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HaocnusoaaSI H uaocnus-cnusoaaH nomq>aaannH aaauMOAeiicrayromux 

SApO HOB 

8 ASHHOH pa6oTe Mbl BBOAIIM ABe -HOBbiX AIIH8MH'leCKHX nepeMeHHbiX: 

J{30CllHHOBYIO nonSipJ{38UHIO II B30CllHH-CllJIHOByiO nonSipJ138URIO 8ApOHa B KOHe'l

HOM COCTOSIHRR ASHHOH peaKUJIJI. 8 KS'leCTBe npano~eHHSI uayqaeTCSI JI30CllJIHQ

BSSI nonHpuaanuH syxnosa B pacceHHHH naosa Ha syxnose. 06cy~AaiOTCH qac~ 
neHHbie peaynbTSTbl0 nonyqeHHble AnSI nonSipH3SUJIH H30CllHH8 HyKnOHa H3 

axcnepuMeHranbHbiX AaHHhiX no "-p ynpyroMy pacceHHHIO u peaKURHM o6MeHa 

aapMa. · 

npenpHHT ~eAMHeHHOrO HHCTHTyTa gnep~X HccneAOBaHHI. 
' ,lzy6Ha, 1974 

Ion D.B., Mihul A.C. E2 - 7734 
The Isospin- and Isospin-Spin-Polarizations of 

Interacting Adrons 

In this paper we introduce two new dynamical variab~ 
·les: the isospin-polarization and isospin-spin polariza
tion of a hadron in the final state of a given reaction. As 

·'an application the nucleon isospin-polarization in pion
lnucleon scattering is studied. The numerical results for 
nucleon iso-polarization, determined from "-p -elastic 
and charge exchange reactions, are discussed. 

Preprint •. Joint Institute for Nuclear Research. 
Dnbna, 1974 
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1. Introduction 

Recently /I/ Va~ Ho~e have suggestedto investigate the 
correlation between electric charge and some kinematical 
variables of secondary particles in the multiple produc
tion processes at high energies. Starting with this idea 
some authors /2/ have presented charge distributions for 
various inclusive or exclusive reactions at different ener-
gies. · 

More recently, A.Mihul et al. 131 'have introduced the 
"conditioned average" for the additive quantum numbers 
such as electric, barion and strange quan~um numbers in 
order to study the leading properties of the incident par-
ticles in inc'tusive reactions. · 

Iri this paper we introduce the isospin and isospin
spin polarizations (Sect. 2) of a hadron in a given reaction 
and in particular we give the explicitexpressions for the 
nucleon isospin and isospin -polariza:tions in 11 N ... 11 N-::
scattering (Sect. 3). The numerical 'resultS. 'on nucleon 
isospin-polarization obtained from the. expe

1

rimental data 
of 11-p ... 11-p , 11-p ... 77°n reactions are discussed in 
Sect. 4. 

< 

2. The lsospin and Spin-Polarizations 

In this section we define the isospin-polarization of 
a hadron in a given reaction as the expectation value of its 
isospin operator_Jrom the direct product of is.ospin spaces 
of the·final hadrons. · · · · 

For this we start with a gener~l reaction 
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a+b -.1+2+ ... -t.n .(1) 

where a, b , 1 , ... , n are isospin multiplets with the iso
spins Ta , Th , T 1 , ••• , Tn • We describe the initial state 
of the reaction (1) by the isospin density .matrix 

(T) (J) 
pin = pin X pin 

. (2). 

in the combined isos.flin-spin space of the initial isomulti-. 
plets a and b • p 1n >. is the isospin density matrix in 
the direct product of isospin space of the initial isomulti
plets while p 9> is the spin density matrix describing 
their polarizaffon states. · · · 

The isospin and spin density matrices may be expa.nded 
. - . . 

as 

P
(T)_:: 1 -~ . . - ""'<t; > ,. 
i.n (2 T a+ 1) ( 2 T b + 1) 11 11 in ~ 11 , . 

(3) 

(J) . ' 1 . ~ ' . . . . 
p = . ""' <a, > a , , 
. in ( 2 J + 1 ){ 2 J + l) A · "' in "' a. b. 

where I/; JL l and ·.· I a A l are the complete sets of 
basic isospin and spin operators, respectively, satisfying 
the relations: '· 

Tr(/;
11
() =(2Ta+1){~J:b+l) opv. 

Tr( a a .)={2 Ja_-d){2Jb +1) i\ -
.· A. ?'I .·, ,. ,, , .TJ 

and </; >. , <a. >. 
11 m A m 

defined by 

<~ >. = .Tr (p_(T)r ) 
11 In . In s11 

. (J) 
< a, ? = Tr ( p, q_ ) 

"' 1n In "' 

(3a) 

(3b) 

(3c) 

... ,: 

are the expectation values .of the isospin and spin operators 
in the initial states of reaction '(1). · 
· Therefore we have 

4 

j.':-> 

i 

! 

ll 
{ 

'· I 
\ 

~ j 
I 

1' . ·.. . . . 
.p.· = · · ·· ·I<( >. <a ~ I; xa "(2a)·· ·. 

in (2T8+1)(2Tb+1)(2Ja+1)(2Jb+~) · 11-~n 1\ m~ JL A · · 
.... . - . ~ 

The final state of the reaction (1) may be crimpletely 
· characterized by.a density matrix pout iri the combined 
isospin-spin spaces of the final hadrons. The transition 
amplitude may be written as.a matrix T . whose rows _and 
columns are characterized by the isospin and spin quantum 
numbers of the initial and final particles. N:ow, if Pin ~is 
known as··well as the transition matrix. T then. pout is 
defined as: . , · 

P =Tp T+ 
out in · 

(4) 
< 

p = 1 ~ ""'</; > < . 
put (2T~+l)(2Tb +1)(2J +1)(2J +1) 11•A 11 in aA >in x ." (4a) · 

. . . .a b 

x T( t;JL xa/T+. , . 

So that the expectation value of any isospin-spin opera
tor A of3 from the combined isospin--spin spaces of the 
final hadrons is · 
- .. !-

. + af3' . 

ar:l·. '£· </; > _<a,>_, Tr!T(( xa, )T A ~ · · 
1-' -:-A JL in "' m JL "' · <A > ""P. . --------7:---::--~·(5) 

out . .:.:. +. · 
I </; >. <a, >.· Tr!T(/; xa\ )T,J · · 
A JL 1!1 "' m. .JL: 1\ ::- . JL• . . . . . . ( •. '. . . . ..... 

The relation (5) expresses the expectation~value <;»fany·:· 
isospin-spiri operator. A a{3 in the final state of the reaction 
(1) by the expectation·. values of the complete sets It; p. ~1 , 
·I a"- l of b!lse isospin-spin operators in the i,JJitial state 
of this reaction. The. expectation values· <A ap> ·. · and 

out.~ 
,· ... • 

Tr~ out 

Trp = .· 1 ----- x·::· 
out (2T

8 
+1)(2 Th+1)(2J

8
+·1)(2h +1) (6) . 

. . + 
xI </; >. <a,>. TrlT( /; xa, )T l 

\ JL In 1\ In ·, JL 1\. p..l\ 
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give a comptete description .of all physical observables for . 
the general reaction (1) in terms ·of the transition matrix~ 
The relations (5) and (6) hold for hadrons with arbitrary 
isospins and spins and for the beanis with arbitrary iso-
spin-spin· polarizations. · · · · ' 

a.· Jsospin Polarization· of the Nucleon in 11 N -Sc-attering 

· In this · section· we give the concrete expression for 
the constructions of the nucleon isopolarization from the_ 
experimental data in the reaction: 

TTN-> TTN •. 
. . 

(10) 

The initial states of this reaction can be described by the 

. . . . d . 't t i (T) (J) F .th . . 1sospm-spm ens1 y rna r x P. ·.· =p. xp. • or e 1sospm 
tn tn tn 

density matrix P~~> we choose the matrix 

(T) _ .!._ I 
Pin :- 6 i ai li ' (11) 

where 11 · are Q x 6 isospin matrices defined by 
(I 1 \j = ok. o 1. ·and· a 1 are real numbers satisfying 
the conditibn 

1 
I a 1 = 6. The initial and final states of re

action (10) are indexed as follows: l == 11+ p , 2 ==11 +o . , 
3 =17°P ,:4:::TT 0o ,,5 :::11-p ,6==11-o .• Thereaction 
(10) is. described by the transition matrix T with their 
elements ·of the form: . 

Tfj =ff~ +angn , {12) 

where f fi , g fi ·are the non-spin-flip and . spin-flip 
scattering amplitudes, a_, are the Pauli's matrices and 
-> p ->./ ... -> 
o=K 1 xkr: lk 1 xktl· 

For the isospin-spin density matrix pout when 

t 6 (J) 
p . = I a . I . x p.. · 

m 1 1 1 tn 

6 

I 
II 

l 
.{ 
; i 

~ 
i] 
il 
! 
:I 

l 

we have the following reduction to the spin density matri
ces 

- 1 ( ' (J) + 
Pu - 6- al Tllp. T .-J' . m '11 

- 1 ( T. (J) y+ (J) + 
p 22- 6 a2 22P in 22+ a3~3Pin T23 l • 

~ .l..t T (J).T+· . T (J) + l 
p 23 6 a 2 22 pin 32 + a3 23 ~n T 33 ' 

- .!._ I T (J) + <J> + I 
P32 - 6 a 2 32P in T22 + a3T33Pin T23 ' 

1 I , <J> + (J) + 
p 33 = 6 a 2 T 32p in T 32 + a 3l33P in T33 l • 

= .!...1 a T (J) + . (J} .· + · 
P 44 6 . 4 44 Pin T 44 + a5T4Spin T45 J. 

-ita (J) + (J) + 
P 45- 6 4 T44 Pin T54 +a5T4apin Tss l • 

= .l..( T (J) .+ ·. (J) +; 
P54 6 a 4 ~4P in T 44 +. as TssP in T45l, 

and 

.:.. .L I a T <J> + <J> + · 
P 55 - 6 4 54P in T54 + as Tss Pin Tss I • 

P = l.t a T p<JJ T+ I 
66 6 6 en in 66 • 

p li 7.:0 for .·i f. 1; P21 = P31 = 0 for i.b 2, 3 . 

P
41

;:p
51 

=0 for if 4,5; Pa =0 for if. 6; 

{13) 

(14) 

7 
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We; are· interested in obtaining the expectation values 
of the nucleon isospin-spin operators 

q ~ ~- ~ 
'Jk · ""'1x(k x 1, Ak "'1 x (k x a , A0 ""'1 x 1 x a , k =1,2,3., 

where ( k ·and iJ · are the nucleon isospin and sp~ mat~i-
ces. · 

From Eqs. (5) and (13) we obtain: ' 

(-1) i+I Tr P ii ok3 

_/ffk > • ., ~ Tr P
11 

~ -
<Ak >out-

~ 

<Ao >out= 

6 i+I ~ ) 0 . 
I (-1) Tr (p .. 0 k3 
I 11 

. ~ ·Tr p .. 
1 11 

6 
Tr(pii ; ) I 

1 

£ Tr p :~ 
1 11 

-
(15) . 

'· 
(16a) 

(16b) 

where p ii ' .i = 1' ... , 6 . are _the spin density matrices (13). 
In the particular case when the incident nucleons are unpo
larized, .taking into account the relation (12) ,we obtain 

Tr{ Tfi /J) Tf~ l =dan (17) 
1 m 1 qn 

and 
. (J) + ~ ~ d~ fi ·. . . ~ 
Tr I Tf. p. T a J = Pfi = 2 ReI f fi* gfi .. I n • 

1 m l dn 1 l 
(18) 

Therefore, from (15), (16a,b) and (17) and (18) we can de
·.fine, for the reaction (10), the following physically measu-
rable quantities: · 
(A) the isospin-unpolarizE_!d, spin-unpolarized differential 
cross section: · · · 

8 

-~~ .. 

l·«. 

r 
f 

t.'· 

da "'Tr =.!.. !··a ~ ;·,. 
do Pout 6. i= I i . do , 

(19a) 

(B) the isospin-polarization: ( P (T) = < ·~k > ) out 

P(T) da = .1..! . a' P(.T)_ dai ; 
dO ~ i=I · 1 1 dO 

(C) the _spin-~larization: ( P(J) = <A0.>. ) out ·· 

(19b) 

p(J) da = .l ~ a. P. da. ; 
: do · 6 i=I .. 1 1 do · .·· 

(D) the isospin-spin,..polarization: (P<T,J1 <Ak >out ) 

(19c) 

P(T,J).d!!, = .1.. ~-.a. p~T,J) da. 
do· . 6 h"'I 1 1 

· do 
(19d) 

where da. , p_<T> ,· p_<J) p_(T,J) 
1 

are defined. by 
do . 1 . 1 

the relations (20): 
I. 

(T) da 1 . i+I daii 
P. _,;,(-1) .. -; 

1 do.. · 'dO -

da1 . daii 
-=-; 
do do 

' 

i=l,6 

- . . (20a) 
(J) do

1 
da

1 
(T,J)da

1 
i+I dci.. ·· 

R -·- = p,l. --.; P. -- = (-1) P.ll __2!.. 
1 do 1 do . 1 dn ·. ·do 

da. da.. dd;+I 1 __ 1 = __ 11 + --!...!...:...1 

dn dn. dn 

·~. 

· (T) d a1 da~+~ ,i 
,. Pi dn = dn 

; .. ; 

da .. 
. 11 • --, 

dn 

p(J) da1 . = P .. daii; P dai+l.i 
i dn . 11 dn i+I,i dn (20b) 

i~2.4 .. 

· (T,J) da
1 

· . · dO:i+I,i _,.. . daii · . 
P~- --=P. . -P .. --. 

1 do ·. •+I,1 dn . u do 

9. 
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dai = dai-l,i + daii. p(T)da1 = do:ii _ dai-l,i . _ 
dO dO dO , 1 

· • dO dO dO ' 

i=3,5 

(J) da. - da.· 1 . . da .. P _1_ = P 1- ,1 + p __ 11 • 

1 dO i-I,i dO. ii dO ' · (20c) 

p (T,J) da1 = P .. da ii _ p dai-l.i ··. 
i dO II dO i-l,i dO 

'd (T) da. (J) da. 
The new physical observables ~ , P. -d 1 

, P . -d 1 

· do 1 o I o 
p(T,J) da. . · · 

and i dO . defined by the relations (20a,b;c) corres
pond to the unpolarized (isospin-spin) differential cross
sections, isospin-polarization, spin-polarization and iso
spin-spin polarization for the reactions: 

77+p .... 77 +p (i;,l,f=l) (lOa) 

+ . + 
0=2,£=2) 77fi->77·.n (lOb) 

lo 77op (i=2,f=3) 

77 op -+ 77 o p 0=3, f =· 3) 
lo 

(~Oc) 

77+n (i =3, f =2) 

77°n -+ 77°n (i =·4, f =4) 
lo 

(lOd) 
77-P 0=.4, f =5) 

10 

). 

r 

77.,-p -+ 77-p 

lo 

77 on. 

77-n .... 77 -n 

0=5, f=5) 

0 =5 ~ f ="4) 

,(i_=6,f=6) 

(lOe) · 

(lOf) 

Therefore the relations (19 a,b,c,d) gl.ve a complete de,.. 
scription of the reaction (10) in terms of physical obser
vables. of the reactions (10 a,b;c;d,e,f) .defined by the 
relations (20,a,b,c) as linear combinations of ·~ 

d dn 
and Pr· ·~ 

I dO 

. Also, it is interesting to obtain from the experimental 
-(m) 

data the quantities P. , m =T,J,(T,J) 
. . I . 

defined by the re-
lations: 

- (m) 1 (m) 
P. =- f P . 
. • a 1 

i · (477) 

da. 
-

1
-· dO, m =T ,J, (T,J), 

dQ 
(20') 

>t 

where 
d 

a.= f ~ dn. 
1 <477> dn . 

With these relations we can define 
',·~~ 

- (m) 1 6. -(m) 
P =-I.aP a 

6a i=l i i i 

1 i6 ' 
, a = - I.· a ,_.a .• 

6 -i=l i i' 
(19') 

Let us consider the implications of the isospin invariance 
.. on the physicai observables (20a,b,c). Let f(T) and g<T> · 

be the 77 N -non-spin-flip and spin-flip scattering amplitu
des in the isospin 1/2 and 3/2 state. With the usual ·rela
tions between these scattering amplitudes· and scattering 
amplitudes · f n and g n we obtain: 

da· 
-1= 

dO 

!. c<T> I -<T> 2 <T> 2 
T=l/2,3/2 i If I +I g I I; 

(2la) 

II . 



~~. 
: 

• 

p~J) dai =I 2C~T)Re{[f(T) ]*g(T)Ifi 
1 'dO T=1/2,3/2 

(2lb) 

(T) dai ~ (T)I.I f(T) 12 I (T) 12 I P. -= "". D 1 · + g + 
1 dO T=1/2,3/2 (2lc) 

0/2,3/2) 0/.H (3/2) 0/2) (3/2) 
+·20. ReI [f ]* f + [g ]*g I; 

1 

...(T ,J) d a· (T) . (T) (T) ... 
P. - 1 = I 20 1 .Rei [f ]*g In+ 1 dO T=1/2,3/2 

(2ld) 

(1/2,3/2) (1/2) (3;'2) [ (3;2)] (1/2} ... 
+ 2 D . Re I [ f ] * g + f * g I n, 

1 ' 

where the coeffic~ents 
. (T) 
C. 

i 
D(T) 

i 
d 

_l1f.!,3;2) 
an D. are 

1 

given for each reaction in Table 1. Now, if we define the 
coefficients · 

0/2) .1 ''6 (1/2) 1 . 
C (a)='6 f a 1 C 1 . .= 

18 
l2a2 +a

3
+a

4 
+2a

5 
I; (22a) 

~. . . 
(3/2) 1 6 (3/2) 

C (a)= 7 I a.C. 
. . 0 1 l 1 = L 13 a +a + 2 a '+ 2 a 4 + a5 + 3a6 I; 

18 . 1 2 3, 

·' . (22~) 

0/2) 1 ~ .. D0/2)=-l.la +2a.... ...:2a2·-aal';_ 
D ·(a)=..,....."" ai i · • .·54 4 · .. a '''(22c) ·0 1 ' . 

(3/2) 1 6 . (3/2) 1 
-., :· D (a)= -6 I a, D, =-I 9a +a + 2a - 2a 
.,. 1 1 _1 5,4 1 2 . 3 4 

i; 

(2~d) -a -9a 
. 5 . 6 

12 

-. 

......... ~:"""-... , 

. I 

f! 
-~ 

l 
i 

( 
(· 

I. 
i 

-~ 
.0 
~ 

E-4 

r.. ..... 
Q), 

:a· 
"0 
§ 

eq 
........ 
C!'!:'• 
IN 
........ - .• ._. 

0 
~ Q 

Q)~ 

"0~ 

-... C)~ 
E-< •• 
--o .0 

~ 

~ 
~ 

0 
.-4 . ..._, 

-... 00 c .. 5 u :;:1 
fll 

C) 

.... ~ 

= Q) 

Q) r.. ..... 
C) Q) :a •; :S· ' 
Ql r..· 
o. 0 
C) ..... 

0 
• Q) :;:1 . -~ :.c: ~ 

E-4 r.. 

,.... 
C\1' 

M-
'.J'Ii 

~ ,.... 
~ 
'"' '-'" •·A 

,.... 
C\1 -;:. 
'-'" 
~ ,.... . 

s 
>.J'Ii 

A 

,.... 
~ -(\j -;:. 
'-'" A 

,.... 
~ 
'-'" A 

,.... 
C\1• -;:. 
'.J'Ii 

A 

~: 1 
'""'" u· 

s·l 
'""'" 0 

1'1 
0 

" .... 
~- J p;.· 

1"'1 1"'1 n·n 
. .................. ...... 

..... .... ..... rl .... rl 
+ + + I I I 

0 

rl 
+ 

0 

rl 
+ 

0 

g 
rl 

1"1 '"' '"' 1"1 ......................... 
r-f r-f ·rl rl 
I I + + · 

0\ Q\.Q\ 0\ ...... ...... ...... ::t-.. ... ooT 
I +· I + 

0\ .. 0\ 0\ 0\ 

-;:.·' ...... ...... 
·C\1 (\j rl· 

+ + I I 

0\ 0\ 0\ 0\. 
...... 1 ...... ........ 
'l' rl (\j 

+ "+ 

'"' 1"1 1"1 '"' .. ....... ...... ...... ...... 
rl (\j C\1 rl 
+ .+ + + 

'"' '"' 1"1 t"\ 
...... ...... ...... ...... 
~- rl rl "' + +>, + 

0 't:l .. 

0 

-

1 
.... 
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rl 
+ 

C) 

~ .Q 
0 0 0 0 0 
rl rl· rl rl .rl 
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(1/2,3/2) . 1 6 (1/2,3/2) 1 . 
D (a)=-

6 
:I a D =-{a -a +a -a l,(22e) 
1 i i 27 3 2 5 : 4 

-' 

d (T) d (J) d 
then the observables __g_ , P -IL- , P _!!_ and 

. dO · dO dO 
(T,J) d 

P d ~ can be expressed in terms of the scattering 

amplitudes f (T) , g (T) ·. by the sa:me relations (21 a,b, 
c,d) with the substitution 

c<:> -+ c;(T)( a) ; o<:r> -+ D(T) (a).; D(~/2,3/2) -+ D(l/2,3/2)(a). 
I 1 1 

Let us consider now the case when all pion-nucleon initial 
states have the same weights a 1 • Therefore when 
a

1 
=a

2 
=a

3 
=a

4
=a

5
=a

6 
or in the general case when 

a 
1 

=a
6 

;a
2 

=a 
5 

; a 
3

=a 
4 

from (22c,d,e) 

DO /2)(a) = D(3/2)(a) = D(l/2,3/2)(a) = 0' 

sothat (T,J>du _
0 (T) du p ---

P -" dO dO 

(23) 

(24) 

when the isospin in variance is valid and different from zero 
when the 1sospin in variance is violated in. the pion-nucleon 
scattering. In the resonance region, when the rr N -decay 
mode is dominant, we have 

p~T)::: o<:> /C ~T) 
1 1 1 

. (25) 

for all values of . cos() if the isospin invariance is valid .. 
The ratios 0

1
/ C 1 for each reaction (10 a, b,c,d;e,f) are · 

given in Table I. 

J4 

_._... 

4. Determination ·of the Nucleon· Isospin-Polarization 
from Experimental Data · 

In this section· we present some results. on the nucleon 
isospin..:polarization ~btai.Iled from the experlmenta_.l data 
of reactions (10e). Therefore, we restrict our analysis to 
the case when only "-. are present in the incident _beam 
( a 5 = 6 . ~nd a 1 = 0 for .i = 1,2;3;4, 6 · ). Then,;· from 
(19b) ~d (20c); we· have the, following defin~tion of the 
nucleon isosJ>in-polar~zation parai_neter: · 

(T) . '/ 
P = (u · -a ). u ; · u =u + u · 

- CE . . - CE 
. (26) 

or 
. 1 (T) 1 (T) 

u =- (1+ p ) u ; u = - (1- p . ) u' 
2 · CE 2 

(26a) 

where u . = .du55 . ; u . = du45 are the differential 
dO. CE . dO 

cross sections for "-p -~la-sti~ and charge e~change re
actions, respectively. If we take in (26) the corresponding 
integrated cross sections we obtain the definition (20') for 
p (T) • The· energy dependence of the nucleon isospin

polarization parameter .. P (T) determined from the 
experimental data /4-7 I · is presented in Fig. 1. From 
this figure· we see that P (T) :::.-0.'33 ·; in -the· interval of 
0.20-0.4 GeVjc which is obviously an ~ffecfoi ~(1238)
resonance (see relation (25) and ·Table !)_;.'Also, we see 
that the point P (T).:::: +0.33 is pass~d at t>~ B ~· 0. 7<;TeV jc 
and this is a consequence of N '(1470) -·ani\ N '1{1520) - re":" 
sonances which -occur in this momentum region. At 
P L~B >. 3 GeV jc p<T>_, + 1 as p(T)- 1-0.2pL~B . In 
Fig. 2 we give the t -distributions of thenucleon isospin
polarization parameter p<T> (t) determined from the 
experimental data /4,8/ · at incident. beam momenta 
between · 3.0 - - 18;3 GeVjc, in the ; t -·range 
0.1 :~1 t 1 ·.:s_ 1 (GeV jc 2 )2 . ·'A plateau :is 'observed in the 
region of small It I in all presented distributions. The 
average values of p(T) (t) over the plateau interval ~I t I 
are given in Table II. We see that these are increasing 

15 

.• 



. ·;;
,. 

,'-
'-

·· 

..
 ... 

-,~
 
; ~

 

'·•
 

: 
.. 

. 
'.

 
)-

-

T
ab

le
 I

I 

T
he

 
v

al
u

es
 ·

 o
f 

th
e 

av
er

ag
e 

nu
cl

eo
n 

is
o

-p
o

la
ri

za
ti

o
n

 
p. 

(T
) 

(A
 1

 t 1
) 

at
 

d
if

fe
re

n
t 

b
ea

m
 

m
om

en
ta

 
be

tw
ee

n 
3

.0
 ;

;. 
1

8
.3

 G
eV

 jc
. 

p 
.. 

···
··L

A
B

 
A

 l.t
l 

(G
eV

/6
) 

(G
eV

/c
2 )2 

3
.0

 

'3
.5

 

.4
.0

 

5
.0

 

6
.0

 

1o
.·o

 

1
J.

o
 

1
8

.3
. 

0.
93

4.
:!

: 
0

.0
3

0
 

0
.9

4
4

 .:
!: 

0
.0

2
9

 

0
.1

1
7

 

0
~
0
9
6
.
 

0
.1

2
1

 

0
.4

6
0

 .
 

0
.5

5
7

 

o
.6

4
3

 
0

.9
5

7
 .

:!: 
o

.o
3

o
 

0
.9

6
1

 +
 0.

0
1

8
 

.0
 .9

6
4

 .:
!: .

• 0
. 0

60
 

0
.9

7
9

 ±
. 

0
.0

2
8

 

0
.9

8
4

 .
:!: 

0
.0

0
8

 

0
.9

8
7

 .
+

 
0

.0
0

8
 

.o
.o

9
9

 -
·o

 •. 
64

9 

0
.1

2
0

 -
0

.6
8

4
 

0·
~1
10
 

0
.1

2
2

 

0
~
1
1
9
 

"'
:' 

. 
-

. 

,, 

.· 
·.

:l
 

·.· 

·'
 

. 
~ 

' '
 

F
ig

. 
l.

 ~
Th

e.
 en

er
gY

.. 
de

pe
nd

en
ce

. o
f 

th
e 

nu
cl

eo
n 

is
o·

-p
ol

ai
-1

·-.
 

za
ti

on
 p

ar
am

et
er

. p
 (T

) 
· ·

 
d

et
er

m
in

ed
 fr

o
m

 
'I

T
 
-p

 -
,e
la
st
i'
~ 

an
d 

cl
1~
rg
e 

ex
ch

an
ge

 . d
at

a.
./(

4,
5,

6 
':7

 I
. 

T
h

e 
, s

ol
id

 , c
u

rv
e 

is
 

· 
d

et
er

m
m

ed
 f

ro
m

 r
el

at
io

n
 ;

P 
T)
='
l'
-0
.2
p~
.I
 .

. 
·• 

·. 
··. 

. '
· 

, 
L

A
B

 
'· 

0
.6

2
0

 

0
.8

3
5

 

0
.8

2
5

 

" 
. 

.. 

.. I
t~

 r 



~ 

• 

-····-- -- .. 

z· 
0 
w. 
_J 
u. 
::J' 
z 

· t•'.O G"'4•{. 

-35GeV4 
0.5, 1 I I I I I I I I I I I 
. 10-f 1o· 

TRANSFER MOMENTUM t{GeV/C2
)
2 

Fig. 2. The ·t -distribution of thenucleoniso-polarization 
parameter P<)~ ~) obtained from the elastic and charge 
exchange data ' . The solid curves hand-drawn are 
curves to guide the eyer. 
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",,~~ 

wi~ - pLAn , from, 0.93 ± 0.03 to 0.99 ·± o.of for 3 .$PLAit~ 
.::; 18.3 GeV jc. A behaviour of the form p<T> (Lll t 1>::: 1 

;..Q{p-1 )a~d· an·extension at high ltl are expected at high 
LAB 

energies. The value of . P(T1(0), .· determined from the 
data /4,9,12/ and presented in Fig. 3, has a ~hape 

similar to p<T> both at low and bigh energies. k com-
parison with· p<T>(O). ·obtained from the dispersion relation · 

d~ta 1131 is given in·· Fig. 3. Therefore, <T >--. + '
2
1 at-

_ · . 3N 

high energies and. <T >-+ +.!.. in the large Lll t I -inter- ' . . ~ 2 . 
. . 

val at high energies. In other words, the incident nucleons · 
(as well as incident 'pions), in the scattering at high ener
gies, tend to preserve their third isospin components .. 

The u · -dlstributions of the nucleon isospin-polarization · 
parameter· at 5.·9 and 10 GeVjc presented in Fig. ·4 are;. 
determined from the backward differential cross sections; 
fof .. the rea·ctions of "- P -elastic·/ 14/ and;_"-p -
charge exchange /1_5/ . • We see that, in-contrast to p<T{t) -
distributions, the P <T> (u) -distributimis in the backward 
region umin::; I u I ::::· 1 (GeVjc 2 -)_?~_:; have awave:..li}(e 
character. These distributions, due to their wave-like 
ch~~acter, do. not contribute. essentially to the average .. 

. ,-- (T) . 
values P {pLAB). ' 

- . . .. {T) . ; . 
~he P · {u)-values for the extreme .backward points 

( (J = 180°) in . the low and intermediate regions are 
strongly correlated with the distribution of~~ resonance 
poles and zeros of the backward amplitudes. This state
ment is illustrated in Fig. 5 where we present the nucleon 
isospin-polarization parameter· P (T) {180°Y as a function 
of PLAB • We see that tile actual values of this parameter 
are near -0.33 for most of Ll -resonance positions and 
near + 0.33 . for some N '-resonances~ The point 
p(T) (180 °) = + 1 'is reached at 0.530 Ge V 1 c where aCE is 
practically. zero while the p~T) (180°)is near -1 at 
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1.1 GeV jc and 2.15 and these a~e probable consequences 
of the zeros in the 11-p -elastic scattering amplitudes 
near -the physical r~gion. · · 
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