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HIGH-ENERGY-PHYSICS EXPERIMENTS WITH POLARIZED TARGETS
Owen Chamberlaein

*
. "December 1966

If we are to do a workmanlike Jjob of studying the strong interactions
it is imperative that we hévé knowiedge of the 'spin dependénce of the forces.
This implies that poiarization experiments are essential. Already Bareyre,
Bricman, Stiriing and Villétl have shown that pilion-proton polarization experi-
ments should be interpreted as indicating two new resonances not previously
seen by. other methods. |

The present-day approach tc determining detailed pion-proton scéttere
ing amplitudes is 10 use measured differential cross sections, polarization
meaéurements, dispersion 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 T hope‘we may see the day when the
scattering experiments will be sufficiently détailed that the dispersion

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

.dispefsion relations may themselves be checked‘exPerimentally, rather than

being assumed.
\ .
I see, then, an early period of polarization experiments followed by
a later period in which more extensive experimental results will be called ™ |
for. For the pion-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 should be reguired,

such as measurements cf the parameters, R and A . 'In R and A measure-
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ments, the p rOtons have a known polar¢zatlon before the colllsvon takes.

piace. “Aftef the éion seatfers on the ﬁfoten; Qne asks_how.much'reSidpei:
polariéatien the pfctonlhas: ' ,.”, | ;-; e R o .
The nucleon- “ﬁcTeon (N-W) system is suscepbvoTe to similar anal y31s;
bet there aré nore ampliﬁudes to ve deﬁermined, so more eiperimehts must
| be performed. The N-N system is less well'analyzed at:present than. the ~
" -N system. - |
Before deecribing in deteil the experiments that have‘elreedy'been
performed we review the definition of polarlzatlon, restrlctlng our discus-
sien to par 1cles -of spln l/é If a beam or target-has‘random spin;axis
directions it is‘seid to bevunpolafized.”-If'all the:spin axes are oriented
in e particular difection it is said‘to be cem§ietely (or. lOO ) polafized
in that direcfion. For any beam or %arget we may imaginevuhat we measure.
the~component of:spin along a ﬁarticular direction:foreeaeh particle,
fiﬁding for each particle either_+ % (spiﬁ ﬁpvaleng,tﬂe cthen'direetion)
or - % (spin down}. The component Qf pelafizafion in £he'chosen direetioﬁ

is then S - . -
N _-N o . e e T
up “dovmn - - . E :

Niipﬂdown

P=

vhere. N _ (or Ndown) is the number with spln up (or down)

The first experlment performed w1th a polarlzea proton targeu was

that’ of Abr@gam, Borghlnl, Catvllon Coust am, Rouoeau and Thlrlon.2 It

.

was a measurement of the parameter Cﬁn for proton-proton scattering at

20 MeV. The parameter Cnn is a snln correlatlon coelf1c1enu exnre551ng

the dependence of the differential scattering cross section on the relative
¢ } : g on _
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spin orientation of two colliding protons. ~The suvbscripts n refer to the,
normal to the scattering plane. We imagine first that a proton beam complete-

ly polarized in a particuler direction normal to its direction of motion

impinges on a proton terget completely polarized either parallel or antiparallel

to the polarization direction of the beam. In either case let I(6) be the
differential cross section for scattering in a plane perpendicular (nqrmal)
to the polarization direction at center-of-mass angle 6 . The parameter Cnn

would then be

(9)
(e)

(6)-1

Iparallel antiparallel

c.(8) =
nn Iparallel(e)+Iantiparallel

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

equivalent expression is

(6)
(8) -~

L1 paraTle ( )- Iantiparallel
% (0) =5 52 @)
B T par allel

Iantiparallel
A sketch of the expérimental arrangement of Abragam.et'al.‘is shovn in
Fig. 1. A beam of <« particles was incidenﬁ at the left on a hydrogenous
foii,‘giving rise to knock-on protons highly polarized in a vertical direc-
tion (normal té the scattering plane at the hydrogenous foil, the first
target). ‘The highly polarized protons (of 20 MeV) impinged‘on a éolarized
proton target (of lanthanum magneéium nitrate (iMN)) and proton-proton
scattering events ﬁere counted at center-of-mass angles between'6oo~and,9oo.
By measufinglthe rate of p-p scattering.events ﬁith the taréet.protons polari-
zed parallel.or antiparallel to the beam polarizaﬁion, they could detefminé
c.. . Forlthe proton-proton system the meaning of Cnn is particularly.

nn
. 0 . ' . R .
simple at 90~ c.m. scattering angle: Spins parallel means triplet spin
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state;' pins antlparallel means. Sﬂngleb. Tbe‘expeflmoptel value of -O 91
for C -_ corresponas to the Lact that thevp-p.scaouerlng_au this energy is
imainly in,singlef states. Hoﬁe%ér;‘és.the scaftefing anhgle deviates from - .
90°(c.m.) the-interﬁfetdtion becomes ﬁore-complicatéd. -
| Since i attribuie.to_?rofessors Abfégam én@/Jeffrieé the birﬁh of

polarizéd proton targets in usable forﬁ, it quld be fitﬁing 1f I next |
described work of whichfProfeséor Jeffrieé ié‘a_éo-aﬁthOE,f Howevef, I
want first to give the;defihition.of thé relevant parametéf,lP.;énd.then
to describé the older teéhnique of measufihg-it. |

The definition of fhe ﬁolarizatién'paréﬁeter‘ ? is'the-final;étate
pbiarization afféf ﬁhe scéttefiﬁg prbcess‘providihg the parti§les7were
-unpolariied before the séattéring.k In fact Fig.‘Q'ShOQQNavﬁlén view of an
exporlmenu5 to measﬁre uhe parameuer P by rescatterlng the rec01l protoné
' from a w-p colllslon. A plon beam strlkes the'(unpolarlzed) hydrogen target
The rec01l protonu are rescattered on a second (carbon) target, where any
. vertlcal componentvof polarlzaulon would result in a le+u—r1ght'asymmeury'
in the scattering at thé carEon‘téfgét. This'ié_a,tdlerabié ﬁay to ﬁeasure”w
P if no more convenient way is réadily available.' While some i@provement$_
on this basic method héve beén made with the introduc£ion of.spark'chambers,
it is still better to use a different épprbaph'thét involves a poiarized,
- proton target. o - '  ‘5"f.-  v o o ; L S .

The use of a polarlzed ta*get to measure P. depends on the presumed . '
facts that the strong 1nteracblon5'coﬁserve parity and.ave iﬁvériant under
- the time;reversal transformation'- We will not make the arguments here, but

. they may be Lourd in a review paper of W‘olLensteln.5 The resu”t is that for
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elastic scettering the left-right asymmetry e of the scattering’on a térget
completely polarized up is numerically equal to P :
N ~-N_.
_ T left "right _ P
- N, . N

left "right

vhere N .. (or N ht) is the number of pions elastically scattered to

v lef
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 and the aéymmetry
€ we may deduce P .

In practice one of the two configuratioﬁs (et us say tﬂat of right
scattering) can be rotated by 180° around the beam direction so that the
counter is on the left but the targét polarized down. Tﬁis has the advan-
tage that the counter may be in exactly the same position for the two cases
feing compared, soO there is no problem of méking a left scétterigg angle

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

Nup-Ndown

€=
Nup+Ndown

where ,N {or ‘Né ) is the nunber of scattering processes detected in 2
counter to the left when the target is polarlzed up (or down). This is the
method used by Je*frweo, Schultz, Shapiro, Van Rossum and myself.

A further ¢omment is necessary concerning ‘the separation of pion-

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

Ing by protons bound in complex nuclei. When the target material is lanthanum
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magnesium double nitrate (IMN) the protons of hydfqgen1constitu£é only
3 percent of the target weight. Accordingly,.séattering by bound protons

is much more common than scattering by free protons (hydrogen). To avoid .

_—d

having the interesting events overshadowed_by‘unwanted scattéring'proceéses
one must select éléstic pion-proton scatterings frém other scattering processes‘
on the basis of the scattefing kinématics.
The selection ofﬁelastic scattering frocesseé on.freé hydrogéﬁ can bg
accomplished by stepé as follovs:
a) Observe whether a’ scattered piqn is accom@aniéd by.a coplanar
recoil proton, as required by fhe elastic scéttering’bn'hydrogen,
b) Obser?e whether fhe angle of emission of the coplanar recoil |
proton is that expected for elastic scattering kinematics, -
c)'.Check Vhether the'energy’bf the emerging pion.is consist¢nt with
kinematics, énd
d) See whether the energy of thé fecoil prgtoﬁ.ié consistéﬁt with'
the kinematics. . S - | |
If all of these checks were applied, the background would bé s&all in-
| deed, as ﬁitnessed by the very—high-momentum-tfansfer p—? écéttering experi- -
mehts‘étvalternéting—gradient synchrétrdns.7 In practice it is often suffif.
cient to apply (a) and (b) only, and is much simplerlv That is the way most
of the =P scattering experimentsfwere done.v |
:Figure 3% shows the appératus. A coincidence'befweénvthe.pion telescope
‘and some préton counter indiéatedla coplanar evenﬁ (Cohdition;(a)), and 2
coincidence with the central proton Eounter indicated the proton angle wés

consistent with n-p scattering. Scattering by bound protons is rather like
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scattering from a moving nucleon, so the emergence angle of the proton is

clt

usually no

that of elastic scattering on free hydrogen.

Figure 4 shows a further elaboration of the same method in which the

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

beam line, and the recoil proton detected in one of

10 counters below. TFigure 5

shows a typlcal histogram constructed out’ of the scattered particles from a

polarized target made of LMN. 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 number

of coincidence counts in each of the lower counters.

The figure shows 3

sets of data: counts taken with the target negatively polarizedl(opposite

to the termal equilibrium direction), counts taken with target positively

polarized, and counts teken with a dummy target, chosen to be similar to

IMN 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 IMN. The dummy-target data allow a.reasonabl

backgréund to be made. Notice that the size of the
different for the iwo signs of target polarization,
in the scattering process in this case. -

Figure 6 shows the results of Betz et al.8 on

proton scattering at T4O MeV, as an illustration of

e subtraction of the

hydrogen peak is slightly

indicating some asymmeﬁry

the peclarization in proton-

typical<resul§s. Figure 7

shows their results at 328 MeV, compared to earlier

without benefit of polarized target. The agreement
the recognizable errors, indicates that we may have

ment ol the target polarization in this case.

results at 310 MeV.obtained
is not perfect but, within

confidence in the measure-
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Figure 8 shows results of Grannis_et al.9_for_polarization in p-p scat-

tering at higher energy. - SU R L e e

.

.

Figuré‘9 displays the largest'ﬁalue;bf polarization in p-p scattering
as a function of the‘(laborétory):kinstic eﬁergy. 'Afﬁer it reaches a'peak_v
valve near 700 MeV it decreasés mbnotonically_at higher energy, in qualitativé
agreement with theoretiéal expectétions. |

When it is desired to.usevthé polarizéd target fbr'éimeaSUreﬁeﬁf of
polarization at a very small angle it may be impracficable’tg'mAKe the térgeﬁ
thin enough that the récoil-proton can émergeireliébly} In.this éase»one is
restricted to making méasurements only.énvthe scattered beam particle to
diStinguish thevséatterihg from free hydrogen. A case in.point is tékeh
from reference 6, where polarization in small—angle_pidﬁ-proton scattering
was attempted.- The method cohsistsfin measuring ﬁhe eﬁergy of pions.scattered
at a particdular angle and seiecting those whose eﬁergy is cdnSistent:with'
elastic écattéring kinema@igs. in this case the rangeléf thé pibns in a copper
absorber could be used as a ﬁeasure of their-enérgy. :Figure 10 shows differ-
ential.rangévcurves taken.with IMN target_énd with dumﬁy farget. The differ-
ence shows the elastic ;catﬁéring’on hydrogeﬁ,lbut_notice'that for'data taken
at the apprbpriate value df'copper'abgorberlthe LMN counts dfé only about 20%2
due to hydrogen, ﬁhe rest being backgrduﬁd-from hea&y elements. This indi—
cates the limitations ¢n the vse of a polarized IMN target when.only one
cOngtraiﬁt-can be applied to distinguish the sqattering on free hydfogen;

An arrangement for ﬁeasuring' Cnn in protonéﬁrbton scattering'is ' -
shown in Fig. 11. It is the apparatus'of Dost ef él;lo The YﬁO-MeV exter-

nal beam from the cyc¢lotron is deflected by two magnets so as to impinge.on



L3

s

Wa-Ch'uag

Their

the first target of liquid hydrogen eith

9- ' UCRL-17433

r from zbove or from below the

(b

regular beam line. The protons that go in the forward direction are

polarized in the scattering and may be focussed onto the polarized hydrogen

target (of IMN). In order to determine. C_~ without altering the counter

positions one takes a L-way difference involving both signs of beam polari-

zation, by striking the liguid hydrogen targe

toth from above and from

ct

below, and both signs of polarization in the IMN target. The expression is

N, N, -N_

T B N+++N+f+N_++N__

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

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

tion and polarized-target

Fig. 12, along with three points obtained by Golovin, Dzhelepov, Zul 'karnesev,

polarization direction. The results are shown in

without the benefit of a polarized target. The agreement between

the two experiments is quite good. The fact that Cnn is'nearly 1 at 900.

indicates that the scattering there is mostly triplet scattering.

A very important series of measurements on plon-proton polarization

has been made by Atkinson, Cox, Duke, Heard, Jones, Kemp, Murphy, Prentice,

and Thresher.12

apparatus is shown in Fig.

on each side of the beam.
along the beam direction.

assure the coplanarity of

have made measurements at
‘results, for the case of incident pilon momen

have played a crucial part in the analysis of Bareyre, Fricman, Stirlin

Al5. Tt uses an extensive series of counters
Figure 1l shows a view of their apparatus viewed
They have used an extensive array of'counters to

the events they have used in their results. They

a number of energies. Figure 15 shows typical

la
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and Villet,
Similar experiménts have been carried out at a somewhat higher energy

- — - . . Ly 1k . -
of m~-p scattering by Suwa, Yokosawa, Booth, Esterling, and Hill. Their

'experimentél érrangement is shown in Fig. 16, and Fig. l?lshéws their
"hydrogen peak", in.the histogram of coincidence counts betwéenrthe counteré
of one array:with a pérticularjcouhter inwthe'otheriarréy. Aﬁlékample-Of 
their.results is shown in Fig. 18. | '

15

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

view in Fig. 19.: Some 30 counters above thé beam partly overlap each adja-
cent counter so as to give some 60v”bins” of.angle in the scattéring plane.
Counters belowvthe beam line are similafly afranged.‘ 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 trouble was experienced with electrons. in the plon bean. t was found

that electroﬁs.may emit high-energy X rays in the first part of the IMN tar-

gt and these X rays way then make electron-positron pairs in the latter part

of the target. The pairs gé élmost 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. Bécause these -
electron-pair events tend to satisfy'the coplanarity-requireﬁent autbmétiéally, o

they can represent a troublesome background. It was also found that it 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 ncot send
particles. At high energy the anticoincidence cownters help to suppress

unwanted inelastic processes. Measurements were made at 10 energies for
- R : . - + ‘
the 7 -p polarization and 15 energies for the = -p . As an example of

14

some of the better resulis, Fig. 20 shows the resulis for incident wmomen

tun

1.4k gev/e.

We have said above that for elastic scattering the asymmetry cosexrved
in scattering on a polarized target ié gUaranteed by parity conservation and
time-reversal invariance to be related to the polarization P in the same’
scatltering process Dby

e =P P .
Bilen'kiil6 has pointed out that if the chafacter of the particles changes
in the scattering process we may have the nore general relation

e =P, P

+3

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+ p - K+ -+ Z+ .

Both the pion and the K meson have zero spin and both proﬁon and I Thyperon
have spin 1/2, so this is a suitable place to apply the Bilen'kii argument.'
If the pfoduct of m and p intrinsic parities is the same (or different)

from the prcduct of K and X dintrinsic parities we will lmw.a plus (or

minus) sign-in the relation
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: P has already beén measﬁred'in bﬁbbleéchambér experiments s0 a measurée.

went of asymmetry.ve 'innthé’reactioh'on'a pOiarized targeﬁbcoula cﬁeck

‘_4the préduct of intrinsic-pqrities of K and I .jf(The n-pvsyétem is alféady
- known to have an odd'prqduct'of inirinsic_parities;)

In spité-of‘the fact that the‘K—Z parify was'believedldemonstrated to

7 18 ianerkeley

be odd, on thebasis of work by Tripp et al.” - Dieterle et .al.

decided tolremeaSuré the K-% parity as a demonstration of fhe new.method and
as a further reassurancé about the Tripp result. .The apparétu§ £sed ié
shown: in Fig. 21. The incident pion.beam.was partialiy separated to suppress .’
protons. Pion momenta were measured in spark chambers énd magneﬁs aiong ﬁhe.
beaﬁ line. The desired.reaction was selected‘by the observation of a final-
state'K+ particie;vdetected in a somewhat standard K+detector invoiving YKV+
that come to rest in a water Cherenkov counter. By obéerving.the'K+ angle

of emission (by spark chambers) and the X' enérg& (by range measuremént) |

: the authors could obtain & one-constraint sélectibn of the desired reactioﬁ.
Figure 22 shows morgvdétail of the apparafus_in the vicinity Qf the water
Cherenkov counter. Two prior Cherenkov coﬁntérs were required to show no
pulse (the desired K mesons_beiﬁg too slow to produce‘Cherenkov light there)
but the large water Chéréﬁkov was reguifed to show a delayed pulse (dﬁe.tov
the fast~de¢ay products of the K+)."The range o? the K+ was détermined by .

A extrapoléting forward the spafk-chamber track of the entering K+ pafticle

11,

and extrapolating backward the decay product as observed in the "u spark

chamber.
e . + - ‘ : ' ,
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 X eumitted at the angle observed for that event. To construct

s , . + . )
this parameter each stopping K was treated as i

-y

it ‘originated from free
hydrogen but as if the unobserved particle were not necessarily a Z particle,
but sowe Ffictitious particle of mass m (missing mass). When this missing

3
+ L. . . in .
mass falls close to the mass of a ¥ +the event is consistent with the desired

reaction.

Figure 2% shows the distribution in missing mass for the obseryed events
from the polarized target (of IMN). There is certainly no ciear hydrogen peak
in the.vicinity of the Z mass. Rather, there is a Dbroad distribution more
characteristic of the heavy elements in the targét. When the LMN farget was
replaced with a CH2 target the resulting missing mass distribution did showA
a hydrogen peak, as shown in Fig. Zh;‘ 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 dafa confirm the.odd parity of the K-Z system rather
than even parity by odds‘ofvho to 1. The experiment indicated again the
difficulties of ﬁorking with one-constraint fits to separate the hydrogen
effect in the IMN target. : | .

.A<conceptually similar expefimenﬁ designed to measure the intrinsic
parity of the = hyperon is in the énalysis stage at the CERN léboratory.

A valuable extension in the uses of a polarized proton ﬁérget has
been made by a Saclay;Orsaerisa collaboration, aé reported by Sonderegger
at fhe Tony Broqk Conference. They have used,é polarizgd target to ﬁeasure
the polarizétion iﬁ charge-exchange scattering

- © 0,
T +pPp>n+1n0
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particulariy ét ﬁighfenergy.andisﬁall.mqmentum-tréﬁsfér ts.ﬁhe nﬁciéén.t
Figure 25 shOWS'theif expérimentél.érrangement;._They bb;erve the neuﬁron
‘and measuré iﬁs_veldcity by timenéf fiigﬁt'iﬁ-séi@tiii&tion coqﬁters and

they observe the gamma rays from the decay of the neutral pion in spark.
' g v : ) 8P

" chambers. Their trigger is based on an incident negative pion, no charged
h , : < . & P g

particle emerging from the target, and the detection of 2 reasonably slow

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

Their results are shown in Fig. 27, for incident pion momenta‘of45;9 andv-
11.2 GeV/é.‘ This process Iis quife interesting in £ha£ the polérization
had been expected to vapishvra?idly at high eﬁefgy acc@rding to the simp-
lest Regge-pole model. | |

tensive high-ehergy ﬁolarizatiéh measﬁrements have bgeh ﬁade fqr‘,
t=p and p-p sdattering by.a'gr6up of CERN authors consisting of Borghini,
Coignet, Dick; Kuroda, di Lellé, Macq? Michalowicz and Olivier. Theyvuséd
incident momenta from 6 to.12 GeV/c. Because of thevhigh incident energy.
the measuremenfs are limited to the most forward directions of scattering.
However, there is a2 great deal of interest in this near~-forward scattering
as it contains vital information on the limiting behavior of scatiering

amplitudes at high energy. In particular, it is 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 is a ﬁery imporﬁant first step. One form of

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

O

ounter hodoscope to determine the angle of scattering of the beam particle
and have used an ingenious 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 part in Fig..29. Their results for w-p polarization are shown in Fig. 30.
. . - - '
In all ceses the data for m -p polarization are positive at small angles,
those for = -p are negative at small angles. The curves are the theoretical

19

values of Chiu, fhillips, and Rarité ‘based upon a Regge-pole analysis.
The agreemenﬁ.with the Regge analysis is not.bad. The experimental resuits
for p-p scattering are shown as solid circles in Fig. 31. At 6 GeV/b there
islnot perfect agréement with results‘obtained in Befkelq&. |

I have omitted descriptions of some other quite interestihg applica-~
tions of polarized proton targéts such as their use to obtain relatively
high-intensity polarized neutron beams, as reported by Dragicescu,
Iushchikov, Nikolenko, Taran, and Shapiro.go Incidentally, this'WOrk
suggests that for targets of high polarization it may be practicable to
measure the target poiarization by measuring the transmission of the target
to an ipitially 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 Rﬁthef-
ford Laboratory, and work is well progressed at Saclay toward measurements
of the parameters A and R for m-p scattering. While many of the‘experi-
ments éreviously mentioned could have‘béen done, 1f necessary, Without polarized
proﬁon-targets,'the measﬁréments of A and R definitely regquire polarized
targeté. Here is an important aspect of scattering for which polarized
targets ére absolutely essential. |

It 1s my expectation that we will hear during this conference about

Promising possibilities for target materials other than the presently

predominant IMV. There is a particular need for polarized targets with a
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“higher n“onort10p of bydrogen, and ;or some’ exp°rvmﬂrts 1t w:Ll'l be 1mpor-A-

tant to Lave-targets less - suscepuvble to radlau on damage than LMV I

look forward to hea ring the currenu status. of qew target materials'and I

hope this conference will lead to further.work toward finding superior

new target materials.

K3
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FIGURE CATTIONS

Fig. 1. Sketch of the apparatus of Abfagam et.al., t“dt.was used to measure
the spin correlation coéfficient Can.  for proton-proton scattering
at 20 MeV. A highly polarized proton beam made by alpba—préton

- scattering is incident on the polarized proton target.
Fig. 2 x Plan view of the apparatus of Foot_et al.,’used tc measure the

polarization_ P in pion-proton scatfering. The'pion—proton 
scattefing occurs at the first target. The polarization of the
recoiling proton 1s 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, Shapiro, and Van Rossum as used to measure the
polariiation in pion-proton scattering. The polarized proton
target is located at the center of the magnet.

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

polarizatieﬁ in elastic écattering. The upper and lower counter

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

The Cherenkov counter C 1s used for monitoring the beam iﬁténsity

on’ the polafized térget.v To be of interest é scattering event

shguld cougt ip counters Ub ’.Dd B Do.f one of Ui to Uio and

£ .
one of Dl to DlO

Fig. 5. Histogrem of coincidence events between the upper cownter Ug and

each of the lower counters, Dl to DlO , for the apparatus shown

in Fig. 4.  The peak in counters D. and D, represents elastic
g P 3 L



"scattering on f ree ta*get prOuons. “The dummy target -data show

the unvantea coqt‘woutwon from heaVy elements in the polarized

- This means tbere is a T percent uncerta_"ty in the scale agalnSt

terget. The intensity difference bstween rUﬁs tauv with nega- S
tive ‘and positive target polarization'indicatés an asymmetry of

about'5'peroent'for this particular scattering process.

Results of bebZ et al. for polarization in proton-proton scatter=

ing at 74O MeV lab. kinetic energy. The apparatus has been shown
in Fig. L. The relative systematic error, corresponding to uncer- -

tainty in the polarizatibnjoi the poWarlzed uargst, ié_?,percent.

which P(e) "is_measured,

Results of Betz et al. for pOTariZation in pfoto —proton scatter-

1ng at 328 MeV, compared to 515-MeV resul s obtalned w1thout )
benefit of a polarlzed target o |
Results of Grannis et al. on polsriza ion in proton proton scatte
ing for incident 1ab. kin tic energy of 6 15 GeV.  The polarization_
scale 1is unbsrtai# by 1b percent. t~nisvths invafiantvsquare of
'momentum'transfer. 6 is the center—of—mass scattering aﬁgieit
Plot of the maximum psaarlzatlon in proton Uroton scatte 1ng as

'

a functlon of leb. kinetic enorgy Tp . S

Countlng rate of scautered pions in a differential fangevteleséops
as & function.of copper absorbe;‘thickﬂess; The solid curve_repre- h
sents data taéen with the polsrized.tsrget iﬁ vlace but nstihighi o
polarize@. The dashed cufvé reéresents aummy target;v The differ-

’ ' , 2 . Y e .
‘ence_nearv60 grams/ém is due to elastic scattering on free protouns

in the target.
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Fig. 11.
Fig. 12.
Fig. 13.
Fig. 1b.
Fig. 15.
Fig. 16.
Fig. 17.
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Eievation view of the apparatus df_Dost et al. for measufing

the spin correlation coefficient 'Cnn . The proton beam was

polarized by a first scattering on a hydrogen tafget; The

resulting polarized beam was incident on the polarized proton

target.

Results of Dost et al. on C " in proton-proteon scattering

nn
at 680 MeV, along with 3 points (open circes) of Golovin et al.
at 640 MeV. The Golovin experiment was perrormed without a
pelarized proton target.

Apparatus of Duke et al. for measuring the polariiation in pion~

proton scattering. A3 and Al are anticoincidence counters

vplaced against the magnet pole faces.

Apparatus of Duke et al. as seen from the beam direction. The
series of counters B2 , Sp , and S=m weré used to select copla-
nar scattering events.

Typical results by Duke et.al. The momentum‘of the ihcident
negative pion beaﬁ is 1080 MeV/c. The original scale shows the
esymmetry observed. A suiteble scale of polarization is indicated
by markings at P=0.5 and P=.-O.5. The horizonfal écale repre-
sents fhe cosine of the center-of-mass scattering angle.
Polarized terget arrangement of Suwa, Yokoséwa; Booth, Esterling,
and Hill. '

Histogram Qf coincidence counts between one counter of one bankA‘
and each counter of the 6tﬁer bank. The peak near counter 22 is
due'to elastic pion-proton scattering. The a@paratgs is shown

in Fig. 16.



Fig. 20.

‘Fig. 21. .

Fig. 2

;22;';f,r*'jf‘gl”"’ g_UCR1r47433

Polarization results of Suwa, Yokosaws, Booth, Esterling, and
2 2 S0,

/s

- Hill for negative-pion-proton scattering. The momentum of the

incident pions was 2.08 GeV/e. .

Elevation view of the apparatus of Hansroul et al. for measuring

Bl

7hen the incident

-

the polarization in pion-proton scattering.
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 was a

2.

S pion or a proton.

1

Polarization 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 was 1.Lk41 Gev/é,

Elevation view of the appafatus of Dietérlg et al., used for

[

“the K-Z parity determination. K" mesons were detected if they

‘came to rest in the H20 Cherenkov counter.’

‘

Deﬁail of the apparatuS»évaietéflefet.ai. | x* faﬁgé‘waé deféfmined'
byvextrapolatignvéf spafk—chambef tracks in the épark‘chambers
Kk and.any one of four uispark Chambers piaéedvarpﬁnd the water
Cherenkov counter. | .l.

[
Histogram of ”missiﬁg mass' for thé'eyents of Dieterle eﬁ al.
obtained with the ILMN target. Events on free hydrégen should

show as a peak at the sigma mass, but they are here obscured
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Fig. 2k,

Fig. 25.

Fig. 28.

. Fig. 29.

beam particle.

- - R . UCRL-17433
by a largé backgrbund due to_collisipns’pn ﬁea&y elements in
the target; | |
Histogram‘bf ”missinc‘mass".fdr fhe eventé of'Diéﬁerle et al.

2

at the sigma mass indicates the apparatus was adjusted as intended,

when a CH. target was substituted for the IMN target. - The peak

and allows an estimate 1o be made of the fraction of IMN events

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

Apparatus of the Saclay-Orsay-Plsa collaboration for measuring
the polarization in'charge-exchange scattering of negative pions
on prbtons.v The neutron counters are to the left and right of
the beam. A ;park chamber was used to detect the gammé.rays
from the neutral picn.

The hydrogen peaks, clearly evident above the béckground (daéhgﬁ
line), of the SaclayQOfsay:Pisa collaboration.

Polarization results for pion—nucleon chargé exchangé, from the
Saclay-Qrsay-Pisa collaboration. 1 .is the équare of invariant
momentum t;ansfer. Po is the polarization.

Plan view of one arrangemént used by Borghini et al. .to étudy

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

is a Chererkov counter in the beam used to distingtish pions
from protons in the beam. V is an anticoincidence counter.

H

- is a hodoscope used to measure the angle of the scatiered

Examples of the hydrogen peaks in the work of Borghini et al.



'r'transfer for - blon -proton
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B

ol: i

m"'

Cal. The'curves show Dredictions of. & Regge-pole model. =

Experimental proton- nvoton ‘polarization results of ‘Borghini et al.

(dark ci cles). r"he PO oints iﬁdibaied,in the figure as REL. 5 ere .
gBerkeley results;* The pownts 1ndic ted as Ref..6fare probably.

'.from the Sovvet Uhlon. 
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ation’ res ults plOtted"against}inVariant sguare of momentum

cattering, from_the work. of Borghini et
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