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•. 
'J:HE KINENA'l'ICS OF MESON IN"''ERACTIONS WITHIN NUCL1~I* 

~€.iion ~~•~o~ 
!:'I -"-=-~-..... ~ • .c,"' ""'m"'~""-~~4-~!'!1.'t"'~1f."'e;~t';~ ~)! '-"-!";#iAJI.U:Ca~rHJ\~ 

Bes-kelley0 CilifoA'ni~ 

Julil!e U95,$ 

The optical model of the nuelaus 9 which has pFOved uaef.uJ. in the 

study of coherent scattering proeesaes9 ie here applied to the inelasti@ 

scm.ttez•i:ng of pi mesons by nucleic Variou.s aspects of meson and nucleon 

kinew~tics as modified by the presence of the optical model pOtential 

nucleon c1r0ss sections to c:rosa sections for pion ... nueleon. colliaions 

wit.hin nuclei are also givano They indicate that the coherent effects 

de6r.nribed by the optical model play an important role in the lnelastic 

~~ 'l'hi~ work was supported in part by the National Science Foundationo 



~ ifltemetl~ m '&f.mich pi me~ ~ oos.tt~ by a~ mwl@l~, w.~~ 

qualitt\t.1w:cy- of two k1ndG -·those 'Whi0ih leaw the rmcl.mr ~te tm&t;~l~l 

(~ic or coherent) ad tho~ WM.eh ~ite ·the mli.W.eUBp or L~ ~.:rMt~ti~ .. 

The ~-te SlCatt.er.t:o.g n!Wil.ta ~ ili&tar:fe~e of eohe~ Ya"RSJ oo~t•t~~d 

trcml all :parts ot t.b.® mml.®'i.JS P Wll.d retlacte t~ prop®l't1ea o:t the ~'Wll®tt" 

medium rw a ~.. . 'l'heH pX'opertias e.re ~reseed by ~ of e'l. ~~;t,~ .. ~t.'t 
. 1 

we1J.81 e~venti~ te~. the noptiea'l model ~tia:e~, ~ ~~ oorv~ 

Da aMi.tice. t.o t.b.Gse e.tru:rtic p!'OO@S~; the sea:tter'l...ng of 1'!1~ eue~g 

picme is often aec~ied b".f fmerg' ~m®feil.~ ~e ~ to excite OO@ 

or more n~~ above the nuclear Fermi ~- Sueh meJ\.astie e~t,$l ~e 

ccmm.ml.ly a:ttrl.rmted to a. aeq;oonce ot !'im collisions· with s~e !Wl@l~w 

mtb.izr1 t100 ~~, Wit:!'A mte~ticm n~ gi'ftm by the mmm ~ piOJm= 

!lilucl~ eross ~et, .. OM,. It e®e~G eff.ects are 1gnorable, 'th.en ~~tie 

erose sections may be obtailrled by the ~~~-kmte Carlo" ~que ·~ch ~ompll."t.®tl 

tb.e claati!ical ~a.Jootoriee of a. beam c4 pime that ~a.tter iiaieohe:~.~tJ.y ~ 

t?.!l'll assembly of ~v.,clecm. ta.rgets .. 2S'3 m ,i<hie ~; the exclw.aiw p~ipl® 

tcrbi<kl collieio!!W Wich place tT.t~.e &~oi.l.ii'lg gaucleml iA ~ ~'t.w etate 

~~~y OOmJtpied by a ai,milar l:'AUCl~.. ~ c~q~e is to limit ~ 

)lg,m:rnoor of ~Jl.AGtie collisiooa a. pieiil ~ suffer; a piQJ'J. with.\l OOWc l.OO Nev 

i, . t-'m .. ~ a W~"!!Y 11\ucleuse T'aere ia11 ot e®~; no limit..atioo of thi~ k:rnu. C!iil 

'tOO elasti{;J oo~:M;e~ proeeaseo .. 

1 



.•. 
as evil.~ by ~ elastic ClfOS!l!l seetialW and ~te1r;l~d b~": t.b.e ~.:>:lca.l, 

mOO& ~'tial, ii!&.3 Bff.eet ~~~tJl..;r t.he t'mleuJl&ti® ot: m~M$,~;:1~ ~:r't})~~ 

~timw by tlM! ~~te ~lo ~ode. ·riot m~ is the ®ffactiw kWl§J:ti~ ~~r.~r£:f 

o:~ ~eli pim ... nwleoo eollisioos ~ di~eed6 but t~ diGp.~iv~ ~Jllli~~ 

'"' of th® mOOJ.• (the "lf&""'ie.tion ot tbe ~tilal ~dth pi~ ~tn'Q) alt-®:ri.S 1~ 

~~le Of pi®. tlU!t and me ~:tty~ ata'teBe ~REJed m':.tf'elVii!l'lily9 

the opti~ mod~ potmtial. ~. Si"N the .meam an t'eff'~'tive ~s" ~~~h 

'W.t"ies with ~rm,r ad is quite dj,gf'erG.l.'»:t f'r@tl its actue.:L ;moo13., · Tb.ie ne--w"" 

pcmt is, of eo~~ f'emilJM· ~the f\itu~ .or ~rt.vh~~~ 1JG.wlt!1~~ 

eloot~IS m aol:ll.da .. 

~ ~ proe~et work -wa slwll. ~ the :tmplieati~ of taiiiWJ pom't.. TltQ.t 

is, ~ alm.U -e.ws the optical model pat~tia.l1 as 1lm.f'~ fi'om &.s~miw 

:i!."a.le.ticms1 to de~rmtne the ~tied ~tics of mesm propap,t:iO'll m.. milf~lei., 

The·~~ v.Ul ~ applied ~ a di~~:icm of piau ooatter~ bW ~~ror~ 

and protws wit.hin !llucl.ei emd ~ c~~scms 't..ai'th ex.pe~t 11.'i.l.l be gi~ .. 
. . . 

lfa fin.d 'tllw.t the dispersim .in ~ nwl~ mdiWll e\Uects mar~~ ~ ®UelV . . . . 

spectrum of me~ emitted at a 81\i"en ~~to as. well. as~ ~ituele md 

~ di~.r.rlbutim of cro~Ss OOC"Gim'i\s for ·:incident pira ~ea up t-o a 

Alth~ caJ.~t'llated re!Wlts ~ prese1J.~ tor W.t» mti~ ~IV' ~_gef,l 

w m'I.!St ~1~ that neaJe> the nre~e" ~for pioo ~~ ooatt~r.= 

:W.g.~~ the. very st~ i.n.te~ti~s limit the ace~;r of tbaJ app~t.1,oos; 

up®. 'i<thieh ('.}U7.> simple mode.1 .ia based., I.u. thia lb'egion0 t.b.e el~~~.&W tJmoo:r.Jr 



Fran a ~o.~ point of v.!!.evf, the optical, model t~'ta ~ eleW,pi~ e~~"'ooz-... 

1ms ot pioos by nuclei elm.etl7~ We mm~te, m 'the prei!R~t, p..~~®'f6 · p:i.om 

~e~e qu.!te small e~ to lllmlear ~ ~lljieGo Umce ~ ~l(;~{f~ at,t, 

the out~ the ~oil ot the mtelewii in an ~:lc int®~i~*' ~~ ~illicl~ 
) 

iDteR.@timlS ~Ue described rtgo~ if w choose a sui~ pot~tu1.:t V ~ 

wit® a She~ ~t1cm to!" the mscm ~ve ~t:ll.Ol\ v(r): 
~..a..·.; 

W tf(r) + -
Til~ ~ w is ( p2 + &~>)l/2. Wb.ere p 11\iJ the ~tum opemtor f'or ~ p:tcm 

~d iA its rest mBI'Sf:ile The pctautial. i~ ~d to be naJl ... looal: Md, i-ll. 

eaJWeq,~e ot sbsorot1w procMae&~ rum ... :aem:ttia .. 

~ a pm.ctieal et!mdpo:Wtp it i~a~ desira.bl;e that the f'om of the 

pottmtial be simple and; m.oreover,p ~it be rela:ted to the~~~ of 

pim""!'ll~l~ mte~tiane.. For these reasao.a, the ~tia.1. in 1~li'i:t~IIA'm m 

an a.pp~imate tom 4 

~ ~~~ depth'~ V 
0 

· ot the opti~al model potential is the FO'm"ier 

tt'aiilS:f'om of tl: 

~ ( K) 

(2) 

(3) 



.-

V 
~.· I<,'(" e.- .... 

AP.P~te soltitimw to (l) ~ tMB be ~t m ~ ~ :lmlt::t~ l'l\.ltg:~~ 

we.w ia e~d to a p~ vaw m~ the ~~ -. 

(5) 

(6) 

(7) 

pioo upw Emte~ a. ~~.. ~ 'R1l ~th V 
0 

'IMJ:3 be ~dedr, equi'm.!~t;:cy·e 

GJ.a a. fm.ctiam of the ~i&imt piQil'A ldnet:f.ci ~erg,y e: n;; E ~ fA, Oli:' of © Ji or of _ 
. 0 ~ 

1\:., It il!ll9 in~~~ eompl~t; the mal. ~d ~~of V
0 
~ ~eti':V.erl 

'~ by t.~ notatiw. f; ~ 

(8) 
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2 - . . 
O".il the basis of the S®:t."bsl' m®.el.9 ~ ~ :t--elat® V 

0 
w the pi©;;i\ .. ~~~ 

mte~i~ ~~~ to a :rreoo~e a.pp~U~, V
0 

£.$ ~t~rt.i.®& i;Q 

( ' . . . t K;, tb.e ~1~ for~ ~t.~ of p~ ~ ~~~., · _JJW;t;~b' 
. . 

. . . . . 2 2.,~ 

V
0

( K) ism ~e ~t1cm o~ thee~~ { K + fJ.;'"t"· 1-». ~§. 

~ ~ ~e, a1ld maw be ~~1~ ~~tea. ~ the ~l$~1oo. ~@,t..~~ 

~ Go.l.dberpre5 ~ q'OO:Ui#1ties VR ~ v1 oo eal~.Ated ~ ~ (l~~t..b ~i 

~uaion ot e.. oo~~ioo. fer ~ ab~ticm. of piw314 m Fig (l.),. F~ 

potm~ 00 gi~ b;y Fig,. { 1~)a 

It :t~ ~~ ~ (7) mAd. (a) ~t t.b.e p:ton ~t\tm K w'i~ ith~ ~iliru.~ 

ifl complexo S~ K m k + i119 w soo that fl.~ VI bs.w 't.'b.e ~ si~ ~tt.., 

~ F'iso 1, ~ ~ poa1t1Wo ~~laW exp (1 '~or) ifil e.'Jt;pon~:t<iz!~ 

dmnped as tb.e pion p~t..ee ~the~ .. ~ qwmtity (2ljj)"'1 :tllil 

tWm 1&mt1fi®d. as ~ ~ ~ path ~ f'or the abOOl"b'ti"'m effects ch~t:ert~<l 

b.f Vr lu F~" (2) the q'!.a!Atity 'il 113 siV~m u a i\mcUOD. ot t.hf; pio.m ~t\1.~ 

k_w.t:~m ~ nud.®me Tbj.s is~ fran !fable I of rat~e (4)e Iu ~~ .. 

(l) W'ld (2) '{ie bAW iJ:Ac~ th.e g:w;mt~ties VR em.d VI of ~t®~e (4) by 

a. f'w:W£ at lo6.. !lbiB co~e&ds to ~ .the ml!ll.'L®V lmdi'W3 ~.r~tei' 

r
0 

b-am 1~~>4 W l~o 28 ~ch, DOle.f ~ Q 'OOtter vslu.e., 

!fbe c:W..~ti«m ·of a erose> seetimll. ~tails; :first ot allg a, ~1.~· of 

~ \~ooity of~ pa.rtie.les 1~ ~ l.\P the ine:V~~lt beoolo l~ a q.n~WV.Zl 
;_, 

t:i'OOU!l.~t, ~ .~ emst~ts ~:ave paclrets of fa.i..r1,;y l~U cwf~ 

~- me~ tmd mJ~~c \We~ 't;be ~ ~ wloo:f.ty dE(K)/dK of t-he mve~€. M 1~ 

m:ll kl:~mp the ~up "i!®looity coincides with the cla3~11..t;::alJ,y if.Gf'ine-:.:1. ptrlicl6 

'l'ft'l..,loo:tty wl~ E(K) dmot®a tbe· ~~{Y' of a me ]?~tiru.e~ t>i'e mamt !M}lf ec.IWid.er 



•' 

.. 
m Wb.at ~oo~ thi~ proc~~ ia appll~ ·to the piO!&=i~Jl~~ ~o]llt.:~ioo .. J~ 

i:m.ieh o~ i~ s. ~®Wf ~-.. 

:tn ~ to WfJ the ~ M.t$~ :m ~ prertWB ~t:too.,, ~ lf!.i~-rt. 

~v~ ~t ~ b~ @fa~~~ be ~~to a a~~J;~J .. (!~ 

ot ~~~~ ot ii'• n~~ue ~ its ·~ of mt®mfllti~" A ~i!m-r: 

llmit£!l.tioo. 1e thsl.t the pa~~ b~ ~ ~eeiil. a~~ ~th t@~-r 
·, 

absorbtioo9 tor it ia d.iffi@ult to~ ot thtl p~t:\t~ at &t ~:t@l® 

~mm i't :to ~ halt abao~dj) m;.tia~.. \Oil the· ~:t> ~.~~ t!!e p$~~ 

mwn ~tfW& its looeJ.izatim at 1~ wtu it h&J e omm~~ t'ot .. e1. 

eol.Us1aJJ... c~~tl.¥, ·~ 15'.P~· of a pQCkat m tb.a time ~cled t-o e~:~:• 

a ~ f'Jroo pttth l~ mWJt be ~ c~ to the ~th itaeJ.t'f.l 

We ccmsidm.-11 for s~,licitys a <me ~i~ pach:et.'ii(x,t)~ ~l,y 

'Vil'i~ tm ~lfi'M$ ~ch at t ~ o is ~reSei1P.ted as 

(9) 

(.ll) 



... 

1 

' 
~~.. ~ ~we ~im~ illil ~ repN!~t®d M a ~i\"~itio~ of ei~-

-~ 1Yi ~ ~~~ ~Ui!i~:tl.J'1 

tle ~te B(Q) ritb.1w. ~--~t:m ot ~~tim. by the 1Di'tia.l tems of 

a~aeries~ ((: 

Eql,mtim (ll~) ~~$W ~t dE/fJX ~ .mte~nted M ~ ve:tooi~~ @f_.th@ ~ll!;~t,J) 

bm. ~~ 13 ~ p@Ss!blAEI ~ (}Ejd.K 18 ~«> If ~" • a~te tb.e deriwt1w 

mto :\~ ~d ~ parte, a;wa de~ a If~ wdooi~ VG by 

~taus v. ~~ts 6!m ap-p~t-® pra,pogatim wlooi~ cf the ~~t if "Y~re 
' G. - . 

~ suppo~ w
0 
a~ ~ if» ~, the ~~ &liiis net $pZ"~d. oo rapidly_· 

~to lose 1~ ~" ~if fJX/l!.K~IG and. d~/~w~ ~rel"® It~-S~· th®_ vlitlrll• 

t.'i} :til m.ar~ttw.p,· s~e mMt st.ill b~ mal!:'~{' mo .. ·oo p~i;lr~it tb.® e.e~a~~.~ ( 13)"' 
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. (17) 

Impoe~ ~ ccmditimlB ~t ~ be l~s th!m the ~ ~ pa~ ~D mld ~t 

(v0 °t/L>x) be· le~ tbam Ax if t < ~"al 'W® are lead to a ei'JI!lei~~ req~ 

(18) 

E ( 1<) --
~ F.k!~· .. (7) aind (8).~~ w ob~ VI om Vf&'f>c ad. w(k) + VR m i!t0 + .f.Ao Strietly 

spea~, ~ ~-~-path ed tb~ 11 ~d ~ '001 ~~ted ~ t~;,.e 

e~s ooeti©'IUS of Soot1cm IV ~ v1 ~d be ob~ ~ this., S~c i:~ 

is oot i~t to!:' O">:D" co.!!~lmi051Sg w ~ ~ th.0 wl:~e ot 'VB~ 

~ F~c (2)., IliA~ (3) are~~ tJle rewl~ ~005 of ·~1 .ew.d VR ~ 

~ati~. of ~cQ 



In Fi$.. ( 5) 9 the group wl.oeitty def':bied by ( 15) is diep~vsd t.b~ a 

fuimcticm of the picm ~tum within the Fltteleue.. ~e l.imitJ!il.ti~ ~· 

the wJ.ues of VG are !iUJit met ·in_ .the NB~ee lfeSiO!fi!. ~®re VR(K) has !!P., 

positive slope.. ~s :tnte~ 1e1 in optical temiool.O&V» th® mgimA @$: 

'" ".~we ~~l'SiWn.. It is . the regitm iD which aboori>t:l® iG ~t; 

· we~~~ Wlloc:l:t;; ~®OOa the pe.rticle wloeiey- tmd maw exeaad the 

velee:ttw of ligh~~ · ·As m ~ optical·~~ the i&m:titiea'tiw of "a wlth 

a velooity ct Em.~r&v ~rt i"a1l.s ~r such ci~as ... 
•' '<<:"' 

di~ioo» it .is ~:trable -that ®Om® quaU.tative guide to ~ ~u~ 

of particle f'l~s smd ~tie cross !iMleticsw be ob~d tor meigtea 

near re~e., ·An masJagaus situatio.u has 'beeu cwsidered l~ e,go by 

:srlhc:mm: 6 the p~tioo 'of the. ww frout c_f a ha1t int:lnite ligbt 

'tmW ~ a -d1SP8raive medi'W!., Brillmi!l m.a.de use of .the ~ ~ie 

fom of the. indeX ·of ref'Reticm. ( cm.e· to resona~ b~ elee~) ~ a 

fom similat"' to that of ~ optieal. model well depthG . He G~ tbat tb.® 

wave ~t p~tes with e. fa.ir~ 'i':Jell ... aefmed wlooi~ ~or aJ.l ~qwmcies .. 

This "s~ velooitt' ~s mtb. the ~ veloci~ for wmnal ~re:tc.m., 

but ~rts ·c~ ;with it9 ~ close to but ~ess t'bm1 ~ ~ of 

light in the anomaloUs· region .. · 

Motivated by_ this ~l.e9 w shall likewise •v r.mootb. out" the ~~ 

. velooity ~P obtamilrlg t.b.e dashed Cllll."Ve a Fig., (5) 'iihicb appra.>"~tea 

't.'i:le speed of light in the anomalous x-egion.. '!here is, ~deed8 no necessity 

for a packet to haw a ~ ... defined veloo1i;W such aa po~ae6sed by the ~ve 

· f!:cm.t ~ Brillcm1IA~e~ ~le.. We hapep bat<iaver6 t.tpt ·t-Jlis adjtw~t of vG 

approx..i..m.ates a realistic velooit;y m:tb t.f.!licll to calculate pa,.,.,.....dcle flwro~ 

.... ·, .. ,· 
~ -: -.~~-;l~~:-:. ~' . ~ 
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We ~o ~, that a c~tiw. equaticm.f'or meoon ~r-wt ~~v oo 
ob~ tolf •~ packets d®oonbed u m (12).. ~ -~ prob&Dili·ty ~1,:k!y 

* P(x} is ~rtiomlll to 'If t 11 eo tlm.t 

t!. r cr ~ -t:: (~) -t J 
PfJt) ~ f J fj? J rr I a_( ~-~)c/'~(K-rr~ -e -

x .tZ -l[ ~~% - e*Ccp') t], 

~ Q rm.d Q~ m~ticzw ~ be ~"'ied out el.~ t.he ~1 ~@ ~ 
.·~·:: '1' . .... ,,.; 1 

~- r. r~ . 
~ - -

- e.ppl1eaticm of i di to P( x) b~ mder the ilrA~l sigrA m ( 19 ~ & footor 

of E( Q) .. E( Q' ) » ,.:tdle an applj,<:s.ticm ot ... iv yie.ldtiSl ~- factor of -( Q ., Q v ) ~ 

Sepsmting E :into ~ ad ~ ~0 E = ~ + 1E2p _ ~ bewe _ 

e. (~ > - e: ~ ~) =- eo fr) - £ n (~ ') + z [ G ~ r~) + -E J. r tr '1 ] 

--~ (~- f>') tJG (i<) f 2. i ~ (K) > 

~jeet to t1w :.um.ttauons prev:L~~ d1Bm.1.ased, H~ee~ w 1l'l¥.f~ tha;t 

<t~® ~~ tor. ~ici~t."cy' ~ paekets9 bW the_-~t~ ~ 

:W. ~i,ty m a emaJ.l_·regtcm is dm to a flew of p~Ui~ ·m~.tb. V®loo:lty 

v0 ~d to m l'!bboori»ticm. of p~b:Uity .:?Jlto the medium. 

IV li'he Cross Section for Picm.-Wucl.Mn Sce.tte~ withm Nuc.lei 

Ca:llt3ider first the aca~~rms of a-~son of mantm:tum. 1~0 _ ~t- $~ ~ 

n\releoo at r.-ast., Let the scattered pioo. have mamootum K Wild the rii!lcl.~ a 

Q = ko= K.. 
/l.r.J' """" _,.,_ 

TOO tillwJ. ~~ is d ;1 ~u· "rn ,:... ..aJ fro ~ 

~{K) + (Q2 + r/fl/2. = w(It
0

) + M .. . (21) 



{~"I .,. ~>"~(,_;' wf!:•) [ /t'f ~ ( ~uc) 1- lri'-+M~ '1...-wti.)-M) k'"Jt< 
\. £.L/~r-ee . 

awi f'1Bl D,~cm ~~pm ~tee ts ~ ~~ c:mrt the m~tion 

. mmr K ~~s - . 

ltJ &. 
) 

Ff 
_. W ( ~o) k' 
"" ·-.(o 'Bf ) 

K ~ [ I< lw - ~ L~ M~ rt/~ (!:_ -~<)] '&; -
~ 

(22) 

(~3) 

~o ~ the croos secti® ~ the. ~e® is ~d. in e. nw.:l~.t'Sip 'ii"e 

as~· that t is t.h® ~ as for· e. ~ nucl.e<m.o ~Jhia ~ be j'W.ftiti®d m 

a. qua.11.1-mtive wq: Finlta if the ooa~ mte~tioo. is ~, $0 t i9 

gi~ ii1 ~ app~~Ucm fra!ll s.~ potmtisl0 tb.e as~cm :f.s evi~ 

valid.. Oi:t. ~ athe~, u tbm pion .. nuclecm mteraciioo is very st~ tmd. 

of ~ ~ {as ac~ seems to be ~), • ~ ·~t ~ al1llinW' 

'V'il"ttm.l t~itic:ms detexmille to ·· Fof-~~, llowver, the optical m~J. 

(24) 
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scattering oogle @.! ~is- a~t. ~1tmr.f11 bu;t ~ cau:iGt.®lilt rith 

tmr eGili ... qww,titati-w ~a1cm .... 

* It ie '!l!llef'Ul to detiDe the "effeatiw ~$" of a piCDl up·. 1 ~~ .. 

(25) 

Thus v
8 
a.~ , if' ~G is ~iSibl® 111 Eq., (15 ).. ~ ~~ E 1s detUWd by . 

. .. ~ ··. * 
Eq.. { "{).. /In Fi6.. ( /}) w di~ p. as & :.f'metim ot tM picm ~twn .. 

. ~ w~ ccmserw.ticm. eqwticm (2l.} is rww repl.a.ce by 

(26) 

\!here ~ ~ m !o ... ~ lle ~ ~ ~&~eey ~ o~ E to be .~eeted 

atad 'ifrits the ~roos 1!3@Ctim for GC&~ from a bowi1 ~ [ ( v g) 
0 

1.$ 

the ·~ ~it;)" of the. :1D:c1d.fm.t pi~ J 0\.. s ~ 

Jq-) 
( J;,.. ho~ J "' 

l!.'vabluat~.c:m ot t.1w mte~~~.:t above ~ to ( U. ecatteriDg ~e Q u ·~ 

· rmg:te ·~ l~.: e.w1 k} 
-wO -· 

- ~~v F ' ( 2""() 

in amll~ to Eq.. ( 22).. Hel'e ' 

I 'L. 
b1,. J. ---
fj)r B ) h) · r ,(28) 

~ 0 [ 1! ~fi.A.~ -- *' ( ~-~ J 
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TOO expresaitm f'or B m.B\1 be ~1"0'\l'ed by replaci».g !•i by ~ eff'ooti li"a mi:eleulll. 

mi!WS M*m :o.W"..l.ear matter.. For the c~tion ot ~ uext sootiO!!l w have 

used B~kllwr's aDd Wwla'rP value f.i~ .. 6 Mat wry lcr>J ~~e w:1d Jomoo 

tbie· to ~at ob~ f'rom tbe ilYCleci!l optical. modal. ~tial.l e.t h~ -- ~-0 
~ relaticm. ( 27) :u.s also ~ 00~ m tm @~ of'· Q dioomta:i®. v 

or· ~tum ~cal t~rt pheu~c.9 

!q'.lmtion ( 22) and ( 27) ~ be. comb:ll.ued to give 

(¥s:\ ~· (29) 

Vo CsJ.culated Cross SOO'tia.w 

In Fig.. ( 6) w ab.ov the eftooti ve mass .J ( u g.i Vfil ~ Eq.. ( 25)) u a· 

1\mcticm. of the· mammtum k ot a pion iu the ~ medim., This i0 to be 

c~ tow ra (k2 
a v-2 )112, 'iiMch is also~ .. 

~ f\mcticm. F t of' Eq, ( 23) is s:i:ven 1». Fig.. ( 7) tor several. incidmt 

~ta k
0 

and scatte~ tmgtes Go In Fig., ( 8) we give- correspaudilag wlwm 

tor ~ f'tmction F a£ Eq .. (28).. Frcm these we~ relate the "f'Jree" and . . 
"bo1.md." scat~ cross sections, as gi'Vlm by Eq., (29)o 

!>"rom Eq, ( 29) we haw o~d the cross seetio:n. :for :W.elastic seatcte~ 

of ~35 t.tev .. :pions oo. Carbone l.fu.ltiple ·aeatte~ correcifions were neglected-3 

I 

em~ -for a ~~ ~tial atte:ua.ticm of the incident vaveo In Fig.... ( 9) 

t.b.e- re:GW.ti:l3 eal.crillated cross section is compared mth that msasm"ed _by 

Keesler Nld Ledeman., 10 It i·a evident fra:a Fig., (9) that the a.beo.lute magmtuile 



eectitms.:. It is 'Wlfort"W.W.te t'OJr O'I.U:' comparisoo ~t th® energy at t-lhi~ ttda 

exper:imEmt ws d.one corre~ds eo closely to the re~e tmergy for soo:tt.er .. 

We bave seen that dispersive correctitm.a to picm ooa:t~ m Jmuelei 
I 

are by .no means negligible.. :Wdeeda X!~ the resonance cermr for pioo~ 

nw:lOOTA scattering these e.:re too l.arge to be himdled. e.dequatel.y' by the 

conVEmtic:ma.l, simple theory Wieh has been used.. 

Ou'!i" diseussi<m bas ass~ that each iM.lasti~ scattered we.w mter ... 

acts ccmtmu.ously with a qutescent n-uclear medium., When the psrticlet:~ 1n 

:the mecU:um are strongly correlated, the looal dis~e caused by m1 

ine.l.a.a'tie sca:tterii'J8 J:Da.Y modify the medium3 causing our ~te to be 

m'WJ.id.. '.lbe cauditiODS wder 'WMch this is expected to oceur bmw been 

discussed befo~cll .From this discooeicm ~~expect our as~tit'l!ll of em. 

wdisturbed :medi1m to be wlid wen i;be de:SrogU.e w~ of the aes:'~!it.ered 

~1cle is ~ ·. c~d to the distance over \lhicll ~leQU are corr~!'ted 

in nucleic For a d~rate Fermi pa model thiS · distau.ce is ~ '13/Pyt» · 

\.'here PF = 2:{0 .fiJJJN/c, Thus tor pian 1~ee below res~e; f'o'tf t1h1cll the 

dispers1 ve colt"reetiarua, ~ most important a we expect our assumpticm of rm. 

wd1stmo'bed mllelear medium to be wlido 

~ 8 our evaluation of tbe o.pti.Qat model potential. has OOE'll. l'Jased. 

on the first app1"'0'.ld.me.ticm, Which givres the potential as linear f\metim of 



ttmction G( r): Let P 
1 
(~) be t.he probability ot fin~ nucl.eon "1" at. k 

within the !iWCleu& aDd let P2(~13ie) be t.be Joint probability of finding 

nuclem "111 at ~ am\ ntmlecm "2'9 at z2.. -Th«m 

The quauti ties VR and v1 here tmd in Eq ... ( 32) ~re,. those of Eqc.- ( 8) and 

Figs (la) ad {lb)., 

(31) 

(33) 

E1ooept near the rescmance energy"' the quanti ties ~ ~md A_r do !llO't give 

a wry impo~t correction to Eq., ( 33 )c-

_ For example.~~ sa~ a d.egene1:ate Fermi gas model of the n:w::leus P ~ 
'f!_<t!.tf"' . :_'·. . 

estimate Rc f<!J ~ 1/3 1~ (where 1~ is the mean re.dius ~11 nucleon).. For thia 

w.l~ the :toesulting quantities ~ and~ are plotted it!. Figo (10)., 



We are indebted to Professor Lo Mo tedel'ili&D fa;r titfo~ us tbs.t be 

al.so has considered the effect of tbe optical potential 0111 ine~tic pion 

correctianso 12 
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lo (a)o VR :La shcnm. as a f\mction of' t.be pion momentum k within the 

nucleuso (b) VR aud v1 are ebcrvn as ftmctioos of (w{k) - f!)o 

3.. VR and VI are shown as tunctiOilS ot e
0 

= w(~) .. ..,., the ld.!wt1c ~of 

the pion outside ot the mx:leu&o . 

4o '!'he mcDel'ltum k of a pion in the nueleus is shown ·as a 1\mctic.m. of the 

energy a
0 

( Eqo ( 7l)) o For co!uparison, tbe mam.entum ~ ot a f'ree pian is also 

shown as a fmlct1CD of a 0 ( Eqo ( 6)) o 

5o The pion sroup velocity VG is show. as a :fUDction of the momentum k wi.t..bin 

nucleus (Eq. (15) )o Tbe correspcmd1Dg fl'ee particle velocity k/6) ia also ahotco 

The dashed curves represent cOil.jeetured. values, eoasisteDt w1 th v0 'S eo 

!'d0-

6. The eff'ecti ve n:ta~jS p· of the pion is sbatm as e. f'\mction of the momentum . 

k wit.hiB tbe Dmleuso Aleo shaim. :ta the relativistic "tree particle mass" Wo 

7 o The function F f of Eq. ( 23) is shown for several values of k
0 

rmcl the 

scatteriDg m18le 9o 

8. (a, b). '!be :t\mctiau F ot Eq., ( 28) is shcmn for several VBJ.ues ot k and 
0 
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