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where Vi I! l"":Ci:'lroSGnt.a omttcrS.n& int.o 1n<~.ls.Gt.ic :i.nta:t'medioto sto.t$s 1n 

. l(e.e) 
channal I ~;:-uld. pat cont...~i.."U:1 the saattorin(!h into elaotic tntel"''DEld.i!!t.e 

states in che.l:'.:nel X. TOO tlan7! VI I! oorven ar:l a generoli~ di:t:'Gct 

potA:mt:tal :for cbt'l.nnel !. '!'he tJ,Ci.'l.eroli~ exe'llwlse rJO"t..ential ~ a 

ahanx:)l!l I lvlth regpect U') s.ll inWrno.l qu::a..'l1tw.l l1..umbers ( ieotople spin~ 

strungt%1eso, ot.c.) 1 then the e1:lst.ic double apectxul functions i'o<r chanool ! 

l(e.B)(a t) P,,... I 

"'" 

·r ff 

intee;re.tion cn-e given by li..llOWtl kiooma.tic: erp-:reaeions. Equation { S) ~ 
4 . 

f'irat derived by r'baldelst.a.cm.. r~oo comes 1:.he) impor·taitl't ptJ:lnt.: too oot 

of F...qs. (l)•( ;>) has a e.1o£e Wlal.ogy in ~lf.ttivistic poter~tiel ae&tte:r1ng .. 

,..--. 

k.iner.!atic factar "V o l? .. wt be OO";;plo;y'e'J in ( ;) o 

t. 
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\!fe W.Jlir 'tti.Nl t1J wr!,t !:r'J ih"''i&Jsurt, 5 woo has abown ·~r:lw.t t..~ m~sz 

oection for i:.bf.} :t:"C1ii•'!tion G> i·· b ""' o + d .i.B l:tml ted 1);7 a{ s) ~ .rm 2 
a 

e;(s) 
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1nc1·eaoo6 nt roost as J.tt e. 
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~ shaded atr-lt)f:l ~ CO'I'l'.lpl.etA; v.ni tari t;r COl!di '\<ion iu'l.i-olves ozl1::f t\r,.,..pion 

i:n'te:mixxlillt4 atates ill o.ue of the cl'u!uln<ill!J; f'or ~"''pl~ th:l strip p2( t. 1 c) 

is a.osooil:l'te-:1 t..rJ:t..h :;:tu:roly t'lrf(J ... p1on inter:med.i.<l'OO states for ~~ < t < .16 in 



In Fig.. ~ we ooe Cutko~~ diecr.roma ·u·bJ.a.n ~are geoo:r.ated "f!'.J the atrip 

ll1_)pro~tton: (a) oorrespo..~ to tv..J•pion 1ntenoodtete atates in too a 

cllell'Ulel (p1(s, t) of Fig. 1), vit\i:U., (b) is oolculs~)t'i o.a sootter1nt; into 

t\TO ... pioo intl;.lr;~aw otatea in Ula t chan.Ylel (p
2

( t, e) of Fig. l)., tr-... lt 

also !lWJ tho f.d,.g.ni£ica.."lce or a "'l~pion e»ella.l:le-.e potential b1 the s ehaunel. 

In tile latter oopacity, Fig. 2(b) :oopresont~a aoott.er.tng int.o a G\'ml cwr 

inala13t1.c inte~iate at.-st.os C<:'intt'J.in:l.ng defini·te ow.ibers ot pa.,~1c3.es in 

t.lw ~~ <.'lilanz~l. A yra.ctical culoolat~.on would he gin ~.1 :l temting t 1olat1onfs 

r~ucl1 a2 Eq. ( 3) to finti tbtJ soo:tterit.1E?. in.t,.o t.vo-pion int.erz1'led.:W.te a·tat.es J.n 

a ~ivan chan.~l. Tt.te rc~.mlt provides a tt-10-p:l.ou ex~ potential for one 

ot tm otlwr chf.4"lll(!l$; ltrbid:l ceu1 be used in turn to ealc..•tfl.ate scatterine 

tnt!') ~pion tnt..e1~ate crtatee in that cl'll!tn.vtel, a.."ld one cr>".....at!!I'Ues in 

this wy until conGiatency ia t!lchifr'~. At each otep one usea reluti.on& 

such aa Eq. ( 3) 'W'h:lch involve: onl;'f 't'!ro--:cr:.-u-t.icl:e absorptive an.!p1it'~1ea1 and 

thus ·ttle st.J"J.p ~pprox.~tioo avoids the fuD. eooplexi ty o:£' t...'tle ~f ... ~V 

T.'"le price paid fO!' "tNC.lt.il% on.cy neartyy singuJ.arlties Wi!ll is that a:t:. best 

only tbc edgso of' the physical region lying l.~ ouch s:lngtil&-1 ti-e a can. be 

tre;at.l.i:d :relieLbly. From li'1u;. 1 we ~.:; ti'Alt tt>..ese et4~s corra-spolYl to a~H 

mot'len:tum -tra.r1sf~rs <l1t l'liJ:'bi:trary enert~; il1 the s cllfltmel fO'I.' e~le the 

pl'.\'l'Sioo1 reginns t ... 0 ox u ""' 0 are tr.eated t'airly t.l'l3l.l at &ll a. 

Fortunately both J..c:N ... eners;r ecet't:.cz-irl$ and the d.iffnlcft:i.cm peeks "'hieh 

dOO.fs}.Qte hiul~Gr.l€1'@1' aJ.a.atiC Gt:atte:r;·ing fell 't'l!tJli.'l theSe rred{~ rtaB!OUS., H 

li'"urthen1110rc1 -we :recall tt.l£lt the 110t.ential t'or eseh c.."lennol 1-epreoe~s a 

stl!.l> O"W)l" ioolv.Gt:i.c il'l'Wrmediate states in tbat cha.."l!lf!l~ too coni~rltmtion 

trow an ix1.d1v1doo1 inte:~."£Y.!i{Uate stMte (c.c;.. nn) to the i~n.ory !Jart. of 
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then e;i.voa the Qroas ooetJ.on <1( f~ • ..,. re.) • One ea.n set11 fro!n F:t0• ~(b) tbat 

this estir:.e.to roc \7( ~ ..q, m!) iu al<Y"...€1Y relt11A.'>d to the o~irion exeha.n,g-e 

C%'1:>oo cectio:nG off too mass sbli;tll.., too tl.imKl:~ti~ of m.~ ~irlf:~ t.OO 

ant.,rular Gkipmde.nc:e of inele.ertiio creac aectiorw (and Oj? inl.lel-a ,o:euool'" 

ar~lts tlw.t ( t.o Within lOb"W:"i thtld~ ft:w.toro) t .... .,ta:t c:r.o!hs sect:tor...s app:t--oech 

c..-o1wtant higbooev.e'r'~-r limits lii..'ld t'hat the widt.r ... 'l ( 111 !T«ro.ntum ~s:ter) of 

t:ne correspondi-nG ronmrd-dU'.fra;;.et,ion }~S aloo upp:x>Oac.h constants.. Nov 

~ dii"fract1on peat;:. of <:Ot~W!t tdd.t.h b.ft ..., 00 t~2 can ar:.tce ~ite nt~~·l-~ 

<.'D at• P
0
t(o6 t') 

t~ 
~~ t' .... t 

(8) 

, ray ocour :L~ ti)G p!W~>iaa.l rot;iou.e; no:.M: ea.cll st~ri:p.., cW~n tJ.20145t. &me of 

. I + - 0 0) t.OOoo re~rtone OOlTCS.~ t.o ooc.~¥J.l~ or ,.nelaat1c~ "e .. t:;. n -~· n •-4> :It + r. 

aootterint;• Thxt t.o t.oo ext.ont 1mt t.he i?orrarunebu1.t tlleol'.cm-s;.o oo~tl, :ta~ 
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t.t ~ t as t ..., oo at aero l~ transfer. T'ilia a.Q!;)'.mptotie ~Vior 

allova u~ to ~~ some "-~-- rem.rlrable attlt&I:'ll!nts aoout M!f. C$Ji.>f"QT I".IE!!MVior. 

For a c.lwls of ll'..:m:rttlat.i Vistic ~tials vhich tta.tiafy the !-~lstmn 

r0pl"esentc.l.t1oo» He{;;("$l'l l!Q.(' uaed an ~~nt ;.:.mt.botl '00 show rit,prously 

that At( t, s) ... ·t0 ( o) as t """ oo at fixed u,. lie baG a.1.so Db::Yu'n tbct 

partio.l waves vith J ~ [F-e a 1~~ my oove bound stAtes or ~.ooa, 

'W'hile t.b.:Ja~ Vi t.b .t > [ !t'c o:jrr~ will ~~1ly haw ~ll pbil.tJe abif'ta. 

On t.!le beaiG of "thl9 potoutla.1. ~MJ.logy w ba:U.e".nzt t.hat Re~' s a.~~~ltrs are 

!J."ven ®il<>o inf"W."tl!'lt.1oo abcrut l.aw ene:rtt).o.s can be eaj.:tied !':rom OOY.J~Ptotie 

behavior.. F.r'Oiasa:rt5 ha.£.; ~•Ged too asym.;.itotic :t:truitt. he d.er:twd tar scalar 

f'unetion is given. Ue f'inds. that ut t'lOSt tbe 3 arA P oro.ven 1n e&<".h 

c~l1 em one amarall subtra.etion oonsttu.lt, eo.n be :tnd~:pende.."lts if 

'higber ~rt.io.l wveo wre i.t'lde;x~nd~.:mt t.i"£ ea;ymptot,i.e limitG wtmld oo vio1atE:-d« 

If eitller ci' tb\1 P~runchuk t..heorw-~10 !s V".:ilid t;}lell tb.e ? waw :ts also 
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be :requir..vJ H' -a."l::f ~l:"tJ.lfa:r rod>..tctie<lW in t110 numoor of p~l':t'!·l"O at'C t..o 

6 oo ~. Chevr and 1. G" .. ~a~ tl'lat tJt..ttll'j ref.~.uctiona will in :f~t oecua:·. 

and eot~t..ant eroBG .oo(rtJ.cma at lll{jl ~l'f';.lel$ 1 ·~ l\'YIXt~ooc11f:t! tJm.t st:ror:g 

int0:.:ractio:t'l8 oat:ux"&te t.he tmi ta;r:f:ty co.ndl tic.m,. 6 
a."'ll'S t.llat tbia eoOO:l t:l.on 

t!w deta.tletl dy~J.cal ~t:lmw o£ the ~ip ~~:.if.l.t1otl. t~.lW :£'\1r.;;.~r 

f'lJ;lat~:ras ttts~ by R&~J11! J.l aN !'f\'.,.J.0Vf.mt MZ•""e: c:( s) ~~s cm\lpl.ex 

!n tOO ~.iblm l:lpGo'b'aJ. mgit'n 4 > 4, eJ\l! t.ne. result.:l,n.g: :ro..otor 

t:z. :T..m r'r{s) 1.1$ elq)[1 1m r..:t{e) tn t] oooillat~s ~a infinite m».~r or times 

1n ~ double G~~ :rea;ton (but tJJ!Jt Ul the ph;j,l'$1etal l"egiont). ti'uitl.ecl 

" (t. ) .,.c~(.s) ( ...... "'·)P .:·~t J $ .., '-' XI.. I; (9} 

as t .,. oo , a.m !lT~bati tuted thia toetl!ivior L'"l.to E Q.$. ( 2} 1 ( 3} to o-ee if 

tbe remtlt is COl'Wistent With tl~ iz:iit:tal oo~tioo.. 'W$ N11d ~slntQncy 

0 
for all ' it f/i io t.~i1U;t ~ (aa al»"..m earli~Jr by Gnbov· ) 1 

oona.!e't:$nQ7! t"tlqul.reG f} < ... 1 u· ::., in l"G*ll. h'\tsa1an wor1u:,tl's haw ~Jtudied 
t l-:" 

t~ oose of %'eal (~ a.."¥1 have <.-ono~ that both elaotie'~ a.nd i.:J:~l~t.:to· :; 
.. 

eJ.wa sections ~t £'all off fester ~. Jn ""·l- u Vi t,b 1n~rud . .ng e [ t.ha 

:f..walastic renult ~ <~1~13 fror.'l ®. ot,ud;r of one ... pion ~~~ t-rat om~ 

eloo l'..~& ol:~tair~ fl~ tte l~vtor of the tllasti~ fortmN 6'mp.li tude combined 

with tt.te optic-..;.tl theQ,r:em) • On tl~ O'th.er hand ~"0 at '8erl":S1Ay ~ ~te.%" Vigol"''UG 

!>l">~int'; ~ ~-i;l.ndels1'~, QQV()} 00700 to oolie'W;l that ernB!>l~.. '!lr"tt.r1.&bl~J CL 

w:Ul oo :t'l!~quired t:::; d.e-!.scr:ioo a.~~ intor.-.AClt...tons. Arra ~ ~e.tl:r · ini:"'1 .. uenoed. 

b~ tJt~e pot.ential ~lmlogy: i-ta l~'liOV<':) t.hat :Eq3. (1) .. (;5) ~ ~mt~1c1ently 
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$1nl1~· in tile ~lat.ivts'tiQ .C\.tXl rulati\'1.ut1.c ewi~® for RG(V!p'$ romlt 

to w.v.rida a guide~ M..di ttm181 t.erms w:i. th lo@:U't't'J'Jms 1 o.nd p(:l~s \11 t-.'tl. 

a.."lticips'tm fu~ the &:>uble e;&ect~ f\lllatiQn mal.~ ~ pt'OSpef!t.a of any 

sm~l.e ~~pol$t.1on f"t'Offl t.he pby:doal regio'a of b.ta;b ~lr"a.tes G.ntt 1J:1W 

t~tt.f'l 'f>~6jl"'fi tt:.~ ·the stwiPG os:· ·~double .... ~~ t\lnctton erY1~ 

qu:tt..s dim. It ie a.t this p$int tb:.lt our «® ~ l'.!Sas ::~"'le:Ll.~~ ~ -e~~a~ 

g1w '11m:"'/ G.tffe~t :r$BU.\.ts t:i~ t>h.e ~pion e."te~ celeriJ.at.~.~ \dlr&t:re 

ei3aW and I iu1lend to ce.l.<.rulatc pior4""p1on ocai;t&~ing adiaooticaU.,y I 

etGX'tillG with a sr.-nll ~ tor the \W'Ua.J~ i.nteractS.oo J,~ter 1t. , Em:! 

In tl.lei.-r invest.i~'tion ~,f the :.>-:VX'l"lntm·t eolutton, Chev, »~lst.o.n:, and 

No;~ea15 obto.1n.eU G~n.a.1.1 P wws even at ::tmrrp A., but i"J.:le:li: ~Dlete neg.l.cct 



k • 

.... u ... 

~ C'.am'lOt be o'bt~ b!.' t.~ ~t¢ a~cm w ma,y need rocour~e 

to the~ of ll$.S;!~l?!l a.!! 1>1a:ve ~oo1 
and tbeu establlsbi~ 

<X'Jm.dwtenc-..t .. 

J\:tlalot:P'UO me~ am aloo bEo.itl(;; a.wuoo to pion-nuc:t~n ,;eattl.n'1nf,6 

by Sinlj"s tmd ~; 16 
tmd to mtel4on-t~n sc.~terint; by ~y1 Jor~, 

l'.llbkill11 Muzinieh, oz.A S(IQtti. 

T'o m~.v.e, t~ uo:t.fi~ appoonch gives e. 0-arr~JOrk. for d.ise'Uosi~~ 

hicb .. em:rev 1~, a1ld i1~<mtes that h!$h ~)'* oonstde.nlt1outl C'A'"l 

be lp 1.n. un.iGrstand:big low energtoo end vice 'V\!:r&a. W'-il L""e \10l"ld.~~ on it 

ho1?efU11y. But W&e:rine mtb.ctattee-.l et'lnpleld. ties, espec.taJ.J.y in the :t'om 
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