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4 August 1965

TO: All recipients of UCRL-16185

FROM: Technical Information Division

Subject: UCRL-16185, High Energy Polarization Experiments and Regge Poles,
Roger J. N. Phillips and William Rarita, June 10, 1965

Please make the following corrections on subject report.

Abstract page reads: 'William Rarita!’ It should read "William Raritat'.

Page 16, line 10 from bottom reads: "...pand A_..." It should read
"...p and AZW."
Page 17. line 2 reads: ''p, Az, .."" It should read ''p. AZ-. o

Page 18, line 4 reads: ''..useful for measing...' It should read . .useful

for measuring. .. "
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ABSTRACT

This report reviews varlous types:of high-energy polarization"
measurement, and their relation to Regge pole models, Illustrations

.are glven.
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' 'I. INTRODUCTION -

This is evrevieﬁ,ef ﬁarious;types-of‘poierization experiment
' aﬁ'high energy, that may be‘perfofmed,>now or in the fefure, and fhe "
-types of prediction that Regge pole models make.‘ We hope‘it'will
focus attention .on certain properties of these models and stimulate
experiments. |

Specifically we’eonsider " xN, KN, }73\1, NN and NN scatj:ering', | :
‘and polarizafion tensers of the first and second ranks only; The
: experiments may not all be feasible in the near future, but at
~ least they are not unthinkable. | !

The polarization formalism is given in $e. Genefal'“
'qpaliﬁative properties of Regge pole models and.their experimental
impiications are described in §5°, INlustrations are éiven. |

_§.h contains some conclusionsy




- . . . .
LI DR o "
i A Choo e 2 M
) ‘ i L N

" STt : e
N e i oo
Do 5 . L
. AR ot & P §
Ll . PN
. PR AR
R . oy K L [ .. BN Lo .

. . - . CooE L S, R R . Lo
R L e e o v o
a2y IO[ARIZATION FORMALISM.«J,r‘ U &

, - e ) . . S e N S e Yy e
. . . . : I .- e T RS
“ . - : - -
i

-“':is redefined between two scatterings,

b x b matrix. The most general form consistent with parity

We shall be concerned with spin-O and spin-2 particles only.lflli:fki.
77,';The spin state of a spin-2 particle is conveniently described E iﬂf.'
‘;::by going to 1ts rest~ frame, where a two-dimensional spinor is suffic- o

} ient. This approach leads to a formalism that looks non-relativistic,..
B in the sense that no 7-matrices appear; however, Stapp2 has shown

.vthat 1t is completely general. Relativistic effects enter explicitly o

at two points, in the relations between lab and c,m. angles, and in

'5';‘ a rotation ;of spin co-ordinates when the appropriate rest frame

The c.m. scattering amplitude M is a matrix in spin

. space. For ;nN,KN or_KN scattering with given isospin, M is '
“" & 2 x2 mabtrix ; the most generalwform_consistentwwith parity,gd.”

‘conservation is _

M = g+ingN . - ()

‘ te

where N is a unit vector normal to the scattering plane, c is
;the Iauli spin operator for the nucleon, g and h are scalar
- :coefficlents depending cn energy and scattering angle ( but not

on azimuth). - It is implied that g is multiplied by the unit_; IR

operator in spin space.

For NN or WV scattering with given»isospin, M isa

L
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- conservation;‘charge conjugation and time-reversal invariance,ﬁ
and charge independence, may be written.

FUEN

M = a+1i c(g(l)+ 9(2))0§ + m:é(%l~§g(2)~§ + (8+5)'S(1)'§g(2);§

. (g-b) g(l)°§ g(e)'K"

o

Here -g(l) and 3(2) are the Paull spin operetofs for the two

: (2)».»

 ‘particles ; a, ¢, m, g and h are scalar functions of energy and - -

: scattericg angle; N,P and X are & right-handed triad of unit

1vectbrs; defined in the directions Ei X Bf s P, + gf-, gf - gi-,

~1
where pi and D, are the initial and final c.m. moments of
particle 1.

In what follows 1t will be convenient to use N,P and K.
‘as axes of reference, and denote components wlth réspect to these
axes by subscripts: g(l)»g = %.( ), ete |

Consider & mbnoenergetic beam Incident upon a target, and
let the 1nitia1 pclarization of the system-be described by'a
density matrix pi . After scattering through some angle the

final density matrix p depends on M and is given by
f

CIf intensity alone 1s measured after scattering, we have the .

1

»differential cross section

- (3)
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we have

]

(8,

[

P AN
. 1) (g) - m) .
R 2

- Thus experiments essentially measure qpantities;of‘the‘fofm,fffffg

.where x and y are spin operators(including the unit operator)
- referring to some aspect of initial polarization and final analysis,
respectively.  L

Let us take some practical examples. o

i) No initial polarization, final intensity measured, Py

.This gives the unpolarized crnssrsection»which we shall denote byf'f' <

T
o

. (ii) No initial polarization, final poiarization of particle 1

measufed, =1, § = g<1)

[

pi

,' éf;‘:
IEY

SR e T B T e e R e
 trace py/trace p, " = tracé,'MQimfékracefoi'a5~ o ()

. traoe _5£§/%fa¢e pf"5~o‘1 ..;*’f S }«Q(5)ﬂ_f.,ﬁ

=1, £=1,

<; :) = trace MM /%race 1 B L ;i (85

son
i

h



B Io(’g(fl))f = ltra.c}e .MM+g(l):/ tré.c.tva' 1 . | (9)

Parity 'coﬁservation, incorpoi‘ated ‘in M, constra;ins (g(l)) o be.
Inox'"mal to the scatteringvplane: (g(l))f; P(e) N . P(8) is
known as the polarization parameter; it can also be measured in a..n\
experiment where one par’ciclé 1s initially polarized and an aSymmetry
In the cross section is measured, essentiallj the time-reverse of -
the present case. | ‘
.iii)Particle 1 has initial ' pola;'ization g’,. and its' final polarization’
is measured in some direction ,j;pvi =1+ g(l)-‘.g s & !-—- cj(l) . |
The final polerization contains a term depending on the‘ initial

polarization through the "depolarization tensor" D, 3 (6):

- (aj(l))f %g—)

= trace M(lfg'(l)-g) M+63(1>/trace 1 (10)
z ' -

 =_ I, ¢ B(e)V, +ij(§)?k . (11)‘.

With respect to the axes N,P and X the tensor Dy, simplifies:
DNK = DKI\I = DNP' =. DPN =0 and DFK = "DKP o  The cqnponent
Dyy is the so=-called "dgpola.rization par'ametéf" D(8); the other
components appear in various combinations in the éo-called

"rotation parameters" R(®), A(8), R'(8), A'(8) .



N For the "R" 'experiment, the inc.l dent beam is pola.rized.

“the  "A" experiment, the incident beam is polarized longi‘tudinally,

angle, Hence

P .
way L
. ; o

transversely and in 'bhe ;plane of sca.ttering, while the sca.ttered

vbea.m is also amlyzed tra.nsversely in the scatter:mg plane“ For

A

but is-anelyzed as before, Thus the initial pol_arizations ‘are in R
. . _ o

the directions P sin g- + K cos g— and. P c':os g_ - K sin 5

, respectively, vhere 6. is the c.m. scattering angle, (See Fig. l)

However, because of ‘the two relativistic effec‘ts ment:i.oned'ea.rl:!._er,2 o

- the effective direction of analysis is not K but rather

L.

1
(KK L K

_l__ . o ,,," _‘--1_.- . .- : : L. -

-?(DKK + DPP) sin(e eL) 2(DKK. DPP) sin @+ pEK cos(e 3 ) (15)
- For these experiments it may be more pfa.ctica.l to polarize"';

the 'ﬁarget ra.ther-the.n the beam, and to an)a.lyze the 'recoil polarization.

Let pi, Pes P P,K and e be defined relative to the fast particle, and

label the c.m. and Lab recoil angles by ;5 and L’ as shown in

Figure 2. Then analogous R end A experiments can be defined,_'
with initiel polarizationsl in the direei:ions fif sin g - E cos g '
and K cos g ' P sin g respectively. With the geometfy shown In
Fig. 2, the effective direction of polarization analysis is

X sin (g ¢)-Pcos (g ,d)oHence 5

+ Dy )cos(e 8 ) + 2( [DPF)'cosve + D sin(e-eL)‘”’.n (12)

K cos (g— -,GL) « P sin (g - GL), where 6. is the Iabl scattering . RN

+e
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_ is like case (iii) above, except that D

~

-

Experiments to find R' and A' require the measurement of
longitudinal polarization: we shall not discuss them here.
Suppose-particle 1 has.initial polarization ﬁ’, and the final polari-

zation of the other particle 1s measured in some direction J. ' This

kJ.

‘-

is now replaced by a
- }

"polarization transfer" tensor Kkj 2

@)y (a0
o (&),

]

0.

I, P,(e)NJ+-KkJ(e_)§?k. o (a7
The“tensor de shmplifies,'éust like D ,-‘ﬁith.pespect‘to the
axes N, Pand K., The cqmponent KﬁN is direeﬁly'measureeble.

by polarizing and‘analyzing normal to the scattering plane. The

other eomponents appear in various analogues of the R,A,R'and A'

experiments.that may be-d;efined0 We shall not discuss them in

‘detail;'however, since they prove to'heve no interest in the present

context.

Suppose there 1s no 1n1tial polarization, and. the polarization of

_particles l and 2 are analyzed in coincldence in directions

k and § - bi =1, &= k( ) (2)5. This experiment measures

the spin correlation tensor ij s

= B0+ Dppleos(d « F )+ Hopge D >cos¢~» D, 'sm<¢-¢> e

= %(DI;K+ béP)sin(ﬁuﬁL)+—§-(pI;§- Dm{)sin‘:ﬂfL . Dy c’os(glf'.;zfl;) - '.'l(15‘)_

trace M<1 + ’S(l)_‘@w"j (é)/ frace 1 , (16)‘.‘



€ =C_, =C. =C

NP~ PN~ “NK ~ KN

.l‘immediately measureable.,

With resPect-to the»aies 1N;P énd.Kf; 'dej
0; CI(:P::CPI{ o .
Thefothers normalxy-occur-in various”-

k

W

CEN

Simplifiesn‘

The component C

mf

:-combinations, however, they prove to have no: interest in the present

context. The spin-correlation tensor can also be found by polarizing

‘the time reverse of case (v).

b

The experimalts described above are these in which at most

.. not discuss more complicated possibilities._

‘two polarizations occur (either initially ‘or finally)

Wesha.ll..'

For spin-O scattering on spin-g particles, the experi- ;;

coefficients as follows (seeAEq. (1))

1.(60) = lef? +

1Ee) -2 n;m*‘_g)* ,

Pedd
R

. .IOI'):KP(G.) :' =

Dy(®) . = 1;.

I D (8) = :n(m

. '-'4I'°bPK(e ) ,

E)

uf?,

= .2 Ré(g*h)'f¥):

'mental qpantities can be written in terms of the Mnmatrix

o) o

- 5 (29) -

| 5e_-both particles initially and measuring the final intensity-aessentially .E
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’ ALl other 'vcomponents vanish. The tensors de and C., are of -

kJ
course not defined when only one particle has spin. :

The corresponding relations for two spin- particles are

more complicated. However, it turns out that Regge.'pole models
'base;l "on the leading trajectories glve a simpler form Ifor the

M-matrix than Eq. (2): in fact, only the coefficients a,c and m
remain. | Usving this speclal form, the expressions for physico,l

~quantities simplify enormously, and we find

1 (o) - ol eele elal® |

IP6) = 2mcia+m)

Sy (®)

u
e

'ionh((e) : Ioni,P(e)';.;: la[2 ".. |,;,|2,;. .

-_ IODKP( 9) E

W

.l; — *.-V:'.
IODPK(G) = 2 Ro_c ‘(a. m)

(6) =I 2Re a.m* +2 |c|2

IOKNN(G)

A1l other components vanish., In parbicular, notice tha.t ’che tensors :

)

Kk j‘l and: Ck 5 have only one non-trivial component, which is ‘the B

same for both.
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| nm s woms
L For the scattering of two spinless particles, a Regge pole 23
'in the crossed channel gives asymptotically a contribution to the
scattering amplitude of the form,3 . | | | :_
o o o:(t)-l:

- Vs [ :’;f;‘;;’z%?” ( ) L
Here s ‘is the.inuariant s.quare of total energy, t is the '. )
.inuariant square of.'monielntum transfer,“: s(')‘ ' is a .scale‘ cons_tant,‘ o
o.',(t‘)'_". is the. trajectory.of ‘the Regge pole and '; 8(t) is related
to the residue at the Pole. Both o and e axe s‘qu.pc'Dsed-‘to' ve
real 1n .the scattering region; thus tnephase of the _vanplitude
comes from the ' signature factor"” (in square braces) The |
, signature ot determines whether the particles assoclated with the" . o
trajectory have even (+) or odd (- ) spin.A Contributions like | '

(22) are additive. | .

For forward- :rN scattering (and for spin-O on s_pin-g in ’
general) there are similar contributions to both the scalar o 1 ! K 5 !
amplitudes 5 and “h whicn appear 'in_ M. In the high-energyv |
‘approximation of Wagner,. o and usiné his notation, we find the :
following contribution from a Regge pole labelled 1 : |

- , ol S sl
& <§“§:> ni(“m - igH ’5 L (2? Yo -



wlle

Here gi is an abbreviation for the signature factor. The resldue .
function is explicitly factored into a part n_, referring to the

pion and a part, or ﬁﬁi s referring to the nucleon,' We

g
‘have normalized M to correspond to the formu;ae in § 2.

For forward N-N scaftering (and for spip~% on.spin-% in
general), the form of the contribution depends on the quantum
numoers of the Regge 1ooleo ‘However,'for the trajectories which
correspondvto of, ... and 17, 37,5 perticles (which appear to
include all the leading trajectories of most physical_importance),;

each contribution to M has the form ‘Y

- ~ Cti-l : ' : o ) |
i S 3 S 3 ‘ ’
Wo=mg by %I) [”Ni =iy %,] . (2k)

Here agaln the residue function factors.into two parts (in this case
‘eqﬁal). Note that only the coefficients a;c and‘mﬁappear; so that
the simplified expressions in Eq.(21) are relevant.

Strictly speaking, Egs. (23) and (2&) describe the contri- |
butlons of a Regge pole with vacuum guantum numbers. In general,
there is a .f sign and sometimes & Clebsch-Gordon ooefficient,

. depending on the particular proceSS‘in question; ﬁhe isospins

of the particles, and the quantum numbers of the ‘Regge pole.

These details do not affect the present discussion. The Wagner )
formulae are asymptotic, in the sense that they retain only terms _.'

 with the léading energy dependence. Thus it may be that in the

10-20 GeV‘region some of the terms omitted are not completely negligible;
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'. waever, we only reqpire them as a qpalitative guide, and as’ such

they should not be misleading. I

It is a simple. matter to derive expressions for physical

quantities in terms of Wagner s parameters, using the formulae : [;.'

o above, We shall not: Writetham'out.,(Incidentally,.it seems

that reference 4 uses the opposite sign convention for P).
The Regge pole contributions (23) and (2&) have two

important properties 2 (i) the spinodependent and spin-independent

terms from a given pole have the same energy dependence; (ii) thesej,.f*°

terms also have the same phase. . o L F

Let us discuss some conseguences for various processes.,

nﬂ& KN and KN elastic scattering.

Ibint‘(i) implies that there mey exist non-trivial spin
:dependence even in the asymptotic region.: In contrast,,one does ;.}
not'expect snch behavior in a diffraction<pictureiof.scettering.6

B We must be carefui, however, what we mean by the absence h' .
of spin dependence. In the. formalism we have been using, the naturel
_definition seems to be the absence of oumatrices in. M. This

definition, which we label (a), is eqpivalent to

By =0 (25”‘,"‘

‘On the other hand, if we consider the relativistic T-matrix

referred to Dirac spinors, the natural definition is the absence of
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y-matrices; we label this (b); it is equivalent to

Pay = ~v~1§/th? T , | 1_(25b)

where My is the nucleon mass. The latter qum introduées‘a certain
" kinematic spin-depéndencé for the rest-frame spinors. We do not

:need to decide here whether (s) or (b) is more eppropriate for‘q_

diffr&c%ion model: the point is that Regge polé models .are not

restricfed in such a way.

Now asymptotically, where the Pbmeranchuk:pole}albnais a

' significant, the polarization parameter 'P(8) vanishes because

of point (11) and the form of its definition. To detect an

asymptotic spin-dependence, therefore, we are driven to second-

rank polarization tensors. In the present case only ij(e) is .

‘available, and the measurements have to be made on ‘& polarized

target.
 To illustrate the effects that may be found, Figure 3

| _ - - L
shows predictions of Rrecoil .andv Arecoil for =n'p scattering .

at 5,fh0 and 320 Gev/b for & ﬁarticular Regge pole model, number -

1 in reference 7. (For the sake of. illustration, we have extra-

polated this model beyond the range in s and + where it was

fitted to data). Fbr~comparision, Figure L shows the predictions

at 20 GeV/bkonlyy for the definitions (a) and (b) of spin-

g

Independence above, which lead respectively to



. IV »

Dld.{'_ = DrP- = 1 : . o | S
. o ‘ ] : 1'> '; 25(2&0;3'
Dyp =.DPK_= o " . I |
. .bKK - Drp. = «iﬁ;1x29;<1££;%g)jc.~ . r
| L | SR J:@éﬂ,x
DKP - D = 2x/(1 + %P '{:J?

'where X = p sin S/KEN+ mN - p cos e), and EN \} + mN is Lhe c. m.xnr&xnar@y‘
The polarization parameter P(G), on the other hand, depends
on interference between at least two Regge poles, and behaves

'asym@motically as 'soé , vhere «; and 0o, .are the highest and
second-highest trajectories. ‘For the particular example used above
‘(ﬁ p scattering according to solution 1 of ref. 7), the ‘maximm ‘
value of |P| is about 0. 12, 0.0k and 0. 01u at 5,&0 and 320 Gev/b o

brespectivelya

NN and NN elastic scattering.

P
‘

_ The general renarks above.aﬁOut‘esymptoticvepin dependencef'

apply here also. There is nothing new to add about P(8) or L  ﬁt - ;
(e), except that a polarized bean mé& now be considered, but S

'there are two new secondurank tensors Kkj(e) ‘and de(e) r.‘ _ ::'-, iﬂ

available.l However, the.propertyvof the leading Regge poles fharl N

g=h= Of:&n Eq. (2) effectively reduces these two tensors to'a



B

 singlejcomponent, as we have alréady seen. _Furthermore, the
factorized form of Eq.(24) causes this remaining component to

vanish for a single Regge pole;9 Thus C

804 Kpe s ke B

depend on interference between poles.
To exhibit asymptotic spin dependence, we are therefore
jleft with the depolarization tensor as before. To illustrate the .

effects that may plausibly occur, we take an unpublished Regge

pole médel8 which approximately reproduces pp ‘and pp data for . .. -

‘eross sections and P(8) ., Tigure 5 shows the predictions for
Arecoil ~and Rrecoil’ _
The two definitions of spin independenée described abgve
carry over to the present case; Eqs. (25 a,b) and (26,8,b) apply
equally to the NN and NN case, and so does Figure U (ignoring

the tiny... effect of different particle masses).

~

' Charge-exchange scattering. .

Theée cross sections are much smaller than élasticA3cattering,
at high energy. 1In a Regge pole model, the'inﬁegraﬁed cross section
tends io zero asymptotically like saab-e/ﬁhs, where o, is the
intercept at .t = O of the leading trajectory; for elastic
scattering o, is 1 ,‘but for chérge’exchange it is arbun@ 0.5'

or less. We therefore limit our discussion to P(®) at non-

asymptotic;energies.
j

Chtisider first = + p = n° +n. The present data are

.compatible“yith the ddminance of the p Regge pole alone,

in pp scattering at 5,20 and ;200 GeV/e. . -
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‘.’eIf this is true,. P=0. Howevér,'other’eontributibnsfmay be -

present, and a measurement of P can detect them.' Even if'these7‘

.other terms give only. 20% “of Lhe amplibude at some energy and '

angle, they can still make P as large as O A ‘under favorable‘,fg,fflﬂf"“

. clrcumstances., L ' . G

Consider nexf % 4+ p- n°+ n. The only known Regge pole

':{‘ that can contribute here is the one associated with the ’Ae'.meson, f'

Once more, a measurement of P ‘would be & sensitive test of other

acontributions,:
In the case of X+ D~ K +n and K R n A'Kb+ p, the

s] and Aé Regge poles are belleved to dominateo7‘

Since these'
trajectories lie clooe together, the polarlzation requting from
interference falls rather.slowly‘with increesing energy., Since

- these trajectories have opposite signatures, the relative phase

of their contributions is extremely favorable for P . The fits

to data that have been made require lafge spinmdebendenees'for-

, both the p and AZ terms, leading to big polarization effects i

“which ought to be measured. As an illustration, Flgure 6 Bhows

P(6) for K +p-K+n at 5 and 40 GeV/c; according to

solution.l of reference 7. This i1lustrates dramatically how in .

such favorable circumstances, P can be very large and show noAsigﬂ

of tending to zero. Note that P appears 40 be increasing with

energy in some regionsa It turns ottt that even at k400 Geﬁ/c

4

. the asymptbtic region where a single pole dominates has not been
‘reached, aﬁd P still comes close to 1 at some angles; with

the modeffin question.

Rt

#
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 'fof p+n-n+p and :5 +p »}ﬁ'+'h., we é#pecﬁ contributions
from Ab;.Az and = Regge ?oles at,leésf. No really satisfactory
exélanation.of the'differentiél éqpss éection.has yet been glven
(éither with or without Regge poles), but thefeAisvstill a shortage
of data. There seems to be every chance that P may be substantial

in the present accelerator range.

Relation betweenAaéymptotic spin-dependeﬁcés

' When.the Pbmeraﬁchuk pole alone dominateé; thevdepolarization
» ﬁenéér bkj_ becomes the same for all the élasﬁicscétferings we»ﬁay
considered (nN, KN, KN, NN, WN). This iS'becéuseiof'factorization,

~and the trivial connection between ‘N and N ﬁertices.g We then

‘have " onma o waﬁﬁyin;ﬁﬁﬁu, iped th?'
= 0
.DKK,'= DPP f _(ﬂN - ﬂﬁ 2/(“N-+.gN ),‘, - k ‘ o (e7)

C B

L L

.

| Incidentally, a cbmparisdn.of'Fiéureg 3 and 5 shows that

~the two correSponding_Regge polé models are not stiictly compatible.,’



:ggcannotahe measured by P(8) .because of the phase'relations. It'-; o

‘high energles, P is also a good test for secondary contribitions,_ .

. when a single Regge pole is believed to dominate. { . 1_ ',ﬂfﬂ'ﬁ;:}y}

interest in Camy - and Kﬁﬁ is to see if they: tend to Zero o fj(?;{ﬂ

. . IV. .CONCLUSIONS  -.: i

" Regge pole models allowjan asymptoticcspin'dependence,'whiéhh'g,:,>;'

1tcan however be measured through second-rank polarization tensors..'.f *:‘

The parameter P(G) is useful for measing the spacing

.between two leading traJectories, and for shedding light on their %; f%f ;;

‘combined spin dependence. In favorable circumstances, such as.

K'p charge exchange, it may bave large values wp to surprisinglyi'Q"°”

For NN and NN scattering, - Regge pole models introduce

some further specilal restrictions, -The quentum numbers of the leadinggli‘

trajectories are such that the Me-matrix simplifies. As & result,

the polarization transfer tensor Kkj(e) and spin correlation

tensor C, (9) ‘have only one non«trivial component between them ’

. C&NN = ). The depolarization tensor D (8) retains two

'independent components, measurable through R and A. : ':’-_5f; b

~The factored form of a single pole contribution is such :;'

"that the single remaining element of de and C " yanishes 'ff{fujgi

k3

asymptotically. Only D is suitable for detecting the

kJ
asymptotic spin dependence that is predicted. -
¢ (KNN) dePends on. interference between’ different Regge ;f“,'f"

poles, like .P, but is harder to measure. Perhaps the first

NN -

4asymptotically, as predicted by factorization.

s
’:v:1 1]
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It would élso be‘inﬁéresting to check the relation

.CNN = KﬁN , and some of thg others (such as DﬁN.= l{ DPP = DKK ;.

Kpp=Kee = 0 ete) which follow from the property €= h=0

Qf the 1eading terms of the leading'txjajectorieso This could glve

some measure of the.iﬁportance of other contributions, suéh as

thbse of the = and Ai Regge poles, which do not have this réstriétion./
The relation IOP =2 Im c*(a+m) continues to‘hold.even

when g and.h éfe present in Eq.(2), S0 wé do not expect P to be

- sensitive to these terms,

The predicted asymptdtic equality of the depolarization tensors,

for all the processes considered, offers an'important check on factorlzatlion.
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FIGURE CAPTIONS: .

3

Geometry-for R and A'ekperimente”cn the bean particle.'{f

Geometry for R and A experiments on the target particle.ﬁu

Rrecotl - apgr'Arec 11 s for. - p scattering at 5,40 and -

320 GeV/c , according to soluticn 1 of reference T,

Rrecoil and Arecoil » for meson-baryon and baryon,

~ baryon scattering at 20 Gev/c, according to the two R
‘ alternative definitions of spin-independent scattering‘
defined in the text.. Case (a) is denoted by dotted lines,'r"

~case (b) by solid lines.

Rrecoil and Arec 11 for'.pp scattering at. 5,20 and.

200 GeV/e, according to the model of Ref: 8.

P for X" + p» K+ n at 5 and L0 GeV/e, according to .

~ solution 1 of reference 7.
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