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S e s s i o n 12 

HÀDRÛN COLLISIONS A T VERY HIGH ENERGIES 

L. Van Hove, Rapporteur 

We shall review a number of recent results and 
developments concerning hadron collisions, mostly 
selected among contributions submitted to this Con­
ference. We are mainly concerned with the high 
energy region P j a D > 4 or 5 GeV/c , although lower 
energy collisions will be mentioned occasionally. A 
systematic review of experimental results, prepared 
by Dr, A. M. Wetherell, is included in these P r o ­
ceedings as an Appendix to this paper. The contents 
of this report are arranged as follows: 

I. Two-body collisions at low momentum transfers 
1. Pion-proton forward collisions 

a. Real part of the forward elastic scatter­
ing amplitude 

b. da/dt for ir^p elastic scattering 
c. Polarization in ir^p elastic scattering 
cl. Polarization in TT~P TT0II 

e. Other two-body processes in irp 
collisions 

2. Pion-proton backward scattering 
3. Kaon-proton collisions 

a. Elastic scattering 
b. Charge-exchange process K~p K°n 
c. Othe r two-body processes in Kp 

collisions 
4. Nucléon-nucléon and antinucleon-nucléon 

collisions 
a. Total cross sections and forward 

elastic scattering, amplitude 
b. Elastic scattering 
c. Charge - exchange scattering 

5. Isobar excitation and diffraction dissociation 
II. Large-angle scattering 

1. New experimental results 
2. Theoretical aspects 

III . Multiple production of particles 
1. Multiplicity distribution of pions 
2. Correlations 

IV. Theoretical developments 
1. Quark model and associated methods 
2. Regge pole theory 

a. Parity exchange 
b. General masses and spins 

V. Concluding remarks 

Sections I to III present new experimental data, 
comments on earlier data, and theoretical considera­
tions directly concerned with the reactions discussed. 
The more general theoretical developments are 
grouped in Section IV. Section V mentions a few of 
the outstanding problems which can be expected to 
attract considerable attention in the coming years. 

I. Two-Body Collisions at Low Momentum Transfers 

1. Pion-Proton Forward Collisions 

a. Real part of the forward elastic scattering 
"amplitude ^ — — — 

A 

A Dubna group presented new values of 

ReA(s, 0) 
a " ImA (s, 0} ' 

the ratio of real to imaginary parts of the scattering 
amplitude A ( s , t ) at t - 0, for TT"P at two energies. 

Figure 12-1, from Barashenkov' s contribution, ̂  
shows the predicted values of a ± for ir^p, as calcu­
lated from the forward dispersion relations {lower 
curves). The new values are fully compatible with 
the prediction for a. One should note the well-
known discrepancies between the high energy experi­
mental values^ of a± and the calculated curves, 
especially their reversed order (a^ > a_ experi­
mentally). If this trend were confirmed considerable 
complications would have to be expected in the theo­
retical interpretation of the data. ^> 4 

M U B 13H0 

Fig. 12-1. A comparison of the energy de­
pendence of the TT~P charge-exchange 
cross section ( 0 " E X ) and of a ± (the ratio 
of real to imaginary part of the forward 
scattering amplitude in Tr ± p scattering) 
with the predictions of forward dispersion 
relations as obtained by V. Barashenkov 
(Ref. 2). The dashed line represents 
the values of ( 0~ c x \ m i n i m u m , assuming 
zero real amplitude, and the hatched 
area shows the inaccuracies due to er­
rors in total-cross-section measure­
ments . 

b. dcr/dt for TT±P elastic scattering 

New data of a Michigan group for -rr̂ p from 2.3 
to 4.0 GeV/c are reproduced in Fig, 12-2. ^ They 
show a dip or shoulder around t ~ -0.6 ( B e V / c ) ^ . 
As illustrated by the solid lines on the figure, its 
position coincides closely with the dip of da/dt for 
the charge-exchange process ir"p -> ir°n. The latter 
has been successfully explained^ in the Regge pole 
model as being due to vanishing of the s pin-flip 
amplitude for the value of 1: where the p trajectory 
cip(t) vanishes (''nonsense transition, unphysical 
signature"; remember that a p is the only Regge 
trajectory supposed to contribute to IT p 7 r u n ) . 
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agree well with the Regge pole prediction of Chiu 
et al. , 9 which were based on the earlier n"p 
polarization data. In particular, the prediction is 
confirmed that the polarization originates mainly 
from interference between the spin-flip contribution 
of the p trajectory and the non-spin-flip part of 
the P and P ! trajectories; this effect accounts for 
the reversal of sign of P(t) between TT~P and TT *"p and 
for the vanishing of the polarization around t - -0.6 
( G c V / c ) Z , where the p spin-flip contribution van­
ishes. At a more detailed level, the absence of 
marked energy variation of P{ t ) near its maximum 
around t -0.2 (GeV/c )^ , especially for ir'p, should 
be of some concern. As we shall remark again later 
on, slow energy variations of this sort, if estab­
lished with good accuracy, may become indications 
of effects not accounted for in the Regge pole model. 

Fig. 12-2. Comparison of IT p and TT p 
elastic -scattering differential cross 
sections at laboratory-system momenta 
of 2.5, 3.0, 3.5, and 4.0 GeV/c by 
Coffin et al. (Réf. 5). Also shown is a 
freehand fit to the TT~p charge exchange 
in the same momentum region. 
• j r + p - > T r + p , this experiment 
o TT~p -** TT~p, this experiment 
Solid curve, TT"p -»• TT0U: 

(a) Carroll et al. , 2.46 GeV, 
(b) Sonderegger et al. , 3.07 GeV, 
(c) Sonderegger et al. , 3.67 GeV. 

Frautschi proposes that also trajectories in the 
even-signature nonet give vanishing spin flip when 
they verify a(t) = 0. Since the P 1 trajectory 
dpi (t) probably passes through zero at about the 
same t as a-p(t), this effect could account for the 
dip or shoulder of da /at in elastic scattering. The 
structure would rapidly disappear with increasing 
energy, however, because the Pomeranchuk trajec­
tory ap(t) does not pass through zero (remember 
that tr^p elastic scattering is described in terms of 
the P, P' , and p trajectories with isospins and 
signatures 0+, 0+, and 1-, respectively). 

c. Polarization in -rr̂ p elastic scattering 

Data concerning the polarization parameter 

P(t) = 2 Im f g* / ( l f ^ + I g l 2 ) 

have been presented by a CERN group for TT p at 
6, 8, and 10 GeV/c , and for r r V a t 6, 10, and 12 
G e V / c ^ Part of the data and their Regge pole fit^ 
are given in Figs . 12-3 and 12-4. The ir rp data 

MUB-13161 

Fig. 12-3. The polarization parameter PQ 
versus the invariant four-momentum 
transfer t for iT~p elastic scattering at 
laboratory-system momenta of 6, 8, and 
10 GeV/c , as given by Borghini et al. 
(Réf. 8). The theoretical curve is from 
a fit to the data by Chiu et al. (Réf. 9). 
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Fig. 42-5. The Tr"p charge-exchange dif­
ferential cross section at various labo­
ratory-system momenta. The leads to 
experimental data can be found in Refs. 
6 and 9 7 . 

Fig. 12-4. The polarization parameter P n 

versus the invariant four-momentum 
transfer t for TT+P elastic scattering at 
laboratory-system momenta of 6 and 10 
GeV/c (Ref. 8). The theoretical curve 
is a prediction of the polarization by 
Chiu et al. (Réf. 9 } using a Regge pole 
model. 

d. Polarization in TT p 

The charge-exchange process TT p -* TT n gave 
the Regge pole model its most striking success by 
leading to the experimental determination of a linear 
a (t) trajectory of slope ~ l(GeV/c)~^> and by re­
vealing the correctness of the dip mechanism at 
t - -0 .6 (GeV/c ) 2 mentioned above. 6 The da/dt 
curves are grouped in Fig. 12-5, and the a p ( t ) tra­
jectory, as well as a^(t) determined from the sister 
reaction ir"p -* T}n, are given in Fig. 12-6, taken 
from a contribution of K. A. Ter-Martirosyan to this 
Conference. ^ (The R trajectory, of isospin 1 and 
signature + , is associated with the A ^ ( l 300) meson 
if the latter is 2 1'. } 

The same îr~p -*• TT n reaction now faces the 
Regge pole model with a new test, and requires in­
clusion of further corrections, especially at 6 GcV/c . 
Recent data of a S a c I a y - O r s a y - Pi s a Collaboration, 
given in Fig. 12-7 show that the polarization param­
eter P(t) is as large as about 1 50-:? at 6 GeV/c, and 
that it may remain of the same order up to 11 GeV/c, 
although the 11-GeV/c results are not accurate enough 
in their present form to allow drawing any definite 
conclusion. One finds,for P{t) averaged over two t 
intervals \ Pi a b in GeV/c, t in ( G e V / c ) 2 ] the values 
shown at the right: 

Fig. 12-6. The p and R trajectories as 
cl e t e r m i n e d b y Ter - M a r t i r o s y a n {R e f. 
10) using a Regge pole fit to Tr~p-*7r°n 
and Tr 'p-* rjn experimental data. 
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12-14 

Fig. 12-7. The polarization P(t) in - n r ' p 
charge-exchange scattering as meas­
ured by Bo nam y et al. (Réf. 1 1 ) using 
a polarized target. 

The Regge pole model is known to predict vanishing 
P(t) on the basis of the p trajectory alone. To ac­
count for the data at 6 GeV/c various authors have, 
introduced contributions of s-channel resonances 
or an additional Regee pole p' with the same quan­
tum numbers as p . 16 j n a j _ | cases P(t) is pre­
dicted to drop by at least a factor 2 from 6 to 
1 1 GeV/c. 

Although the experimental errors of the very 
recent 1 1 GeV/c data are still too large to reveal the 
energy variation of P( t ) , one may soon be led to dis­
cuss possible mechanisms explaining an eventual 
weak energy dependence of the ir"p ir°n polariza­
tion. One can envisage a small difference between 
the powers s Q^h s a l w describing the energy varia­
tion of the spin-flip and non-spin-flip amplitudes 
(such an effect, although impossible in the Regge pole 
model, is very natural in the coherent-droplet model 
of Yang and Byers, a point recently studied by 
Le Bella c or one can complete Regge pole theory 
with additional singularities close to cip(t)., for which 
the Mande Is tarn cuts would probably be the most 
popular candidates. One would hope that these modi­
fications would not affect too much the description of 
da/dt for TT~P -*• TT°n. and of da/dt and P(t) for 
TF±P ~* Tr^p. One should face, nevertheless, reason­
able requirements of consistency, and acknowledge 
that, if a Mande Is ta m cut associated with the p 
trajectory is important in rr~p -* ir°n, the same may 
be true in t^p -* T^p, at least for the cut associated 
with the Pomeranchuk trajectory, so that this cut may 
profoundly affect the P ! trajectory contribution. 

e. Other two-body processes in irp collisions 

All other two-body processes -rr̂ p AB (A and 
B being each a particle or a resonance) are of in­
terest for a complete analysis of the high energy be­
havior of -rrg collisions. We quoted already 
it p nn, which allows determination of the R 

Fig. 12-8. Regge -pole fit to the experi­
mental data for (a) IT"1 p - i 7 ° N * " H {1238) 
and (b) K + p - K ° N * ' 5 " ( 1 2 3 8 ) . The fit was 
made by R. I . Thews (Ref. 19), assum­
ing a Regge p contribution for Reaction 
(a) and a. Regge p and R contribution 
for Reaction (b). 
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Fig, 1 2 - 9 . The differential cross section 
for TT"p ~TK " for a laboratory-system 
momentum of 3.23 GeV/c measured by 
KoOer et al. (Réf. 2 0 ) . Here t is the 
momentum transfer from p to 2. 
Measurements based on 2 2 5 events. 

g. 1 2 - 1 0 . The S f polarization as a 
function of t for the reaction T r " p ~ > 2 ~ K 
at 3.23 GoV/c, as measured by Kofler 
et al. (Réf. 2 0 ) . Measurements based 
on 1 5 4 events. 

trajectory. As shown by Thews and illustrated^. , 
by the curves in Fig. 1 2 - 8 . reaction TT r p TT 0N'' ' : ^ 
can be fitted with the p trajectory, and K 'p -> K ° N " ? 

bv the p and R trajectories. •' A Wisconsin group 
presented data on ir4p - K 1 Z 4 ' at 3 . 2 3 G e V / c ; 2 0 the 
differential cross section is shown in Fig. 1 2 - 9 , 
wh e r e a s Fig. 1 2 - 1 0 gives t h e X ' pol a r i z a tion. Th e 
clip of do/dt near t ~ - 0 . 6 ( G e V / c ) 2 and the change of 
sign of the polarization in the same region are of 
particular interest, because the relevant Regge tra­
jectories belonging to K'**(890 MeV, signature r - - ) 

and to K*(1410 MeV, 
t « -0.6. 

T - l ) are likely to vanish around 

Many other -rrp -* AB reactions have been studied, 
and information is available to some extent on 
dcr/dt and on its energy variât ion. This material has 
recently been reviewed by Mor r i son^ and is dis -
cussed in Jackson' s report at this Conference. We 
shall limit ourselves to two comments. Firstly, the 
undeniable success of the peripheral model with ab­
sorption for the processes which experimentally 
seem to be dominated by TT exchange (e. g. , irp pp) 
should be accommodated in the Regge pole approiich 
to high energy scattering (it should be kept in mind 
that higher trajectories can contribute--e. g. , the w 
and R trajectories). This requires an extension of 
the Regge pole model to unequal-mas s particles and 
higher spins, a difficult problem to which we shall 
return in Section I V of this report. Secondly, the s 
and t dependence of dc/dt for -rrp-*AB seems 
often to remain essentially unchanged when A (or B) 
is replaced by a nonresonant state of two particles 
A | , A2 having an effective mass m c f f ( A | A?) close 
to the mass of A. Several experimental groups have 
fragmentary results pointing in this direction. They 
should be regarded as preliminary steps in the sys­
tematic study of three-body final states, which are 
very likely to be amenable to a Regge-pole type of 
analysis. Ter-Mar t i rosyan^ remarks on the im-

Fig. 12-11. The differential cross section 
for Tt v p elastic scattering near the back­
ward direction. 'This experiment'' 
refers to the data of the Pennsylvania 
group, reported by Selove (Ref. 22). 
References for other data are also given 
in Ref. 22. Open symbols, this experi -
ment; solid symbols, Frisken et al. 
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portance of this problem, which has also been 
tackled by a theoretical group at CERN. -

2. Pion-Proton Backward Scattering 

In a contribution to this conference. Selove*""-

summarized the data on -rrp elastic scattering near 
the backward direction, in particular the data of the 

- — 23, 24 ^ ~ 1 * • r? r Cornell-BN.L and Pennsylvania groups. ^u In 
addition, very recent data for ~ ' p in the 2- to 5- GeV 
range were reported by a Dubna group. " D The 
Sclove summary is presented in Figs. 12-11 (T ' p ) 
and 12-12 (rr~p), where the numbers on the curves 
de n o te the la bo r at o r y - s y s t c m m o m eut ara, a. nd ! !this 
expt" refers to the Pennsylvania group. Although it 
would be highly desirable to have a single experiment 
cover,at various energies.the whole range u ^ 
-1 (Go V / c ) ^ ! u r- - (four-momentum transfer from 
incident TT to outgoing p)"' | , the data are good 
enough to reveal a remarkable dip around 
u - -0.2 ( G e V / c ) - in TT'* p, no similar structure ap­
pearing in Tt~p. Furthermore, the qualitative fea -
tu re s of the energy variation of da /du are also 
appa rent. 

Two mechanisms are currently invoked to ex­
plain -rrp backward scattering. The first, which is 
important at not too high energies, considers the 
effect of s-channel resonances. The relevant bary-
onic resonances, and their role in backward rrp 
scattering, are treated, in a contribution from Burger 
and Cline. 26 These authors group them in three 
families (A^. N a , N v ) forming remarkably long 
Regge recurrence series, as shown on Figs. 12-1 ' 

r ig . 12-12. The differential cross section 
for TT"p elastic scattering near the back­
ward direction. "This experiment" re­
fers to the data of the Pennsylvania group, 
reported by Selove (Ref. 22). References 
to other data are also given in Ref, 22. 
Open symbols, this experiment; solid 
symbols, Frisken et al. 

and 12-14. [For the two lower members of each 
family, the s pin-pa.!, ity assignment is known to be 
correct; some information concerning parity for 
higher resonances can also be obtained from esti­
mating their contribution to forward p -> TT n scat­
tering 1^ and backward rrp elastic scattering.] 

At hi. g lier energies (perhaps P] a b Z 5 GeV/c) 
the second mechanism for backward scattering is 
supposed, to become dominant. It is the u-channel 
exchange of the baryonic Regge trajectories a,\(\!u ) , 

(\*u ), a^rt (v u ) of Figs. 12- ! 3 and 12- 14 continued 
to'lower vf values (we write N for N and N ' for 
N ) . This mechanism is discussed in detail bv^Chiu 
and Stack in a contribution to the Conference. u t The 
situation is complicated by the Gribov phenomenon, 
according to which, for each value of u, a fermion 
trajectory a( \ fu) contributes twice, through its values 
a( I v u) and a ( - \ T i ) . | Thus, for u > 0, two systems of 
particles are associated with a(\ 'Ti), one containing 
particles of mass M such that a{M) * 1/2, 5/2 • • -
or 3/2, 7/2 • • • , and the other containing particles 
of mass M f such that a( - M ' ) has these values. The 
particles of mass M, M' have opposite parity. F ig­
ures 12-12 and 12-1 3 show only one such system for 
each trajectory. If a system contains a particle not 
found in nature one must assume that the residue of 
the Regge pole vanishes at the corresponding value 
of Vu; according to Chiu and Stack this happens for a. 
1/2" bar yon of mass 8 50 McY on the N t ra jectory. ] 
For u < 0, the trajectory will give complex conjugate 
Regge poles a(± i | u | ^1 

Only contributes to backward TT~P scatter­
ing, all three trajectories to TT ' p. Since i da/du is 
experimentally smaller for Tr""p than for TT r'p, and 

Fig. 12-13. A proposed classification of the 
known I ~ 3/2 isobars on a Regge trajec­
tory of u versus the isobar spin as sug­
gested by Barger and Cline (Ref. 26). 
The filled boxes represent experimentally 
observed isobars, whereas the open boxes 
represent predicted isobars. Only the 
two lowest-ma s s isobars have experi -
mentically determined spin and parity. 
Analysis of charge-exchange scattering 
(Ref. 13} and backward rrp elastic scat­
tering (Ref. 26) suggests positive parity 
for the 2450 and 2840. 
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since the contribution to TT p is further reduced 
by the Clebsch-Gordan coefficient, Chiu and Stack 
neglect altogether in irTp. [ This will have to be 
revised at higher energies if a A ( 0 ) > cur(O) ~ cû p (0), 
as suggested by Figs. 12-13 ana 12-14; the Regge 
pole theory would then require disappearance of the 
dip at u ^ -0.2 (GeV/c)^ for higher energies. ] For 
a^{\HI) - -1/2, one has a nonsense transition of un-
ptiysical signature, so that the a-^x(v'u ) gives vanish­
ing contributions both to spin-flip and non-spin-flip 
amplitudes. The corresponding value of u is close 
to -0.2 ( G e V / c ) 2 , where da/du for ir+p has its 
dip. Since a^p , having opposite signature, would 
give a non vanishing contribution in this region, Chiu 
and Stack suppose that this latter trajectory is cou­
pled very weakly and neglect it also. The y are left 
with ŒTVT as sole contributor to Tr + p backward scat­
tering^ and obtain a ve r y satisfactory fit of the data, 
the dip originating from the vanishing of the N -
trajectory contribution when c^rfs/u) - -1/2. 

3. Kaon-Proton Scattering 

a. Elastic scattering 

Rarita 2 ^ (the poles are P, P' , R, p, and one I - 0, 
odd-signature pole taken for simplicity to replace 
the èco pair). Concerning backward scattering, the 
authors find an upper bound, a ( # c M > TT/2) < 2 uh 
for the backward hemisphere, to be compared to 
a{0 C M > TT/2) ~ 8 ub for ir"p at similar energies. 
This effect, which can be explained by the absence 
of strangeness 1 baryons, is of course of consider­
able interest, and a detailed study of da/dt in the 
backward hemisphere at various energies would be 
of great importance as an example of a small-
moment urn -1 r a n s f e r process for which no known 
particle or pole is available for exchange. 

b. Charge-exchange process K"p 

A CERN-ETH JZurich) collaboration presented 
new data on K~p -»• K°n at 5 and 7 GeV/c . ^ u They 
are grouped in Fig. 12-15 with the 9.5-GeV/c data 
obtained earlier by the same authors. ^ 1 The Regge 
pole predictions of Phillips and Rarita^9, 32 a r e i n 

fair agreement with the data, and the latter will un -
doubtedly allow an improved adjustment of the Regge 

New data on K p elastic scattering have been 
presented by a Northwestern University-Argonne 
collaboration at 4.1 and 5,5 G e V / c ^ The diffraction 
peak is well described by the five-Regge-pole fit of 
Kp and -rrp scattering processes due to Phillips and 

g. 12-14. A proposed classification of the 
high-ma s s I = 1/ 2 isobars on two Regge 
trajectories as suggested by Bargcr and 
Cline (Ref. 26). The filled boxes repre­
sent experimentally observed isobars, 
whereas the open boxes represent pre -
dieted isobars. The two lowest members 
of each trajectory are known to have the 
correct spin and parity for the Regge re­
currence as signment. Analysis of charge -
exchange scattering (Ref. 13) suggests 
negative parity for the 2640 in accordance 
with this classification. Analysis of hack-
ward TT"P scattering ( Ref. 26) also suggests 
negative parity for the 2640 and the 3020. 

Fig. 12-15. The differential cross section 
for the reaction K~p K°n at laboratory-
system momenta of 5, ?» and 9.5 GeV/c 
reported by Astbury et al. (Refs. 30, 31). 
The theoretical curves are for a Regge -
pole model fit by Phillips and Rarita (Ref. 
32). In this fit only the 9.5-GeV/c data 
we r e used, and therefore the 5- and 7-
GeV/c theoretical curves are predictions 
according to the model. 
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pole parameters. The data show interesting qualita­
tive features similar to ir~p ir°n: the peak shrinks 
as the energy increases, and a small dip is present 
at t - 0. There are differences, however. The real 
part of the amplitude is much smaller than the imag­
inary one at t = 0, due to compensation between p 
and R trajectory contributions. No dip is seen at 
t ~ -0.6 (GeV,/c)2, a feature which will become of 
considerable importance if it is confirmed by more 
a c c urate meas ur erne nts. 

c. Other two-body processes in Kp collisions 

A CERN-Brussels collaboration presented data 
on a variety of two-body reactions K p -> AB, ob­
tained at 3, 3.5, and 5 GeV/c. ^3 They observe 
shrinking peaks and fit them, in oversimplified fash­
ion, with single Regge poles. Although more ex­
tensive data and mult: -Regge-pole fits are called for, 
it may be worth noting the interest of this particular 
set of reactions. Indeed, the absence of s-channel 
resonances makes it plausible that a Regge-pole 
analysis will be valid at lower energies than in all 
other meson-nucleon collisions. 

4. Nucléon-Nucléon and Antinucleon -Nucléon 
Collisions 

a. Total cross sections and forward elastic 
scattering amplitude 

A compilation of <Tj{pp) and (X'p(pn) recently 
prepared by We the re 11 is contained in Fig. 12-16, 
The inequality a ^ f i i p ) > a-p(pp) continues to hold,up 
to Pi xb ~ 19 GeV/c, but the data suggest that it 
might he reversed at higher ene rgy. It would be of 
considerable interest to decide this question by im­
proving the accuracy of the pn data. Since pn 
scattering data are usually obtained from pd meas -
urements, the whole question of deuteron effects 
(Glauber correction) is very important, and it would 
appear desirable to study it for its own sake so as 
to develop a more accurate description of deuteron 
effects than is available at present. A number of 
theoretical investigations of the problem have been 
carried out recently. 34-36 

Cher ne v et al. have contributed new data on the 

ratio a p n of real to imaginary parts of the forward 
amplitude for pn scattering from 1 to 10 GeV/c, 
derived from measurements of G p ^ . Al l available 
data are collected in Fig. 12-17, the black dots de­
noting the new results. The curve is the dispersion-
relation prediction of Carter and Bugg, ^8 the shaded 
area representing the estimated uncertainties. 

It is unfortunate that no data have yet been ob­
tained for the ratio a- , a quantity which plays an 
important role in the nigh-ene rgy asymptotic s of the 
NN and NN systems. This problem is of considerable 
interest because is known to be of order -0.3 
over a large energy'range and does not show any 
tendency to approach zero as pi a k ~> *>; a^p and 
c t p p are related through crossing symmetry, and 
information on a- would greatly help the theoretical 
analysis of the like 1 y asymptotic behavior of both 
quantitie s. 

b. Elastic scattering 

A Stanford-Michigan group, 3 9 by an interesting 
method using a neutron beam from the Berkeley 
Be va tr on, carried out extensive measurements on 
elastic np scattering from 2 to 6 GeV/c. The be­
havior of da/dt is found to be very similar to that 
for pp in the same energy range. 

A California Institute of Technology group, ^ 
having measured pp elastic scattering from 1.0 to 
2.5 GeV/c, reports a dip in da/dt around t ~ -0.5 
(GeV/c) . Frautschi^ connects this phenomenon with 
the dips in meson-nucleon scattering at similar t 
values (see Section I. 1. b of this report). It will be 
very interesting to measure accurately da/dt in this 
region at increasing energies. As is known, such 
dips do not occur in pp scattering. 

We mention finally new polarization data for pp 
scattering at 6 and 10 GeV/c, presented by a CERN 
group. The polarization is found to be of order 
10% for 0.2 < -t 0.5 ( G e V / c ) 2 at both energies, but 
the lower-energy data do not agree with earlier 
Berkeley work, ^ which gave an appreciably larger 
value (~ 18%). Here again the absence of visible 
energy variation may have important theoretical im­
plications. 

MUB-13117 

Fig. 12-16. Proton-proton and proton-neutron total cross sections. The errors on the data of Bugg et 
al. are ^ the size of the points. The data are from D. V. Bugg, D. C. Salter, G. H. Stafford, R. F. 
George, K. F. Riley, and R. J. Tapper, Phys. Rev. 146, 980 (1966); W. Galbraith, E. W. Jenkins, 
T. F. Kycia, B. A . Leontic, R. H. Phillips, A. L. Read, and R. Rubinstein, Phys. Rev. 138, 
B913 (1965); G, Bellettim, G. Cocconi, A. N. Diddens, E. Lillethun, J. Pahl, J. P. ScanfônT J. 
Waiters, A, M. Wether ell, and P. Zanella, Phys. Letters 14, 164 (1965); G. Bellettini, G. 
Cocconi, A . N. Diddens, E. Lillethun, G. Matthiae, J. P. "Scanlon, and A . M. Wetherell, Phys. 
Letters 19, 341 (1965). 
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Fig. 12-17. The ratio of real to imaginary 
forward scattering amplitude for np 
elastic scattering. The filled circles 
represent the data presented by Chernev 
et al. (Réf. 37). The theoretical curves 
are dispersion calculations by Carter 
and Bugg (Ref. 38). 

c Charge-exchange scattering 

A CERN-ETH jjroup has measured the charge -
exchange process pp -* nn at 5, 6, 7, and 9 G e V / c ^ 
The results are presented in Fig, 12-18, where the 
curves are fits to the coherent-droplet model. A 
more complete fit to all available np and pp charge-
exchange data has been carried out by Byers, ^ who 
introduces a one-pion-exchange contribution in the 
coherent-droplet model and is thereby able to repro­
duce all data, including the very narrow peak in 
np -> pn at | t | < 0.02 ( G e V / c ) 2 . ' 

As is well known, the Regge pole model has been 
unable so far to account for np and pp exchange data. 
The s dependence of da/dt for np and pp charge ex­
change at t = 0 cannot be fitted with the p and R 
poles. Whereas fits are possible by adding other 
poles with the same quantum numbers f like the p' 
pole used by Hogaasen et al. 1 ^, 16 t o f̂ t both these 
charge -exchange processes and the 6-GeV/c polariza­
tion data in ir~p -n°n } , it seems more natural^5 to 
study first the role which would be played by Regge 
poles belonging to pseudoscalar and axial vector 
particles, which can couple to nucléons but not to 
pseudoscalar mesons. As was first recognized by 
Gribov and Volkov, 46, 4 f the properties of these poles 
are much more complicated than are properties of 
those belonging to the 1 " and 2" particles, in the 
sense that their positions and residues at t - 0 have 
to be related to each other in a specified way if the 
scattering amplitude is to have its most general 
form without containing unacceptable singularities. 
This property, which the specialists now refer to as 
"conspiracy" between Regge poles, has attracted 
renewed attention recently (see Section IV. 2), but 
no results have been reported on the use of the 
pseudoscalar and axial poles for fitting actual NN and 
NN data. 

5. Isobar Excitation and Diffraction Dissociation 

An extensive study of the process p + p -> p + p'*" 
by the missing-mass method has been carried qut by 
a BNL.-Carn.egie Institude of Technology g roup 4 ^ in 
the energy interval 6 to 30 GeV. The excitation of 
the isobars N*(1 .23 GeV; I = 3 / 2 ) , N*(1.52; 1/2) , 
N*(1.69; 1/2) and N*(2 .19 ; 1/2) is measured as a 
function of s and t. One observes in addition for 
small j 11 a bump which suggests an isobar N"(1.4); 
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Fig. 12-18. The differential cross section 
for the reaction pp - y nn for the momenta 
5, 6, 7, and 9 GeV/c as measured by 
Astbury et al. (Ref. 43). The theoreti -
cal predictions are for the coherent-drop­
let model. Errors indicated are statisti­
cal only. p^ n (in Ge V/c) : • 5; A 6; 
• 7; o 9. 

the NIT system with is o s pin I r l / 2 may indeed have a 
peculiarity at mass 1.4 GeV, although it is regarded 
a s dou btful whether it is a regular resonance. F ig­
ure 12-19 gives the energy variation of the production 
cross sections, combining the above experiment with 
data at lower energy obtained in a Rutherford La bo r -
atory experiment. * ' The constancy of the cross 
section for N' ( >(I = l / 2 ) states is of great interest. 
It undoubtedly illustrates the phenomenon of diffraction 
dissociation so often predicted to accompany dif­
fraction scattering. ^Oi D^ This phenomenon does not 
occur for the N'^(I - 3/2) because no is o s pin is ex­
changed in high energy diffraction. A theoretical 
discussion of the BNF~Carnegie Tech results has 
been presented at the Conference by Margolis and 

http://BNL.-Carn.egie
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I NC.MOME NT. (GEV/C ) 
MUB-13115 

Fig, 12-19. The cross section for isobar 
production in the process pp-^N'" p 
as a function of laboratory-system mo­
mentum. The experimental data come 
from Anderson et al. (Réf. 48) and Blair 
et al. (Ref. 49). 

Fig. 12-20. Differential cross section for 
the process (a) TT i A TT^+ 2TT" A, where 
A is a mixture of heavy nuclei (C2F5CI). 
The 3TT system is shown to have an 
appreciable fraction of events of the type 
(b) T r x p and (c) ir + f ° . The differential 
cross section for the subs ample of events 
is shown as (b) and (c) . The experi­
mental results are reported by Allard 
et al. (Ref. 54). 

Rots s te in. D ^ We also note that the pp missing-mass 
experiment^ has been extended to pp -> ppX°, X un­
seen, by measuring the momenta of the two outgoing 
protons. 5 3 

The phenomenon of diffraction dissociation is ex­
pected to occur also when the excited system is not in 
an isobar state, and it should manifest itself not only 
in diffraction on an elementary pa r tic le but also on 
complex objects as atomic nuclei. An illustration is 
found in the work presented by an Orsay—Milan — 
Saclay-Berkeley Collaboration, ^4 which observed 
the process TT"" ~> ir+ 2TT~ at 16 GeV/c in a heavy-
liquid bubble chamber (the liquid being C^F^Cl). 
Figure 12-20 represents the t distribution for three 
types of TTt 2TT~ configurations (all, p°ir~, and f°TT"). 
The sharp peak for t ! ~ | t | - | t m i n j < 0.1 ( G e V / c ) 2 , 
which behaves as exp(-80 t' ) , is evidence for a co­
herent dissociation on complex nuclei, whereas the 
slower decrease at larger t ! , behaving as exp(-8 t ! ) , 
is probably produced by dissociation on bound nuclé­
ons behaving as quasi-free particles. 

II . Large-Angle Scattering 

1. New Experimental Results 

Among the new results in this field we mention 
first the np large-angle scattering data from 2 to 
6 GeV/c obtained in the Stanford-Michigan experi­

ment mentioned earlier. 39 Here, as in the case of 
small angles, the np behavior is analogous to that of 
the pp system. This remains true in the region of 
0. 90 , where the data show a remarkable 
amount of symmetry around the point 0Q m - 90 . 
Another important experiment was carried out by a 
CERN groupe to detect possible fluctuations in 
da/dt at large angles, as can be expected, following 
Ericson, $° if the statistical model were applied 
literally to the scattering process [ as is well known, 
the statistical model has been able to predict with 
remarkable success the magnitude of the cross sec­
tion^ ] . The fluctuations would originate from the 
fact that the phase and absolute value of the partial-
wave amplitudes would vary essentially at random 
from one angular momentum value to the next, each 
amplitude being itself a rapidly and randomly vary­
ing function of the energy. Detection of such fluctua­
tions requires an angular resolution 

,-1 „ .-1 

where r is the dimension of the region of interac­
tion, usually taken to be of order of 1 fermi. The 
experiment was carried out at 16.9 GeV/c, giving 
i ~ 6°, whereas Aft _ was of order 0.8°. 

incident momentum had a spread of 10 to 15 ,c. m. 
ciaent momentum 

MeV/c , leading to a resolution of about 2 MeV in the 
c m . energy. Figure 12-21 shows the experimental 
points and a few curves with simulated Ericson 
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Fig. 12-21. Some cross sections generated 
according to the Ericson mechanism, 
compared with the experimental data for 
pp elastic scattering at 16.9 GeV/c re ­
ported by Allaby et al. (Réf. 55). 

fluctuations. The latter were obtained by selecting 
the partial-wave amplitudes â  = + iy^ at 
random, with normal distributions for the real var­
iables X j g , y^ verifying 

b was given the value 10(GeV/c)"^. The experi­
mental results clearly indicate that such fluctuations 
are very unlikely to exist. The correctness of the 
statistical model' s prediction for the values of 
da/dfiat 6C 90 and all measured energies 
remains nevertheless as impressive as before. 
Figure 12-22 shows an Orear-type fit to the data 

One finds b = 225± 5 M e V / c , a value distinctly dif­
ferent from the slope b = 158±3 MeV/c first pro­
posed by Orear as a universal parameter. ^8 it w i H 
be most interesting to have further data on the s 
and t dependence of large-angle cross sections with 
the new precision illustrated by the experiment just 
discussed. It is also clear that large-angle data 
would be of the greatest importance for inelastic two-
body processes of type A + B -> C + D with C 
and(or) D different from A and B. 

2. Theoretical Aspects 

Although the statistical model remains unique 
in its ability to predict the magnitude of the large-
angle cross sections, other models have been con­
sidered, especially the one proposed by Wu and 
Yang. 59 As described in Drell ' s report at this Con­
ference, this model fits well with the new DESY data 
for the proton magnetic form factor up to t ~ 
-10 (GeV/c) . In contributions to the present Con­
ference, K. Huang 6 0 dis cusses on a model how an 
exponential drop of dcr/dt with energy can be ob-

Transverse momentum , p sin 9 ( G e V / c ) 

2 .5 2 . 6 2.7 

M U B - 1 3 4 1 5 

Fig. 12-22. Experimental angular distribu­
tion for pp scattering at 16.9 GeV/c on 
a logarithmic scale. A - Orear's fit. 
B - Best fit: ce exp(-p sinô/0.225). 

tained along the lines suggested by Wu and Yang, 
whereas Domokos and Karplus 6^ attempt to derive 
from field-theoretical considerations a relation of 
the Wu-Yang type between da /d t and form factors. 

Biaïas and Czyzewski 6 ^ analyze available data 
on pp and np large-angle scattering, show that the 
general behavior is the same for both reactions, and 
note a forward-backward asymmetry which can be 
used as an argument against the statistical model. 
In another contribution, 6 ^ the same authors propose 
a new mechanism for large-angle i T p scattering; it 
uses the effect of s-channel resonances, assuming 
the latter to be given by very long and straight Regge 
recurrences as described by Barger and Cline^ 6 and 
illustrated in Figs . 12-13 and 12-14. Finally we note 
two contributions by Logunov et al. , one studying 
form factors and scattering amplitudes at large t 
in a new analytical representation 6^ and the other 
discussing large-angle scattering at high energy by 
a regular potential in the quasi-classical approxima­
tion, the scattering process taking place at classical­
ly forbidden angles. ^ 

III . Multiple Production of Particles 

A large amount of experimental material on 
multiple particle production is available, especially 
from bubble chamber work, and this amount will 
rapidly increase in coming years. It is very un­
fortunate that up to now no satisfactory procedures 
have been found for systematic extraction of dynami-
ical information concerning the collision and produc­
tion mechanisms involved. This is of course due to 
the great complexity of the material, and is very 
natural if we remember that the systematic s of high 
energy two-body collisions is being developed only 
since about 4 years ago ("body" refers here to 
particles and resonances). The Regge-pole-type 
analysis on which this systematics is currently 
based has reached sufficient qualitative success to 
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attempt its extension to rather broad classes of 
three- or four-body reactions, a program which is 
recommended by some theoretical groups ~ * and 
will probably give practical results if it covers suf­
ficiently large energy intervals. 

The other extreme case of high multiplicities 
probably presents altogether different problems, and 
the concepts, models, and distribution functions 
currently used in analyzing the data are not very 
likely to reveal directly the most important dynamical 
elements. Strong-interaction theory, on the other 
hand, has not made the slightest progress in the field 
of multiple particle production, and it is unlikely to 
do so before some new clues are obtained--clues that, 
one hopes, could be given by unconventional ways of 
grouping and treating the data. 

In view of the general situation, we shall not at­
tempt to review the many experimental contributions 
on multiple particle production presented at this 
Conference, and we shall rather describe a few of the 
points made by Czyzewski in a review presented in 
the Discussion Session on High Energy Experiments. 
It is expected that this review will be published sep­
arately. 

1. Multiplicity Distribution of Pions 

Bartke and Czyzewsk i^ have been able to test 
with some success the conjecture that, when one con­
siders all events producing n pions (n is the total 
number of pions in the final state, including TT° ' s) , 
the various isospin states of the n-pion system al­
lowed by charge and isospin conservation have about 
equal probabilities. If this is so, from the experi­
mentally known cross sections 0"̂  for producing 
mr*, one can predict the cross sections CF^ 1 1 1 ' for 
producing (n - rn )^ , m 1. This can be compared 
with experiment, either by using experimental dé­

terminations of (J^h or by calculating the sum 

2 4 6 8 

Number of p i o n s in f inal state 

MU B 1 3 4 ] 6 

Fig. 12-23. Average transverse momen­
tum of pions as a function of multiplicity 
for multiple pion production by 8-GeV/c TT 1 

The experimental results were compiled 
by Bartke et al. (Réf. 69). 

and comparing it with the measured total cross sec-

ient 
8-GeV/c TT p̂ co 

lisions, as shown in the table: 

4 GeV/c 8 GeV/c 

tion G for inelastic collisions without strange 
particle or antinucleon production. The agreemer 
is surprisingly good in 4- and 8-GeV/c TT p coi­

ns , a 

Plab 

The errors are of the order of one millibarn. One 
might expect that the above treatment will give rea­
sonable results if the average multiplicities are 
rather high and if me sonic resonances are produced 
only weakly. This seems to be the case in the col­
lisions considered (nucleonic resonances should 
cause only a small violation of the statistical assump­
tion in isospin space, since only one baryon is in­
volved). One might also try to use this method in 
other cases in order to estimate the abundance of 
resonance production."' The abundance of resonance 
production in six-prong interactions of 8-GeV/'c r 'p 
is discussed in a contribution of the Warsaw group. b ^ 

2. Correlations 

Various interesting correlation effects have been 
seen in high-multiplicity events. Thus, the Krakow 
g r o u p s presented evidence on /p , ) for nucléons 

Fig. 12-24. Average transverse momentum 
of the nucléon as a function of pion mul­
tiplicity for multiple pion production by 
8-GeV/c TT *' . Included on the graph are 
channels with a neutron in the final state 
as well as channels with a proton in the 
final state. The experimental results 
were compiled by Bartke et al. (Ref. 69). 
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and pions produced in 8-GeV/c tr+p collisions, the 
average being taken over events with given pion 
multiplicity n (only events with no or one tr° were 
considered). Whereas (pj_) decreases markedly 
for increasing n in the case of the pion transverse 
momentum, it is approximately constant for nucléons, 
as shown in Figs. 12-23 and 12-24. One notices 
large fluctuations at low multiplicities, an effect 
which is seen more clearly in Fig. 12-25 and is 
probably due to the abundance of resonance production 
and of two-body processes in low-multiplicity events. 
In the same experiment the distribution of c. m. an­
gles between pairs of pions was measured. Figure 
12-26 shows a clear difference between pairs of like 
and unlike pions, in agreement with the effect first 
observed by G. Goldhaber et al. 
Bose-Einstein statistics. 

and attributed to 

the quark model of high energy scattering should be 
mentioned as one of the most important steps in 
clarifying the relation between high energy collisions 
and SU(6) symmetry. '^~7 5 'fhe principal assump­
tion, beyond the quark structure of hadrons, is that 
the hadron-hadron scattering amplitude is the sum of 
quark-quark and a nt i qua r k - qua r k amplitudes, as ex­
pressed graphically in Fig. 12-28, where the V s 
denote the form factors for the hadronic transitions. 
They reduce to 1 for A ! - A, B f - B, and t = 0. 
Some interesting relations obtained in the quark 
model are 

Another strong correlation effect is seen in 
Fig. 12-27, now between ( p, ) and p i, i for 
charged pions produced in "** tt™ p -> p + t t ^ * 2tt~ ~ miru 

(all m) . This effect, which wa s found in a 7. 5-GeV/c 
exposure in propane as part of an extensive analysis 
by a Dubna-Bucharest collaboration, can perhaps 
be interpreted on the basis of relativistic phase 
space. It should not be separated, however, from the 
general and unsolved problem of understanding trans -
verse and longitudinal momentum distributions, to 
which the other effects mentioned previously also 
belong. 

IV. Theoretical Developments 

1. Quark Model and Associated Methods 

Although discussed little during the Confe re nee, 

Fig. 12-2 5. Mean transverse momentum of 
pions and nucléons observed in multiple 
pion production in 8-GeV./c t t p reactions. 
The experimental results are compiled 
by Bartke et al. (Ref. 69). 

Cos V 7 7 " 7 7 " 

MU 8 13418 

Fig. 12-26. Distribution of c m . angles 
between pions plotted separately for pions 
of like charge and of unlike charge for the 
reaction trp p4irT3n*~ at 8 GeV/c . 
These results are reported by Bartke 
et al. (Ref. 67). 

Fig. 12-27. The dependence of the average 
transverse momenta ( P j _ ) of the TT" and 
Tt' f on different intervals of longitudinal 
momenta in the c. m. system for the 
reaction *rr**p -* p T r " " 2 7 r " + m ( i r ° ) as re­
ported by Belyakovet a!. (Ref. 7 1). 
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Fig. 12-28. Schematic representation of 
meson-nucléon interaction as pictured 
in the quark model; ( A , A ' ) represent 
meson states and (B, IV ) represent 
baryon states. 

In addition to the additivity assumption, Eq. 1 uses 
the asymptotic properties of high energy cross sec­
tions (Pomeranchuk limit), Eq. 2 uses isospin in­
variance, Eq. 3 requires SU(3) symmetry, and Eq. 4 
combines isospin invariance with an assumption of the 
absence of charge-exchange scattering between the 
two I - 1/2 quarks, as proposed by Lipkin. 1 Equa­
tion i agrees very well with the measured cross 
sections extrapolated to constant limits for s - v <*> 
f a ^(TTN) -* ~ 22 mb, G j(NN) 36 mb ; if one takes 
into account the values of a ^ ( N N ) , which should tend 
to the same limit as a - r - ( N N ) ] . Equations 2 and 4 
are very well satisfied for p^n, Z 5 GeV/c , whereas 
there is a reasonably small violation of Eq. 3, as is 
expected, since the relation requires SU(3). Fur­
thermore, the additivity assumption itself should not 
be better than 10 or 20%. 5 We note that Eqs. 3 and 
4 are the John son-Treimetn relations originally de­
rived from SU(6). Under simple assumptions con­
cerning the quark size, one further derives for AB 
elastic scattering at small momentum transfers and 
ver y high energy 

where G \ , G5 are the electromagnetic form factors 
of A and B (in the Sachs definition for spin-1/2 
particles), i . e . , the same relation as proposed by 
Wu and Yang at high t. ^9 The fit is excellent for pp 
scattering, if one uses for da/dt an extrapolation of 
pp and pp data to a common high-energy limit. 
There is no doubt that the quark model with additive 
amplitudes has shown a great power of suggesting 
simple, successful relations of an unconventional 
type among high energy processes. Spins can be 
readily incorporated. '9 

As in the case of other successful applications of 
the quark model, one has tried, to reach similar con­
clusions for hadronic properties by introducing dif­
ferent assumptions which do not require quarks to 
exist even as bound objects. In high energy scatter -
ing this has been done mainly in two ways. Fround 
has formulated an assumption of universality through 
dominance of all couplings by meson states. ^0 
Cabibbo et al. , ^ * on the other hand, combine the 
Regge pole model for elastic scattering (in the form 
in which two meson nonets are exchanged) with the 
concepts of current algebra. They couple the even-
signature Regge poles to scalar cur rents, and the 

odd ones to vector currents, and they postulate cur­
rent commutators as would follow from the quark 
model. This method can be applied at t-0 leaving out 
the spins; its extension to t / 0 and spin couplings has 
not been possi ble until now. Most of the quark-model 
relations and some others are obtained, but Eq. 1 now 
holds only in absence of SU(3) symmetry breaking. 
Furthe rmore, the model has the unexpected property 
that it can be fitted to the total cross section data 
only if one assumes all a y to decrease with s at 
the slow rate s" c , c -: 0.075± 0.008. The resulting 
c ross-section variation at very high energy is illus­
trated in Fig. 12-29, where the curves from top to__ 
bottom refer to (i) the average of ax(NN) and a nr(NN), 
N de noting nucléons, ( i i) the average of a-p(NN), 
(ii i) the average a- r ( irN), and (iv) the average of 
a 'p(KN). This remarkable suggestion of slowly de­
creasing total cross sections will be very stimulating 
for future experimentation at extremely high ener­
gies. 

2. Regge Pole Theory 

a. Parity exchange 
O 7 

In a very interesting contribution, Gribov 
studies with respect to parity the effect of the Man-
dclstam cuts or branch points which are expected to 
be present in the relativistic scattering problem. 
He considers in particular the cut generated by ex­
change of several Pomeranchuk trajectories, the 
only one that might give sizable contributions at 
very high energy. Consider the reaction 
A f B A 1 r B' withj = _ (pAt~ p A ) 2 . In the t-
channel reaction A 1 A ' B I B' one can define the 
"intrinsic" parity P r = ( - 1 ) J P , where J is the total 
angular momentum and P the parity of the A + A ' 
state (we consider meson exchange). Gribov 1 s point 
is that P r is +1 for the Pomeranchuk pole contribu­
tion to the amplitude, whereas it is ±1 for the 
Pomeranchuk cut contribution. This has important 
observational consequences. Take B - B' = proton. 
If A and A' are 0" and 0 + mesons respectively, 
the P pole does not contribute, the P cut does 

Fig. 12-29. Theoretical fit by Cabibbo 
et al. (Ref. 81) to total cross section 
data using a Regge pole-current algebra 
model with a nonet of mesons. The 
curves starting from the top refer to 
(a) the average of the NN and NN total 
cross sections; (b) the average of the NN 
total cross sections; (c) the average of 
the TTN total cross sections; (d) the aver­
age of the K N total cross sections. 
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(P stands for Pomeranchuk). The cut produces a 
cross section with a slow, logarithmic decrease for 
s -* °o. If there is no P cut, on the other hand, the 
cross section will decrease rapidly with s (exchange 
of rj trajectory). A less striking difference occurs 
in the more readily available reaction 0" ^ p 1 " + p. 
The amplitude for P-pole exchange vanishes as 
sinO in the forward direction, while the P-cut ampli-
tude is small (in \/^t) without vanishing. (Remember 
that t < 0 at 0 - 0 if the 1" meson is heavier than 
the 0" one). Although Gribov does not discuss such 
cases, one may mention that the same distinction 
could be applied when A is a proton and A ' a proton 
isobar, the importance of the P-pole and P-cut 
contributions being essentially reversed, depending 
on the parity of the isobar. 

b. General ma s s e s and spins 

The problems of Regge pole theory for reactions 
with unequal masses or general spin or both, which 
have been known for some time to contain major com­
plications , have been tackled in some contributions 
and discus s ions during the Conference. It was real­
ized that some of the complications which occur in 
the spin l /2 case with equal masses (nucleon-nucleon 
scattering) had been cleared up several years ago by 
Gribov and Volkov. 4 " 5 4 7 

Among the Jive amplitudes of the t-channel re­
action NN -*• NN, only three can remain independent 
when t ~ 0. Gribov and Volkov write the two result­
ing relations between the five amplitudes. They 
derive from them that, if the amplitudes belonging 
to the singlet state ^Jj and the triplet state ^ Jj do 
not decouple altogether at t - 0 (i. e. , if there are 
s pin-de pendent terms in the NN amplitudes at t = 0), 
their Regge poles must satisfy for t - 0 the relation 

where_a[ (J± l ) j , t 0] is a Regge pole belonging to 
the NN states 3 i j , 9. | J ± 1 | . In addition, the 
residues develop singularities at 1 - 0, the effects of 
which must compensate each other in the total ampli­
tude. In short, a "conspiracy" of several trajec­
tories is needed to obtain a nonsingular spin-depen­
dent amplitude at t ~ 0. As stressed by Gribov and 
Volkov, the validity of the above relations between 
trajectories must: be regarded as a consequence of 
the fact that the space-time symmetry of the system 
is higher for t - 0 than for t / 0. 

Regarding collisions A !- B A ! -î- B' in the 
unequal-mas s case, every Regge pole, when con­
sidered to higher order in the asymptotic expansion 
for s = ( P A ^ P B ) - > 0 0 > * s known to generate terms 
which are singular at t - (p^ - p^i )*•* r 0 (these singu­
larities are absent if m ^ = m^i and m g - rn-̂ i ) . 
These singularities have been studied by Freedman 
and Wango^ for spinless particles. To eliminate 
these singularities from the amplitude, Freedman 
and Wang propose that each Regge trajectory cij(t) is 
necessarily accompanied by daughter trajectories 
a j , kW' f o r k ~- 1, 2, • • • , which verify ^(0) ~ 
aj (0)-k. The aj ^ should have the same quantum 
numbers as aj, except for the signature, which is 
opposite for odd k (being the same for k even). 
The daughter poles all have singular residues at 
t - 0, with such relations among them that the total 
amplitude remains regular at t = 0. All this is ve r i ­
fied to hold in a model based on the ladder approxi­
mation and the Bcthe-Salpete r equation. 

It was reported that Leader had undertaken 
a study of the general case of arbitrary masses and 
spins, where the two types of conspiracies described 
above must somehow act simultaneously if the ampli­
tude has to have its general spin dependence at t = 0 

without becoming singular. While these develop­
ments complicate considerably the formalism of 
Regge pole theory (remember that each set of poles 
is expected, furthermore, to generate Mande Is tarn 
cuts), they are of great theoretical interest. It 
should be hoped that their phenomenological implica­
tions will not inc rease too much the complexity of 
the Regge-pole analysis of experimental data, which 
is already considerable. 

V. Concluding Remarks 

In summary, we would like to list some of the 
classes of questions that can be expected to play an 
important role in the near future. 

1. In two-body meson-nucleon processes near the 
forward direction, the simple cases in which few 
sets of quantum numbers can be exchanged and conse­
quently few Regge trajectories contribute will re­
ceive continued attention. Is it true that all relevant 
trajectories except the Pomeranchuk are about the 
same ? Do they all contribute to dips ? What is the 
actual slope a jp of the Pomeranchuk trajectory? We 
know that it is much smaller than all other slopes 
determined so far, which are of order l ( G e V / c ) ^ . Is 
ajp= 0 favored by the facts, or can one show that dp > 0 
With large probability? And, more immediately, 
what happens with effects, like polarization in 
TT~P ~Y TT n, which Regge poles do not explain? 

2. In meson-nucleon backward scattering the neat 
description in terms of Reggeized nucléon exchange 
will be scrutinized carefully as soon as new accurate 
data are available. A broad experimental program 
is here desirable, including charge -exchange and 
polarization phenomena. 

3. The time ha s come to measure accurately those 
two-body processes at small momentum transfers at 
which no known particles or resonances, and hence 
no Regge trajectories, can be exchanged. Examples 
are ir~n -> V^N'4*" forward, K~p -> K ° H ° forward, and 
K~p -> K"p backward. 

4. In the whole fie M of NN and NN scattering, and 
MN->AB, N N - A B , NN ->AB reactions (N = nucléon, 
M - meson, A and B particles or resonances), many 
new data will accumulate, but a systematic interpreta­
tion will be difficult. Regge pole theory must be ex­
tended to include 0" and 1 ' particle trajectories as 
well as to cope with spins > 1/2 and unequal masses, 
and the "conspiracy" complications described above 
must be faced. For two-body inelastic processes, 
any theoretical interpretation must deal with decay 
distributions and decay correlations, a field in which 
the absorption model is superior to any other and 
may therefore inspire further theoretical develop­
ments. 

5 . Large-angle two-body processes have most 
intriguing properties, and more experimental informa­
tion- -on inelastic two-body reactions also- -seems a 
prerequisite before much further theoretical insight 
can be gained. 

6. The problem of deuteron effects in high energy 
scattering is of great theoretical and practical inter­
est. It deserves attention for its own sake. 

7. Many-body reactions deserve more systematic 
study than they have received in the past. Rough 
theoretical ideas inspired by the Regge description of 
two-body processes are available for analyzing three-
and four-body reactions. The search for unconven­
tional statistical properties and correlations in high-
multiplicity collisions may eventually lead to im­
portant clues for breaking the barrier imposed by the 
present lack of realistic dynamical models. 

In conclusion, we feel that during the la s t few-
years, the field of high-ene rgy hadron collisions has 
made rapid progress, and the interplay between ex­
periment and theory has been particularly close. At 
each stage, basing it ce If on known fact G , theory 
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presents various possible descriptions, or conjec­
tures various possible forms of behavior, and new 
experiments make decisive choices among them. 
This procedure, which has worked so well in more 
advanced branches of physics, is beginning to bear 
fruit in hadron physics. One can be confident that it 
will continue to do so, provided theory in its develop­
ment remembers that only nature can guide it through 
the maze of all suspected and unsuspected mathemati­
cal possibilities, and provided adequate experimental 
facilities, techniques, and results become available 
for answering without undue delay some of the deci­
sive questions. 

The author wishes to thank R. J. N . Phillips, 
A. M. We the re 11, and C. N. Yang for their excellent 
work as discus si on leaders, and C. Bal ta y and D. 
Cline for their invaluable help as scientific secre­
taries, especially in the preparation of this report. 
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Discussion 

Chuvilo (Dubna): The new data about the a_ r : 

Re A / I m A in the elastic TT" - p-scattering obtained in 
Dubna are in good agreement with the dispersion-
relation prediction for 3.5 GeV/c and 6.15 GeV/c . 
I should like to note that the a_ value, calculated 
from interference effect, depends upon the formula 
used. The Bethe formula was used in the analysis of 
the results obtained in Dubna. Analysis with another 
formula suggested by L. D. Soloviev gives an a_ 
value which differs by about 15% from the ones 
Prof. Van Hove presented. This means that in the 
future, after improving the experimental data, we 
shall meet the question of what we are testing: dis­
persion relation or electromagnetic corrections to 
the effect under consideration. 

Peyrou (CERN): In K"p charge exchange it seems 
that the experimental data could have a clip, but the 
Regge fit has not, Why is this fit different from the 
fit to T r " - p c ha r g e e xc ha n g e ? 

Van Hove: The difference in the fit comes from the 
R trajectory of even signature. In the beginning I 
made a comment on a proposal to extend the dip phe­
nomenon to the spin-flip amplitude for even-signature 
trajectories, as suggested by Frautschi for clastic 
scattering. If this proposal works for the R trajec­
tory, we are going to have the whole s pin-flip ampli­
tude for the charge-exchange kaon-proton reaction 
very small at t ~~Q.5 (GeV/c ) , because even- and 
odd-signature s pin-flip contributions would both 
vanish near this point. 

Selove (Pennsylvania): I have a question on the pos­
sibility of detecting elementarincss of quarks, if 
quarks exist. The point is this. The nucléon ap­
parently shows Regge behavior. However, Low 
mentioned that even if one starts with a theory in­
volving an elementary fermion, the fermion may be­
come automatically Reggeized. Thus, even if the 
nucléon is made of quarks, would it be true that as 
one follows the n ucleon Regge trajectory to far ne g a -
tive t, it would keep falling, because the quarks 
themselves would be composite in the same way? 
Secondly, would the re be a possibility that mesons 
might show evidence of elementa rity of the quarks - -
i. e. , is there a possibility that a meson Regge tra­
jectory might level off at some fixed value of a, as 
t goes to large negative values ? 

Van Hove: I do not know the answer. There were 
some speculations mentioned in one of the sessions, 
and somebody may want to bring them up here. 

Mandelstam (Berkeley): My comment may possibly 
answer Selove' s question; in any case I think it is 
relevant. If a composite object is itself composed 
of elementary objects there would be polynomial 
terms in any channel where the composite object is 
exchanged. Thus, if a meson is composed of a 
qua r k - an t i q ua r k pair, constant terms (s 0 ) would be 
present in channels where the meson can be ex­
changed. If the bar yon is composed of three quarks, 
terms s ' " (I think) must be present in channels 

where the baryons are exchanged. I feel these state­
ments to be roughly on the same level of rigor as the 
statement that elementary particles arc not on Regge 
trajectories. Thus, in principle, they may provide 
an experimental test for the hypothesis that mesons 
and nucléons are composed of quarks. It may be, 
of course, that those terms are small for very tight­
ly bound quarks. 

Nataf (Orsay): Is there actually a clear connection 
between Regge pole behavio r and compos itene s s of 
a particle ? 

Van Hove: I would answer in this way. If a meson 
or a bar yon is a composite system, the idea of the 
Regge recurrences (i. e. , of what everybody used to 
call rotational series of states, as a re well known 
in many parts of physics) is a very natural one. It 
would, rather, be surprising if they did not exist. 
The shape of the rotational series is another matter, 
but their very existence is a rather immediate con -
sequence of compositeness. However, once you go 
to t negative, things become more subtle and hard 
to visualize, and we should remember that going 
through t - 0 is the most important step taken in ap­
plying Regge poles to scattering. 

Sakurai (Chicago): In addition to the finite polariza­
tion observed in ir"-p charge exchange, there are 
two case s in which the Regge pole analyses have not 
been too succès sful- -the antish rinkage observed in 
pp elastic scattering and the persistence of the real 
part in pp scattering. Could you comment on these 
two points ? 

Van Hove: Concerning the expansion of the pp peak, 
it: seems to me quite clear that this is no problem. 
If the Pomeranchuk trajectory is flat, as it is likely 
to be, then at truly asymptotic energies nothing will 
expand and nothing will shrink. However, the pp and 
the pp peaks should then become the same. Since 
the pp is now wader than the pp, the pp is going to 
the limit by shrinking and the pp is doing it by ex­
panding. This, I think, is no problem. A more 
serious question is the persistence of the real part 
of the scattering amplitude. Assume that the real 
part persists to considerable energies, then either 
you can take the view that it would be explained, for 
example, by the assumption that the total cross sec­
tions slowly approach zero for s -> <*> (this would 
generate a real part with the right sign), or the per-
sistent real part may be due to a cut, which would 
also allow it to disappear very slowly. Or 0"^ and 
R e T / l m T may both stay constant at high energy, 
which would mean that there is an odd-signature tra­
jectory with ci(O) - 1. 

Sakurai: Isn't the flatness of the Pomeranchuk tra­
jectory itself a failure of the Regge pole theory? 

Van Hove: To me the existence of a fixed singularity 
in the complex-plane angular momentum is no dis -
turbanco. For me the Regge pole model of high en­
ergy scattering is the model using singularities in 
the angular momentum plane, and I would not be sur­
prised if some of the s e singularities were compli­
cated. 

Yang (Stony Brook): If the Pomeranchuk pole is flat, 
what about the previous triumph concerning the f0 

meson? 

Van Hove: That is an interesting question because 
the people who fit total cross sections and real parts 
in the forward direction seem to run out of Regge 
poles at a certain stage of accuracy. If you want to 
make the cross sections constant for s -> °°, instead 
of having just a nonet of even-signature trajectories, 
you are better served with a nonet plus one addition-
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al I - Y - 0 trajectory. It fits the data better. The 
additional trajectory could be the Pomeranchuk one, 
and the nonet would be re kited to the 2 1 nonet of 
mesons. 

Phillips (Harwell): I would like to comment on the 
Ti^p polarization data you showed. They are approxi­
mately equal and opposite, indicating that the P 
and P' interference term is small. Hence for K^p 
polarization, the P~P ! term must again be small 
(from the factorization constraint), and any big ef­
fect must come from interference with odd-signature 
trajectories p and to (neglecting A ^ ) . Similarly 
with pp and p p polarizations. So one expects equal 
and opposite polarizations for each pair, just as with 
Tr^p. Now the CJ term is believed to vanish some -
where near t -0.1 (GeV/c)^ to account for the cross-
over of pp and p p differential cross sections. One 
expects that w dominates over p, so the polariza­
tion will tend to vanish here. It will be interesting 
to test this prediction of equal and opposite polariza­
tions' vanishing near t - -0.1. I notice the CERN 
pp polarization is consistent with such a zero, in­
cidentally. 

Bia/as (Krakow): I would like to point out the im­
portance of the measurements of the decay correla­
tions in the reaction ir ' p - > 1 T

0 N ^ t + for testing the 
Regge pole model. Since only one trajectory (p) is 
exchanged in this case, one has a definite relation 
between the spin-density matrix elements of N'** 
(Bia/as -Kotanski, to be published in Acta Phys. 
Pol. ) . This relation does not depend on any assump­
tion on residue functions of the p trajectory, and 
therefore may serve as an excellent test of the Regge 
pole model (in analogy with the polarization in ir-p 
charge exchange). 

Van Hove: I agree entirely. 

A . Goldhaber (Berkeley): For 0" me s on-bar yon col-
lisions there are exact and approximate selection 
rules depending on the "parity" of the Pomeranchuk 
exchange. However, such selection rules do not 
exist for p-p scattering. How would you propose to 
detect anomalous Pomeranchuk "parity" in this case ? 

Van Hove: Depending on whether even or odd parity 
is exchanged, one has to construct different invari­
ants out of, 1 e t ' s say, a nucléon and an isobar, put­
ting together momentum vectors, polarizations, etc. 
The resulting quantity will be very different, de­
pending on the parity. It will mean additional powers 
of t and may show up significantly if the mass dif­
ferences are not too large. 

Nauenberg (Santa Cruz): Would you comment on what 
has been learned about the energy which can be re­
garded a s asymptotic ? Is there any success in try­
ing Regge pole fits below the energies which you 
have shown on the slide ? 

Van Hove: I would 1 ike to comment in this way. The 
answer to this question can less and less be given in 
terms of a single, well-defined threshold for the 
as ymptotic region. One works more and more in 
terms of a rather successful addition of Regge pole 
exchange amplitudes and direct-channel resonance 
amplitudes. This procedure has never been proper­
ly justified, but there are indications that it works. 
It mixes asymptotic terms with nona s ymptotic ones. 
I would expect that the region where only terms of 
purely asymptotic nature contribute is higher than 
we thought before. Nevertheless the asymptotic 
techniques are more and more useful, even at low 
energy, if extra terms are added. Fur the rmore, 
there are reactions where direct channel resonances 
arc absent, like the K' f proton, and these reactions 
are therefore of particular interest for Regge pole 
theory even at low energy. 
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Appendix 

High-Energy Elastic. Scattering and Charge-Exchange Data 

A, WethereJl 

1. Elasti c S cat t e r in g 

Table 12-AT gives a qualitative description of the 
present situation in the high-energy elastic scatter­
ing of hadrons. The following notes are meant 
merely to introduce a series of figures illustrating 
some of the entries in the table. The empty boxes 
indicate the large amount of work which remains to 
be done to complete the picture. 

Beginning with the Coulomb interference region. 
Fig. 12-A1 gives a collection of results on the ratio 
of real to imaginary parts of the forward elastic p-p 
scattering amplitude. The recent points, from LU L 
(derived by Clyde et al, 84, 86^ f^j] ^ n t^e intermediate-
energy region. Figure 12-17 shows the available 
data for p-n scattering. The six experimental points 
between 1.7 and 10.9 GoV/c were obtained by 
Chernev et al. ^ ' by studying coherent p-d elastic 
scattering; the CERN point: at 19.3 GeV/c was ob­
tained in a study of p-d scattering, both coherent and 
noncoherent., by Bellettini et al. ™ The curves 
shown in Fig. 12-17 are the results of an evaluation 
of the N - N dispersion relations by Carter and Bugg. -*8 
More experimental work between 2 and 10 GeV/c is 
clearly necessary, 

The high-energy i r^-p situation is illustrated by 
Fig. 12 -A2 , which gives the Coulomb interference 
results of Foley et al. ^ together with some predic­
tions of the forward dispersion relations. The trend 
of the high-energy TT"-p phase appears either to 
present difficulties for the dispersion relations or to 
reflect some interesting behavior in the high-energy 
total cross sections. New values for the ratio of 
real to imaginarv parts for T~ -p were given by 
Nomofilov et al. * They are as follows: at 3.5 GeV/c, 
-0.18 ±0.06; at 6.1 GeV/c, -0.14+0-ji. 

For K^-p scattering, Coulomb interference re ­
sults are not yet available, and the values 2 8 * 92 
given in the boxes were obtained by comparing ex­
trapolations of angular distributions with the optical-
theorem value. All the measurements were made 
with liquid hydrogen bubble chambers. Comparison 
of the scattering cross section with the optical theo­
rem value leaves the sign of the real part undeter­
mined. 

The main diffraction peak is in general very 
well fitted by the form da/dt s exp(a * ht -J e t 2 ) . As 
an approximation the quadratic term can be neglected, 
and values for the exponent b are given in Table 
12-AI together with the characteristic features of the 
diffraction peaks, which have been studied in detail 
by Foley et al. 8 5 

Measurements of n-p elastic scattering between 
about 1 and 6 GeV have been recently performed by 
K r e i s l o r et al. 39 and their angular distribution be­
tween 5 and 6.3 GeV is shown in Fig. 12-A3. The 
slope of the diffraction peak seems to be similar to 
that of the p-p system. 

Interesting structure has been found at the ends 
of some of the diffraction peaks. Figure 12-2 shows 
data of Coffin et al. 5 between 2.5 and 4.0 GeV/c, and 
Figs , 12-A4 and 12-A5 from Orear et al. ^4 between 
about 4 and 12 GeV/c . Figure 12-2 also shows 
smooth curves representing the trend of the elastic 
Tr~-p charge -exchange process, which also shows a 
similar structure. The latter does not disappear 

Fig. 12-A1. The ratio p of the real and 
imaginary parts of the forward elastic 
proton-proton scattering amplitude as a 
function of momentum. The data are 
from Ref. 84. 

Fig. 12-A2. The ratio of real to imaginary 
parts of the forward scattering amplitudes 
for TT+ and i r~-p scattering. The experi­
mental points are from Foley et al. (Ref. 
3). The dispersion relation predictions 
are discussed by S. J. Lindenbaum, in 
Proceedings of the Oxford Conference, 
1965, p. 93. 
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R a p p o r t e u r ' s n o i e a d d e d s u b s e q u e n t l y : T h e v a l u e s g i v e n f o r the r a t i o s of r e a l to i m a g i n a r y p a r t s of the f o r w a r d e l a s t i c 
O . i ' i O . 2 at 4.1 G e V / c , and 0.2 ±'1.2 at 5,5 C e V / c . I a m g r a t e f u l to V . T . C o i c o n i and D . R . O . M o r r i s o n for c o r r e c t . 

K - p s c a t t e r i n g a m p l i t u d e s h o u l d b e 
m the v a l u e s g i v e n in R e L 28. 

R a p p o r t e u r ' a no te a d d e d s u b s e q u e n t l y : T h e p r e l i m i n a r y r e s u l t s o t the p - p p o l a r i z a t i o n in F i g . 1 2 - A 10 { B o r g h i n i e l a l . ) h a v e b e e n r e v i s e d by the a u t h o r s , r e s u l t : : 
in an i n c r e a s e at 6 G e V / c { m a x i m u m a v e r a g e l e v e l * 12 x) a n d a d e c r e a s e at 12 G e V . / c 6 ' a ) . T h e p o i n t s o f B o r g h i n i e t a l . in F i g . 12-A 9 s h o u l d b e c h a n g e d 
ac c o r d ing ly . 

Fig. 12-A3. N-p elastic scattering angular 
distribution measured by Kreisler et al. 
(Réf. 39). 

rapidly with increasing energy as it does for elastic 
scattering. Interpretations of the dip and secondary-
bump behavior in terms of the passage of a Regge p 
trajectory through spin zero at t~ ~0 .6 (GeV/cp have 
been made. ^9, 93 

Measurements of pp elastic scattering between 
1.0 and 2.5 GeV/c by Barish et al. ^0 a r e shown in 
Fig. 12-A6, and exhibit again an energy-dependent 
dip-bump pattern. 

7 
Frautschi has reviewed the situation in terms 

of Regge trajectories, concluding that such behavior 
may be common to many reactions. It is interesting 
to note, however, that the p-p angular distribution^^ 
seems to be very smooth, although the hint of a 
shoulder (Fig. 12-A3) in the n-p distribution-^ may 
be discussed. 

The cross sections for wide-angle scattering 
( - 9 0 ° c m . ) for p-p, n-p, and -n -̂p have a charac­
teristically strong energy dependence, ^ approxi­
mately exp( -W/a) , where W is the total center-of-
mass energy. This is represented in Fig. 12-A7 
which is a compilation and fit made by G. Cocconi" 
for the Stony Brook Conference. Such a strong en­
ergy dependence has been interpreted as implying a. 
statistical origin of high momentum-transfer scat­
tering. Eric s on 5" has pointed out that a statistical 
behavior, by analogy with low-energy nuclear physics, 
should imply strong structure in very-high-energy 
wide-angle scattering angular distributions. Figure 
12-22 shows ^6.9-GeV/c proton-proton results of 
Allaby et al. ^ plotted logarithmically against the 
transverse momentum. No structure is evident and 
the distribution is clearly exponential in transverse 
momentum, i . e . , dcr/dft ~ exp(-p sin 0/constant). 
The constant in the exponent, 225 M e V / c , dif f e r s 
considerably from that found by Orear, ^ 8 (158 M e V / c ) 
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Fig. 12-A4, tt" - p elastic scattering dis­
tributions between 4 and 12 GeV/c . The 
data are compiled by Orcar et al. (Ref. 
24), who gave the points labeled "This 
Experiment. " 

Fig. 12-A3. TT~-p elastic scattering dis­
tributions between 3.6 and 12 GeV/c . 
The data are compiled by Orear et al. 
(Ref. 24), who gave the points labeled 
"This Experiment. " 

Fig. 12-A6. p-p elastic scattering dis­
tribution according to Barish et al. (Ref. 
40); also shown for comparison is a p-p 
distribution at 1.75 GeV/c. The p-p 
points at 4.0 GeV/c are from Czyzewski 
et al. , Proc. Siena International Con­
ference, I, p. 252. 

Fig. 12-A7. Cente r - o 1 - mas s differential 
cross sections in the 90 region for -rrp 
and pp elastic scattering as a function of 
the total available energy W. This com­
pilation is from a report by G. Cocconi 
(Ref. 87). 

using previous data. In fact it is found that the data 
of Clyde et al. 8 6 at 3, 5, and 7 GeV/c also show dif­
ferent exponential slopes. The lack of Eric s on-type 
structure at 16.9 GeV/c implies that the wide-angle 
p-p scattering is not dominated by a statistical 
process, and re -examination in terms of diffraction 
or potential models seems necessary. 

Backward peaks have been found in n-p and îr^-p 
angular distributions. The n-p chargc-exchange peak 
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will be discussed later. The TT -p backward peaks 
are shown in Fig. 12-A8, from a collection of data 
made by Orear 2 ^ and others. 91 The Tr + -p peak is about 
five times as high as the tr"-p peak, and rather more 
sharp. Also in the TT ' -p distribution there appears 
to be a dip at u ~ -0.2 ( G e V / c ) 2 , but it should be re­
marked that the graph shows a collection from dif­
ferent experiments and that no single experiment has 
yet surveyed the whole region between u~0 and 
- l ( G e V / c ) . Bubble chamber work on K r - p scatter­
ing*^ between 3. 5 and 5.0 GeV/c indicates some back­
ward scattering, but the number of events is too 
small to say anything about structure; similar meas -
urements onIC-p scattering^ at 4 .1 and 5.5 
GeV/c show no evidence of backward scattering 

2 jjib cross section beyond 0 = TT/2). 

Fig. 12-A8. Fion-proton backward elastic 
scattering distributions at 4 and 8 GeV/c; 
see Refs. 24 and 91. 

The study of spin effects in high energy scatter-
in g has been made feasible by the introduction of 
polarized proton targets. Figure 12-A9 shows the 
trend of the maximum polarization found in p-p 
scattering at lower encrgies together with some 
higher-energy points from Dubna, 88 from Berke -
ley, 89 and (at this Confe re nee) from CERN. The 
peak in the figure (~ 60%) occurs at the point where 
the p-p total cross section is rising to its maximum. 
The polarization falls to « 5 % at 1 2 GeV/c , and it 
will be interesting to see how it behaves at even 
higher momentum. Figure 12-A10 shows the new 
p-p deita of Borghini et al. , 8 illustrating the angular 
distributions of the polarization between 6 and 
12 GeV/c . Tl icre is considerable difference between 
the C ERN a nd Berkeley values around 6 GeV/c, 
possibly due to systematic uncertainties in target 
polarization. 

Figures 1 2 - 3 a nd 12-4 show new data of 
Borghini et al. ^ on the polarization found in TT" - p and 
in TT*-p scattering. The effects are large and there 
seems to be some difference between the r, ' and the 
T T " - p behavior. It will be important to shrink the 
error bars and uncertainties in order to study this 
difference. 

2. Charge -Exchange Scattering 

A qualitative survey of experimental data avail­
able on "clastic" charge-exchange processes is 
given in Table 12-All and some accompanying re -
marks as follows: 

Fig. 12-A9. Maximum value of polarization 
found in p-p elastic scattering; the cross 
hatched region shows the trend given by 
the lower -energy experiments, the high­
er -energy points are from Refs. 8, 88, 89. 

m u u x o x u u 
Fig. 12- A 10. The polarization para meter 

Pq versus the invariant four-momentum 
transfer t in pp scattering, .measured 
by Borghini et al. (Réf. 8). 
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T a b l e 1 2 - A l l . D e s c r i p t i v e s u r v e y of da ta on h i g h - e n e r g y c h â r g c - c x c h a n g c p r o c è s 

a, p 1 n -* n + p 
Figure 12-Al l shows the 8-GeV/c nucléon 

charge-exchange data of Manning et al. ^ and illus­
trates the very sharp forward peaks (or backward 
n-p elastic scattering peak) followed by a flatter dis -
tribution. The shape of the angular distribution re­
mains similar down to 1 to 2 GeV/c . The sharpness 
of the forward peak suggests a long-range force, 
possibly explicable a s a one -pion-exchange effect. 
A very strong energy dependence is observed in this 
reaction; the numbers that are given in the table are 
susceptible to large systematic errors due to nor­
malization difficulties. Comparing the forward 
cross section with the optical-theorem value seems 
to show that there is a difference in the real parts of 
the p-p and p-n elastic amplitudes or spin dependence 
or both. Figures 12A-1 and 12-1? indicate that the 
phases of the p-p and p-n amplitudes are similar, but 
it is hard to make any firm conclusion about spin 
effects in small-angle scattering. There is clearly 
room for new n-p or p-n experiments. 

over the momentum range covered, that is, there is 
no shrinking. Figure 12-A12 gives a representation 
of the total cross section as a function of momen­
tum;^ ' • lower-ene rgy data are included. The 
trend above 2 GeV/c is essentially ~ p~ -1.5 

Fig. 12-A12. The total cross section for 
p + p n + n as a function of momentum. 
"This Experiment" signified the work of 
Astbury et al. (Ref. 43); the other data 
are from Ref. 96. 

Fig. 12 -Al l . Differential cross -section 
for proton-neutron charge exchange at 
8 GeV/c (Manning et al. , Ref. 94): 
(a) covers laboratory angles 0 to 45 mrad; 
(b) 0 to 90 mrad. The broken line shows 
the trend of the p-p elastic cross section 
at 8.9 GeV/c . 

This process has been measured recently by 
Astbury et al. 4 3 at 5, 6, 7, and 9 GeV/c, using a 
magnetic spark chamber setup. Figure 12- 18 shows 
new results, and it is evident that the distributions 
of dO"/dt as a function of t are well represented by 
exponentials ^ e . It is found that b is constant 

The results of the extensive measurements by 
the Borgeaud et al. 97 are shown in Fig. 12-5; 

essential features are noted in Table 12-AIL The 
forward cross sections exceed the optical-theorem 
value, indicating sizable real amplitudes. As noted 
above for elastic scattering, the 0.6-(GeV/c)^ dip is 
very suggestive of the operation of a p Regge pole 
passing through spin zero, and indeed it was the Tr~*p 
charge-exchange data which greatly stimulated 
thought^, 93iii this direction. A single p-pole model 
can be made to fit the data very well. New data of 
Bonamy et al. * 1 on TT" f p — T T ° + n, with a polarized 
target, give a large polarization parameter at 6 and 
11 GeV/c . Figure 12-7 shows the new results, and 
the table gives average values. 
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Pft) is quite large, and does not (within errors) 
decrease with increasing momentum. This is diffi­
cult to explain on the basis of simple Regge pole 
models, and may indicate the necessity for the in­
clusion of absorption effects or the operation of cuts 
in the complex angular -momentum plane, 

d. K" -r p -> R° + n 
Astbury et al. have measured this process at 

5, 7, and 9.5 GeV/c with the CERN magnet spark 
c ham be r apparatus, and the angular distributions are 
shown in Fig. 12-15. There seems to be a forward 
dip, as for u~p ~> ir°n, and an exponential drop, after 
which there is the suggestion of a flattening, although 
a dip cannot be excluded. Figure 12-A13 gives the 
values of the forward differential cross section to­
gether with values obtained from the optical theorem 
and the measured K-nucleon total cross sections. 
Evidently the forward cross sections do not deviate 
greatly from the optical-theorem values. 

Fig. 12-A 13. Comparison of forward K~-p 
c h a r g e - e xc ha n g e cross sections of 
Astbury et al. (Réf. 30) with optica 1 -
theorem values obtained from total-
cross -section measurements. 

In conclusion one may remark that the experi­
ments described above are difficult, the cross sec­
tions at high energy become rather small, and in the 
case of K" and p the beam fluxes are low. It seems 
that considerable advances in technique have been 
made in the last few ye a r s to allow such measure -
ment s to be made at all. 
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