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We shall review a number of recen~ results and developmen~,s concc1·ning 

Se..~Qc.\-ciJ 
hadron cOllisions, mostly iRilllude4 among contr-ibution:: submitted l:o this 

Conference. We are main}y concerned with the high entrgy region• 

Plab .G ~ or 5 GeV/c, although lo·.rer ene.cgy collisions w:~ll be mentionf: 

ceca ono.lj.y. A systematic review o:· experimental ,·esults, pr-c:rared by Dr. 

A. M. Wet't'lerell, is included in the~x· Proceedings as a separate ~JS.r)er. 

The contea~ of the report will be arranged as follows: 

1. Two body collisions at low momentum transfers 

1. Pion proton forward colli3ions 

a) . Real part of the forward elastic scattering amplitude 

t.) d t:t 1 dt for 1t" ±-P elastic scattering 

e) Polarieation in TT t p elastic scahering 

-~) ?olarization in 'R'"- p -f 7r. 0 n 

e) &~her two-body processes i~ lfp collisions 

' 



2. Pion-proton backward scattering 

a) Elastic scattering 

b) Charge exchange process K p- t'n 

c) Other two-body processes in ~p collisions 

4. ~ucleon nucleon and antinucleon nucleon collisions 

4.!Mt;'c.. 
' Total cross sections and forwardAscattering amplitude 

b) Elastic scattering 

c) Charge exchange scattering 

: > • • • •• 

5. Isobar excitation and diffraction dissociation 

II. Large angle scattering 

1. New experimental results 

2. '1\eoretiC:al aspects 

III. Multiple production of particles 

1. Multiplicity di.stribution of pions 

2. c~rrelations 

IV Theoret,i~al developments.· 

1. Q,uar~ model· and associated ael:i~elis methods 

2. Regge pole theory . 

~) Parity exchange 

b) General masses and spins 
. ' 

v_ t"!nn~1ud;ina remarks 



Sections I ·to. III will pre:::er.t new experi~@ntal data, comments or 

earlier data and theoretical cmnsl.derations :· directly concerned with ·:;h~ 

reactions discussed. The more general theoretical developments are grm:.pE:d 

in Section IV. Section V menti~ns a few of the outstaodin&.pro~le~s which 

can be expected to attract considerable attention in the comaing years. 

I. TWo body collisions at low momeoturn transfers 

l. t_~on p~oton forward co lli_~_i_QllJl ·-----.. ---···--------....... --... -··- .. --
·. a) _!leal part' of the forward elastic scattering amplitu~..:__. . 

1 
A Dubna group ~ presented new values of 

ReA (s,O) 
a :::::: ImA (s,o) ' . 

the ratio of real to imaginary parts of the scattering amplitude A (s,t) 

at t :::: 0, for T( p at t\;o energies. They are 

a = -0.18 ±· o.o6 at Plab :: 3· 5 GeV/c 

. . . {.,. 0.11 
a: ;. -0.14 . . 

. . -0.10 
at Plab : 6.1 GeV/c 

? 
Fig. 1, from Barashenkov's contribution,- shows the predicted values of 

.. a ;t for 1{- p, as calculated 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 epergy · 
3 . 

experimental values of a~ and.the calculated curves, expecially their 
- +~~ 

reversed order (a+) a_ experimenta_lly). If this k4ml would be contirmed 

considerable complications must be expected in the theoretical interpretation 
. 2.,4 . . l . 

of the data 



•~ 2. Pion-proton backward scattering 

a) Elastic scattering 

b) Charge exchange process K p ~ ~n 
. ( 

c) Other two-body processes in Kp collisions 

4. Nucleon nucleon.and antinucleon nucleon collisions 

~iMt;'c:.. 
·~) Total cross sections and forward~scattering amplitude 

b) Elastic scattering 

c) Charge exchange scattering 

r;. Isobar excitationand diffraction·dissociation 

·II. large angle scattering 

1. New experimental results 

2. '1\eoretical aspects 

III. Multiple producti~n of particles 

1. ·Multiplicity di.stribution of pions 

2. Correlations. 

IV Theoreti~al d!-!velopments 

1. Quark model and associated mea~eQs methods 

2. Regge pole theory 

~) .Parity.exchange 
< '• - ' - •, • I 

b) Generalmassesand spins 

V~ Conciudil.ng remarks 
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b) d&/dt for 11'-:t.pelastic scattering. 

New data of a Michigan group for 71'~ from 2.3 to 4.0 GeV/c arf! 

rel;n,oduced in fig. 2
5 •. They show a dip or shoulder around t r:: -~.6 (a·ev/c )

2
• 

As illustrated by the solid lines on the ffgure, its position X8K coincides 

closely with the dip of d6/dt for the charge exchange process\_·-n-p ~ -f n • 
. . 6 

The latter has been successfully explained . in the Regge pole model as 
. . . 

being due to vanishing of the the spin-flipamplitude for the value oft. 
"' : I • 

where the t trajectory at ( t) vanishes ( "ilon Sa •'<. ·. trrulsi tion, unphysical 

signature"~ remembe~ that ".1' is th~ only ~·~~e trajec!\'~ supposed ,to 

contribute :to 71-p. -+ . il 0 n.). Frautschi propose~trajectdries ~.r. 
the even signature nonet give vanishing spin-flip when they verify a (t)::: 0. 

t 
Since the. P trajecto:ry- aJ?, ( t) probably passes through z.ero at about the 

sarr,e t as a. (t), this effect could account for the dip or shoulder of 
> p ·-- . . 

d6fdt in elastic scatterigg. The strUcture would rapidly disappear with 

increasing ener~y, however, because the Pomeranchuk· trajectory :X ( t) does 
. + ~ 

not pass through .zero (remeinber that 1(p elastic scattering is described 

' I 1n term~cf the P, P . and p trajectories with isospins and signatures 0+ , 

O+ and 1- respectively). 
--+ 

:: Polarization in 1\-p elastic scattering. 

Data concerning the polarization parameter 

P (t)~ 2 Im f g*/(lfi
2

+1g\
2

) 

have been presented by a CERN group for 7\p at 6, 8 10 GeV / c, and for 11.+ p . I . 8 . . . . . 
at 6, 10,12 GeV/c. Part of the data and their Regge pole .fit

9 
are giver. 

in Figs. 3. and 4. The ,r-p data ae;re.e well with the Regge .pole prediction 

of Chiu et al9, which were basedon.the earlier .-jp polarization data. In 

particular, .the prediction is confirmed that the polarization originates 



. ·.. - ·~ •' • ,!:' 

mainly from interference between the spin-flip contribution o~ the p 
I . 

~trajectory and the non-spin..;flip part of the P andP trajectories; 
. . P{t) . + 

this effect accounts for the reversal of si~:o::r· bet~een .li-P· and 1f p 

and for the vanishing of the polarization ~ t-:::·-0.6 (GeV/c) where the 
. . 

p spin-flip contribution vanishes.. At. a more detailed level, the abs~ence . . \..'' . . . . . .. : . " . . . .. 2 
'of marked· energy variation of P (t) near its maxim~ araund to::- -0.2'(GeV/c) , 

especially for 1t -p, .should be of some. conc~rn. As we shall remark ·again:· 
' . 

later on, slow energy vari~tions of th~.s sort, if established/with good 
•' 

accuracy, may become indications of effects not a.cc,ountedfor in the.Regge 

pole model.· 
.. , 

d) Polarization in lf-p ~ 1f0 n ••• · 

'l'he charge exqhange. proces~ f p · _,. 1{'0n gave the Regge pole model 

its most ~triking .success by leading to the experimental determination of.' . 

a ~inear o:p (t) .~rajectory of slope "'1 (GeV/c t 2 , .and by revealing the • 
. . . . . . 2 . 6 

correctness of the dip mechanism at t f. -:0.6 (GeV/c) mentioned above.· 

The drf/dt curves ~regrouped in ~g··:5 1 and. the ap (t) ~rajectory, as well 

as ~ (t) determined from t~e sister reaction TfP .. ~ ·rj_·n, ~re given in . "· 

Fig. 6taken f~m_~ ... ~?n~.:.~~~~=~ K. A. Ter~Martirosyain to,.:. ~his conference}j. :. 

it>t";..T;;;~~e TrP ~ 1f0 n reactio::;;;;ces,(the R traject-ory, "of {~~in t ' . 
(a~d sig~ature+ , is ass~ciated with~ .(1300) meson if th~ latter.is 2+) 

.... ......... ~ ... ~~~~-~~-«'f'r.;l'l.",.....,..., ..... ----~ 
1'1 the .r-egge pole model with a new t~st, and requi:c~s _inclusion· of further 

corrections, especially at 6 GeV/c. Recent data of a Saclay-Orsay-Pisa 
11 ~ 

collaboration , given in Fig. 7. show : that· the polization parameter P '( t) 
,· . . . . . . A. ·. . . 

is as large as about 15~ at 6 GeV(c, a~d that it may remain ofthe same 

order up to 11 GeV/ c llthough the ll Ge_V / c results are not accu:.·ate enough 

iD, their present form to draw any defin:tte conclusion. One finds for P (t) 

: . 



E:-- . 
averaged over two"intervals of b•,.e:lttes (p1 b in GeV/c, t in (GeV/c)2 ) ' 

,.?'"~ a . , 

. ·the' 'following value~r ............ ~-:- · -............ ._ .... __ ,...,;,...,. .. _ ............. ,.,. .. , .. 

t- interval 0.015 0.04 ~ . -t ( 0.~4 ..... 

Plab;:: 6 

plab;:: 11 

+0.14 :t: p.03 

+ 0.19 ± o.o6 

'P(t) 
The Regge pole model is known to predict vanishing 1 on the basis of the 

p trajectoryGlone. To account for the data at 6 GeV/c various authors 

h 
. . d d 'b. t. f h\ 1 ·. 12, 13,14 ave ~n~ro uce contr~ u ~ons o s-c anne resonances . or ~n 

I .· . ·. ~,~ 
additionai Regge pole p with the same quantum numbers·as p. In al} 

cases P {t) is predicted to drop by at least a factor 2 from 6 to l.l GeV/c. 

\fnile the experimental errors of the very recent 11 GeV/c data 

are still tao large to reveal the energy variation of P (t), one may soon 

be le:d to discuss possi'ble mechanisms explaining an eventual we:ak energy 

dependence of the "lf"p -+ ,.Pn polarization. One can envisage a smaJ ~ 

a(t) af(t) difference between the powers s , s describing the energy 

. . \ ~ v~riation of the s,pin-flip a).ld non-spin-fli.p ampli tude.s (such a*' effect, ~~,\.(. 
)0:;·!..\'(.\J. \..... ·\\...o ~~~~ 4.. ~oJ<,.I. "'1\'0~~ ) . 

~ A is ver,y natural in the coherent droplet model of Yang and B,yers, a pQint 

recently studied by le Bella~17 ); or one can complete Regge pole theory with 

additional · singularities close to a (t}, p 
. . . 

for which the Mandelstam 

cuts would probably be the most papular candidates.. One would hope that 
. . 

these modifications would not affect tao much.the description of dOfdt 

f'or1\-p-+ 'f 0 n, and of dfijdt and P·(t) for '(-p -+ U±p. One shvuld face 
. . . 

neverthelesa reasonable requiremenvs of consisten~y, ana acknowledge that 

if a Mandelstam cut iss~ciateelwith ~he p trajectory i& iffi~)rtant inl-P-+ n°n, 

,. 



the same: may be true in 11±'p 

Pomeranchuk trajectory, so that ~his cut may profoundly affect the P 
. ' . 

trajectory contribution. · 

e) Other two-body processes in lip collisions. 
. ~ 

.All other tqg~body processes 11-p ... A B (A and B being ~~ch .a particle 

or a resonance) are of interest for a complete analysis of the high energy 

beha:rior of' lip collisions. . We quoted already if :p -+? n 
18 

which ·allows to 

dete:-r.1ine -vhe R trajectory. As showr. by R. I. T'news and illustrated by the 
. . - . 0 ** .. · .. 

curveo in Fig. 8, reaction 1\ p . -+ 1f N can be fitted with the p ~rajec~.:~:cy,. 
of- . ...o *+'1" ·. . . . . 19 . . .. 

and K p -:·> • .1\. N by the p and R trajectories. A' Wisconsin group 
. ... .... + 20'·. ·. . 

presented. data on .1( p -+ K ~· at 3.23 Ge:V/c ; the differential erose. 

"'" secr.i.:>n is shown .in Fig. 91 whereas Fig. 10 gives the i polarization • rl"r.e: 

. dip of d"'/dt h:ar t:: -0.6 (GeV/c)2 and 1ihe change of sign of. the polari-
. . 

za." i•'.n·in .~'he .same region 'are of particularihterest, because the relevant 
. . . . .. . * . . . : .. 

Regge tra,jectories belonging to K '(890 MeV,. signature -t'•-) and to . ' . . : ~' '. 

K* (1410 M~V; 't! = + ) are likelyto vanish a~und t ~ -0.6. 
: ' ~~ 

. .. ~ > . ' l 

Many other ltp ~· .Al3 reactions have been studied, and infonnation . 
,. 

is available to some ~xtenJCon dofdt and on its energy variation. This 
I~ 

materia~ has recently .... been reviewed by Morriston . and is discussed in 
, ·~ , .. 

Jacksoh 1s report in the ,present conference: We shall limit ourselves to 
• I 

,;,· 

two ·conunents4 Firstly, the \lnaeniable success of the peripheral model 

with absorption for the processe~ which experimentally keemt to o~ 

dm!linated by ·1i exclange (e.g."lt ~ 4 .ft) should be accomodat~d in the 
i .· . 

R•~ftge pole approach to high energy ~catteting, keeping in mind that higher 

trajectbries can cdntribute (e.g. ;the p and R trajectodes). This requires 
-

ar exteris:l.orl bf the Regge pole model to unequal mass particles and higher 

spins, a difficult problem t~ which we shall return in Section IV of the 

'· 



~ bhe present report. Secondly, the s and t dependence of dU/dt for 

1fp -~ AB seems often to remain .essentially unchanged when A (or B)' is 

-~ e -

replaced by a no_n-resonant state of two· particles A1, . .Ae_ having an 

effective mass,~eff.(A1~), close to. the mass of A. Several experimental 
. ( . 

groups have fragm.:ntary results· pointing in this direction: They should 

be. regarded as preliminary steps in the systematic study of three body 

·final sta"ves, "H"hicb are very likely to bE~ amenable to a Regge pole type 
. . 10 

analysis. ·I·er-Martirosyan remarks on the importance of 'this problem 

which ha;:; also. been tackled by a theoretical group at CERN. 21
. 

2. Pioc. proton backward scattering 

In a contribution-to this conference, Selove~2 summarized the date. 
SCA~er,~ 

on ll p elastic,._near the backward airection~ .in particl;.lar the data of the 
23 24 . 

CorneU-BN.L. ' and Pennsylvania group~2 ·ILl addition, very recent data 

fo:::- 1\; in the 2-5 GeV range were reported by ~- Dubna group?5 Tne 
;!. ~t<?.te..,..\:-<t.:\. ,.. 

Se:ove summary~in Figs. 11 (pp) and 12 (lfp),. where the numbers o~ the 

curves denote the laboratory momentum, and "this expt '·' refers to· the 

Pennsylvania group. While itwould be_ highly desirable to have ;:. Dingle 

experiment cover at various ~riergies· the. whokrarige u ~. -1 (GeV/c )2 
. . 

a= - ( 4.:.m~mentum transfer fro!Il inci<?-ent 1\ to outgoing p )2 
1 the data are 

' . . . . . . ~ 

f!uGd enough to reveal a remarkable dip ~;.r.::mndu=·-0.2 (GeV/c)2 in 1i p, 
'• 

:r.c similar structare appearing in ·1(p. Fu:ctheitnore, the qualitative 
. . 

f~atures of the energy variation of da/du ar~ also apparent. 

Two mechanisms are ·currently invoked to explain 1fp · · 't.ut;~v:a.rd 

scattering. The first, which is important at not too high energ~es, con'7 

siders the effect of s-channel resonances; The relevant baryonic resonances, .. 
and their role in backward i(p scattering, are treated in a contribution 

( 



- 'j -

of Barger and~? Cline26. These authors group them in three families 

. ( ~' Net' N '{ ) forming remarkably long Regge recurrence series, as shown 

on Figs. 13 and 14. ~for'the two lower members of each family, the 

spin-parity assignment is known to be correct; some information concerning 
\. 

parity for higher resonances can also be obtained from estimating their 

contribution to forw~rd ij .:.. p ...,;.1f'0 n 
1
;nd backward 1\ p elastic scattering.~] 

At higher energies (perhaps p . ~ 5 GeV/c)'the second mechanism 
lab . 

for backward scattering is supposed to beco.me dominant. It is the u-channel 

exchange of the baryo~ic.Regge trajectories all(~;), aN (fti), ~r(fu,)of 

Figs. 13 and 14 continued to lower u values (we write N for N and N
1 

for a 

N y ) • This mechanism is discussed in detail by Chiu and Stack in a contri-

bution to the Conference27. The situation is complicated by the Gribov 

phl\rlomenon, according to which, for each value of u, a fermion trajectory 
, I '- •• -

a( .fu) contributes twice, through its vaiU:~s o:(+[li ) and a ( -,SU). . . . 

(Thus, for u )_0, two systems of particles are associated: with a (~u), 
. . . - . . 

one containing particles of mass M such that et(M) ::: 1/2, 5/2 ••• or 3/2, 
I . . . I 

7/2 .;., and the other containing particles of mass M such that a(-M) 

·has these vaiues. The particles of mass M, M
1 
·have opposite parity. 

Figs. 12, 13 show only one such system for each tra@ectory. If a system 
•. I' ' • ' 

contains a particle not found in nature ore must assume that the residue 

of the.Regge pole vanishes at the corresponding value of~; _according to -Chiu and Stack this happens for a 1/2 baryon of mass850 MeV on theN 

trajectory] • For u t..O, the trajectory will give complex conjugate Regge 
' .. l/2' . 

poles a (fi !u( ). , 

· Only a 
4 

contributes to _backward "t{:p scattering, all three 

to ·Ji1p. Since dlr/du is experimentally s~alier for 1r p than for 

c 

trajectories 

4-TIp, 



""Ti' \ ' 
and since the aA contribution "to· 1\ p is further reduced by t~e Clebsch-

·. -r 
Gordon coefficient, .Chiu and Stack neglect a A altogether ih'1\ p. 

will have to be revised at higher energies if a A (0) >aN (0).::::: aN' 
. . 

\ibis 

(0) 

· as suggested by F~gs .13, 14; the Regge pole theory would then require 

.disappearance o~ the dip at k,::::: -0.2 (Ge.V/cJ
2 f~r higher ener~ies~ For 

0 0\\!)Q'W\$12.. 

~ (.fU) ,. -1/2, one has a ~·I\ t::-ansiticn ·of unphysical signature, so 

tZ';;~"!; the :tN ( .\u) gives van:i.shing .::ontrih;.ttion ·both to spin-:flip and non-

.. '3pin-flip amplitudes. The correspor.ding value of u is close to -0.~ (GeV/c)2 

where dajdu for 1(+-p has its dip. Since .:tN" having opposite signature, would 

give a non .. v?-nishing contribution i.O this region, Chiu and Stack suppose 

tl'lat .this latt,er trajectory is wea'k±y- coupled very weakly and neglect it 

a·i.e;. .They are left ·with ~-as sole contributor. to Tt\ backward scattering 

and obtain a very satisfactory f~t of the data, the dip originating from 

~h-:- ·.ranishing of the N trajectory contribution when ~ (.[ti) ::-- 1/~. 

3· Kaon proton scattering 

a) Elastic scattering 

New data on K-p elastic scattering have bean presented by a· 

Northwestern University-Argonne collabor~tio~ ,at 4.1 an?- 5.5 GeV/c.28 

The diffraction peak is well described by the five-R~gge-pole fit of Kp 

. arid \\ p scattering processesdue to Phil~ips and ~arita29 (the poles are 

P, P':, R, p and one I: 0, odd signature pole :fer- taken for simplicity 

'- to replace the. ~b) pair). Concerning backward scattering, the authors 

find an upper bound(f(€-cm71f/2) < 2 pb for the backward hemisphere; to 

be compt.red ·"to O"'(ecm 7 "f./2) ~ 8pb forT-Pat similar energies. This 
• - + -. 

effe.~.t:, wh:'..ch can be explained by the abs~ence' _of. sho. .... ~ct".cts.s 1 baryons, 

i:; cf course of considerable interest, and e. detailed study of dtt/dt in 

' .. 



the back·v~ard hemisphere at various .:::nerg:!.es would be of g~eat imPortance 

as an example of a small momentum·transfer process fdr ~hibh no khb~n 

particle or pole is available for exchange• 

b) Charge exchange process K-p ~ R0 n. 

A CERN-ETH (Zurich) collaborattbon presented new data on\( p ~ K<>n 

at 
30 . 

5 and 7 GeV/c. They are grouped in Fig. 15 with the 9.5 GeV/c data 
~ 31 

o·b-.::.e::.:1e6. .:atlier by the same autho:rs. The Regge pole predictions of 
. . 29 32 

Ph:.llips and Rarita ' · are in !'air agreement with -;;he data, and the latter 

w:!. ·~1 •md.o11btedly allow an imp~;roved adjustment of the Regg . .:: pole parameters. 
. . \ . . 

. - 0 
T.'1e: 6.ata show the interesting qualitative features similar tc 1\ p ·- 1r n: 

tt1e peak shrinks as the energy increa?es, and a small dip at i; GT is 

present a~' t ~ 0. There are differences, however. The real part of the 

ampl:l:cud;:~ is mu_<::h smaller than the imaginary one at t.-= o, due to compensa-

.. 

• .. im: bet\><::en p and R trajectory contributions. No dip is seen at t =-: -0.6 (GeV/cJ, . 

a fe~~ure which will become of ~onsiderable importance if it is confirmed 

by m~re accurate ~easurements. 

c) Other two-body processes in Kp.collisions 

A CERN;;.Brussels collaboration presented data on .a varie'ty of two-body 

·reactions K-rp- AB, obtained at 3, 3.5·and 5 GeV/c. 33 They observe 
. .- ~ 

shrinking peaks and fit .them, iti.oversimplified fashion, with.single 
~ ~ . . 

Regge poles. · While more extensiv~ data and mkJ.ti-Regge pole fits are 
s~tr 

called for, it rr.ay be worth noting the interest of this particular ~ of. 

reactions. Indeed, the abs.Cence of s chacnel resonances makes it plausible 

4that a Regge pole analysis will oe valid a~ lower energies than in all 

other meson-nucleon collisions. · 

•. 



4. Nucleon-m.:cleon anci. antit.u\!le()n-nucleon collisions. /eJ.~,f;.~ 

·a) Tota: eross sections and forwardL;;s~~tt~;i-ng·-~plit;-~~ . 

- 12 -

A ·:!ompilation of~pp)and 6"1(pn) necently prepared by Wetherell 
. . 

is ccntaioed in Fig.16.u The inequality c:.f.np) ."'"? o-t<PP.) continues to hold 
- . 

up tc. p "' 19 GeV/c, but the data suggest that it might be'-·reversed at 
lab - · 

higher.energy. It would be of considerable interest to decide on this 

qu\:S".:.ion by improving the accuracy or., tne pn da,ta. Since pn scattering data_ 
. . . 

are usually obtained from pd measurements, the whole question of deuteron 

effect-s (Giauber correction) is ver~ important, and~t would appear 
\\- \ . 

dusi!·able t.o study i;f 'for its own sake so a.S to develop a more accurate 

description ·of deuteron effectS than is available at present. A number of 
. 3U':,·35,36 

~heoreti~al investigationSof the problem have been oarried ouh recently. 

Chernev et ai. have contributed hf:!'W Cl.ata on the ratio apn of real1 

i I ''. -- ; • 

to imaginary parts of the foniard·amplitt.lde for pn scattering from 1 to 

10 GeV/c, derived from measurements ofctpd.37 

collected in Fig. 17, the black dots d~noting 

All available data are 
. :~ 

the new resutts. The curve • 

is the dispersion rel'a.tion predi:ction qf:~Garter and :S:Sg, 3B the shaded 

area representing the estimated uncertainties. 

It is unfortunate that no data hav~ · yet been obtained for the ratis,·· 
. "':\ 

;~ -r:--:,· . \' . 

a~ . , a quantity which pla~s an important role in .the high ener~J 
p t:> ,·: ··,.~ ' 

~~P,tot'ics of the NN ~~nd ·~ systems. Th:l.-'5 problem is· of considerable 

in-£erest because a ::i~ lt~own to ·oe of order.:.0.-3 over a large pp . 
energy 

:·artge and does not show ani tendency to approach sero as' pla.b -+ ~ ·.; 

dpp and app. are rellited .through crossing symmetry, and infonnati.on ~n 

a- would greatly help the theoretical analysis of the,likely asymptotic 
pp . . . -

behavior of both quahtities. 



. .;....) . 

b) Elastic scattering. 
. . . . .· 39 . A stanford-Michigan group , oy.an.interesting method using a neutron 

·. be~m from the Berkeley. Bevatron, .carried out extensive :n.easurements on 

elastic np scattering from 2 to 6 GeVfc. The behavior of d~/dt is found to 

be very sim+lar to the one of ,pp in the same energy' range l· 

A California In~itUte of .TechnologY. group 
4~ having .mea.~ured pp ,.. '.o.. . ' . ·. . 

elastic scattering from A to 2.5 GeV/c, report~ a dip in d!Sfdt arou.tld t ,... -0.5 

(GeV/c )2 ~ Fi:autschi7 connects this phenome~on with the dips in mesc>n nucleon 
....... 

scat r.ering r.;B.Ei. at simii~r t-values (see Section I .1. b. of -:.his report). 

It w:.ll 'ue; _very· intleresting t? measure accurately d~/dt in this -~egion at 

increasing e.ciergies. · As· ;is krioYTri,. ~ilch \lips do not occur in pp acattering. 
" > ; :~ •• ; ' 

.: .. '. 

Wt:: me1ition finally rie~ pola:hzation data fo:c pp scatterin6 G.t 6 
• • .. •1 ... 

and ·.~..o GeV/ri, presen"ted by aGERI'l grb~p':41 The polarization is found to 
. . ·. . . .· ; . ' ;' <' . •. ) . 2 

be of oraet·lCP/o for 0.2 ~-~t :f0£5 (osv/d)~ at both energies, .put the 

lower energy data do not agree ilitl)_e!lrl~er Berkeley <~~rk;>;2 'which f!itVe-
:.:~ £<-.&. • • ..t 

an appreciable larger .;.,: value ( .o...18~). Here agaih the ·ilbs#erlce 6~ 
visible energy variation may haye :i.~~tt.e.nt ~~~dtet:l.cal imp;...licatioris~ 

. .. 

··' 

·A tERN~Em·gfdtipl'ia~·theasured.the cl:e.rge excha~~~ t)rdcess pp·:;.·~n 
~t 5, 6, T and 9 aeV/c •. t.3 The teciutts "t" preSented iri Fig; 18p•b0Te 

the,.cu:x:-rt:s are fits. to the coherent droplet model. 'A ~ore complete fit 
o..lt ·' 

to~available np and pp 

. 44 
Byers , YTho introduces 

charge exchange d.ilta has been ca:trd.ed out.by 
',, 

a one-pion-excha~.~. dorttrib\iti9. a ; in . the coherent 

droplet 

. . . . .· tl~" ... ) '""'~·"'-_J.:."'j 
model and is t~erel>y able to reproduc·e.A the very .o.ar~cw peak in o 

r.:;. -. pn at Jt\~ 0.02 (GeV/c {!.. \ 

As is well known, the Regge pole mode·l has beert 'ti.aaele.;~e uriB.ble ~ 
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so far to account for np andpp exchange data. The s-dependence of 

d6/d~; for .np and pp charge. exchange at t -;: 0 cannot be fitted with the p 

a::.c'l ~-\ pc>:.,~ Whereas fits are possible by adding other poles with the same 
~ 15,16 

q)tan:.n:n :J',Jl:1berc \ like the p' pole used by_ Hogaasen et al. to fit 
·L_ 

"ooth ;·.hF.:Ge charge exchange processes anci the 6 Gev/~ polarization data in. 

- .-· 0 l . t ' t - 45 t . . .Ld .fi t th.\. . .1 h. h ld 11 p ~ n r~ , ~ . seems more na ura_;_ .o ·s ... u y . rs e ro e w ~c wou 

. . 
uar;:;:lr.:le::., ·.:h:i.c::h :!an couple .-vc nuclr:ons ·c,tit. not to.· r•!.( "d(> sc·Jc.r mesons. 
~ .· . c . . I 

. .. ' 46 17 
As wa~> fir:~-c recognized by Gribov and V~i.kov; '-~ the pro"Perties of these 

.. • 
poler; are much ·more· complicated t.har. is the case for thof.f! l1elonging to the 

..\..;. 

1 and 2 .. particles,. in·. the s.ensf:: -:-.~.a-.> -r .. ~e.ir positiOr.H a.nd residues at 

t ~: ~~ have .t.o b.; related ~o eo.c:h o~h.::rin a specified way if th·~ scattering 

a;.;pl ~.t.ud.-'!. is -vo have its most general form ".r"'thout containing Uf?acceptable 

'::;ine·..llar:~t.ies. This. property, which th~"! specialists now refer t.-l as 
. . ' . 

"eor.spiracy" betHeen Regge poles, has attracted renewed attention recently 

(See Section IV. 2) but no results have been reported on the use of the 

5. Isobar excitation and diffraction d~ssociation. 

f..n ext'ensi ve study of the process P+ p ._ p +-p* by the missing 

rr.a.ss method !1as been carried out b'i a BNL-Carnegitj! Insti tude of T:_;r.nology 
48 ·~, ~· 

group in the' energy interval 6-30 GeV. The excitation of thr; jzooa!~' 

N* (1.23 GeV; I -=3/2), N*· (1.52; l/2), N* (1:69; 1/2) and N* (2.19; :;l~) 

is measu~ed as a function of s ano t. One observes in addition for small \t\ 
p;:. 

a bur.ip w:hi(!h suggests an isobar R (1~4); the· Nit .. system with isospin I:= l/2 

may. ::ndeec~ nave a pecuiarity at mass Lh- GeV a::..though it is regarded as 

doubtful ·,:nether it is a regular resonance. Fig. :.9 gives the energy 
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I. : ... 
variation of the. production ~toss sectibrts, combining the above expetiment 

. ·.· . 4~ 
with data at lower energy o~tained.in a ~utherford LaboTotory experiment. 

: •. * 
The constancy of the cross sectfdn for N (I-.:. 1/2) states is of great interest. 

. . . 

It undoubtedly illustrates the phenomenon of diffraction dissociati on 
. 50,51 

so often pred:H!ted .to accompany diffraction scattering. · .· . ·This ph~no- .. 

menon does not occur for the N* (J: .C 3/2) b~cause no isospin. is exchanged in 

high <:ne:r.~gJ diffraction. A ;;heoreti·::al discussion of ~he BNL-Carnegie T..ac:.-k 
. . . . 52 

~- results has been presented at :.he Conference by Margolis and Rotsstein. 
·.. . . 48 . . . . . 

. We also nc'te that the pp missing mass exp~riment has been extended to pp -+ 

ppX0 
1 X t:cseen, by measuring the momenta of the two outgoing protons 

53 

The phenomenon of diffraction dissociition is expecteu to:vccur alsp 

v:::<.m the: excited system is not in an isc.bar state, and it should manifest 

i ·~se l.:f r.;:,·c, only in diffraction on. an elementary partie le but alsc on 

comp:!.ex ol.Jje·~~s as atomic nuclei. An illustration is foundin the work 
. ·. . . . • • J • • • .•• 54 

. pres~nted by an Orsay-Milan-Saclay-:&Jrkeley Collaboration. ; .which observed·· 

.• -ch.:: proc:ess ·.1f-~ 1(-\-21'("- · at 16 GeV/c in a heavy liquid bubble chamber· 

(the liquid being c2r5c1). Fig. 20 represents the tdistributfon for three 

types oi' ·ll-\- 21(- . ~onfigu~ations (all~ p0"tr-~nd .. fon-) •. The sharp peak for· 
•'. "\ ' < • e • 

I'. . . . .. 2 . ., , . . 
t -= \t\ ~(tmin\ ~ 0.1 (GeV/c) ,_which behaves as exp (-Bot'), is eviden~e~ .. 

for a jb'herent dissociation -~n complex nuclei, 'whereas the slower decrease. 

. at larger t'' behaving as ~xp r.a t '), 'is probably produced by dissociation 

o.n bound nucleons behaving as quasi:..free particles •. 

' 
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II. Large Angle Scattering 

1 
1. New experimental results. 

Among the new results ~n this fieldwe mention first the 

np .large angle sc~tteringdata from 2 to 6 GeV/c. obtained in the Stanford-
. . . .. . ·. . .. \. 

Michigan experi~ent mentioned earlier.39 Here as in the case of small 

angles the np behavior is analogous to the one of the pp system.· This 

remains true in the regio.n of tJ~~ "-- 90° where the data show a remarkable 
. . :. . . 0 

amount .of symmetry around the pointe("'-::: 90 · •. Another important experiment 

was ~~rrfed,,out by a ·CE~ group55 to detect possibl~ fluctuations in do/dt 
\ 

at.large. an~les, as can be expected,· following Ericison, 56 if .the statistical 

model would be ap~ed literally to the scattering. process ... [as is well 

known the statistical model has been abJe .to'' qt'predict with remarkable 

success the magnitl!_c'!e of the cross ~ection57J · · . The fluctuations would orig~ate 
from the fact that .the phase and absolute value of th~ partial wave 

amplitudes would vary esse~tially at random from one angular momentum value 
' . '' 

to the next, each amplitude being itself a rapidly arid randomly varying 

function· of the energy. Detection ··or such fluctuations requires an angular . 

resolution 

where r is the dimension o2.· the region of interaction, usually_ taken to 

· be of order of one fermi. The experiment was car~ied out at 16.9 GeV/c, 

giving t,-l "' 6°, whereas AO .. was· of order 0.8°. The incident momentum ·max - '"'- .. 

had a spread of. 10-15 MeV/c leading to a resolution of about. 2 MeV in the 

C.M. energy. Fig. 21 shows the experimental points and a few curves with 

simulated Ericson fluctuations. The latter were obtained by select~ng the 
, 

partial wave amplitudes O.t = :lr(.,. '- J{. at random, with normal distributions 



for the real variables xt' y L verifying 
. 2 . (, 2 > I ( •1. I ~ <.x~._'> -:::(yt).-0,, ~xf'-;\yl -:: l 2 exp - "- bk-cm) 

b was give~ the value 10 (GeV/c)-2 • The experimental results clearly 

indicate that such fluctuations are very unlikely to exist. The correctness 
\.. 

of the statistical model's prediction for the values .. of drfldli. at a •90° 
I '"' 

and all measured energies remains nevertheless as impressive as before. 

Fig. 22 shows an Orear type fit to the data 

dO"' ) s- -Z::a .. ?.. . -em. 
A exp (-p .1.. / b) 

Or.e finds b = 224 ± 5 MeV/c, a value distinctly different from the slope 
. 58 

b ·:· 158;;: 3 MeV/c first proposed by Orear as a um.versal pa.rame'~er. I1. 

will be most interesting to have further data on the s and t dependence of 

large angle cross sections ·w•i th the new precision illustrated by the 

experiment just discussed. It is also clear that large angle data 

woul1 be of the greatest importa~ce for inelastic two body processes of 

type A + P ~ C + D with C and/or D different from A and B •. 

2. Theoretical aspects. 

While the statistical model remains u~ique in its ability to predict 

the magnitude of the large angle cross sections, other models have been 

considered, aspecially the one proposed by Wu and.Yang.59 As described in 
. 6.} t\.,i Cov- ~Q.tQK~J · 

Drel~'s reportA this model fits well with the new DESY data for the proton 

magnetic form factor up.to t .:::! -10 (GeV/c)2 • In contributions 'tC the present 
60 . 

Cm~ference, K. Huang·,: discussed on a model how an exponential drop of 

d~/d~ with energy can be obtained along the lines -suggested by Wu and Yaog, . . 
61 -w·.~c;reas Domokos and Karplus attempt to C.erive from field-theoretical 

c~nsiderations a relation of the Wu-Yang type between. d~/dt and form factors. 
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6?. 
Bia!a.s and CzyzevTski analyze avc.L .. a"ole data on pp anC. np large 

angle scattering, sho\-T that the general behavior is -r,he same: :::'or b.:-th 

reactions a:1d note a forward-backward asymmetry which can be usedas an 
' - . . 

argument against the statistical model In another contribution, 63 che 

same authors propose a ne\v mechanism for large angie 7fp scattering; .. it .uses 

the effect, of s-channel resonances assuming ~he latter to be given by ve!"'':f 
. . ' . . ~6 

long and Etraight Regge recurrences as described· by J¥l:rger and Cline- and 

i:i.lu-;·~rated. in Figs. 13, 14, Finally we note two contributions by I.Dgun~.w 

e·~ a.:.., one studying form factors and scattering amplitudes at large t in 

a t1e;r ane.j_Y,~ical representation64 and thE: other discussing large angle 

scattering at high energy by a regular potential in the quasi-(!lassical 

approximation, the scattering process taking place at classically forbiduen 

angles.65 

III. Multiple production of pa.r~icles 

A large amount of experimental material on multiple particle pro-
. . 

duction is available, especially from bubble chamber work, and this amount 

··. \till" rapidly increase in coming years. 
:. . n~ 

It is very unfortu~te that up to 

now n~ sa-r,isfactory procedures have been foUnd for systematic.extraction of 

dynamical information concerning the collision'and production mechanisms 

involved. This is of cour~e due. to. the great complexity of the material, 

artd is very natural if we ·remember that. the· systematics of high energy t~o 

body ·collisions ·is only being developed since about four 'years( "body" refers 
' . . ? ' 

here. to pa.rticles.and resonances). The Regge pole type analysi.;, or. which 

this syste~~ics is currently .based has reached. 'sufficient .qualitative 

SUCCtSS to attempt its extension.to rather broad classe6 Of·three or foar 

.( 

,· 



.f; 
'-. 

body reactions,·a·programmeiwhich is recommended·0ysome theoretical 
1o,2i . · , . 

groups and wilL probably give praetical results if it covers suffi-

ciently large energy interval. 

The other extreme case ofvery,high multiplicities probably presents. 

altogether different ·problems, and the concepts, models. al\.d distri.)utioo 
. " ~ ' ; . .... . _.., -

functions currently used in analyzing' the data.~e not .very likely i . .:-; reveal . · 

directly the most important dynamical elements •. Strong interaction theory, 

'on the other hand, has not made the s~ightest progress in the field. of 

. muitiple particle production, and it :i.s unlikely to do so bef'ore some ne•:. 

cl~e~ are; obtain~d, as couldh6pe'iullybe given by unconventional ways of 

grouping and treating .the data. 

In view of the general situation, we shall not attempt to r~view 

the many experimental contributions on multiple particle proauction presented 

2. t.;lis Conference, and we shall rc.ther describe a few of the point.s made 
'f'~\)\~\1~ . 

by 0. Cz~.rzewski in a leetn!'e presented in the Discussion Session on High 
. \":Q. \) \'~....,) 

Energy Experiments. It is expected ths.t this 1~ will be published 

sepa::-ately. 

1. Nultiplicity distribution of pions. 
So'MQ. 

Bartke and Czyzewski have been able to test with aeeQ_ success-the 

conjecture that, when one :considers all events producing n ~ions (n is 
0 • • • . 0 

the total number of pions in the final state, including ~'s), the vario~ 

isospin states·of then pion system.allowed by charge an~ isospin conser~

tion have about equal p~obabili~ies. If this is so, 

known cross sections CT.: for· producing n 1\'l: <?n~ .. can 
(~ . ~ 0 . 

sections (). for producing (n-m) 1i-~ .._,1f 1 m ~ 1. 
h .· . 

from the experimentally 

predict the cross 

This can be compar~a 
{t) 

with experiment, either by using experimental determinations of ~ , or 

" 



\" 
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in' a more G"..i:ringent . way by calcu1a t il:g t:he sum 

and comparing it· with the, measured total cross section cr_ for inelastic .. . . . . .1t' . . .. 

collisions without .strange particle or a.ntinuc)eon production~ The agree-. 

ment is· surprisingly good·in 4 and 8 GeV/c· u+P coiUsions, ~s shown 

in ~r~e following table:. 

4 GeV/c 

20~1 mb 

20.35 mb 

8 GeV/c 

17.9mb 

18.29 mb · 
·.\. 

!"he brtore. are of the .order of the mb. .One might expect ~hat the apove · 

treS.tment will give reason~ble results if the average multiplicities are 

retilt::r high and if mesonic resonances are only prOduced wealtly. This seE'ms 
. . 

to ~e the case in the collisions considered (nucleonic resonances should cause 
:_ "'_,., . . ' . ' . . 

. 'Jt'.l¥ .~ small violation of 'Che statistical assUmptiol}'in iSOf!lpin space 

sinde only one baryon is involved). One mig~t also t!Y. to use th~.s method 
! .. . 

in other cases in order to estimate the abundance of resonance production. 
67 

The abundance of resonance• production in six pr6ng interactions of 8 GeV/c 

1+ r). is dis~ussed in a contribution of the Warsa:· group.
68 

:. ~ . . .... ' . . 

Various interesting correlation effects have been seen in high 

m11l~ip~~~i~y events. Th~s, th.e Krakow group69 presented eviden~P- on 

for nucl~ons and pions produced in 8 ~V/c .. 1\ c·ollision~, the 

average being taken over events with given pion multipli.city n (only ev•mts 
'' ' . . . . . 

' 



. ......... , 

with no or one 1fO were considered). Whereas <'Pl.'> decreases markedly for 

increasing ·.n· in the case of the pion. transverse· momentum, it is approximately 

constant for nucleons, as shown in Figs. 23 and 24. One notices large 

fluctuations at .low multiplicities, an effect wh.ich is seen more clearly in 
' .. ' . 
Fig. 25 and is probably due to the abundance of resonance productJ_on ~Uid 1 
~two body processes in low multiplicity events. In the same experiment 

the distribution of .:.. rn. angles between pairs of :pions· were measured. 

Fig. 26 shows a clear difference between pairs of like and unlike pions:, 
. , .. ':' .. · ':i· · ... ··10'· ,,, 

in ·agreemen't with the effect first observed by G. Gol.dhalier et ·al. · 
' . . \ 

and attributed to Bose-Einstein·statistics. 

Another stron~ correlation effect ~s seen in Fig• 27~ now between 

C::p :...':;). and. Ptr for charged pions ;reduced inU:P :..+ p~"U+.., .1't\.~+ w. 1\
0 

,. • 
,l; 

tall m).. 'nlis effect, which was found in a 1. 5 aev I c expo_slire· .in propane 
. . '•. . 71 

as part of an extensive analysis by a Dubna-Bucharest 'collaboration, c~ 
. . ' ' _. ~ ' : . . . . :. .,.,. . -. ', 

tx::rhaps ·oc:: interpreted on the basis of. relativistic phase ·space.· It should . . . 
. •10t "oe separated; .however, from the gerieral.and ·unsolve(i pr~ble~· of'.· ... 

. ·. . ; 
. ·. ~ 

understanding transverse and longitudinal momentum distributions, to which 

the other effects mentioned previously. ~lso belong. 

-.. ~· 

IV. · Theoretical Developmerita · ·. 
** 

1. · Qwtt!· model and associated methods. 

Although discussed li~tle during the Conference, the quark model of 

hif.gh energy scattering should be mentioned as one of the most.important . . 

steps in clarifying' the relation between high.enerSY: collisione;'t\nd su~ 
symmetry.72,73,74,75 The principal assump~ion, beyond the quark structure 

of hadrons, is that. the hadron-hadron scattering amplitude is th«:. sum of 



quark-quark and antiqua.rk-quark ampl:.tudr:l5, as expressed grap~ically in 

Fig. 28, where the ~' s de~ote .the form fe.c-cors f.or the hadronic trans: ~tions • . . 
They reduce to 1 ·for A' ._. A, B' .;. B and t -: 0. Some interesting relations . 

obtained in the quark model are . . . . 

cr i ('ii N )' :: l- o-.;- l N N ) 1 ~ ~~ .. .k_~'} e>~ IJV~i \~•.(."t, \. 
t;; 

. ~ ". a.t-L~ I t ' ) . 
~ · .. · ... 

er-r ( 1':"' ~) ~ o-.,. ( ~- ~) = cr'T ( Tt ... f ) :..0 o-""' (\\- ~ Y . 
. -t ~~ {1<.-r._,} .- O"'T (It-~) ( ~J 

Q"'~ (1\~ t )- er-r {~- p) :: a-, .(tJ..+\~ \ ~ crT ( :t\~) (J) 

tT'!- l<-t ) (K~ ~ J . .,.. .l ... ~. ·. - a-.,.. 

Ir. a~dition to the additivity ass~nption, (1) uses the asymptoti,: ~roperties 

u'i:' high c::nergy cross sections (Pomeranchuh: limit), (2) uses isospi;'l 
. . 

h·~ •/a :-ia{lC:t::' ( 3) requires su3 synunetry' fLnd ( 4) combines isospin invaria~c~ 
. ' ·, . ' 

with an assumption. of absence of. charge exchange scatteri.ng bet,ween the. 
,. ' I • ' 

.two I= l/2'quarks, as propose~b:rLipkin.76 Eq •. (l) agrees very well with 

the measured. cross sections. extrapolated to constant limi.,ts for s - oO· 

(c-"t (1i N) - "". 22 mb,' O"_,..(NN) -+ ...... 36 mb if one takes into account the valuc::s 
. .. o.s OT(NN)J 

of o_,. (NN) which should lend to.th€: same limitt\• Eqs. (2) and (4) a~e· ~~ry 

\vcll satisfied for Plab ~ 5 GeV/c, whereas there ~sa reasonably small 

violation of (3) a~ is expected si~ce the .relation requires su
3

• Fu~ther

more the additivit;yassumpti~n itself should not be better than 10 or 2CJI,.75, 

We not~ .that (3) ana. (4) are the Johnson Treiman relatio~s originally 

derived from su
6

• 77 Under simpl~ assumptions concer~ing' the .. q,uark si~e one 

further derives for AB elastic· scattering at ~m';ill momentum transfers a:nd · 

vecy high energy 

(. 
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where GA' GB are the electromagnetic fo!m factors of A and B (in 
.. . ) 

the Sachs definition for spin ~ particles) 
78 

, i.e. the same relation .. 
. 59) . . 

as proposed by .Wu e.nd Yar:.g at hig:1 t •. The fit is excellent for 
\. pp and -pp data 

pp scattering, using :for dO"'/dt ari extrapolation of 

to a cor..mon high anergy limit. Th'are. ·is no doubt .that the quark :nodel 

with additive amplitudes has shown a great power· of suggesting si~ple, 

successful relations of an uncon,;antional type among high energy process. 

Spins can be readily incorporated· 
7
9). 

As in the case o.f other succe'ssful· applications of the quark 

model, one has .tried to reach similar conclusions for hadronic proper.ties 

by introducing different assumptions which do not.require quarks to exist 

even ~s bound objects •. In the case of high energy ·scattering this has 

been done mainly in two ways. Freund has :(Qrmulated an assumption of 

-..r:i versali ty through dominance of all couplings by meson sta.tea 
80

). 

Cabibbo et al Sl), on the' ot!i.er hand, combine the Regge pole model for 

elastic scattering (in the :r·orni whe:.:-e two meson nonets are exchanged) 
. . . 'Th?" ·. . . 

with the concepts of currenJc algebra.¥:~ .couplf~ the 
. . 

poles to scalar currents, and the odd ones to vector 

even signature Regge 
t}.t.~ 

currents, and~lostu-

·1a~ current coinmulators ·as would follow from the qu.ark model. This 

method can be applied at· t=O leaving out·. the spins; its extension ·~;o 

t,tO and spin couplings has not been possible until now. Most of the q,uark 

model relations and some others are obtained, but Eq(l) now only holds 

in abser.ce cr' su
3 

symmetry breaking.· F~rthermore, the moq.el has the un-
. . 

expectec property that. it·cancnly- be :t'itted to the total cross section 
. -£ 

s at the slow rates., data i:t' one assume.i allv..;,T tc·decrease with 
' ' ' . 

-.S = 0.07p !. 0.1J08. The resulting cross section variation. at very nigh 
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in Fig. ~9, where the curvet; :'rorr; ;.~efer ·w i) the average of 

6T (NN) and ~T (m!), N denoting r."U•!leon:>, ii) the avera.g•:. of rrT (NN), 

iii) the average of o-T (1i N); and i v) the average of a-T (KN). T":-,is 

remarkable suggestion of slowly decreasing total cross sect.icns will be 
.. 

very stimulating for future experimentation at extremely high'energies •. 
\... 

2. R~gge pole theory. 

a) Parity E.:xchange. 

I.ri a yery interesting contribution, Gribov
82 

studies with respect 

to parity ~he effect of the Mandelstam' cu;:.s or branch points which are 

exrldc:ted ~-.o be present. in the relativistic scattering problem. Ht: consi~ers 

i.: pa::-ticular the cut generated by exchange of several Pomeranchuh traje~r.or:ie s, 
. v..;'\\;~~,.. M;~\..t .. . . . 

·u!lc :.>illy one 1\t;;v give sizable contributions at very high ~nergy. c.:.nsidel~, 
Jl }.12' 

~~e '!"-':action A +B ~ A' +-B', wi;:.h t r:- (PA' - pA) , In the ·r. channel 
.J 

reac::!.on A+- A 1 ~ B + B one can 
I ',._ .~- f'. ·-' • 

define the "intrinsi~c~' ,parity ?r;. (-1~ :P, 
·, ' 

' ~~~ . 

where J is the~angular momentum and P the parity of the A +A' state (we 

cc.r.sider meson exchange). Gribov' s poin't. is that P · is + l for the ·. r 

Pomeranchuk pole contribution to the amplitude, whereas it is r l I'or the 

Pcmeranchuk cut contribution •. This has important obse~vational consequences~ 
. - . + p 

Take B-= B' -.. proton. If' A and A' are 0 and 0 mesons respectively,. the . 

f'pole does not contribute, the P cut does (P stanc?-s for Pomera:lchuk). The 

cu-e !lroduces ·a cross section with a slow, logarithlnic decrea~.e for s -+ t>U 

If there is no P cut, on the other hand, the cross section will decrease 

rapidly ~ith s (exchange of' trajectory). A less striking·diff~rence 

~~curs in ~he more readily available reaction o-~p ~ l~p. The amplitude 

f.':Jr P i?ole exchange vanishes as sin-& in the forward direction, while the 

P cut amplitude is small (in kt) without vanishing. (ltemember that t '-. (. 

c 
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at e " 0 it" the 1- meson is heavier thar. ~.-he- o- one). Although rt-:o:!.bov 

d~es not discuss such ca~es,0~ ·:eUron thS:t ,the same di:njn~tion could 
I . 

b~. t::•pplied ·when A is a proton and A a proton isobar 1 the importance of tb: 

P pole anC. P cut contributi()ns being essentially reversed depending on the 
\. 

pnrity of the isobar. 

b) · Gerieral'masses:and 

T::<:: p:roblems of Regge pole: theory ·for reactions .with unequal masses . '. . - ··.· ' 
··,~· . 

~;~O..f.:o:: general spin) which have been kno'.m for some time to ~.ontain maj~r 

coit.p!.icatio::s, have been tackled in some r.ontributio~s and discuss ions 

· dudt1g tb::. Conference. It vas realized 7.hat smue of the complicati~s vbich . . ~ . 

c.;;c:ur alr~ady in the spin l/2 case with equal masses. (nucleon-nucleon. 

sc:a.ttering):, ·h~d been cleared up: several years ~o by Gribov and Volkov. 46, 47 

P.mollg the five amplitudes of the t.-.chanael reaction NN ... NN, only three · 
' ' ' . ' . .·. 

can remai:1 indei;>endent when t -:;: ¢. Gribov and Volk.ov write the two' . · 

resu~~ing relations between the five amplitudes •. They derive ~~hem that, 
• 0 ° 0 0 3 

ir~ the am-:91itudes belonging to the sipgl~t state· Jj and.the tripl~t state 

1J J &:, no-.:: decouple altogether at t ::: 0 .(Le. ·.if there are spin-dependent 

terms in the NN amplitudes at t : 0), their Regge poles must satisfy 

for t : 0 the relation 

wr.:"t"e cx(3(J :± 1 .1 t : 0) is a Rcgge pole belonging to the MMiniftg 

~ states :i{J, . .(· .. •J ~ lt. In addition, the residu~s -develop 

. -: .::gula~i ties at t -~ o, ~he ef:f.'6.~~.s o£ ·u~tich must, compensate each other 

','.:; 
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. Gribov and Volkov; the validity of. the e.:~v·;c relations. oo:;;·,;,teeo t.rajectories 

. .·.1· ' .1 . 
must be.regarded ~sa consequence of the fact that.the e.pace--vime 

.\, ; 

symmetry of the system is higher for t = . 0 than for t 7 0~ 

Regardin~ collisions A ~ B _. :A'+ B' · in the unequal masa case, 

.·~very Regge pole, when considered to higher order in the asymptotic .\.. 
. ' . 

expansion for ~. = (pA + pB)2 ~"" , is knowo to generate terms which are 

sing·;ll~r at t\: (pA.- pA 1)
2 ::: 0 (these singluar:!,ties ~re absent if mA'='-':llp_• 

. a~ 

and rrJB; mB
1
). These singulari~ies have oeen studied by Freedman and Wang J 

" '\ 

in the.case of spinless particles. To eliminatethem from the amplitude, 
• '*· ' '' \ • 

they propo~t: that each Regge trajectory a~ (t) is necessarily accorr1panie:l 

by dea.ughter trajectories a.· (t), k ::.· 1, 2 ••••• , which verify ,L . • Jo):: c/·(01- k J.~ . . . ·""l,te." a 
T.'le a·S• k should have ~he same qu~tum numbers ,as a_;, except for th.,; signa-

ture which is opposite for odd k {being the same for k even). The 
~ . . 

I 't: ·-' 

daughter poles.\~11 have singular residues at t = .0, with such relations 
~ . . 
',. 
·~. ' - . ,. 

&mong them that~ the total amplitude remains regular at t :: 0. All this 

is ver~fied·toi}lold in a model base<i on the ladder approximation and. the 
ro.t,~u: ·. . ... · .. 

:Bethg. ~ equation. · · 

It was reJ)Orted that .E •. ~ader bad undertaken a study of t.he general 

~:a.re of arbi tracy masses and spins, where the two types of conspiracies 

' I , . i 1 . ~ . • des~ribed above must somehow act simultaneously if the amplitude has to 

· . be.~ .its general spin dependence at t = 0 without becoming s·ingular •.. While 
. ~ . . . '. 

~hese.dev~lopments complicate considerably the·ronnalism of Regge pole 

tht;fCry: [r~member that. each set of pvles ·is expected furtb:ennore t<; .~enerate 
' ' > ' 

}l;ar.delsta.rr. l:utsJ 
1 

they are of ~ great -clieoreticalinterest. It should·. 

be hoped ~.hat their phenomenolog:lca~ ·implicati~ns will not :increise: too 
. . . ~· '·· ·~ . 

. much the complexity of tpe Regge pole ana1ys1s.of experimental data.,.which 

is already considerable. 

·' 
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. ,. 

In summary, we would like to list some of the· classes of questions 
... 

'> ' ' - . "' 

which can be expected to play an important role. in the near future •. 
. . . . . .. 

1. In two-body,meson~nucleon p;ocesses near theforiiard·direction, the 
' .· '. . '. ·-' · .. 

·simple cases, wher~ few sets of· quaritum number can be exchanged .and .. conse

que!ltly few Regge trajectories .contribute,. will .receive continued attention. 
. . ". . . . . . 

Is· it. true that all relevant trajectories· except· the· Pomerancbuk are abc.ut 
~ . . . . . ' . . . . . . . ' 

th~ same? 
.. ·, ,: ' . : '. ·, 

of·the Pomeranchuk trajec;:tocy'l We know that:i.t is mucbsmaller tha..ri all 

.other slo~s determined so far, wh\ich are of order 1 (GeV/c)
2 

• Is 
I , . . :. . . . ; I 

a = 0 favored by the factS :1 or \::an one show that a > 0 with large. 
p . . ' . • p . 

probability?· And, more immediately, what. happens with effects, lika 
' ' 

polarization in ~-P ~ ~0n, which Regge poles do not explain'? 

2. In meson nucleon backward scattering the neat description in terms 'oi' 

Regg.;:ized nucl~on excliarige will be scrutinizedcarefully.as soon as new 

a::cur.:~.te data are available.· A broad experimental programme is here desira

ble, including charge exchange and poia.rization phenomena. 

3. The ~ime has come to measure~accurately those t~o~body processes at 

s~ll momentum transfers where·no known particles or resonances, and hence. 

'. 

no Regge trajector.e\s, can be exchanged. Examples are 7(n -+ Ti-t N._ forward, .. _,y 

K-p -+ ~ 8° forward andtj:fL~ K-p OO,ckward., "'N 1\S. N.N Ae .'.r.•-· 
1J N St6.\\Ct\¥-~' '"'· ,., -~ I -')' ) 

4. In the whole field of NN and'A_NN-+ AB reactions (N= nucleon, M:: meson, 

A and :S particles or resonancesl, many new data will accurimlate, ·m.\t ~ 
' ' 

systematic interpretation will be difficult. Regge pole theory must be 

extended ~o include 0- and 1+ particle. trajectories· as well as t~ cope 

with spins> 1/2 and unequal masses, and the "conspiracy"· compli.:.ations 

' ' 

' 



described above must be faced. For two ooliy inelastic pro~esses, any 

theoretical interpretation must deal with decay distributions and decay 

correlations, a field where the absorption model is superior to any other 

and may theref~re inspire further theoretical developments. 

5. I.a.rge angle two-body processes have most intriguing properties, and 

more experimental infonnation, also on i:'lelastic t\W body reactions, seems 

a prerequisite befor~much further theoreHea.l insight can be· ga.iried. 
. . \. 

6. The problem of deuteron effects in high energy scattering is of 

great theoretical and practical interP,~t. It deserves attention for tts 

own sake. 
. . 

7. Many body reactions deserve more systematic study than has been the case 

in the past. Rough theoretical idea,s, i:1spired by the Regge description. 

of two body ·processes, are available .to analyze three and i'our body reaGtions. 
,• 

The search for unconventional statistical pio?erties and correlations in 

high multiplicity collisons may eventually lead to important clues for 

breaking the barrier in"~pcsed by the p:::esent. lack of realistic dynamical models •. 

Ir. conclusion, we feel that during the ·last ~ew years, the :tield of 

high energy·hadron collisons has made rapid progress, and the. interplay· 
.. t .. 

between experiment and theory has been particula~ close. At each stage, 

basing itself on known facts, theory presents various possible d~scriptions, 

o~ conjectures various possible· f?rr.1s of beha.vidr, and_ nCi,w experiments make 

decisive choices among them. This procedure, which has worked so well iri 

-.more advanced branches of physics, is beginning tobear fruit in hadron 

physics. One can be confident that it 'l'lill continue to do so 1 ;·.·cvided 

theory in its development remembers that only nature can.guide it through 
~ ..... d. """' s,~'io ~cc.\:t. d. , , 

the maze ·of all suspected,._mathematical_Possibl,lities, B:~d pr<ilvided adequate 
. . . 

experim~ntal. facilities, techniques and results. become available 'for ans-
w~ring WithOUt undue delay SOme Of the decisiVe ~U~StiOnSe , " . \\. j (H \) 

...n·· \~· \.. -1. ~ ·.\. on~,- .. , '7\.:J\~o~,· A:M.\.I.::..c.'"-4t.c.l ~~e~~ •"•. f4"'~ 
. 1\'..0. 0..~\,;0I \.o.:>'S. C.f. ' 0 t'o.c.."""-.:. ~·~..,.·'"~• \ U 

~~.. ~\..0 ,t ~-.cu.\\~ ....Y ~oJc. ~~ · c\'~ ~ u.~~~.;. ...... ~~.o.._J.,u·s , &.'-'c.\. <!.. ~cJ~ .... .;j , C.'-"~ .~ • . 

~~~~.e. ~~~~- ,\\4;.,'t • .:...\H~v.c.\~\~ 1-_ .J\'·. ~$. . S'C.\"-1\j,~,r"·. S~l--e}C~l\'tS • .QS~c.,cJ\-l '":.; o_. 
i\..Q. \ ';¢.~ o~l-G.l\0- 0~ ~,(. refC'* ·:,_,-..:. () 
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Figure Captions 

D. Cline 
S~pt. 9, 1966 

A,.· ~omparison of the energy dep~£~~~~~ of the ?f-p charge exchange. 
. \. 

. ~ . ' 
~ ... 

crt)'ss section ( O"'ex) and of ex+ ( the ratio of real to imaginary 

+ 
. part of the~ forward· scattering amplitude in 'ii p scattering) \Jitb 

the predictions of forward dispersion relations as obtained by 

. 2 
V. Barashen~ov.· The dashed line represents the values of 

(D'ex>minimUm assuming zero real amplitude,and the'hatched area 

·shows the inaccuracies. due to errors. in total cross section 

measurements. 

+ Fig. 2. · .Comparison of TT p and n p elastic scattering 'differential cross 

sections at laboratory momenta of 2.5, .3.0, 3.5 and 4.0 GeV/c by 

s ~· -Coffin et al •. , ! Also ·shown is a freehand fit to the IT p. charge;· 

• 

exchange in the same momentum region. 

Fig. 3. ..The ··.polarization P (t) versus .the invariant. four .momentum transfer 

-t for Ti p elastic scattering at laboratory momenta of. 6, 8 and . · 

.... 
10 GeV/c as given by Borghini et aL ~. Th~ theoretical curve is · 

a .-; 

from .a. fit t~;'th~ data .by ChiU:' et al. 9 
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Fig. 4. The polarization P (t) versus t:t~l! inv<:l'riant four momentum transfer 

+ t for 1T p elastic scattering c..t labor'atory momenta of 6 and 10 

g 
GeV /c .. The theoretical curve is a pretii~tion of the. polarization 

\.. .c " 

9 by Chiu et al. using a Regge pole model~ 

Fig. 5. The .rr p charge exchange differential- cross section at various 

laboratory momenta. The references to experimental data can be 

found in Ref. 6 •. 

Fig~ 6. 

. 10. . 
The/' and R trajectories as determined by Ter-Martirosyan t,t·; "'\ 

a Regge pole fit to rrp~·,7°n an6 iif'~? 'l'{n CAperimental data. 

Fig~ 7. The polarization P (t) in rr p charge exchange scattering as mcasuTed 

H 
by BonQ.mj et al. :·using a polarized target~:· 

Fig. 8. Regge pole fit to the experimental data for (1) rr p ~ Tf
0 tlt) (1238) 

11-+ .. ·. . *H· , · · .. 19 
and (2) f\p -7 ,K0 N (\?.! .• :rhe·fit ~1as made by R. I. Thews 

assuming a Regge r contribution for reaction (1) and a Regge r 
and R contribution for reaction (2). 

+ + + 
Fig. 9 •. The differential cross section for Tf p-?> £ K for a laboratory 

momentum of 3.23 GeV/c measured by Kofler et a1.
20

· 

Fig. 10. The$.+ polarizat~on as a function of tfor the react::.or, jf+p-')tK+ 

at 3.23 GeV/c as measured by Kofler et a1.
20

• 
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+ The differential eros{;· scctif:.:i for Tf p elastic scattering near 

the bac~·1~rd direction. 11This cxperittent 11 refers to the data of 

the Pennsylvania group reported by Sclove.ZL References for the 

\.. 

other data are given in Ref. 2~. 

Fig~ 12. The differential cross section for if p elastic scattering near , 

the backward direction. "Thi~ c)Cperiment" refers to t~1e data 

2'l. 
·reported by the Pennsylv~nia group reported by Sclove. References 

I 
"t'a the other data are Biven in Ref •. 2'1... 

Fig. 13. A proposed classification of the known I = 3/2 .isobars on a 

Rcgge trajectory of u versus the isobar spin as suggested by 

Barger and Clin~ ,26 The filled boxes represent experimentally. 

observed isobars whereas the open boxes represent predicted 

isobars. Only the t'tvO lo'l-;est mass isobars have· experimenticany 

det~rmined spin and parity. Analysis of charge exchanges 

scattering
13 

and backward rr+p elastic scattering26 suggests 

positive parity for the 2450 and 2840. 

Fig. 14. A proposed classification of the high mass I = 1/2 isobars on 

26 two Regge trajectories as sum;cstcd. by Barger and Cline.. J:'i·.~ 

filled boxes repres~mt ~xperimentally observed ±sobarr.; wherea. 
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the open boxes represent pred~~tcd isobars. The two t~west 

~11embers of each trajectory are known to have the correct spir. 

and parity for the Regge recurrence ass:Lgnment. Analysis of 

13 
charge exchange scattering 

\:.. 
suggests negative parity for the 

2640 in accordance with this classif,ication. Analysis of. back-

- 26 ward n p scattering also suggests negative parity for the 

.2640 and the 3020. 

- ...0 
Fig. 15. The differential cross section for the reaction K p~ K n at 

Fig. 16 . 

. t.i:~~. ~\-"-.c..\--

Fig. 17. 

laboratory momenta of 5, 7 and 95 GeV/c as reported by Astbury 

. 31 et al. The theoretical curves are for a Regge pole model fit 

. . 32 of Phillips and Rarita. In this fit only the 9.5 GeV/c data 

tvas used and, therefore, the 5 and '7 GeV/c theoretical curves 

are predictions of the model. 

Thf' , t?tal cr.9•"J sec tio~s £Of np •nd .. PJl · scatter ~~g • (The re fe,r.eriCes 

// l /,.. J /_../ { ,·· ··: ( ~ ~Co--t ~.;J>- ~·~~.~ • ·.~ (\1 "''"~ 
a:'re '~_,;be fill~in by Weth'erell) \t. .......... 1 , \., c..v.'i\j~ y.t·~'«'"'.._~ ... ~: .. ""'? 

o.S "\'O """"'" /.. \ 
~&w~ '~) . 

The ratio of real to imaginary forward scattering amplitude for 

np elastj.c scattering •. The.filled circles represent the data 

presented by Chernev ~t a137. The theoretical curves are cispcrsion 

calculations of Carter and BIA.gg
3
8. - • ! 
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·Fig. 18 •· The differential cross sectiou. for. the::.reaction pp-+ ~n for the. 
.. '. 

,., 

momenta s. :6, 7 and 9 GeV/c as measured .b:y- Astbury et a1
43

• '.fb:e 

theoretical predictions are for· the cohere\lt dropl.et model a.;-

~ \ .. ,~· \ ·, ~· 

prua~lre& by tt71$1ers'. ~4-·" .. 
Fig. l9. ·The· c~oss section· for isobar production in, the proce'ss 'pp ~ N*p 

· .. .. . 
as a function of laboratory.momentum. The experimental data comes 

. •. . 48 . ·. ' ' - . 49 
. f~om Anderson et al and Blair et al.> . 

lf..\-+ ~1\,.. + A 
:Fig. 20. Differential cross section for the process (p.) if + A~)( I Jlt 

"4.~\)j .· 
where A is a mixture of ~raa'5o~RS nuclei {C2F 5ct). The 3 7i system 

. is shown to have· '&'n ·~ppreciable fraction of events of the type 
. '.' 

(b)1f +f· and (c)"1f·: f 0 •. The differential cross section for the 

subsample of events is shown as (b) and (c). The experimental ~:; 

results are reported. by ·Allard et al. 54 

Fig. 21. Some cross section~ generated according to the Ericson mechanism, 

~ ~ ... 
compared with the experimental data for pp elastic scattering 

Fig. 22. ~~~~ri~ntal angUlar distribution for pp scattering at 16.9 GeV/c 

, .. , 
on a l~g~~ithmic scale. The best fit ~and Orear's. fit are 

' 
shown foJ;,. comparison. 
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Fig. 23 •. Average trans\rerse momentum of. pions as a fUnct:Lot\ of ~ulti~Httt~ . ' . 

I .. : • •':··. +. 
for multiple pion production b~ 8 d~Vf~ TT . • 

69 
result$ were compiled by Bartke.et al. 

Fig. 24. Average transverse momentum of the nucleon as a function of f \O~ 

. multiplicity for multiple pion production 'by 8 GeV .c rt IncludEd 

on the graph are channels with a neutron in the final state as 

vell as channels with a proton in the final state. The experimental 

results were compiled by Bartke et al. 
69 

.... I .. ~ A 

. Fig. 25.. Mean trarlsverse momentum of pions and. nucleons observed in 

multipl~. pion production in 8 GeV/c rr+p reactions. .The experi-

ment~i re~ults are compiled by Bartke et at. 
69 

Fig. 26. Distribution of.C.M.S. angles between pions plotted separately 

for pions of like charge and unlike charge for the reaction 

+ T - . 67 
ITJ>.-7'J>41T .37T. ·· These results are reported by Bartke 'et al. 

Fig. 27. The dependence of the average transverse momenta <PL / of the 

- + . T:i and 7f on different intervals of longitudinal momenta in the 

- T -C.M.s~ for the reaction iTP~PTf fl.;; +m("lf•) as reportedby 

71 
Beljakov et _al. 
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Fig. 28. 
· eov\ · :: · '· 

Schematic representation of meson-nucle-ar interaction as pictured 

in the quarl' model ·:.\,A1
• represent' a meson states and 'll ,8' ;. 

represent- - baryon stat~ 

Fig. 29. 
. 81 \.. " 

Theoretical fit'of Cabibbo et al · to total crois section data 

using a Regge pole-.-current algebra ~odcl with a nonet of mesons. 

The· curves starting from t:he top refer to (a)the average of the N N 

e.."'"cl iJtJ·, .. . \.'. r ·wt -

.~,~;~.:s.a~~i.oa .and.-:the-tmt1 total cross sections; 

. !»' . 
(b)the average. of the h~ total cross ·section;·(c) the average of 

. 1\ . 

s 
the liN total cross sectio~; (d) the average of the KN· tot41 

•,, ~. 

cross section~. 

•, 
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The data are ~rom : 

D. V. Bugg, D.C. Salter, G.H. Stafford, R.:F. George, K.F. · .. Riley and. _ 

_ i{.J. '.Capper, Ph~s.ReV. 146, 980 (196.6) 

'L Galbraith, E.W. Jenkins, T.F. :Kycia, B.A• Leontic, R.H. Phillips, 

-- fi.L. Read and R. Uhbi.nstein, ?hys~Rev. }38, B913 (1965) 

G. Bellettini, G. Cocconi, A.N. Didd(;ns~ E~' Lille_thun, J. Pahl, J.P. Scanlon, 
' . ' :. t~ -~- 1·: ~- ;? 

J. Walters,· A.M~ Wetherell and P. ZAnella, Physics Lett~'rs 14, 164 ( 1965) 

<\ 

G. Bellettini, G. Cocconi, A.N. Diddens, E~ Lillethun, G. ¥~tthiae; 

J.P. Scanlon and A.M. Wetherell, Physics L~tters Ji~ 341 (1965). 
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