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I. IHIROGDUCTION

In the pest, ocoplleations of tho anulytleity propsrties of the
5 mateix have usuelly been confined 40 linmdted reglovns of conorgy and
rorentun transfer, A great deal of work has been dong on low energy
sesttering, forward dispervion relations covering all ensriies ot zzro
mosontus Srensfer howvo been mmé;am@m% and very maenmv' the poripheral
eontritusions to high energy, low momentun transfer scattering have
recoive much svtention. My report deals with recent work at Devkeley,
in which the reglon of spplicabicon is enlapped, and the dynomiesn of highe
and loweonorgy strong interactions are trested in & wnified way.

Fow did vwe become interestad in o unilfich tyeatment of oll energlest
The angwer 1s, we vere forceed to it by ouwr atiempts wr undergtand lovw eneryy
seabtiering omilstently within the Mandelstoss frevevort. In parblenisr,
aiffienitics were cneountered in detalled colouiations obtanpling to
incorporete P vave rosononees nto the sey x . wewl @ syotens, sl we
believe these difficulties con be recolved omly by explictit m&widem‘ézﬂ'.an
of higher enerplos and inglastic effects. The situation is peorheps
anlopous w0 the history of the stotle model, vhere the very satiwe of the

static approsinetions mods the treotoent of ceriain low-gnoprsy phencoensd,
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such as the micleon maynetic moment, intyrinsically ussatisfactory until
relativigtic wethods wore introduced. In view of the title of this Conferonce,
howvever, I shall attennt o concentrebe on our fpproech 4o high cosrgics,
together with the uses high enorgy congiderations may have for understanding

lov enorgies.

I1. SOME GENSRAL OOWSEGUENCES OF THE MAMUDELLTAM REPRESENTATION
I shall begin by dascribing scne jeneral conseguences of the

Fondelstan ropressntotion, before proceeding to spproximetions and

spaounlations.
Chev and 13 nave found 1% possible 4o give o formgl definition of

a "wenoralized potentiel,” which leads to sugmestive snalogies with
oxdinary potepntinl scattering [at leaot of 4the type which obers &
Mondelston reprasentation], end bas strongly influsnced our intuition
congerning the probable oultcoms of the detuiled dyrardicsl calculatione

we have sroposed. I shall assume that the sudienco 1o familier vwith the
Mandelgtan variables and the Mandelstam representation. Spin complicetions
ard single spectrel Duncltions will be ignored., The vericble s serves

as berycentric coeryy swared for chennel X, © for chammel II, and u

for chemel IXI, The amplitude als, %, u) satisfies
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viere ?Em reprosents scattering into inelsstic intormediste ototes in

i{es)
gt

Xz .
stotes in channel I. The tern “JIE serves as o gemerallged direct

chanrel I and p containe the secattering into elactis intermedicte
potential for chansel I. The geverslized exohange potential hes o
corresponding definition in terws of chammel IIY with v and ¢t interchanged.
1f the peneralissd potentials are given, and we disponalize the C matyixn in
channel I with respect to all intornal quantun musbers (isotopic spin,
strangences, ote.), then the elastic double spectral functions for channel I

can be computed by guadrature {ron

r . ¥ . a
1{ee) i, Geres” A, (e, 8) A(tY, 8)
D&% (53 t) = - ?ff ) 7 ,
% g, '\/2% 5 K {%“; €, 7, 7))
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du' du” Ay {ut, 8) AE(u",. 8) |
+ I Y : J
i ”(% 3o, u', ut)
(3
] o ~ Hes) - ,
and g corresponding equation for Pou . K and the 1limits of

integration are given by known kipemstic expressions. Eguation (3) was
eiret derived by Mondeletaw.” How comss the importent point: the set
of Bgs. (1)-(3) bas 8 cloze snalogy in nonrelativistic potential scatiering.
The genevalizations sre that the peneralized potential iz enerygy-dependeut,
it becomes conmlex above the inelastic threshold, and the relativigiic

o
rinemmtic factor Ve  maat be employed in {3),
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He now turn 40 worl by i?mmmrt,ﬁ who has shown that the cross
pection for the veastion & + b = o + 4 is lisdted by ols) € .&QE 8 oan
g - . Although his proof was carrvied out only for seular nariigies, 1t
is valisved thot the extension 0 partlcles wlth spin will be stralghtformmzd.
Frolessart's treatuent is guite rizorous, but we must content ourselves hore
with an hourlstle ergusent based on the goneraliged Yukews potential

N

&ls) 52';,“" . (&)

"‘}L?

A particle with Lopaeht parometer o ooes o total intersction of order
slele ™" . The ssattering is strong when the total intervetlon is of order
ome or gremter, so the roadius within which stvong soattering occurs ig

%
-5 o
awu o 8 gls), correspording to @ cross section

, 3
g s S o ogls) . {5)

Sinee the Mandelstan yepresentation conisins at post a findte pumbey of
subtrnotion terms, the strength 5 of the gereralised potential oan

incresse oo faster than some power of . Therefore the crosy sectlon

&

increases ot most ag o g,
In Froissurt's rigorous proof o develops @ method poveriul onough
to give further Loands on seattering ot nonforvard ongles. For the

covariant anplitude A ke obtaling

-~y -
A £ o in s {6)

{which corvesponde to {B)) for forwerd {vhere In A o g o) end backinud

ansies, and
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at any other fixed physical angla., I8 1o not known vhother the loznritihmic

inercusss wlll e oonsistont with norze Gotaliled dynemicnl considergtions,

11T, THE SOPIP APPROKIMATION
Athowh the geoeraliced potential theory ls formally satisfactory,
it geing prectical significsnce only to the extent Chat the genernlized
potesrtial can be coloulated. At ihip peint we are foreed 40 introduce ocome
appronimation. Chew and I ,6 ac wmell es '.Iiw«?éﬁmiwz;ma,? &:ﬂribw,ﬁ Himm,g
and ather workers in thie f£inld, hove chasen the “swrip apgroximtion,” in
which one concantrates on veprosenting the long ramp part of @}m potenticl
adsgantely. %o he precise, the ocus-plon exchange potential is caloulsted
exactly if 1% is prosent, the tweplon cxehange potential is calcuinted by
Yormally correct eguations, and the potential due to exchanges of beavier
systens is neglected. The epovozimation can be viswalissd wizth the aid of
Fizme 1, woich reprosents ths eguol~nass é&aa faage plonepion scotteringi.
The double spectesl functions are nongers in the sheded regionzs. In e
beavily shoaded slyips thy cowplets unitarity condition imvolves only two-pion
intemwediate states in coe of the chanoels; for exumple the sliiy pgi*&, s}
is assoafcted with purcly twoeplon intermpdiste states for A < ¢ < 6 in
the + physiesl repion. The sizip opprovimation consisde of caleulating
only those portions of ¢he double gpectral function which corrgspond €
two-pion intemediste states in oome chomel. Dince this rastriction ic
valid only in the "strips,” the ayproximetion ls best for the singularities

nearest the physiml regions.
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In Pig. 2 we see Cuthnsky dieypoms which are gonersded by the strip
approzimation: {a) corresponds o twoepion intermediate states in the &
channel (al(s, t) of Fig. 1), while {2} 15 colcoulated s scattering into
tvo~pion internediste otates in the ¢ channel (pg(t, 8) of Plg. 1}, out
also has w significance of a twoepion exchange potential in the s chamel.
In the iatler cepacity, Piz. 2{b) ropresents scattering into o sum over
inelastic interrediate states contoining definite mumbers of particlies in
the o channel. A practical colemnlotion would hegin by itereting relations
such ag Fg. {3) to £ind the scatiering into two-pion mwréeﬁm&e states in
8 given ohmmmwel. The vesult provides & fwospion exchange potentisl for one
of the othwer chonnels, vhich can be used in turp to eslculate scattoring
tnto wowpion intermadliste states in thet chanmel, and one continues in
this way until consistency iz achieved, 4%t each ctep one uses relations
such a3 Bg. {3) which involve only two-particle absorptive emplitudes, and
thus ﬂm strip upproximstion avolds the full complexity of the momy=body
prohlom.

Yhat quantities can one hope 0 cgicwlate in the sitvrip grproxiration?
The price poid for treating only nearby sinpgularities well s that ot vest
only the edges of the physicel reglov iying near guch sir@uamﬁﬁes oan be
tyeated peliably. From Flg. 1 we sep that these edpps correspond 0 amall
m,mntw transers st arbivrary enerpy; in the 8 chonnel for exomple the
pliysical regiong Tt~ U or u -~ 0 are treated fairly wil at 211 3,
Fortunately both loweenergy scettoring and the diffraction peeks which
dominete higheenergy elustic ccattering fell within these "sdme reglions.”
Forthermore, we recell thet the potential for each channcl represents a
sus over inelastic intermediate states in that ch&msl; the coptribution

frow an individual intermediate state (e.c. me) to the imuginery part of
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the forimrd slastic amplitude cen be calamiiated, and the opticul Shemen
then gives the oross soction  o(fr « ), Une con see from Pig. ¢{b) that
this estirate for o{2x < am) ¢ Qlosely welated to the cne-pion exchange
caleuiations which will e reported at this wpeting by Selieri end Feryusi,
Oolamon, Hoker, and others. There ere cignificant differences, however;
car opproosh has the sdvandage of not reEiring any extension of physienl
erooo oections off the mass sbell, the disadvantsge of not providing the
asngular dopendence 0f inelastic cross seetlons {and of mueh grester

mathemationl complenityll).

IV, ASYWPTOTIC RRHAVION AED OBCILIATIONS IR TUE OIRIR DIRECTION:

It is indleated experimentally and very plausible from classmél
arsements thet (4o within logeritheic faetors) total cross sections approach
constant higheenorgy limits and that the widths (in somentusm trensfer) of
the correcponding forverd-Aiffrootion pecko aiso approach constants. How
g diffraction peal of coustant width A% «~ 20 ;12 can arise @uite raturally

from an Lnegimery grplitede guck asz

@ att p%({sﬁ ')

o
o°
St

i tF - %

if ths etydip vesion b < ¢ < 16 deminutes the integral. Thoveforo the
experizontal occurrence of such posks incveases our faith fn the strip
spproximation. It 4s furthermore popsible g ilfrection.like peaks

ray occour in the phyeical regdons pear each strip, oven thouph some of
these reglons eorrespond o vackuard or inelestic { euge H o+ e nt” 4 z°)
scattering. Dut to the extent that the Pomgranchai th@erw{am hold, lavee

poake will ococur anly in foxward clactie smgplitudes.
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The acswpbion of constent high-coergy lnite for total oross
sections impliee, for the elastic aoplitude in the ¢ channe?, that
é‘.ﬁ ~t a3 t - at sowo nomeotun trensfer. This agymptotic bohuvior
allowe us to nske some very remmrimble stabtements about low energy babavior.
For & clsss of nonrelativistic potentials which satisfy the Mandelsten
roprasetation, Eie{;gem' e ueed an independect pethnd o show rigorously
that At 5) ~ 8 4o o ot Pixed 6. Ho hae also shom thet
partial waves with 2 & [Fe Mm&.& ray hove bound stabes or resonences,
while tlose with £ > [Re ‘”W will necesgsrily hove small phase shifts.

On the bagis of the potoptial enslogy we believe thet RBegpge's resulis cre
rolevant to the reletiviatic & patrix. Thug oconstant total cross seobticns
1mply atrong & end ¥ wave spottering. In cuses such 08 nen oy zef
soattering shere all the strips oxe close o physical regions, contimuity
argments give us cause %0 hope ¢het o will not e much grester in the
slmotic scattering reglon {e.s. 15 >8>k for nes schtiering] then
it wos &t s = G, In these cuses Pegne's criterion prodicts srmll D and
higher vaves in the elagtic seaticering region.

Even sove infopmation about low energlos can Le mzma Srom asymmtotlie
wehavior. Froissart” bac used the asymptotic limite he derived for scalar
particles in the physical region (Bgs. (6), {7)) to give e rigorous dlzcusaion
af hov many Irdependont petaneters are permitted vhon the double spootral
function i6 given. He Tinds that abt most the 3 and P woves in eaeh
channoel, epd ong overall sublraction comstant, con bw indopendsnt; 1F
higher partial waves were independent the caympiotie limito would be viclated.
if elither of the Pomerancini mw-mnal“ ts valid then the P weve is alsa
detornined by e double spoctral funetion [of gourse the $ wave must

gatiofly o uniterity condition, oo it %00 is Gotermined cxeopt for possible
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C:aasmlq"w,jm«m}ﬁmnfayamm poles). Tetailed dymamicsl considersiions will
be reguired 1T any Ourtheor reductions in tho number of perametors sre o
be made. Chew and T cuspert that gsueh reductions wilil in food acm*.@
Prom She exporimontel observetion of ¥ wave resonunons ot low enersles
and conptant oross sections af hidh eoaergles, we hypothosiso het sitrong
imtoractions saburste the unitarlty cmm%im,ﬁ anf et this cordition
determinea the ooupling porsnstars.

We Yum pow 40 the metter of reowsellling seymptotic bohavior with
the detalled dyaanical eguations of the strip apovoximsticon. Jome further
features dlscovered by Es‘»@g;@:’“}' are relowmnt heve: ofs) becomes complex
in the double epoctyal megion » @ 4, end the resulting fector

2Imed8) | anls Tmoale) fn 4] osellletes su infinite meber of tizes

2
in the double mpeetral region {Lut not in the physical regiont). Uuided

by these resuits wo bave sseumed the geverselized behavior

!a.t(%., a) ~ fbﬁ(&) { #n ?;)m {2)

az ¢ - oo, and substituted this benavior into Zgs. (2), (3) to sez if

the result is songlstent with e initial sesumpticon. We find comsintoncy
for 621 § if ¢ is complexn, vherees (as schown earlior by Grivor 1
consigtency reguires 6 < 1 4f o s real. Pussisn workers have gtudied
the caze 0Ff real o and have conoluded et both e}.mie& and :Lme}mﬂsiaw
eross soctions rust fell off faster than fn »  with ineressing 6 [the

3 from & atady of ongspion exehonce, Wt oan

inalastic result was Gerived
alsg e obtalned from the bebevior of the elastic forvard emplitude combhined
with thy optical theorsmi. On the othey hoand we at Berbeley, after vigorouo
prodding Prom Mondeleten, have amae o teliove that oomplex, varisble o

will be reguired %o describe strong interactions. Weo are grestly influenced

by the potentisl analogy: wo boliove that Rgs. {1){3) are safficlently
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siniler in the nonrelstivisiie and ralastivictle cases for Roge's rosult
o peoride a galde. Additionsl terms with logarithms, and pérbaps with
conafunt @ , Yy he prosent, but tepms of the Repgee type ore niedsd in
the double apectyal vegilong o thet the awwrelativistic behavior can
emerge 1in @ suitable 1lmit (low onorgy scebtbtering, with the mass of the
asxohanged aysten negligible relntive to the mes of the seadtering syobtem).
The corsligated, oselllatiny nsympiotic welavior which va novw
antisipota for the dovble epectral function makes the prospeets of any
simple oxtrapclation from the physieal region of high onergies cod low
reenantun transfers to e stwips of the double spectagl function egponr
quite dim. It ie ab this point thet our “on the mees shell” nethod way
glve very ifferant reenlis Oom the ane-plon exchange calouiations where

one extrapdlates physicel oroes soolicp 0 neariy waphysiosl reslons.

V. CAISULATIONS 10 RPRORECS

fetive Investiggtion of the now appivash is dming cm?rimﬁ ot
along sevexel lioes &t Rorkeley. Charsp in attampting to calouviaie by
mochine the epevtral functione gemeretad by ltersdion of o asomeistivistic
Tuksws potentinl, His oblect 1s o study e oselllations and ascordain
how rapidly the asympbobic behavior sots in, in & probles which ie

relstively simple awd Enown to b soluble.
Chew and T intend {0 celieniaie pion-~plon sceitering aldisbatlieslly,

gtarting with & gwall value for the wmel intersctios parameter A, end

pos

. 3
then wallding 1% up, At small A W ghould obtain an Sedomlpont goludica;”™
the quastion 1S vhetber o largs ¥ wave can be buill up by increasing A

Ia shedr juvestigation of the Jeduninant aﬁzl:zmon, Chens, Momdelstom, and

15

Boyes ™ obtoinsd sumll P vaves even ot Lope A, ut their compleote neglect
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of the double spectral function on the left cud L2 cuspect. i:f eroe 2
vaves oot be obtained by the adiobatic spproach we gy meed roooures
%0 the nethod of psewming a P weve resonsmes and then establishing
consigtency.

Analogous nethods ere alse bedng applied to plon-mucleon scabbtoring
by Singk end ﬁ&mnmgm arel o suelson-nucleon seattering by Charoy, Joues,
Iabkin, Muzinich, and Seotti.

o mmwaries, the unifiod approach gives & framework for discussing
high-anergy vhenomens, snd indicates that high euergy oonsideruticns can
heip in wndorstanding low energles and viees veysa., Wo are working on it
hopefully,. But towvering mathomticsl ocomplextties, especlally inm the fom
of cscillations, seem to stand betwoen us and the quantitstive results we

saek.

NS
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