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nonRpH3aUHR H30CnHHa HyKn~~a H H30CnHHOBhle orpaHHqeHHR 
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isospin bounds are determinated from the experimental 
data of rr ± p -elastic and charge exchange reac'tim1s. The 
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1. Introduction 

In a recent paper/l/ we have introduced the isospin 
and isospin-spin polarizations of a hadron in the final 
state of a given reaction. As an application the nucleon 
isospin-polarization parameter in the pion-nucleon seater
ring was determined from the experimental data of "-p_ 
elastic and charge exchange reactions at high energies. 

The purposes of this paper are '(i) to determine the 
nucleon isospin polarization parameter at all cos() in the 
low and intermediate energy regions and (ii) to investigate 
the implications following from the isospin invariance in 

. -
pion-nucleon scattering. For this in sect. 2 we discuss 
the isospin bounds using th~. s, t, u -channel decomposi
tion of 11 N -scatter~g amplitudes. T,he nucleon isos~in 
~larization parameter P (T) and its'iso.spin bounds P ~'fn , 
P ~Tjx are presented in sect. 3. The sat1;1ration of the 
isospin bounds is discussed, also in sect. 3, iri' terms of the 
resonance poles and zero positions of tlie isospin exchange 
amplitudes. 

2. The Isospin Bounds in 11N -Scattering < 

+ 
In this section we discuss the isospin bounds in "- P-

elastic and charge exchange reactions by using the s , t , 

u -channel isospin decomposition of the 11N -amplitudes. 
For th~s problem it is more convenient to introduce, 

as "in ref. 121, a vector G in the helicity space 
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G G++e +G+- ~ (1) 

where_, G++, G+- are the s -channel helicity amplitudes 
and e , m are orthogonal unit vectors. 
" In terms of the complex vectors G the differential 

cross sections and polarized are expressed ·as 
da ........ 

a=-= 'G*'G 
dx 

p a = i (G * X G) ~ ' n .... 
=f .... xm 

(2) 

(3) 

(xisone of the kinematical variables: cosO , t , u ). Let us 
consider G defined for each of the reactions: 

+ + .... 
"-p .... rr-P·:'G± 

(4) 
.... 

- o 'G rr . P .... 17 n ': CE 

of According to s, t , u .:.channel isospin .decomposition 
the G + CE -amplitudes we obtain: 

a) --:-s -channel relations 

a =a I =3./2 
+ 3s' s · 

. ~ 
+ ·

9
4 (a ·a

1 
) coso + s s 

1 4 -a =-a +-a 
- 9 + 9 ls (5) 

2 . 2 
a =-a +-a 
CE 9 + 9 ls 

4 ~ 
- 9 (a+ als) cosos' 

where we have defined 

.... 2 l 1 
a = IN I = -- [3 a + 3 aCE -a ] , I =- , 
Is s 2 - · + 8 2 

cos 0 = 21 [ N * • X + N . X * ] I ( I N II K I ) s s s s s s s 

3a +a - 6 acE - + 
(6) 

[Sa+ (3a_ +3acE -a+)] 
~ 
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~~ 
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~~ 
i; 

1 

I 
~~ 
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"~ 
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b) t -channel relations 
-~ 2 . 

a+ " = a 
0 

+ a 
2 

-2 ( a 
0 

a 
2 

) coso 
1 

, 

~ 
a_ = a 

0 
+ a 

2 
+ 2 { a 

0 
a 

2
, ) , coso t , 

a =2a 
CE 2' 

where 
.... 2 

ao =IF ol = 2
1 

[a +a -aCE ], I = 0, ' + - t 

.... 2 1 . 
a =IF I =-a. , I-·=1, 

2 I 2 CE t 

1 .... .... .... .... .... 
coso1 "'"2[F0*·F1 +F 0 ·Fili(IF 0 11F1 1) 

l .a- ::a+ 
·=:- I ; 

2 [ . "< ," '· )] ~ a a +a -a 
CE + - CE ,· 

c) u -channel relations: 

1 4 4 ~ 
• q = -

9 
a. + -

9 
a + - (a a

1
·, ) · coso , 

+ - lu 9 - u u 

a =a , I 
3u u 

=3/2' 
~:.:: 

2 2 I/ ' 
a =-a +-a _4( 12 CE 9 - 9 lu 9 a_a 10 ) coso 0 1, 

where 
. . .... 2 1 " . " 1 

.,a
1 

=IN I =-
2

[3a++3a -a_], I 0 =-
2

, 
,, . u u . CE . 

1-+-+-+-+ -+-+ 
cos 0 = - [ N * • ~ + N .. ~ * ] I ( IN II ~ I ) 
· U • 2 U · U, · U, U U U 

3a+~a.:_ -6aCE 

[Sa_ (3a+ + 3aCE- aj] 
~ 
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_, We have denot_ed by 11 s , N s , F o _ , F 1 . , 11 u , 

Nu. the Is =3/2.1/2; l 1 = 0,1 ; I u =3/2,1/2 - isospin ex
change helicity :amplitudes respectively' written in the 
vectorial form (1). ' ' . 

Also, on the basis ofthe relation: 
....,. -+ --+. 

. 'G - = G.: + y2 G 
-'-', + -. CE (11) 

we -can define, in a similar way: 

( ~ . 
4 a a ) cos 8 = a + a -2 a 

+ - +- + - CE 
~-

(Ba+acE>- cosB+cE= a+ -a_ +2aCE (12) 

(Sa_-aCE)cosB_cE=a -a_ -2aCE·'. . . . •· +. .... ~.' -:• : 

Now, on the basis of relations (6), (8), (10), (11) and (12)- · 
the following isosp~ bounds can be introduced: 

a .. < 3 ( a + a -- ) ; 
+- + CE (6a) 

2 . ~-
(3a +a · -6aCE ) < 8a+(3a + 3a ···-a+); (6b) ·" 

- + - - CE 

;;.,·, 

a CE::;;a+ +a (Sa) 

2 
(a -a ) <.,4a (a +a -a ); 

- + -: CE + - CE 
(8b) 

a ~3(a++aCE); 
_. (lOay··. 

2 
(3a++a -6a ) 'SSa (3a++3a -a);. 

- CE - . CE ~ 
(lOb) . 

. ~ ~ X. 
(a ) < (a ) + (2-a ) ;· 

+ - ...: _ , CE 
(lla) 
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~- .·· ~- 72 
(2aCE) ~ (a+). +(a.;_) 

2 . 
(a +a · -2a - ) ::;;, 4 a+- a ; 

+ + 2E ·:-. - -- · 

.~ . . Yl .· -~ 
(a ) < (a ) + (2 a ) ; ,' - + CE . 

2 
(a + 2a- -a ) < Sa a , 

+ CE -. - +- CE 

2 
(a +2a -a } <Sa 'aCE; 

. - CE + - . -

(lTb) 

(He) 

(12a) 

(12b) . 

(12c) 

T~e isospin bounds (6b), (8b), (lOb), (lla,b,c), (12a,b,c) 
are all equivalent to --

a; +a_! +4a~E -2a+ a_- 4aCE(a + +a_ ),50 (13)· 

·and also to 

72 Y2 .2 ~ ~ : 2 
(a -a) ~2a .;_(a++a ·.)-

+ · ""' CE - - .. 
. (14) 

Alf these bounds are valid for d~f~rential cross:-sec- · 
lions at an arbitrary kinematical valu~ x as·.well as for 
the integrated cross-sections. ; -·. 

- . . . \ ,. 

The bound (8b) was given rec~ntly. 6y R~y 131 for the 
differential·· cross sections at an arbitrary angle, and by 
Tornquist/4/for the backward cross-sections. Other _au~. 
thors /S,G/ have introduced stronger bounds, for w~ich the 
polarization data are needed, and,which follow from the 
abOve ones if a is replaced by I± ~ l ( 1 ±P) a • '-

- ' - 2 

' Therefore . the mtroduction· of the . G. -amplitudes 
allows ,to discuss the isospin bounds at any kinematical _ 
Value X by analogy·with'the Well-known CaSe Of the baCk;::: 
ward scattering /4,7/. ·- · ·· . :; · 
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3~ The ·Nucleon Isospin Polarization and Isospin Bound 

In thfs section we discuss th~ quantitative limits for 
isospin in variance in "N -scattering at all angles and diffe
rent energies using the nucleon isospin parameter and its 
bounds determined from the experimental data. (T) 

.. The nucleon isospin polarization parame'ter. P i? 
"~P-elastic and charge exchange :reactions is expressed 11 

in terms of the differential cross-sections as 
(T) · a -a 

. p = - CE , ·. • - (15) 
.a-+ aCE 

Our analysis on the isospin bounds "of the nucleon 
· isospin-polarization is restricted to the bounds induced by· 
the relation (14), so that we hav~ 

p (:) < p (T) < p (T) ' . (16) 
m1n - - max 

' where 
. (T) 1 72 72 2 1 72 72 2 
P. =[a --(a +a. ) ]/[a +-

2 
(a +a ) L (16·a··) 

mm - 2 + - · - + - • 

(T) 72 . 72 72 . 72 2 (16b) 
P. =[a- -l(a ·-a.) ]/,[a +_l(q -a.)]. 

max - 2 + - - 2 + -

Therefore, if the isospin invariance in pion-nucleon 
scattering is valid up to conventional electromagnetic 
corrections, the nucleon isospin polarization parameter 

is bounded. by 

tions; (16a,b). 

p (T) . (T) , . . . 
min and p max defmed by the rela-

ID general, the lower and upper.· isospin 

(T) · · (T) ·· • 
bounds p min 'p max will be saturated for cos oij = ± 1 

where coso ij are defined by the relations(6), (8), (10) and 
(12). In parti~ular, !f one gf the is()sp!n exchange ampli~u-:
des: 1.\s , N

8 
·, F0 , .F1 , 3-u ,Nu has a zero in 

the physical domain~ then the isospin polarizationparame-

·a 

·i 
•\ 

I 

\1 

i' 
I 

1 
l 
·I 
1, 
,'I 
,I 

I 

J 
l 
;I 
;l 

l 
\ 
I 

f 

l 

II 
,.,i 
I 
;I 
'I 
:II 

li 
II ,, 
l 

j: 
\.. 
•I 
I 

l 
• ~I 

. · {T) . (T) . (T) . 
1 ters P , P . , P are completely determmed · m1n max · · · 

according to the s • t , u -channel decomposition (5), 
. (T) (T) (T) 

(7), (9). The values of P , P min , Pmax so obtained 
are given in Table I. According to this table the isospin 

. " - - . (T) · (T) (T) 
polarization bounds are degenerated ( P. = .·P min= P max ) 

' -+ -+ 2 ~ . I 

only if· 111 s I = 0 or. 111 ul .= 0. The lower bound is satu-
. -+ . ~ . . -·· 

rated only for .I F0 ·1=0 and the _upper bound is satti~ated 
.... • ' -J>. • -+ . • ~ 

for I N 8 I = 0 . or I F 1 I =0 or I N u I = 0 . ·All th,e zeros of 
the isospin exchange amplitudes .lie on the 0= 0' 1T -

"phase· contours". Th,e phase contours defined here bJ 
cos 8 fj = ± 1 · are different from that stu~ied in ref. 16 

. They agree ;with that introdu~ed Jn ref. 17 I only for 
· e 17 = 180 °. Therefore, as :a test for the··isospin in va
riance in pion-nucleon scattering at any angle we present 
here our estimations of the isospin polarization parameters 
· (T) · (T) (T) . .. . 
P · , . P . , P from the experimental data of min max · · 

"- P -elastic and charge exchange·i·eactioris. In Figs.(1-3) 
we show the distributions of all these parameters at all 
angles and different laboratory momenta between 0.3 and 
1.5 GeV jc .. The backward distributions· of the isospin 
polarization parameters at 6 and 10 GeV jc are~presented 
in· Figs. (4a,b) and their values for the extreme backward~ 
points e 1T = 180 ° at the laboratory mo:menta: b~tween 0.25 
and 6 GeV jc are presented in Fig. 5. ' , . 

, I i ~ -

We have used two ways to estimate th'e nucleon isospin 
polarization parameters: . . . 
. (i) directly from the experimeptal data in their original 
form /B,9/ · (for the data presented in Figs. (2..:4), and 
Fig. 5 for p LAB> 0.6 GeV /c); and , "· 

(ii) using the coefficients from the original polynomial 
fits. (for the data. presented in Figs. (1-3) and Fig. 5 for 
p LAB·< 0.6 GeV jc). 

From the presented data we 'see that in general the 
nucleon isospin polarization parameter have a behaviour 
in agreement with its isospin bounds(16a,b). In particular, 
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F1g. 3a. The nucleon isospin polarization parameter P 

p (T) · (T) . . . . 
. and. the isospin bounds ·min , P max at: a) p LAB= 

= 1.0 GeV jc determined from the data of ( • ).Helland 
·et al. /8/ , ( o~ Albrow et al. /8/ and Chiu et al. /9/ · 
b) PLAB = 1.1 GeV jc determined from the data of ( • ~ 
Hellana et al. /8! , · ( o) Albrow et al. /9/ · and- Chiu 
et al. ; c) p = 1.43 GeV jc determined from. the 
data of Alpin et-al./8/ and Chiu etal./9/ The interpola
tion curve for P

1 1 
was obtained from the coefficients 

of Brody et al. · 8• and Chiu et al. 197 while .the isospin 
bounds was calculated with the coefficients given by Helland 
et al. /8/ ( rr+) and Duke et al. /8/ ( 11 :-). 
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Fig.· 4a. The backward ispspin polarization parameter 
{T) . ·• . . • :.· (T) . · ... • ·.. <T) 

p {o • ) and the isospin bounds p . . ( ) , p ( e)at 
· m1n max . 

( 
0 )5.9 GeV IJi Jllld 6.0 GeV /c determined from the data of 

Owen et al.. .8 and Boright et ai./ 9/ ; b) The backward 
isospin polarization parameter P ( •) and the isospin 

(T) (T) · 
.bounds P min ( · ) , P max ( e) at P LAB= 10 GeV jc de
term~e9 from the ·data of Owen et al. and Boright 
et al. '<J;. 
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•, 

·.·'· 

•.. 

• 
. (T) (T) . 

the saturation of the upper~ bpund, P :.;- P , .. :.; -1/3. ob-
. -. ___ ... : .. ·.• . - . ·. . . . max-· 

. served ~at_·p LA 8 =. 0.296 GeV jc in e~tire _cgs, ()
17 

range 
is obviously an effect of ~(1236) · resonanc~.:The satura
tions ·of the upper bounds·(see Figs_, (2-4)lat 0.614 GeV ;c 
(cos e; ;= :....1) ; 0.658 Gey jc ( -1 ~cos 0 ;::::;·-~.5) _-; PLAB-;= 

= 0. 710 Ge~ /c (-l.S ~osA~ '5. -0.9) ;- PLAB :=' 0.777 ~eV jc 
(cos017 _·= -1); · , P'LAB .= 1.0 GeVjc (cos0 17 = .'--0.25 
and cos017 = +1 - ); p · _ = 6~ .. GeVjc and 10 GeV jc 
( u = :.... Q.15 (GeV jc 2.) 2 ) are all -due ·toalu ::s 0 .. 
The zero ~f a 1 u . at:; p LAB;= ·6 and 10 G_eV jc was ob
served:. by Barger et al. /2/ .' , who found :that this is a 
quadratic zero consistent with the wrong-signature-non
sense zero of. _Na·rRegge pole at a=-1/2.Also, the 
indications for a lu ::·o at P LAB:: 0.65 GeV jc ._ and 
p LAB = ~ 0.80-G~V jc for cos 0 17 = -1 · .. can be observ
ed from Fig. 5. Next, the saturation of the.lower isospin 
bound correspond-ing to a 0 :::s 0 is observed;(Fig. 2) at 
P LAD· ~--, 0. 710 GeV jc for cos 0 = 7"0.25:· .- An interest
ing effect see~s to be at p LAB = 1.12 and 1.43 GeV jc 
(see Fig:. 3) for cos 0 17 ::0.4 , ~ :rhere the values -of the 
nucleon isospin · parameters P ~ arid P (T) . are 

max · 
near - 1/3 due to a possible_. zero of '_s -channei: l/2-
isospin exchange amplitude near the physical region. The 
zero of a 1 s i~ also indicated by Hohler- et 3;1. 161 at 
p . ;... 1.070 GeV jc for ·cos 0 = 0.5 . Also, from Fig.5 

LAB - TT . 
· p (T) p (T) . 1 - . . G V/ . 

one can see tha~ :: ... max :: - -.,- · at PL. B"" 0.3 e c; 
1.4 GeV jc; 2.6 GeV jc; 3.0 GeV jc; 4.3 GeV,c; 5.0 GeV jc 
and 5~3;(ieVjcfor 0 17 ~ 180°. . · 

These ate indications in favour of a 38 >>a 1 s due to 
!:i (1236) ' !:i (1890} -. ' '/'j. (2420) . ' ' !!. (2560) : ?;, tl(3000) ? ' 

!J. (3230) and - ·I'J. (3300) ?-resonances in 1rN -..:backward 
scattering at · () ~ = 180 °. . · ;' :. · ... . 

We see also·from Fig. 5, that theupper and lower iso-
spin bounds tend to:· be ·degenerated at P LAB :: 0. 740, . 
1.1 and 2.2 GeV jc due _to the zeros of C1as and a3 u from 
the neighbourhood of the physical region. 

On the other hand, we have calculated als , ao ,aJu 
from the experimental data and have verified that the 
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Fig. 6. a. The . ao -cross sections at .PLAB 0.490; 
0.614; 0.658; 0.707 and 0.777 GeV jc obtained )Ising th~ 
coefficients from the original polynomialfits 1 8 •9 ; b. The 
a1u -cross sections at PLAB= .p.614; 0~658; 0.707; 
and 'l:o GeV/c- ·obtained u~ing the coefficiEmts t:rom. the· 

·-'o~iginal polynomial fits /8.9/. 
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\1 

·.·'· 

... 

positions 
from the 

(T) 
P. 

0110 

• 

of the ''zeros are iii accord with ·that obtained 
study of isospin polarization parameters p(T) 

p(T) . 
max 

~he results for a 0 and a 1 u are presented in 
Fig~. 6a,b. 

4. Conclusions 

We summarize the results as follows. 
The. values of the nucleon isospin polarization parame

ter. satisfy :the isospin bounds, obtained ·from the_ isospin 
invariance, at any angle for the all energies considered 
above. All the predictions (see Table I) relative to the 
values .of·the'··isospin polarization parameters P (T) , 

P (T) p (T) h f th . . h 
min , max W en one 0 e lSOSplD exc l!nge 

amplitud~s in the s , t , u -channels have a zero near 
the_physical region, are in good agreementwith.the experi- · 
mental data~ So ·that the branching ratio of. different 
IT N .· -cross sections for the ze~o,position of resonance po
les ar·e consistent· _with that--obtained from the isospin 
invariance. · ·. . . ' '. : 

Therefore, from the presented data we see that the 
isospin in variance is · ~alid up to conventional electro
magnetic corrections .in the whole cos() IT region except
ing some points at cos {)IT 2=;-:-l discussedinref./4/. The 
saturation of the isospin · polarizatiorfbounds are systema
tically connected with tlie zeros or resonanc~ Pol.es of the 

. pion-nucleon scattering amplitude near the physi~al rehion. .. 
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