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I. INTRODUCTION 
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' contribution could have been entitled "What can be 
"erential cross sections in two body reactions ?" My 
cpl es ti on is clear : "Because of the lack of any theory 

of s trong inl:tc. aL t ions ,  the knowledge of differential cros s sections 
al tows one to ''-'·"nnel the development of  theoretical models about 
high energy interaction mechanisms" .  

It is indeed due to  the knowledge of differential cross sections 
in a greater ntmlber of reactions that important progress in Regge pole 
phenomenology have been done . Let us recall  the development of Regge 
pole theory . 

In the first app l ications of Regge poles to high energy pheno­
menology ( 19 60) the Pomeranchuk traj ectory played a central role as it 
dominated a l l  elas tic reactions . At that time , Cocconi ' s  results on 
e lastic proton proton scattering showed a diffraction peak which shrinks 
as predicted b°y theory with an universal s l ope of order of 1 (GeV) -2 • 
However , the enthusiasm raised by these results s oon vanished when it 
was found that the diffraction peak of the p ion nucleon differential 
cross sections does not shrink . This fact shows the importance of the 
contributions due to secondary traj ectories as p ,  w • • • It was not before 



1965 that an experiment allowing to isolate the contr ibution of a well 
def ined secondary traj ectory was real ized . The discovery of the wel l 
known dip at t = - 0 . 6  GeV2 in n-p -+ n °n - dip predic ted by the presence 
of a nonsense wrong signature zero of p res idues at ap ( t ) = 0 - shown the 
pred ictive power of Regge pole theory . In 1 9 66 , the dip at u = - 0 . 2  GeV2 

in the backward n+p scattering also contr ibuted to quick development of 
Regge poles which then became a working tool for phenomenologists . 

About the same t ime , were found forward peaks in reactions 
dominated by pion-exchange (pn charge exchange , n+ photoproduction • • • : 
ins tead of forward d ips p redicted by evasive Regge pole s .  These data 
c aused exc itement and led, during one year , to the conspiracy phenomena. 
Fortunate ly,  the results for n+p -+ p�++ put an end to unphys ical compl i-
cations of conspiracy i . e .  traj ectories on which no part icle had be 
seen and clearly showed the only way to reconcile these different 
results as well  as those for polarization in n-p -+ n°n was to introduce 
Regge cuts . 

Las tly,  due to dual i ty ,  and consequently to exchange degeneracy , 
Reggeology has been greatly s imp lified and i t  can be said that when Regge 
cut effects can be neglected, Regge mode l  predictions are clear and 
unamb iguous in a large number of reactions . As we can see later , these 
pred ictions agree qual itatively with all experimental data. Before comparing 
theoretical predictions and experimental data in detail ,  we will  try t.o 
answer the following question : 

"In which case can a small contribution of Regge cuts be 
expected ? "  

This would allow us  to  choose the reactions in  which we  can 
neglect the Regge cuts , and give a d iscuss ion on qualitative aspects cf 
high energy exper imental data in relation with the convent ional Regge 
pole theory .  



II. SOME QUALITATIVE FEATURES OF REGGE CUTS 

It is well known that in the angular momentum plane , if there 
are poles , there are also cuts . Because of the l ack of any quantitative 
theory of cuts , the only reasonable attitude is to try to single out 
the qua litative features of cuts . 

Let us take a s imple example : the pion nucleon charge exchange 
scattering. There are two hel icity ampl itudes : non hel ic ity f lip amplitude 
f
0 

and hel icity f l ip amplitude f 1 • Now, what could we reasonably say about 
the relative importance of cuts in these two ampl itudes . 

When elementary particles are exchanged,  the Feynman diagrams 
are showed in Fig. 1 .  In Regge pole language , the rescatter ing diagram 
is improperly called Regge cut s .  As in the Feynman d iagrams , it is calculated 
by taking the convolution of two amplitude s .  The first one is the p exchange 
and the second the E exchange . In convent ional theory of Regge cuts , the E 
amplitude is dominated by the e lastic amplitude which has a sharp forward 
peak and which is supposed to be hel ic ity conserving. 

a) For the non he licity f l ip amp litude f
0

, with a forward peak 
the convolution gives a term in s"/Log s 

b )  For the helicity f lip amplitude f 1 , which should vanish in 
the forward direction because of the angular momentum conservation, the 
convolution gives a smaller result which is eas ily understood by looking 
at Fig .  2 and 3 . In thi s  case , the f 1 fE product is always smal l ,  s ince 
f1 is small  in the forward direction where fE is important and far of t = 0 ,  
fE decreases so  rapidly that the f1 fE product remains small .  Indeed, 
calculation gives a term in s"/ ( log  s ) 2 • 

This resul t  "The effect of the cut is smaller in the amplitude 
with he licity f lip than in the non helicity flip one" is the only one 
common to a large number of Regge cut model s ,  the absorption model ( l )as wel l  as 

(2 )  ( 3 ) . . (4 )  the e ikonal , the SCRAM or the Gar li tz and Kis s l 1nger one . 



It is an essent ial result for the qualitative understand:lng 
of high energy experimental dat_a , and we c laim that we can give a 
qualitative interpretation of these data free from any numerical 
calculation only if the reactions are dominated by f l ip helic ity 
amplitudes , i. e .  where smal l  cut effects are expected. We will see 
later on that this attitude is j ustified by exper imental data and that 

a) in reactions of the type rr+p K+ E+ and the crossed 
s <-t u reaction K-p -7 rr E+ where non hel ic ity f l ip ampl itude dominates , 

b )  in reactions where the cut plays a dominant part , such 
as polarization in rr-p � n°n,  

we meet wi th a number of difficulties , and qualitative 
interpretation without referring to numerical computations proves to 
be very difficu l t .  

In  the following , we  concentrate on  the 2 points that rai sed 
the greates t interest during the last two years , which are 

III. EXCHANGE DEGENERACY 

1 .  Exchange degeneracy 
2 . D ip mechanism in differential cross sections 

in relation with high energy models . 

The notion of exchange degeneracy is due first to Arnold 
in 1965 but it is only after Veneziano mode l  ( 1968) and Harari-Rosner 
(1969)  duality d iagrams that exchange degeneracy became the leading 
idea of high energy s trong interactions . 



1. �£�£��liii£� 
a) Freund-Harari Conjoncture (S) 

The amplitude of a process may be split as the sum of 
two contributions : 

s channel A '\,ackground + �esonances 

t channel A 

�omeron is dual to ABackground 

�egge is dual to �esonances 

If we add the hypothesis of the saturat ion of the imaginary 
part of the amplitude by resonances , we come to the following consequence 
if there is no resonance in the direct channel ,  then the imaginary part 
of Regge pole amplitude must  be zero. For example ,  the imaginary part of 
the amplitude of K+n + K0p is zero as there is no K+ nucleon resonance . 

b )  Duality diagrams (6) 

If we extend the same notions to the quark model we get 
the dual ity diagrams . For instance , let us consider the K+n + K0p 
scattering and express their contents in quarks (Fig . 4) . We see that 
we have a quark-quark scattering as an intermediate s tate in the s-channel ,  
then no  resonant s tate can be formed. The amp litude is therefore real . 
In this case ,  the duality diagram is called i l lega l .  

These l ast  results are contained already in the Freund 
Harari conjecture but duality d iagrams also g ive results for non exotic 
channel such as K-p + TI  [+ (Fig. 5) . There is no resonant s tate with 
two quarks ( \ ,  n) which leads to a K-p + TI- [+ real amplitude although 
there exist resonances in s-channel .  We will s ee later that the s-u 
crossed amplitude (TI+P + K+ L+) has a rotating phase : exp (- iTia) . 



Another poss ib le  way is to use duality and factorizat ion 

The traj ectories and the residues of Kx and K� mus t be exchanged 
degenerate 

and in p l:+ + p l: 

By factorization we obtain exchange degeneracy for rr+p + K+ l:+ 

and K-p + rr- I+ but the factorization does not give the s igns of the 
res idue s ,  i . e .  which ampl itude must be real and which has a rotating 
phase. By SU3 ( + duality diagrams ) the s ign ambiguity due to factori-· 
�at ion is removed . 

c )  S trong degeneracy and zero mechanism 

In the case of K+n + K0p ,  we have exchange degeneracy of 
r and A2 in the t channe 1 .  
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In order that the imaginary part vanishes for any s and 
t ,  we mus t  have 
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and that is what is cal led s trong exchange degeneracy which is val id 
for any amplitude . Thus 
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In order to k i l l  the ghost  at a = O ,  - 1 ,  • • • y mus t be 
proport ional to a ,  a + 1 ,  • •  . We then f ind again the ghost-kil l ing 
mechanism proposed by Gell Mann several years before . In the following , 
we call  residue the ratio y / s in rra which is as sumed to be smooth. 

Let us consider the meson baryon charge exchange reactions . 
According to exchange degeneracy we have : 

f (rr-p + rr 0 n) a1 G ( 1  - e-irra ) a s 

f ( rr-p + nn) G (1 + e-irra) a a2 s 

f (K+n + K0p) 2 a3 G a s 

f (K-p + �� 2 a3 G -ina a e s 

S ince differential cross sections of TI p n °n show a 
pronounced forward dip ,  hel ic ity f l ip amplitude mus t dominate I t  
is precisely what vector dominance tells  us . Indeed , if  w e  use the 
y (-+ p analogy , the ratio of pNN coupl in�s is equal to that of charge 
and anomalous magnetic moment of the nucleon in the isovector s tate . 

3 . 7  

Through exchange degeneracy , the A2NN coupl ing is also 
essent ially helicity f l ip and the dominating amp l i tude in these four 
reactions is the he licity f l ip amp l itude , Cut effects are thus expected 
to be small  in this set  of reactions and the qualitative predictions 



of Regge poles and exchange degeneracy verified by experiment . 

What are the predictions that can be obtained from these 
formulas ? : 

a) The differential cross sections of K nucleon charge 
exchange must be equa l .  Above 5 GeV ( in fact at 5 .5 and 12 GeV) ( l )  
experimental results  confirm this prediction (Figs . 6 and 7) . Let  us 
notice that this equality can be obtained from weak exchange degene­
racy only i . e .  equality of traj ectories ap = aAz 

• 

b) S ince by exchange degeneracy , hel icity f lip ampl itude 
domina tes in these four reactions , a forward dip is expected in 
n-p + nn as we ll  as in K nucleon charge exchange reactions . Experi­
mental results , though rather scarce in the forward direction , �how 
nevertheless a qual itative d ip (Fig . 8) . 

c) D ip s tructure in d ifferential cross section is c lear, , 
disp layed . No dip is expected for K nucleon charge exchange ,  a d ip 
at a =  O ( i . e .  t � - 0 .6 GeV2) for rr-p + rr0n and a dip at a - 1 

2 -( i . e .  t 1 . 6 GeV ) for rr p + nn. If su3 is now assumed , the 
'T coeffic ients a1 , a2 , a3 are respectively equal to /2, V 3 , 1 .  In 

F ig .  9 we show Sonderegger ' s  compilation at 5 . 9  GeV . The curves are 
from Regge pole model with s trong exchange degeneracy and su3 • The 
agreement seems to be s triking for a prediction almost without 
parame ters .(8) 

d)  The same 
same resu 1 ts obtained. 

d . l  : The 
without 6 production is 

R 

arguments 
Moreover , 

ratio of 
the same 

a ( rr6)  
a (rrN) 

may be used for 6 production and 
we can give some more predictions 

d ifferential cross sections with or 
in these reaction 

a Cn6) 
a (nN) 

a (K6) 
a (KN) 



In this ratio ,  the coup l ing cons tants at the bosonic vertex , 
the squares of the s ignature fac tors d isappeared,  only the sum of the 
squares of the res idues , which is the same by exchange degeneracy in 
these four reactions , remains . Us ing the experimental data at 4-5 GeV ( 9 ) 

we obtain the results showed in Fig . 10 . The agreement is quite good . 

� : The 6 density matrix elements are the same in these 
four reactions . Fig. 1 1 ,  12, 13 show the transfer momentum dependence of  
dens i ty matr ix e lements in  3 reactions . Fig .  14 shows their energy 13 3 dependence . The curves P3 , 3  = 8 , Re p3 , _1 = !l Re p 3 , 1  = O, come 

hypothes is for pNN coupl ing. As is 
( 10) 

ver if ied , experimental results agree very wel l  with these  predictions . 
from the magnetic dipole coupl ing 

3 . a  Meson baryon scattering 

We have seen that duali ty d iagrams show that the ampl itudes 
K p + TI  I+ and K-n + TI-A are real . 

a. g s 

-iTiet a. g e s 

The first prediction is equali ty of differential cross sec tions 
for s + u cros sed react ions . Comparison with experiments shows that it 
is not verified . More prec isely , induced K cross sections have a c lear 

( 1 1 )  propens i ty to  be more important than the TI ones .  

The second predic tion is differential cross sect ion without 
s tructure . But very clear d ip s tructure at t = - 0 . 4 GeV2 exists in + + + . ( 12)  n p + K I at leas t to 5-7 GeV (Fig. 15) . 



vlhy thus does exchange degeneracy which works so well  with 

r - A 2  exchange seem to he ques tioned in i"i"x exchange ? 

We can f ind the answer in examinat ing forward d ifferential 

cros s sect ions . They a l l  pres ent a forward peak which imp l ies a dominance 

of non f l ip h e l i c i ty amp l i tude .  According to what was s aid in S e c t ion I I  

the cut contr ibution may b e  important and thus change the qual i t a t iVE' 

features of Regge pole exchange degenerac y .  

3 . b 

A. CAPELLA 

Kx photoproduct ion 

( 13) 
and myse l f  have proposed the u s e  of  dual ity 

d iagrams in K
+ 

meson photoprodu c t ion . Indeed , by vector meson dominar ce 

mode l ,  the photon is  conne cted w i th the vec tor mesons p ,  w ,  ¢ .  

I f  we cons ider the dua l i ty d iagrams , w e  f ind for p ,  w and 

for ¢ oppos ite result s .  The dual i ty d iagrams correspond ing to ¢p + K� L 0  

and K-p _,. (p , w) L 0  are i l legal d iagrams and the corresponding ampl itc.de s 

are rea l ( F i g .  1 6 ) . 

Thus i f  the AA component of the pho ton ( i . e .  ¢) dominate s ,  the 

K
+ 

photoproduction amp l itude is real whereas it has a rotating phase if the 

non s trange ( p , w) component s  d ominat e .  In what f o ll ows , we w i l l  f ind i t  is  

the y-p component which i s  dominat ing K
+ 

photoproduc t ion . 

We c an wr ite the photoprodu c tion amp l itude as 

V=p , w , ¢  

+ 
g

yV 
A (Vp + K L 0 )  

are proport ional t o  9 : 1 : 2 from SU ( 6 )  

and approximately ver i fied by t h e  r e s u l t s  from Ors ay s t orage rings 



On the o ther hand, we have at 3 GeV Cl 4 )  

thus we  see that the contribution to the photoproduc tion cross sec tions 
of the P component is approximate ly 9 times that of the ¢ component 
It is then j us tif i�d to neglect the photon-¢ component and we have 
then a rotating phase for the photoproduction ampl itude . 

If we neglect the contribution of K traj ectory the ampl itude 
is proportional to exp (- irra ) and the cross section has no 

K:I<- K:I<:!: 
s tructure at a = O .  We see from Fig .  1 7  and 18 that essentially the 

K"' exper imental cross-sect ions do not show any structure and that a fit with 
weak cuts agrees wel l  with the experimental data� l3) 

The fol lowing question immediately arises 

Why does the exchange degeneracy K* - K** which is disas trous 

in rr+p + K+ I+ (and K-p + 11- I+) works wel l here ? 

The answer comes from the factorization of the residues of 
K"' - K"'"' . We have seen that the non helicity f l ip amplitude dominates 
in rr+p + K+ I

+ i . e .  the coupling K"' NI is non helici ty flip.  As the 
helicity change is necessar i ly equal to 1 at the y K"'K vertex (),y = ± 1 )) 
the photoproduc t ion of K is dominated by s ingle helic ity f l ip ampl itude . 
Thus factor ization pred icts a kinematical forward d ip which is effective ly 
observed experimentally .  As a consequence of the dominance of the helic i ty 
f l ip amp l i tude , the cuts are small  and we expect from this ,  that the 
exchange degeneracy will  b e  approximately verif ied . 

Is this exchange degeneracy verified if we cons ider low energy 
data and f inite energy sum rules ? In a communication to this Rencontre ,  



F. RENARD (lS ) has shown that it is so and that the dominant amplitude 
has a large imaginary part contrary to what is observed in a K-P -> K0·� at 180" 

. . 1 1 l '  d ( l6) In this las t reac tion , F . E . S .R .  gives an a most  rea amp itu e .  

4 .  Po la:rization 

So far we have not discussed the polar ization data because 
it involves the interference term between the f l ip and non f l ip helic ity 
ampl itudes . In the case of meson baryon scatter ing with charge or 
hypercharge exchange , due to exchange degeneracy , the Regge pole contri­
butions have the same phase in the two amplitudes and thus give zero 
polarization. The only way to get a polar ization i s  then by a pole-cut 
interference and this depends strongly on the detailed s tructure of 
the cut model .  

This explains why , at present ,  one does not understand the 
main features of the polarization in these  reactions (or rather one 
does not unders tand at all  : see Guisan ' s  lecture at this meeting) . O.f 
course ,  a number of peop le have obtained a "good" description of the 
polarization in TI-

P -> TI0n and in hypercharge exchange reactions Krzywlcki 
and myself ( l ? )  have got a good prediction of the polar ization in one 
reaction when we use as input the experimental data for the polarizat ion 
of the s <+  u crossed reaction. In spite of thi s ,  I believe that these 
results are strongly model dependent.  

Where then, shou ld we search for reactions in which the 

po la:r'ization can be reasonably predicted by exchange degeneracy ? 

The answer i s  among the elastic reactions . 

In fac t ,  in the elastic reactions , the helic ity non f l ip 
amplitude is dominated by vacuum or Pomeron exchange . The Regge pole 
contr ibutions can , in the first approximation ,  be neglec ted in this 
amp litude . 



The usual hypothes is  (ver ified by exper iments , for instance , 
measurements of A and R in p ion nuc leon scattering) , is that the Pomeron 
does not couple to he licity f l ip ampl i tude which then has contribut ions 
from Regge pole only . As the cut is smal l in the latter ampl itude and 
as the structure of Pomeron contribution is smooth ( see the high energy 
e las tic differential cross sections at small  t) , we would expect to be 
able to predict  the qual itative behaviour of the polarizations . 

a) Polarization in K+p and K p e lastic scatterin& 

Exchange degeneracy of w ,  P ,  f0 and A2 gives : 

f ++ 

f +-

Polarization 

i p s 

/-=i: p G 

i p s 

r=-t G -ina e Ci 

r=-t P G cos rra 

+ We see that the polarization in K p has a cons tant s ign 
whereas for K-p the polarization is osci l lating. In Fig .  19 we show 
the data obtained �y Anderson et a l  ( lS) at 2 . 74 GeV/c .  The agreement 
is perfect : 

at t - 0 . 5  GeV2 

t - 1 .5 GeV2 

b )  Polarization o f  pp and pp 
The contribution of rr being excepted, by the s ame arguments 

as before we obtain the s ame predictions for the behav iour of the 
polarization . For pp there are few experimental data, but for pp there 
is no s truc ture , at leas t for t not t oo large , in accordance with the 
exchange degeneracy predictions . 



c) Polar ization of TI+P and TI p 
Here the exchange degeneracy does not enter but for 

1 d k h h . . • (18 ) comp etness , I woul remar t a t  t e mirror symmetric p ic ture 
of the polar izations with a double zero at  t � - 0.5 GeV2 (Fig . 20) 
confirms our conj ecture that the cuts have little influence on the 
helicity flip amplitude . 

Thus concluding our s tudy on exchange degeneracy, we can 
say that experimental data seems to support the hypothesis  of Regge 
pole exchange degeneracy and that Regge cuts can violate this exchange 
degeneracy in the helici ty non flip ampl i tud e .  Then , if there is a 
duality,  i t  is a duality of Resonances + Regge poles and not one of 
Resonances + (Regge poles + Regge cuts ) . 

We uil 1 examine now, in this s ear ch of reactions in which 
the cuts are expected to be sma l l ,  the d ip structure of d i fferenti.al 
cross sec tions . 

IV. STRUCTURE MINIMA IN THE DIFFERENTIAL CROSS SECTIONS AND THE TWO CLASSES 

OF HIGH ENERGY MODELS 

Some years after the spectacular success of Regge pole theory 
as dips in TI p + TI0n and in TI+P + pTI+ backward scattering , people 
s tarted to be exci ted by the erratic behaviour of some d ifferential 
cross sections . Indeed , if TI-P + TI0n and TI+p + TI06++ show a d ip at 
t - 0 . 5  GeV2 owing to the exchange of p ,  why does observe a d ip at 
t 0.5 GeV2 in TI+n + wp and TI+P + w6++ And yet we expect that 
is also exchanged here . The s ame remark also applies to the d ifference . 

which i s  propor tional to the interference p .A2 • This interference should , 
2 in princ iple , be zero at t = - 0 . 5  GeV , due to ap = 0 ,  but no cha:1ge of 

s ign of experimental data i s  observed . 



In what concerns w-exchange , Contogouris , Lubatti  and mys elf ( l g) 

have isola ted  its contr ibution in TIN + pN .  This contribution has a minimum 
at  t = - 0 . 5  GeV2 as i s  expected in the good old Regge pole theory . Th is 
minimum is also observed in the photoproduct ion of TI0 where , in princ iple 
w and p are exchanged but contrary to th is , there is  no minimum in � 
photoproduction where the same traj ectories are expected to be exchanged . 

How can we solve this puzz le 

Two global explanations have been proposed the two last years 

The first one , as reported by Harari ( ZO) at the Liverpool 
Conference , is  b ased on a geometrical description of the ampl itude , and 
emerges from the works of Dar ( Z l) and the Michigan ( ZZ) model s ,  (SCRAM) . 
Essentially, i f  the s ingle f l ip helici ty (difference of the helic ity 
changes at the two vertices 6h = 1) dominates , a  d ip is expected and if  
6h = 0 and 6h = 2 amplitudes dominate , there i s  no dip . One of the weak 
points of SCRAM is the lack of exchange degeneracy and the loss of 
informations coming from duali ty.  C onsequently, many more parameters are 
needed in this last model .  

( 23) The second one , as I have proposed at the Vth Moriond 
mee ting , used the convent ional Regge pole theory and is motived by the 
two following observations : 

a) Experimentally,  both the energy dependence of the diffe­
rential cross sections as wel l  as the large value of the dens ity matrix 
elements p s in the s channel helic ity system for the reaction TI+n + wp (Z4) 

+ 00++( 25) and TI p + w6 , show that an important unatural parity contr ibut ion 
is needed.  This latter contr ibution is expected to be due to B exchange 
mainly because it is the only unatural parity meson which coup les s trongly 
to nw .  Let us note that B d ecay rate to wn is almo s t  100 %, then it is 
natural to expect  a l arge contr ibution o f  B exchange in w production.  The 
large value of p s show c learly that , in any model , ( for' exarnple , in the 00 
geometrical model s) , one must introduce a B contribution . 



b) Theoretical ly ,  for evasive traj ectories , a l l  the Regge 
pole contributions to these reactions vanish at t = 0 . As showed in 
Section II the cut contributions are expected to be small  and the 
main qualitative features must be those of the conventional Regge 
pole theory . 

In Ref . C23 J we show that p ,  w and B exchanges plus small  
cuts can exp lain the dip  structure of the reactions of the Harar i ' s  
l i st .  We refer the reader to the original papers <20 • 21 ' 22 , 23 ) on 
these two classes of models for more details . Let us now make some 
remarks before discussing the tests of these two classes of  models 

a)  These two classes of models are usually differenciated 
in strong cut or weak cut model s .  However ,  for some time , phenomenologists 
have enhanced cut contribution by a factor A varying between 1 and 1 . 5  
o r  even 2 .  Thus the adequate distinction i s  that i n  the Regge pole model 
we have the nonsense wrong s ignature zeros (N.W. S . Z . )  in the amplitudes 
whereas in the geometrical model , pole terms do not have them. 

One example would enlighten this distinction. In rr p � rr0n 
scattering where helicity f lip  amplitude dominates ,  even if the cut 
contribution is multiplied by 2, the dip posit ion due to N . W . S . Z .  i s  
very sl ightly modified. 

What i s  important i s  the presence or absence of N . W. s . z .  and 
not the strenght of the cut because a variation of A between 1 to 2 
does not change the qualitative features of the helicity flip amplitude in 
conventional Regge pole theory with N . W . s . z .  

b) The Dar model a s  well as  SCRAM one are until  now 
appl ied only to inelastic reactions . Recently,  Harari(26 ) added a phase 
to the non Pomeron contributions in the helicity f l ip amplitude (which 
is equivalent to add the s ignature factor) in order to obtain the mirror 



symmetry for 11+p and 11 p polarizations . It seems to me quite unatural 
to make this assumption only for the helicity flip amplitude and if we 
extended this a�sumption to the helicity non f l ip amplitude , the pola­
r ization in 11-p -+ 11 ° n  would be zero . On the other hand , it is not clear 
why a (t) = 0 and J1 (R /=t) = 0 must occur exactly at the same value of 
t .  A l ittle difference for the t values for which a ( t) and J1 (R ;:-t) 
vanish would give large oscillations in the corresponding amplitudes . 

V. SOME DECISIVE TESTS OF. THE TWO CLASSES OF MODELS 
Berger and Fox (Z l)  have proposed some tests to decide among 

these  two high energy classes of model s .  In particular , they proposed 
to measure : 

a) A and R parameters in meson-nucleon scattering 

A 

and R 

b) Polarization effects in photoproduction experiments 

Let us note f irst that ,  in order to give a clear and unambiguous 
prediction , we must choose a reaction in which either one Regge pole or 
two exchange degenerate Regge pole contributions dominate .  We can see that 
both polarization and R values are proportional to the interference term 
between non f lip and f l ip hel icity amp litudes and depend critically on the 
large Regge cut contribution in the non f lip amplitude .  On the other hand , 
A measures the difference between two squares of amplitude s ,  and a little 
variation in each amplitude (when they are of the same order of magnitude) 
can change appreciably the difference and then the predictions . The 
following example will show clearly how sensibl e  is A with the details of  
the model s .  



Let us take 11° photoproduction. In the w + B exchange model (:' S )  
we have for  the asymmetry between 11° photoproduction with perpendicular 
or paral lel  ( to the production p lane)polarized photons 

A 
Cl (y.l... ) - Cl (y .L )  
cr (y.L ) + cr (y II ) 

lw l 2 - I B l 2 

lw l2 + I B l2 

In the Regge pole model ,  the w contribution dominates over the 
B contribution except at t = - 0 . 5  GeV2 where it vanishes . The value for 
A is here - 1 and the corresponding prediction is shown on Fig .  (21 ) .  
However with the same model , adding small absorption type corrections , 
the prediction can be changed comp le tely. See Fig . (2 1 ) 

Hence ,  no test of high energy model s  can be decisive if i t  does 
no t satisfy s imultaneously the three following conditions : 

1 )  The measured quantity depends only on one exchanged 

trajectory 

2) The experimental observable depends only on - or dominated by -

one s inale amp litude 

3) This amp litude depends little on cut effects i . e . it mus t 

be a helicity flip amp litude 

These three conditions are fulfilled if one measures in  the 
s channel helicity system the p00 densi ty matrix element of the w mesff� 
in the following reactions : 

or 

We have do 
dt  

+ 'TT n -+- wp 

TI p -+- wn 

1 1 
I• o, 2 1 2 

+ 
2 

1 
12 1 2• o, -



It i s  wel l  know that p exchange does not couple to w helicity 
equal to zero , A = 0 <2 9) . Only unatural parity exchange in the t channel w 
can contribute to such an amplitude (with A = 0) and in this case it  
i s  the B meson(JO) . Let us now introduce B :eson contribution in these 
two classes of model s  and deduce consequences on p 8  • 00 

Fortunately , because of its  charge conj ugation, B meson couples 
only to non helicity f l ip nucleon-antinucleon vertex in the t channel .  
A s  a consequence , in the s channel ,  B meson contributes at high energy 
only to nucleon-nucleon helicity f l ip amplitude . Then, only one ampli tude 

contribute s to p�0 and this amplitude �.l/2, A=O ,-l/2 is a helicity flip 

amp litude with a total change of helicities 6h = 1 .  

2 
s do 

= I f s 1 1 I Pao dt O ,  2• 0 ,  - 2" 

The fol lowing predictions are then obtained 

P�o 
do 
dt has a forward dip which is  seen in experimental 

data (24) . 

2 ) �!��i£!i9�-�!!!�!��E-!9!_!����-E�9-�!����� 
In geometrical model s  (Dar. ,  SCRAM, Harari) a minimum at t = - 0 .  5 Gev2 

is expected due to the zero in the s ingle helicity f l ip amp litude .  

In models with nonsense wrong s ignature zero , dip is  expected at 
aB (t)  O. As we observed a dip at t = - 0 . 2  GeV2 in o1 - p p - 1 , 1  - 1 , -1 
(only B contribution) we are tempted to associate this minimum to the 

. s 2 point aB = O .  Then p 00 must have a dip at t = - 0 . 2  GeV • 



This dip structure at the same momentum transfer values 
for p00 and a� , which have different geometrical structure , i s  a 
typical prediction of models  with nonsense wrong signature zeros . 
It seems that experimental results tend to confirm this picture . 

Another test is the forward behaviour of d if ferential 
cross  section of TI p � nn. Here only two amplitudes contribute . If 
there i s  a clear forward dip , it  means that helicity f l ip dominates 
strongly and the three preceeding conditions are almost fulfilled. 
The predictions are now : 

at t 

If there is a forward dip in TI p � nn 

. Dar and SCRAM predict a dip in differential cross  sectfon 
- 0 . 5  GeV2 

. whereas models with nonsense wrong signature zeros do no t 
predict a dip at t = - 0 . 5  GeV2 but at t = - 1 . 5  GeV2 (a (t )  = - 1 ) . A2 

TI p 
Experimentally , no dip is observed at t = - 0 . 5  GeV2 for 

nn ( Jl)
' but a dip seems to be present at t = - 1 . 5  GeVZ (JZ) . 

A precise TI p � nn experiment in the forward direction is � 
crucial experiment because 

VI. CONCLUSIONS 

if it gives a clear forward dip, Dar and SCRAM models ca�not 

survive 

and if it gives a forward peak, it excludes definitely 

exchange degeneracy. 

In this contribution, we have asked the following ques t ion 
Is  exchange degeneracy verified by experiments ? It i s  c lear that in 
reactions in which Regge cuts are small ,  exchange degeneracy for p-A:� 



as wel l  as K
*

- K
x� seems to be well verified . We have also d iscussed 

the two classes  of high energy model s  which are characterized mainly 
by the presence or the absence of nonsense wrong s ignature zeros .  Two 
tests are crucial to distinguish their predictions 

- measurement of p8 in TI+n + wp or TI p + wn oo 

- precise measurement of the differential cross  section of 
� p + nn at very small  t as wel l  as at large t .  



REFERENCES 

( 1 )  G.  COHEN-TANOUDJI ,  A .  MOREL and H .  NAVELET ,  Nuovo Cimento ��' 
1075 ( 1 967 ) . 

( 2 )  R . C .  ARNOLD , Phys . Rev . 153 , 1523 ( 1967) . 

(3 )  F .  HENYEY , G ,L .  KANE , J .  PUMPLIN and M .  ROS S ,  Phy s .  Rev . LettE•rs 
..?.!:_, 946 ( 1 968) and Phys . Rev . �. 1579 ( 1 969) . 

l 4 )  R .  GARLITZ and M .  KISLINGER, Phys . Rev . Letters 24 , 186 ( 1970) . 

K. BARDAKCI and M. HALPERN , Phys . Rev . Letters 2 4 ,  428 ( 1 9 70) . 

(5 )  P . G . O .  FREUND , Phy s .  Rev . Letters 20 , 2 3 5  ( 1 968) and 2 2 ,  565 ( 1969) . 

H .  HARARI , Phys . Rev . Letters 20 , 1395 ( 1968) . 

( 6 )  M.  IMACHI et a l .  Progr . Theor . Phys . 40, 3 5 3  ( 1968 ) . 

( 7 )  

H .  HARARI , 
J .  ROSNER, 

K-p + K0n 

K-p + K0n 

K+n + K0p 

+ -o K n + K p 

Phys . Rev . 
Phy s .  Rev . 

5 GeV and 

5 . 5 GeV 

5 . 5  GeV 

12 GeV 

Letters 31_, 
Letters 2 2 ,  

1 2  GeV 

562 ( 1 969) . 

689 ( 1 969) . 

P .  ATSBURY et al . Phys . Letters �. 
3 96 ,  ( 1 966) 

D. HODGE , Thesis , Un. · Of  Wisconsin 
( 1 968) Unpubl ished 
D .  CLINE et al . Phys . Rev . Letters 
23 ' 1318 ( 1969) 

A.  FIRESTONE e t  al. Phys . Rev . Let t .  
2 5 '  958 ( 1 9 70) 

(8)  P. SONDEREGGER , Proceedings of  the IVth Rencontre de Moriond , 
(March 1 969) . 

(9)  R . D .  MATHEWS , Nuclear Physics B 11,  339  ( 1969) 



( 10 )  G .  GIDAL e t  a l .  UCRL-1 83 5 1  and UCRL-19778  

German and British Collaboration 

Aachen-Berl in-Cern Collaboration, Nuclear Physics �. 45 ( 1 968) 

M .  KRAMMER and V. MOOR, Nuovo Cimento 52 A, 308 ( 1967)  and 

Nuclear Physics B 1 3 ,  651 ( 1 969) . 

( 1 1 )  S e e  f o r  exampl e  the Comp i lation of KWAN WU LAI and J ,  LOUIE 

Nuclear Phys . B �. 205 ( 1 970) . 

( 1 2 )  S . M .  PRUSS e t  al . Phys . Rev . Letters �. 189  ( 1969) . 

(13)  A. CAPELLA and J ,  TRAN THANH VAN, Let t .  Nuovo C imento !!_, 1 1 9 9  ( 1 970) 

( 1 4 )  TEL AVIV Group , Private Communication from R .  BARLOUTAUD .  

( 15 )  F .  RENARD , Communication to this Rencontre (This Volume) 

( 16) BRIGMAN , PAGIOLA and SCHMID , CERN Preprint ( 19 7 1 ) . 

(1 7 )  A .  KRZYWICKI and J ,  TRAN THANH VAN , Phy s .  Letters 30B , 1 8 5  ( 1969) . 

( 1 8 )  S .  ANDERSON , C .  DAUM, F . C .  ERNE , J . P .  LAGNAUX , J . C .  SENS, C .  SCHMID , 

and F .  UDO ,  "Polarization Measurements in Medium Energy Elastic 

Scattering and High-Energy Models" Contribution to the Third 

International Conference on High-Energy C o l li s ions , Stony-Brook 

( 1 969) . 

Other references on polarization can be founded in G .  BELLETTINI , 

Proceedings of the Vth Rencontre de Moriond ( 1 970) . 

(19)  A .  CONTOGOURI S , H .  LUBATTI and J,  TRAN THANH VAN , Phys . Rev . Lett . 

.!2_, 1352 (1967 ) . 

(20) H. HARARI , Proceedings of the IVth International Symposium on 

Electron and Photon Interactions at High Energies (Liverpool , 

September 1969) . 



( 2 1 )  A .  DAR, Proceedings of the Vth Rencontre d e  Moriond sur l e s  

Interactions Electromagnetiques (Meribel , March 1 970) . 

(22)  M. ROS S ,  F . S .  HENYEY and G .L .  KANE, Nuclear Physics B 2 3 ,  

269 ( 1 970) . 

(23)  J .  TRAN THANH VAN , Proceedings of the Vth Rencontre de Morion<! 

sur les  Interactions Electromagnet iques , and Let tere al Nuovo 

C imento 1_, 678 ( 1 9 70 ) . 

(24)  B . B . F . O .  Col laboration, Nuovo C imento 65 A ,  637 ( 1 9 70) (Revisecl 

Vers ion) . 

( 2 5 )  G . S .  ABRAMS , K . W . J .  BARNHAM, W .R .  BUTLER, D . G .  COYNE , G .  GOLDHABER ,  

B . H .  HALL and J .  Mac NAUGHTON , Phys . Rev . Letters 25 , 61 7 ( 19/0) . 

(26)  H .  HARARI ,  Elastic Hadronic Processes,  Duality and Absorption, 

SLAG-PUB 821 . 

( 2 7 )  E d .  BERGER and G .  FOX , Phys . Rev . Letters 25 , 1 783 ( 1970) . 

(28)  J . P .  ADER , M .  CAPDEVILLE and P h .  SALIN, Nucl . Phys . 33,  407  ( 1967)  

(29)  This statement is true when the t channel exchange obj ect has 
a def inite spin parity. In Dar ' s model where an elementary par ticle 
i s  exchanged , far from the pole ( for example in the t < O region) , 
the particle  exchanged contribution does not have a well definite 
parity.  Then f Aw=O can have a non leading contribution from 

e lementary p exchang e .  I thank Arnon Dar for a d iscussion concerning 
this point . 

( 30) Thi s  unnatural p ar i ty c ontribution c ould be e i ther B meson 
exchange and its correspond ing cuts or double Regge exchange 
cuts . Le t us now invoke some reasons to prefer the first al teraat ive . 

a)  it  i s  we l l  known that even in the case where the ind ividual 
Regge pole amp l i tudes show s ome s tructure , for examp le zero a t  
t � - 0 . 6  ( GeV) 2 , the double Regge exchange cuts which involve a 
convolution over all  t values are in genera l  smooth funct ions ,Jf 
t. Then one exp e c ts a p �0 w i thout s tructur e .  As the experimental 2 behaviour of p �0 shows c lear ly a d ip s tructure at t " - 0 . 20 ( GeV) 
it is unl ike ly that the effect comes only from double Regge 
exchange cu ts . 



b )  i f  the effect comes from B exchange ,  we will  see l ater that 
only the amp l itude which has l�h l = 1 ,  c ontributes to p�0 • As 

this amp l i tude vanishes ,  by angular momen tum conservation ,  a t  
do t do t = O, p�0 d t ' 

as we l l  as p 00 dt 
by us ing cross ing relations , 

mus t  h ave a forward d ip .  On the contrary, in the case of double 
Regge exchange cuts , for examp le p 0 p cuts , one can expect an 
appreciable c ontribution to non f l ip amp l i tudes and consequently 

do no forward d ip in p �0 dt • The exper imental results are not pre c i s e ,  

d . .  t do . d b  ( 7 , 1 1 ) but a forward ip in p00 Cf'" is suggeste y the data at 5 . 08 GeV . 
Howeve r ,  more precise  datata t  smal ler t are needed . 

( 31 ) 0 .  GUISAN et al . ,  Phys . Letters .:!.§_, 200 ( 1 965 ) .  

(32)  Jenkins e t  a l .  (Case Wes tern) have measured differential cross 
sections of n-p � nn at large momentum trans fers at 5 GeV / c .  A 
d ip is seen at t � - 1 . 5  Gev2 . (Pr ivate Connnunication from 
Ed . BERGER) . Such a d ip c annot be ob t ained in Dar and SCRAM mode l s  
(without producing another d ip at lower transfers) but i s  naturally 
expl ained by the nonsense wrong s i gnature zero of Az exchange 
amp l i tudes . 



FIGURE CAPTIONS 

Feynmann diagrams for part icule exchange and rescattering . 

Regge cut convo lut ion for helicity non f l ip amp litud e .  

Regge cut convo lution for helicity f l ip amp l itude . 

I l l egal duality diagrams for K+n + K0 p .  

I l legal duality diagrams for K p + TI- I + . 

Comparison of K+n + K0p and K-p + K0n d ifferential cro ss 

sections at 5 . 5  GeV/c :7) 
Comparison of K+n + K0p and K p + K0n differential cross 

sect ion at 12 GeV/c� 7 )  

Differential cross sect ion for charge exchange reactions . 

(a) + n o t:.++ 3-4 GeV/c and 0 3 . 67 GeV/c TI p at TI p + TI n at 

(b) + 11 0 11  ++ 3-4 GeV/c and 11°n 3 . 72 GeV/c TI p + at TI p + at 

( c) + K p + K'/1++ and K p + K0 n both at 5 . o GeV/c .  

Taken from Ref . 9 

Compi lation of 5 . 9  GeV charge exchange dat a .  The curves are 

from Regge pole model with s trong exchange degeneracy and SU3 " Ref . 8 

Ratio of charge exchange cro s s  sections wi th/without 

11 produc tion. Data taken from Ref . 9 

11 density matrix elements for TI
+P + TI 0 i1 



�!8!._!� f':, density matrix e lements for TI+p 
( 10) 

nLI 

�!8!._!2 

�!g!._�Q 

+ 0 ( 10) !::, dens ity matrix elements for K p � K LI 

(9 )  
Energy dependence of LI density matrix elements 

D i fferential cross sections for TI+p 
( 1 2 )  

K+ E + 

Dual i ty diagrams for �p � K+ E 0  and K-p 

( 13 ) 
Differential cross sections for yp � K+� 

Differential cro s s  sect ions for yp � K+ E 0
( lJ ) 

+ K p and K p elastic polarizations 
( 18) 

+ 
elastic polarizations 

( 18 )  TI p and TI p 

Asymmetry in TI 0 photoproduction 

Asymmetry w + B exchanged Regge Poles 

Asymmetry w + B exchanged Regge Poles + absorption 
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