarization in pion-proton scattering. The polarized proton
target is located at thé center of the'magnet.

Elevationlview of a more sophisticated apparatus for measuring
polafizatieﬁ in élastic écattering. 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 inténsity
on. the polarized target. Té be of interest é scattering event
sh?uld cougt in counters Ub ’.Dd ) Do ’ one of Ui to UiO and

one of Dl to Dlo .

Histogram of coincidenée events between the upper counter US and

each of the lower counters, Dl' to Dlo » for the apparatus shown

in Fig. 4. - The peak in counters .Dé and Dh represents elastic
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- scattering on free target prbtons..‘The dummy target data show

the unwanted contribution from heavy elements in the polarized
¥ 1S

target. The intensity difference between runs taken with nega-
tive and positive target polarization indicates an asymmetry of

about 5 percent for this particular scattering process.
g proc

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

ing at 7&0 MeV lab. kinetic energy. The apparatus has been Ehown
in Fig. 4. The relative systematic error, corresponding to uncer-
tainty in the polarization of the polarized target, is T percent.

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

vhich ‘P(e) is measured.

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

Fig. 8.

Fig. 9.

Fig. 10.

ing at 328 MeV, compared to 515—MeV'fesults obtained without
benefit of a polarized target.

Results of Grannis et al. on polarization in proton-proton scatter-
ing for incident lab. kinetic energy of 6;15 GeV. The polériiation
scale is uncertain by 14 percent. t-his,the invariant square of
momentum.transfer. © 1s the center-of-mass scattering angle.’
Plot of ﬁhe maximtm péiarization in proton-pfo£on scattering as

a function of lab. kinetic energy Té . ‘ -
Counting rate of scattered pions in a differential range telescope

as & function of copper absorber thickmess. The solid curve repre-

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

polarized. The dashed curve represents dummy target. The differ-

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

in the target.



Fig. 11.

Fig. 12.

Mg. 13.

Fig. 1h.

Fig. 15.

Fig. 16.

Fig. 17.
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Eievation view of the apparatus of Dost et al. for measuring
the spin correlation coefficient .Cnn . The proton beam was

polarized by a first scattering on a hydrogen target. The

resulting polarized beam was incident on the polarized proton

target.

Results Qf Dost et al. on Cnn " in proton—protbn scattering

at 680 MeV, along with 3 points (open circgs) of Goiovin et al.
at 640 MeV. The Golovin experiment was performed without a
polarized proton target. | |
Apparatus of Dﬁke et al. for measuring the poldriéation in pion-

proton scattering. A3 and Al are anticoincidence counters

'placed against the magnet pole faces.

Apparatus of Duke et al. as seen‘from the beam direction. The
series of counters B2 , Sp , and S wéré used to select copla-
nar scattering events. |
Typlcal results by Duke et'al. The momentumlof'the incident
negative pion beaﬁ is 1080 MeV/c. The original scale shows the
asymmetr& obsérved. A suitable_écale of polarization is indicated
by markings at P=O.5.and P= -0.5. The horizonfal scale repre-
sents fhe cosine of the center-of-mass scattering angle.
Polarized target arrangement of Suwa, fokosawa, Booth, Esterling,
and Bill. |

Histogram of coincidence counts between one counter of one bank.‘
and each copgter of the 6tﬁer bank. The peak near counter é2 is
due to elastic pion-proton scattering. The abparatqs is shown

in Fig. 16.
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.Fig. 18. Polarizdtion results of Suwé, Yokosawa, Booth, Esferling,,énd
Hill for negétive—pion-proton scattering. The momentum of the
incident pions was 2.08 GeV/c. |

Fig. 19. Elevation view of tThe apparatus of Hansroul et al. for meésuring
tﬁe polgrization in pion-proton scattering. Whén the incident
particles were positive pions it was necessary to use the
Cherenkov counter at certain angles of scattering to determine

whether the particle reaching the lower set of counters waé a
"pion or a éroton.

Fig. 20. Polarizaﬁion in positive-pion-proton scattering as a function of
cosine of center-of-mass scattering angle according to Hansroul
et al. The incident beam momentum wes 1.4 GeV/cf

Fig. 21. Elevation view of fhe apparatus of Dieterle et al., used for
“the K- parity determination. K" mesons were detecteé if they

came to rest in the HQO Cherenkov counter.

-

Fig. 22. Detall of the apparatus of Dieterle et al. xt tange was deﬁermined
by extrapolation of spark-chamber tracks in the spark chambers
Kk and.any one of four u spark chambers placed around the water

Cherenkov counter.

*  Fig. 23. Histogram of "missing mass” for the events of Dieterle et al.
obtained with the IMN target. Events on free hydrdgen should

show as a peak at the sigma mass, but they are here obscured
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by a large backgrbund due to collisipns on hea?y elements»inv
| the target. |
Fig. 24, Histogram of "missing»mass” for the évents of Dieﬁerlé et al.
whén a CHe target was subétifuted for fhe’LMN garget. fThe peak
at the»sigma mass indicates the‘apparatus was adjusted as intended,
‘apd allows an estimate to be made of the fraction of IMN events
near the‘sigma mass that are due to free hydrogen.
Fig. 25. Apparatus of the Saclay-Orsay-Pisa céllaboration for measuring
the polarization in‘charge—exchange scattering of negative plons
on protons. The neutron counters 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. The hydrogen peaks, clearly evident above the béckground (daéhqd
| line), of the Saclay-Orsay-Pisa collaboration.

" Fig. 27. Polarization results for pion-nucleon chérgé_exchange, from the
Saclay-Orsay-Pisa collaboration. +t .is the s@uare of invgriant
momentum t;ansfer. Po is the polarization.

Fig. 28. Plan view of one arrangemént used by Borghini et al. to étudy
polarization in pion-éroton and’proﬁonaProtqn scattering. X
is a Cherénkqv counter in the beam'used to distinguish pions
froﬁ protons invthe beam. V is én anticoiﬁcidence counter.

H, is a hodoscope used to measure the angle of the scattered

2
_beam particle.

i

. Fig. 29. FExamples of the hydrogen peaks in the work of Borghini et al.



Fig. 30.

Fig. 31.

ke , UCRL-17433
Polafizatién re;ults plotted against inVariantvsquare of momentum
trénsfer for pion—proton scattering, from the work of Borghini et
al., The curves'show predictions'of a Regge-pole model.
Ekéerimental proton-proton polarizaﬁion results of Borghini et al.
(dark circles). The points indicated in the,fiéuje as Ref. 5 are

Berkeley results. The points indicated as Ref. 6 are probably

from the Soviet Union.
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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.





