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1. Introduction 

Recently there appeared new experimental data [ 1- 4} on 

measurements of differenti~l cross sections and polarizations 

in hypercharge-exchange reactions (HER) in the wide energy in­

terval from 5 to 140 GeV and /-!:I"' 0 + 2 (GeV/c) 2 • Sarlier we 

have tried (S, 6] to describe HER ( ~ N- k 'd, K N-'fl':J ':1here 

':f = L:, !\ ) in the framework of quasieikonal model ( QEM). '~'he 

obtained theoretical results, when compared with the mec:.:mre­

ments avai lable before 1978 (see data report in [ 6 ,71 ), proved 

to agree satisfactorily with the experiment. However, the values 

of some free parameters of the model were def ined 1"lith i nsuff'i -

cient accuracy due to lack of experimental data on differential 

cross sections in a v1ide energy interval and scarcity of dnta 

on polarizations of hyperons in HER (there were inconsistent da-

ta in the energy interval 3 + 5 GeV, except for the reaction 
+~1" . 'ff'f'p - K L.. where the polarization was measured up to 14 

GeV). The data available before 1978, indicating the breaking 

of exchange degeneracy (equality of parameters of stran~e tra-
~ "* jectories K and K is a weak exchange degeneracy, equa-
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lity also of residues is a strong exchanse deeeneracy), didn't 

give an unambi i;uous explanation of t he mechanism of t his break-

ing. 
( 1 41 -+ + .. 

Ifo·:t mecisurements - of the rec.c t i on fl p ~ K E 
and its line-reversed partners K-p- 'fi_L:_,. make possible 

a bet ter unders t anding of the na ture of exchange degeneracy 

(see e. c . [ 1• 4 • B, 9]), as wel l as t he refinement of . the va-

lues of ICBM parameters defined 1vi th insuff i c · ent accuracy. 

In this work analysing t he whol r, se • of n eVI and old data 

on HER l 1- 41(see data report obtained befor e 1978 in [ 6 , 71 ), 

the authors come to a conclusion tha t bceinn i n c with energies 

11 .• 5 GeV within the limits of errors thnr<' occurs an exchange 

degeneracy. The KEM predicti-0ns revea 1 1 O;. breaki n g of the 

weak exchange degeneracy at low energi ~- . .Ii th t h e inc Tease of 
I 

energy the difference between different i al cross sections of 
........... - + 

the processes Ti .. f'--+ K L. and K p __., 'ii -L C:e creases up to 

almost complete vanishing at 70 GeV . rhus , .: i th the increase 

of energy the breaking of weak exchang" C•Jceneracy is eliminat· 

ed. In section 2 the description of the us nd model i s given, 

and in section 3 the compari son of experimental unta on HER and 

the theoretical results obtained in the fr<>mnwork of KEM is pre-

sented. The basic conclusion arising from the analysis of expe­

rimental data and predictions of quas i eikonal model are present­

ed in .section 4. 

2. Formulation of the model 

Here is a brief formulation of the quasieikonal model. 

In the present work, making use of the result ~> Ob"tained in 

4 

refs . [ 5, 6, 10 , 11) ·:;c) a ccept the breaking of exchange degene -

racy for poles ( i . e . ine quality of residues anu trajec t ories 

a s well as of parame t er s of SU(3)-symmet r y of vec tor an d tens or 

~xchanges). For co1rr c:i i ence we present here the '1'a ble ( 61 of 

.. K**" SU(3)-symmetry rel ati ons connecting the poles \<'. and i n 

HER with t he poles p and Af in the rea c t ions 'ff}- 'ii
0

n 

and 'fi"-F- "?. fi - ~'he renormal i zation of all ampl itudes and 

observed values is i; h e same as i n ref. L121. Foe thr. dezcr ip­

tion of HER the qu ·.·-' :. eikonal formula e of charge- exchange rea c· 

tions have been us ed : 

r 
~ i~b (_ -

f1o ( t5, f J = ~: fl To (.b, b) ( 1 ) 

f 
,zb ~~rf -; M ( b -tJ ::::: g__f fl ( s, b ) ( 2) 

L I Zf .1. . 

where b is the ::.mpact parameter, fo 
1
(&,f) are the par-· 

- I 

tial amplitudes i n b -representa tion for the sp.!.n noni'lip 

and flip ampli t udes, t'N3 pec ti vely: 

r~ o l. x: 1 1~¥z 1
1-:..0 _ 1 1 .i/z.. 1 Iso t ( 6, b) 

0 
=zic'{.Q [1r1 sh~ +)';, c.AZ ]-

. J·!fz 1 1=1/2: (3) 
I f ( 

~ +cJ;, f 

{ (s, b) 
,l=O z:.1(2. 

{ _QZo [ x' Sh ~,I=~ 
T-1/?.. I • O 

~ ( ,_ - c__ ~ ~I } .i =--, 
Zic 

I I~ l/'J... 1 c!/2., 
f 'J' ' 'l,. 

- 'X.1. + c ! ' 1 J 
( 4) 
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ln the formulae (3), (4) the folloVling notations are used: 

' r~v ' 
'Xo,1 = L ::t'io,L 

i ~t, .r' 

r~i/1... 
I 

Ao,1 
I 

~ Xio,L ...... i • K , I< 

-
( 5) 

[J i -~~ b rr ) 
_fB Jl '10 U5, i ) <6J 
Z'if 

I 

/rio :::::. C~o Xo = :Z i.Ci.o = 

I 

?.':t = C;tYii = :2i C~r = 
rJ'l. -~~rr 
, ~ (', I·, (S,-1:), 
I 211 - l i-; 

(7) 

{ 2 -
where = - ;;)2 , l = o, i/'2. a re the isospins of corresponding cont-

' ributions. The values Xe, i and X0, i a r e the eikonal and 

"quasieikonal", respectively; C io, 1 are the jet-enhancement 

coefficients (JBC) (see in detail in ( 6 , 131). 
I 

The parametrizat ion of pole amplitudes P , P as well as 
~ ~* r 

of vector !( and tensor K poles ro,L (J!.,-l}is the same 

as in refs. ( 10 •111 . The rescatterings on f, p' -p0les are 

taken into account as in ref. [61 • 

As free parameters of the model for the description of 
. 0 ( t 

HER remain the parameters of trajectories <YR""' 0<'.11.. + OlR. 
R " *If r. R 

of JEC l~0 , ~ ( R = \<. 1 K } , parameters of SU(J)-synunetry r.,,J. 
'l 

~o and -Ro parameter& of tensor pole residue in the spin 

nonflip amplitude • In order to define the values 

of free parameters of the model, the experimental data on dif-

ferential cross sections and hyperon polarization on the reac-
+ of-'C°'+ - -~+(1-4} 

tions 'ff p - k ~ and I< p ..... 'Ii L. were processed. The 

obtained values of free parameters of the model are preBented 

below: 

6 

1 • 

2,. 

). 

4. 

5, 

10. 

11 • 

14. 

15. 

0 1<" 
Olk.., = 0.39 ±. 0.042 6. f='0 = 1.42 ±. 0.045 

oc~ •• = 0,37 ±. 0.0079 l<" 
7. pi = 0.2 ±. 0.061 

I I K ... 
(XK" = ()lt<.ltC= 0,68 ±. 0.14 8~ F;, = 1. 7 4 ±. 0. 028 

I< ... 
~ = 0. 28 + 0. 011 9. ~t = 0.24 ±. 0.078 0 -

R; = 2.5 ±. 0.15 

The JEC for the reactions 'flN--1<~ are: .. 
"-"'" c: = 1 .±. 0.049 12. C0 = 0.41 ±. 0.061 

\<. ... v•• c.L = 0.41 ± 0.35 13. CL = 0.19 ± 0.029 

and for the reactions j;ZN _. 'ff ':J they are: 

t<:.* 
Co =1.91 ±. 0.055 

K* c1. = -1 ±. 1.1 

16. 

17, 

K'"'* 
C 0 = 0.67 ±. 0.13 

1<*" 
C1 = 0.54 ±. 0.067 

As it is seen, the values of the parameters of vector 

and tensor pole trajectories differ slightly, i.e. there oc­

curs a breaking of the pole weak exchange degeneracy of the 

order 5 %. However, the consideration of absorptive correc­

tions results in the increase of exchange degeneracy at low 

energies. The model predictions show that with the energy in­

crease the value of breaking decreases. This question will be 

considered in detail in the next section. The obtained values 

of the SU(3)-symmetry parameters coincide with the results 

of ref. [
6

] • Thi s comes to show that the values of these pa­

rameters, obtained from the processing of measurements avail­

able before 1978, were defined with a fairly good accuracy. 
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J. Discussion of the results 

A. Complete amplitudes of vector and tensor exchanges 
+ ... "... - -~+ 

in the reactions 1i p ........ K 6 , l<.p _,.11 L, 

As already mentioned, the values of the parameters of 

"strange" trajectories obtained from the comparison with the 

experiment indicate (within the limits of errors) the existence 

of weak exchange degeneracy on the pole level. In fig. 1 the 
+ + 

graphs of the amplitudes of the processes <f(tp __.,,, k I: and 

K-p_,,"ii'-E:'-tat 7 GeV are given. The main contribution of the 

HER cross section make the spin nonflip amplitudes. In the re-
-t -t- '\1-t 

action 'ft p _..., I< L-.. at small momentum transfers dominates the 

contribut i on of the imaginary part of th•J complete spin non--
- ._,-+ 

fli p amplitude, and in the process K p _,.'ff-&... - the 

contributi on of the real part. The result we have obtained 

a grees wi th the conclusions of Harari and Rosner 14, 15 

From the graphs dP~~cted in fig. ... 
contributions " _;_ the vector K 

it is seen that the to t al 

and tensor *" K trajecto-

ry exchange$ in the imaginary part of the spinflip amplitude 

are equal in their value to -withia 10% and dif'fer in 

their sign, i.e. the consideration of the contributions of 

branchings leads to a 10% breaki ng of weak exchange degeneracy· 

This agrees with the well known result from dual models (see 

e.g. [16J) that these trajec "ories are degenerated on the pla­

nar level, and the degeneracy is broken when cylindrical and 

higher corrections for 1/N expansion are taken into accountl17l 
This breaking qorresponds by the order of i ts value to the re­

sult we have obtained from the comparison of theoretical for-

8 
I 

mulae with the experiment. The amplitudes wi th t h e spin turn­

over, presented in the lower part of f ig. 1, provide the c or­

rect behaviour of differential cross sections at relatively 

large momentum transfers and a finer effect of the hyperon po-

larization in HER. 

B. Differential cross sections 

In fig. 2 the experimental data and predictions of KEW< are 

presented for differential cross sections of the process 
... + 2 'il"+p_.,. K £ at (ti in the range 0 + 1.4 (GeV/c) and the wide 

energy interval from 5 to 140 GeV. The measurements of this re-

action at 7,10.1, 11. 5' 70' 140 Ge V [ 1 ' J ' 41 as well as the dat~ 

on the process \<-p__.,'fl-4-t at the same energy values [ 1 ,3,41 

have been used to define the values of the model free parame­

ters. The large slope in differential cross sections at small 

It/ ~ O.J is due to the imaginary part of the spin non-

flip amplitude f'l. 0 , which makes the main contribution 

in this region. A:t O.J :(; ltl :E; o.6 the contributions of the 

spin flip 

part of 1'1 0 

amplitude 

(Im Mo 

/vi{ and of the imaginary 

changes its sign at 1-H "-' 0.4 (GeV/c) 2 ) 

provide the absence of the dip in differential cross sections. 

In the region li:I > 0.6 (GeV/c) 2 the Im Mo dominates which 

provides the flat behaviour of the cross section. The slope 

of J6jo/t at small It/ increases with the energy, and at 

large momentum transfers, after a weak flattening in the region 

0.55 ~ /l/ ~- o.65 (GeV/c) 2 , the cross section becomes less 

flat. Such a behaviour, despite the lack of experimental data 

at large energies and momentum transfers, seems realistic. 
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In fig. J graphs and experimental data of di!'ferential 
- "'+ oross sections of the reactions K p-'R -L... in the energy in-

terval 5,47 + 140 GeV and at Ii/ up to 1.4 (GeV/c) 2 are pre­

sented, In the region /~I ~ 0,4 (GeV/c) 2 , as already men­

tioned, this process is determined by KSLM
0 

the contribution 

of tensor amplitude in which is larger than that of the vector 

one approximately by 25%. The cross-section slope in this re-
+ f<+._,+ gion is less than that of the process 'ff p- L. at low 

~nergies, and with the increase of energy this .difference de­

~reases almost up to vanishing beginning with 14 GeV. At 0,5~ 

:(;.(~I;;;; 1.2 (GeV/c) 2 the 
leading contributions are those of J,..M. 

a.'1d R€ M!. , the decrease of which with the increase of l-tl 

~etermines the further behaviour of o/rc:/of+ • As distinct from 

the reaction "ii.+p~ K-+r:-f, here the flattening of J.r;:;/Jt is 

not observed, at high energies, though, in the region 1~1 "-' 0.5 

(GeV/c)
2 

there are certain tendencies to flattening. With the 

energy increase also the increase of the slope at large momen­

tum transfers ( /1:-1 "" 1 (GeV/c) 2 ) is observed, It follows fron. 

the analysis of experimental data of d6/J.f of the processes 
.. .,. - -"1+ 

'fi+p_., t< L} and I< r- 'ii L.J that with the increase of energy 

the difference between the cross sections of these processes 

decreases. Comparing the model predictions one can see that 

with the increase of energy the difference between the cross 

sections of line-reversed reactions decreasesas well, 

up to almost complete vanishing at ·70 GeV. 
right 

In figs. 4-7 the model predictions for other HER are given, 

For the definition of the values of the model free parameters 

the available experimental d~t.a on these processes (in a fairly 
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narrow energy interval 5 + 15,7 GeV) have not been processed. 

As' seen on these figures, the KEM predicti.ons are in fairly 

gbod agreement with the available measurements. 

In fig. 8 the experimental data and KEM predictions for 

differential cross sections of the processes K.p - '?A and 
- ';\ !( p ~ "/ are presented. These processes can be described 

using the obtained values of the vector and tensor exchange 

amplitudes and of the SU(J)-symmetry relation, connecting the 

amplitudes of these reactions with amplitudes of other HER 

(e.g. t< p -<tt 0
/\ ) [18, 19 ,20] 

_, - • A) x,,. K~ i:; ( K p _.. 'fJ ' ' = - K -

F 
- ') {. ( .. * iC (+'r-1/l ... .& c.ot.e+'l.Sr>i .. e)K -v'.3co!>e•K 

F ( f(-p-[' ;\) == J_ (si ... e -2 ~Co!.. 9) I<~~ ...[i:C§>s.0- • t<11-
V3 

~ ~~ 
Here !<. and K are the amplitudes of vector and tensor 

I 
exchanges, respectively; e is the '{1 "l. -mixing angle; ~ 

is the relation of singlet and octet coupling constant ~ with 

~A2 . The values of the parameters 

from other analyses as equal to ~ 

e and .s.r are taken 

-11° and ~= 1.1 [19,2?] 

As seen on fig. 8, the KEM predictions are in fairly good agree­

ment with experimental data. 

C. Polarization and parameters of the spin correlation 

The experimental measurements and KEM predictions on the 

hyperon polarization in HER are presented in figs. 9,10. The 
• + 

process 'ff +f - I< E is the one experimentally best investigat-

ed. Data are available in the energy interval 5 + 140 GeV and 
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1t some values of energy up to lt!"'2 (GeV/c) 2. The polariza­

tion in this reaction has a. positive value. The peak of the or­

der of a. unit is in the region f-l:I"-' 0.8 (GeV/c) 2• With the 

increase of energy the peak, without changing its value, shift? 

slightly to the left (at 70, 140 GeV the peak is in the region 

jt/ "-' 0.6 (GeV/c) 2 ). With the increase of energy.a. more abrupt 

decrease of the polarization value is observed, and the shape 

of the peak becomes sharper, and beginning with the energy 35 

GeV at !ti"' 1.4 (GeV/c) 2 the polarization changes its sign. 
- - -t 

In the process I( p ... 'fl ~ the polarization has an inverse 

value and by its behaviour is like the one in the reaction 
+ -+~+ 1f p -+ i< .C.... except for the fa.ct that the change of the sign 

occurs beginning with the energy 7 GeV and at smaller /ff. The 

fact that the polarizations in line-reversed reactions .. ... - ... 
ff'p- K E and j( r--rr-L: have an inverse si€;n and a.re similar 

in their behaviour also indicate the presence of weak exchange 

degeneracy within the limit of errors. The experimental data. on 

polarization and the model predictions for the reactions 

Kp ...... [!I and Kp-"J_' /\ are presented in fig. 11. Recently no 

new measurements of pola.ri_za.tions and parameters of spin corre­

lations .5, 'T were carried out. As seen in figs, 10 and 11, 

there is a satisfactory agreement between the KEM predictions 

and t he data. available. 

4 . Conclusion 

The ana l ysis of the whole set of experimental data on HER 

(for new dat a s ee f1- 4J, for the report of measutements before 

1978 see [ G,7]) i ndica tes the presenc P. of we ak exchange degene-

12 

racy within the limit of errors. Within the KEM framework t he 
. * ·~ weak exchange degeneracy of "strange" trajectories K and J< 

occurs on the pole level, but the consideration of the contribu­

tions of branchings leads to a. 10% breaking of this degeneracy 

at low energies. However with the increase of energy the break­

ing is eliminated and beginning with the energy 70 GeV almost 

entirely vanishes. The carried out analysis shows also that the 

system of residues of main Regge poles obtained from the ana­

lysis of elastic processes [ 10 • 11 • 12 •211 has a universal cha.-

ra.cter, and when using the SU(3)-symmetry, it can be applied 

for the description of a completely different class of reac-

t ions (HER). The correct consideration of the contributions of 

branchings obtained in KEM allows to describe well all the va-

lues measured in the experiment: differential cross sections, 

polarizations and parameters of spin correlation, in all rea.c-

tions simultaneously, as distinct from the ordinary Regge mo­

dels where . at best only one class of processes is described 

correctly. 

The authors express their gratitude to A.Ts.Ama.tuni for 

stimulating this work and a constant inter~st in it, as well as 

to S.G.Ma.tinya.n for useful discussions. 
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of the 0U(3)-coupling for the reactions 

pole amplitudes of' rea ctions 

f='('!i-p-~ori) 

r- (Tt-f' _., "l ") 

F (111'p-- K-+2:-t) = 

""I='(<tt-n - K0 L,-J '::::: 
:= Y£' p ('ff-P-" !<oEo}:: 
=--n F (1i-+n _., K"'Z

0

) 

,:' ( K-p - <fi -E -+) = 
:=. '2 F" ( ¥'.-r- li 0 E 0

) = 

= ,/i' F' ( l:<of- 'tf'To) -:::. 
= J'i. F ( 1<-ti-1t-L: 0

) = 

= ft F ( 1<t n --'fl
0 2:-) 

J:'('fi"-p- \<oA) = 
= /:' (Yi"'n--" \<+A) 

FU<~ p -11-t /\) = 
= p( t<; _,,'Yi-A) "" 

=- v'l F ( 1<-p--"fl 0 

/\ ) 

exchanges 

r 
A~ 

"' ~If 

k, K 

\/* *~ 
\"-- ' K 

l'- .oi;lr 
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)f- ** f<- I \< 
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