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THE KINEMATICS OF MESON IWE‘ERA@TIONS WITHIN NUCLEI®

K, Watson and €. Zemach
RATISEIOR LIADATRLOTY
Univarsity of Talliornis

Berkeley, California
June 1958

. The opticel model of the nucleus, which has proved useful in the

study of cohersnt scatiering processes, is hers appliéd to the inelastie

scattering of pi mesons by muclei. Veriocus aspectis of meson and nueleon

Kinematice as modified by the presence of the optical model p@éeﬂ%ﬁ.&l
are diccussed. Formulze and mumerical results which relate free pion =
nucleon cross sections to cross sections for piénﬁmucl.aon collisionsa
within nuclei are‘ also glven, They" indicate that the coherent ei"fec‘i;s‘a
deseribed by the op‘i:ical model playvam important role im the inelastic

scattering of mesons,

* This work was supported im pert by the Fational Science Foundation,
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. within the pucievs, mﬁa im:emtim Shxv

Tae m@gmﬁim m whieh pi VRSORS m maﬁ%m& by abonie zm@ie\sﬁ ars

: qwﬂim%imly of &5 ma moae which letwa the mm}.&w state Wﬂl’@aw‘i‘\‘:&

(@m:a.e ar @@h@mw and. those winich @miﬁ@ *&he ma@letmg or ave fsclestic.
m alaa%:%@ @ca%eﬁm@ resulis fgmx interference of c@h@mﬁ% m*ms mgﬁﬁm&ﬁ
from ell parte of the musleus, ead refiscts the pm@w&i@ﬁ of the muelsar
m@ﬂi@m @s & %é%l@ %@5@ pmmr"i@s are @xpm@m by meens of & m‘&m”“’*"’" |

'wam.g eoﬁv\mﬁi&m‘u& t@m@& ﬁhe "ayisa@&l ma@sl p@m@ %},@h BRrvVes
_ o Mr‘?b@ m & pion pmg&%@a mgx a mmlmm wi@h@% ioss of enorgy.

In addition %o thess elastic gxmmfses, w,., mﬁt@r&ng of high ensrgy

 picas is often accompanied by enerzy transfers large enough to excite ane
o move nucleons shove the muelesr Femml emrg.y; 'Sueh inelastic events are
' @msﬁly atbributed to a gequsnce of pion éalliaﬁ.mv Wit Biﬁ@l@ nueleons

ths given by the nowm Ivee pﬁm%

BT

- puclecn eross ssctiond. If’ cohavent effects are i@@m‘m@g then imiawm@ _

eross ceckions may be obtained by the “lowse Corlo”

. the classical trajectories of & beam of plons that seabter inechevently from

&1 &s&emmy of nveleon ”aargatsz&y.’i Iz 4his scheme, 'é;he @xelgff;si.am prineiple

forbids ecllisicns which place the recoiling mucleon ﬁ@ & momeniig émm

- alresdy f@emgﬁ,@@s by & simllor puclecn. The consequence is to Lindd ‘@h@

muber of :Lmla@%m collisicus a pion may suffer; e picn mmg 88Y, l@” Mav

- kinetic energy is seldom sea%@mﬁ, more then onee or twice :m its gwm@v

& -wm 2 heavy nucleus. There z,sg of course; gm igmitetion of tals mﬁ o

e elastin sea é;‘%;@rmg PTOCESS8E,

He wigh to suggest thet the ccherent prosessse in the muclear medium,

tecknique waich computes

‘?'mg
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as @ﬁ&@mﬁ by the elastic cross ssebions and e&mmﬁeﬁﬁe&&y; the ophigsl

medel potentiel, mey affect sigaificently the ci&lmlé‘@i@s& of imeingtis Cross
secticns by the Monte Carle method. Hot caly is the effectivs kimetic enamiy
B8 méiz ﬁim«»mwl@aﬁ e@llisim @@msz’ displeced, but the disparsiva mrm*e
of %m medivn (the mﬁ@,‘@im of the p@%@mial with pion m@rﬁy) alteys the
megritudes of pion Ziwe and the mmy of ﬁﬁza‘e':eafe Expressed Al fPerantly,
the optical modsl Wﬁﬂ%ﬁﬁl mey give the meson m "effective maes” waich

'm,x*i@ﬂ wﬁm enevgy end is gui%@ &iffmt frm i@s cotual mass. Thie view-

p@ﬁ_im; ﬁ.,s, of e@m»a@g Comilias m e study of tmmp@x*& phenonern i%ml‘i@ﬁgg
electrons in eolids. | |

In o pressat work we sball pursus the implicstioas of this pofat. Fash
is, we shall use the optical model potezmtial, Ias M@m&zfm dispernion |
'*“@...a%@m s o detemmine the modified kinenatics of me@@ pmya%ﬁim in msml@m
e m@uﬁa@ will be spplied to & discusaion @f pilon mﬁt@ﬁ,@g mztmms
and pm&mﬁ wﬁm mmls.ei smd el empamsm mm e@@mg *@%ﬁ. e glvem.
| Ve find that tbe dispersion in the auelear meddum &ffe@'ipﬁ mﬁmﬂw the energy
s;sxecwa:m of mesons @mi%md % a given mgl@; as‘wu as the m&&m@e &m&
&n@m éi%zeibuﬁm of eross esetloms for m@i@e@@ picn @mrgi@@ up to a
ey h&m&m& Mevo

Ait%ztm@h calenloted results ave preseuted for this m@im CBOTEY rengs,
ve must euphasize thet neay the m@mmc@" epergy for pim puelecn seatber-
ing, the mry strong ivteractions limit the BECUYasy @f ‘E‘&z@ epproximations
vpen vhich our siuple nodel §s based. Iu this reglion, the @E,WAM) ‘&a“m@mf
c‘é@wm‘é;éé here st he mgar&ea &a gualitative at besd. Nevertheless, wf&.
axpect thet in the rescuamece regicen as @ﬂwmmy Bo Weoery which aing &t |
ﬂ;z&m&x‘t&i‘iﬁ@ BErEEneny mm wg&%«&% o puclesy soabberivg of mm? ne con

afford to negliest »&w rols of cchorens effeshs.
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2. The Optical Model

-

| From & foruel pofnt of view, e opbiesl medel treets the elesiic oepbler-
ing of picas by musled expctly. We contempiste, in the present pager, plom
energies guite amall @mpar@& 5] mml@ai resb mzﬁmﬂs; | Hemoe we meglest ab
the cutset the recoll of the nucleus Iin en elestic 'mﬁem%mﬁ Then such

>

interecticns axe deseribed rigorously if we choose a suiteble potemtisl V emd

ldinger egatica for the meson wave fwmction ‘{i((}:}f

w P f<,£le;')e1; #er) = E Y. @

2

The eneray w is (p2 EANTY where p 18 the nonenbun eg@mmr for the plon

gad ¢ ite rest mess. The poteantial is sxpeeted to be nom-losal and, dn
consaguense of ebsorbbtive processes, 'maﬂemime@@ |

Feom e procticel standpoint, it 16 desivable that the fom of the
potentiel be simple end, morsover, 'is%z@ﬁ:, it be relaled to the mami@is of
plen-nusleon interacticns. Tor these reasons, the potentisl is writies in

an spproximate férm&

4

VH‘,> /o('”‘”") W(r ) (2)

vhere @(g) is the nuelcaxr density. A8 & further simplification, p(g) is =

) mmﬁz@& to ity vhen r lies wiﬁ@:m ‘the. pucleus end ic sero oilwrvise.

m "well iepﬁbf v, of ﬂae optical model potentisl is the Fourler

transforn of We

NEGQE f,e%‘%_‘.ﬂ” W(r)&i& (3)
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Approzimate solutions to (1) may then be e

Tous, when the potential sete upon e pleme wavs exp (i}éog'ﬁg. we have, 1% e

nuclesr radius is large eompared to }{g :

¢ KeV™

<

‘.

- LK
f,v/o(i) V, (K) éf

- Y

V e

vave i coupled to & pleme vave within the gusieus:

¢ L‘—‘z‘? ox ‘ .
(L) ~ » > ¥ outstde the nusieus

94(,3‘;) ~ R o ,
- ¥ inelde the swsleuS.
The cosrsy-nonentum relations now bave the form '

Yo

E = (pr’:*}ki) = éo-&/u;

" apd

E - (R U = ew v

gt in vaich en imeident ple

(&3

(3}

(6y

o

Telkan bozether, Eq. ()63 end (7) detsmmine the momsntum @mge Guffered by &

pion upen entering & puelous. The well depth V mey be regarded; equivalently,

a8 a funetion of the ineldent pion kinetic emer@ e, = B o u, or of Q5 O of

B I% i@y_ in gemersl, complen; the real and imaginery

By e sotabion

garts of ¥, ere epecified '

- {8}
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@ fastor of l.6. | Tie e@ﬂ%ﬁﬁmd@ %@

&

L% I

On “he basic of the Serber m@&lpa one cen zmt@ v, to the plon-zmeloos
m%@m@im Indeed, to o reasomsble eppraEinatics, v, is *tmpm%ms:z, %o

oo

f(ii), the ezmlﬁ.w@ fox f@mm seattering of Phone by mﬁm;ma Purthber,

1253
V(KE ismm@m;i@ fupstion @fm@@@mmm gﬁ/ «%«gﬁgf“" in %:w

W mw plane, snd may be e@&miﬁﬁg @@lm%@& m the &iszr«r*&m ’%l@%i@?ﬁ

of Galderger.” The quemtities Vy asd ¥ oo calcuiated ave shown (with the
$acluglon of 8 @ame@mm for txus abseibiion of plons*® 1n Fig ( ). Fer
e puwrposes @f the pressph paper, we accept as gorzeeh the optical model
potentisl as given by Fig. (29 | ,

It is clear fram (7) and (8) st tne pi@ TOmENED Kmﬁm the puslous
is cmpl% S@%ingxmkas- in, we see that ?g_mﬁ,‘iil MW‘@L seme sigp end,

from Fig. 1, both ars positive. The plane wve ep (1 Kow) 485 exponentialiy

| damped. as ¢he pion propegsates through the mucleus, The g,mti\’sy (m}“l
then ideutified as the mem free path A, for the sbsurbiive effects charaeterized

by V.o In Fig. (2) the quaetity 1 15 given 88 & functias of the plon momenbum
k within the nucleus. This is teken from Teble I of refereace (). In Figs.

(1} and (2) we hove increased the guentities Vo gsnd, ¥V, of yeference (&} by

*é:%xe& sucleay radivs persmsbey
¥, frap L.b o L.2, wiich now seeus a better value.

3
The celeulation of o sross section emballs, firsb of sll, & mouledge of
the @;e.,@ciw of tha p@r@i@l@ vhich maks mspﬁm inecident bemue In & m@ﬂ"ﬁwz
treatment, one ordiparily comstructs wave packels of i’a;«,xly wall c’iafm@& _
energy cod malkes vse of the mean group veloelty GE(K)/OK of the waves. 48 48
well Emmg the group velosity colncides with the clsselesily Safined ﬁp«w* cle

velozity vhen B(X) denctes the smezgy of o free poriicle. We msh now copsider
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&

in what sense this procesdure is appliceble to the pion-musiscn ecllisioms

whish cecvwr 48 & muclesr medium.

In orisr to use ihe model diseusesd in the previcus esctien, we musi

m@m ﬁ%&% the breadth of o mesmm pmiﬁ@@ be smell c@m& o 8 muslsesr

&&%@@m FAze, one carnot miﬁy whether ‘éﬁz@ pegor is iy ingids

or outside of the pucleus during 1%s time of m%@mﬁima A ﬁ&z‘i&m

Iinmdtation 48 %&% the packet breadth not exeesd & mean free Ea;,%v for

rhhi@zag, for it i difficult %o spe&k of the propogation of & paxticle

when % is elready helf dbsorbed, imitially.  On the other haud, the pecked )

pust medntedn 35S loselization &t lsnst wwtil 4% has an @ppammw for &

eollisics. Cms@@mm, m@ gpresd of & pmkaﬁ m ﬁm Gine nseded 4o cover
%m '@z@wﬁm iﬁselfa

& mean Sree m‘&i@ length must be anall compared ¢

We consider, for simplieity, & ons dim 'iml Ezz@k@t (.2}, whelly
within he nuclsus, wiech at ¢ = o is z‘mpma@m@& as

f'f@")': / Q(Kon)eﬁt?xJ@. _ (9

- Q0

For illustretive purposss, we select o Gaussien pecketing fumetien

. - V & ] .
K- Q)= (ap ) Tpn§ - K@) } | (309
L | ) ‘RFQV‘L Q (QP)?, ) |
so theb ‘
K% 2=
¢ KX )
% (ﬁ;@) = 2 KQ‘M) (321,?

with e = (b“(@)

To obiain the ‘i;i’m dar mﬁma @f ¥, we fivst deform the path of in-

3&?@.@@&% dnko the upper B2if plane 2y that the variebhle ¢ pzsses thoough all



mmgamém W 8 m@i

walves Qﬂ & iQa %ﬁﬁ@hg by Bg. 7 oppesy a8 nousnbka
sasyEy. Thz wove m&i@n 18 neew mpmsm%@& es a mrm&%ﬁ.ﬁ@ of elgen-
‘ ﬁ‘:‘:q v

o C iex- @)
ff(@f) = fa,(K-o@)«e. - de. (&

m@@m%@m

‘£

epproximete B(Q) within the regien of integyetion by the mi@m terms of
Lor saries ebmd K

| | G JE
E@) = EK) +p-K) % L2 PRk T

0 of goussisn type so st

S » | K - EME ] - '
%('}’/‘70 = 2 L. . _ %/@ g (’X. c“’f(é—) f(l&‘i‘

with o '
| K= )it “"‘Z“"’

- Bquation (lﬁép)-’ @‘@%ﬁ%@ﬁ that QEMK be ,m&m@mﬁ@@; a5 the velecity of the pasket,

bt this 4e oaly possible %&ﬁm éﬁ,’&?ﬁ ip weal. If nok, we s&p@;{@w e derivesive

dmto m:al end imegivary mrts, mﬁ &e% a ”@f'@xm v@l@wﬁf Yy BY

% = Vg + ige _(I.fj} '
i&’ﬂ@gg Vg r@pmﬁ@aﬁs 25 &ygmm%ﬂ pr@@g&%im velosity of ﬁ&w Wb@;‘@ if we
m@@’ SURPOSe % amalld end i€, further, the packet doss nob @pmﬁﬂ go rapidly
&5 to lose its wesming. Even if é&:/m{w& end &E‘Q‘Zfﬁi{"\ ¥ were r@w,g thoe WAl

Lp in momentum spece must still Y perrow eacuds to peinit the @m&wi a3 {133



The latter leads to

N - (x- %:é)»‘&‘” |
W”’?g = e (0, %) ? ) (16)
vhere the spread b2 et %ﬁm@ ¢ is given by
S Y2 o vy - J% 'z ] _ (37}
S (4\{%) “Z@X) +, d b 4% ‘ o

.. Imposing the conditicas et O be loss then the mesn fvee path h, end theb

(v@%ﬁm) be lesa thew &% &f § < Mvw we are lead to a consistemcy reguirs-

menks
L4V
7z TE <A
(R

(28}

‘{5(/5) :: &(!ew‘éy)% 5(&}*’5‘”‘@@ =6y T

From Eqe. (7) snd (8), we obtatn Vy = v,n @sd u(k) + Vg =&, + o Btrietly
epsaking, the meen-fres-path end thus 4 should now be recaloulated from the
evoss sestions of Section IV sad V, should be obtained from this, Simee 1%
is mot fmportamt for our conslusions, ve shall uss the valuss of n taken

I

- from Fig. (2). In Figure (3) are given the resvlting veluss of V. and ¥, as

fugeticms of €. -

B Fig. (¥} ave chowmn the momentium k vs e, and { for compsvison) the free

2,1/2

particle nopentum ¢ V6 € = (q@g_%ﬁe& Y7 - ule
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Is Fig. (5}, the group veloeity defimed by (15) 4o displayed as a
funetion of the pion mm@nﬁm'%ﬁmﬁ the &u@l@ms The Limitations uwpos

the valvee of v, ere vot met m'@m resonence Fegica where V (K} has @

G
posgitive @mw mg interval i@, in optical terminclogy, the region

, I‘i; is ‘me mﬁ.@@ in whlch aba@xfb%m is 1&?@5&9
”_whem the m vel@city m&e@s the pam&cl@ veloclty and may exneed the
velwﬁ.w of 11@% 'As in ms qpﬁsaﬂ. eas@, ‘&ae idemtificaticn of Y with

a8 val@eity of mergy

. M@G&@mgmmﬁmbmﬁsmmﬂmm@m@fmﬁm&lme
&isp@mi@ap i"& 3,3 &esim.l@ that some qmii%ati% guide %0 the megnitudes
of pm&eie flms‘es md; inelestic cross wmm be o’bﬁai@ad for energles

pear resmamee_ ;An

’ Bﬁil@imé the pr@aga&ioa of the wave frond éf e half infinite light

ous situation has beea consideyred loag ego by

hrough & dispersive medium, Brillouin made use of the kmown smslytlc
form of tmamax of refracticn (due %o resouating bouwnd elestrons

form similar o that of the optical mofel well depth.. He ehowed that the
vave froat propegetes with a felrly z&elladefmed veloeity for all frequamcies.
dispersicn,

but pavis c_gm_pam' with 1%, remad close to but less mm the spsed of

mm "ﬁm velocity” agrees with the growp velocity for normal

light in the ammalms reglon. .
Motivabed by this mmg we ghall iikewise " m@m out” the gm@p

. velosity curve, c‘bfzaming.ﬁzé‘d&,s&e& curve in Figa (5) vhaich appmﬁ.é&%éé

the speed of light in the amma,l@ua ragion. There is, indeed, no géec@ssi‘t-g

For & packet to ha.v-a 8 Yefellmdeﬁ&ed veloeity such a8 popscssed by the weve

) fﬁ@‘&; in Brﬁum% example. We hope, hﬁ%?&%r,‘&h& this ad.,ju@mt of Y
appmmt% g realistic vel@@iﬁy with vaich to ealculate particle £ ’""tm@@

and that = qmimm% m@im‘mm of dispersive ef%@% isl inelastic fé@&‘i}'&ﬂ?‘m :

ing neny resoomuee my ‘f@h@?&b@; be dbiained.




We note, fizelly, that s cozservaiica éqm@im.f@r rescn curreat mey be
o@%@ﬁm& for wave packets deseribed es in (.2% The mesc pmhmm ei@mf,w
P{x} ﬂ.@ pmp@mﬁ,mgl %o \I: % so that

. |  irex-E@E] |
Pe) =~ fai@ o' a(n-g)a¥(k-9) € | __(:.93!
. % '“LZQI% E#@))f]
Toe Q end Qf intagraticss nay be carvied out alang te real mmts, T | 0

~ application of 1 E to P(x) brimg& mﬂ@r the integral @igm, in 118% & factor

of B(Q) - E(Q'), vhile an spplicatia of - 1V ylelds 2 f&mmr of (@ - Q%
Sepsrating E into yeal end imaginary parts, B = E, + i5,, ve bave
_ b
Elp) - ™p) = E@ -£,6Y o [g (Q 4»@3_(9)'}:7
@’“4’) (k) + 2 e &)

gubject to the limitetions previcusly éiscmm Heaes, we infer ¢hat

5 PO+ S0 ;P@zﬂ = =2 V(K P, (20}

wiasdehr shows, for sufficiently narrow paek.@ta& how &h@ insﬁm%&mw& chenge

: mm&wmaer@gi@@i@dm%&ﬂ@g@fpﬁ@h@bﬂ&@@%ﬁwm@%y

Vs aad to an a‘hmm%’;im of pmh&'bil%y in%o tshe medivm,

IV The Cross Section for Plon-Buslecn %@tmm %m Musked
Comsider first the scatbering of & meson of mmmm 3’ Wt o free
auclecn at resd. Let the B&:&%@redl pion have momentum K emi the nuclecn &

ﬁmﬁm | |

Qt&’kgmxe

R g,

The finel ewergy ie Aé’%wm;.,aeﬁ, icrow

W) + (82 + B2YY2 2 Wi ) + M. | - (22)
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a cm&..i@tim way: Pirst, ig the |

 The differential scattering cross sectica ie

i

Hezre © i3 the "m bering

fﬁgw) s.@sﬁ‘*’ié:gw(év) [ 1 s( LK) +lgre ) i (1)) KEIK
%ree’ ’ S o

-

mﬂfm nuclscn epin staies 1s dmplied.

. over K gives

-

AR | (22}

do , 2
SN

viiere F ': w(!w) . k‘é”
' g ."40 ' E} R
_ - -/ - (23)
B, = Ke[ K/~ @Z M"’} ”'(A )_] |

In these esguntlions the welus ofKisd@fmw&;a (21}
Tommmecms m@i@mmmmm@iam&imam@ﬁ e
m@m%&tt%%&mmfwafm&@me mismaybejmﬁﬁ@@m

ng interaction is weak, so ¢ is

given in Born spproximstion frou sze potential, the assunpt ien is evideatly

‘Vﬁ.ﬁ;&o %‘ﬁm@ﬁh@m, ﬂ,f
of short reame (&S aema:ilyee@m%@be‘m)g we argue thet high energy

the plon-pucleon interection is very strong amd

virsml trassiticns detexmine t. For thess, however, the optieal modsl
potential should be reletively zmimp@mte We shall estuelly teke

tpema (8) = tfm (el (2k)

That ie m@ Free @d h@u@ﬁ amﬁiﬁi&s ‘& are considered egual f@r the come



&

scattering ongle . This is comevhet exbitvery, but seeus comsictent with

our 'emimqmﬁﬁa%im discussion. .
I3 is useful to define the "effective mees” of & piom a@#ﬂ where

L dK . . ‘ =
= 2 -} (233
i @t -

gible im Eq. (15). The exergy E is defimed by -

X .
Thus vg QE s 42 E;iG is mezli
Ba. (7)o “In Fig. (6) we disp&m}a as & ﬂmetim of the pic@ nomen .

_%@-m@x’@ conservation equatios (21} s now replace by
20k} + (a2 212 o (s ) « b, (26)

ary pert of B o be m@@@m
[{vgl, 20

the@mmp mlmﬂ:ty of the incldent p&cm:} cx,,s:

(J-CZ- &m)nc’ = (3;) f/t(?, S(E(k) +H@ 1, a0} ::M){/:.e) "TM> /Zt/!&'

Evaluaticn of the integrel above leads to (the scattering omgle © is the

g = @ F -/-HZ; | - (27)
in enmslogy to Eg. (22). EHere A
= S
(g)jw g A ) (@8}
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The cxpressicn for B nay ba dmproved by replacing M by the effective mucleon

pass M in suslear matters For the computation of the next &ec%bica ve bhave
8 ,

used Bruselmer's and Wads's value ’Eﬁa 6 M a‘& very low energies and jolined
this to thet obtained from the nuslecn optiesl model potential st highsw

ensrgics, 7 .
The relatics (27) has also beem cbiained im the eourse of 8 discuselion -
rchenicel transport phmcameg : o

- Egastion (22) and (27) may be e@mﬂmﬁ to give

40" : ' _ i il |
("QIJM& —’. F}_ To;\ %A&& ,(2?)

V. Calculated Cross Sections v
In Fig. (6) we chow the effective mass i (68 given by Eq. (25)) as &
function of the momentum k of & pion in the mzclearme@imo Tais 42 o be

',cmdtows(k au)l'ia waich is also showm.

The function F, of Eq. (23) 1s given 1in Fig (7} for semml incidsnt

mmma b:o and scattering aszgles Q. Zn Fig. (8) we give comspaacmag values
for the function F of Bg. (28). From these we may relate the "free” ond

'-'b'omd." seattering cross sacmcnsg &s given by' Eg. (29).

From Bg. (29) we have obtained the cross sec‘ti@n for inelsstic sea‘@i‘;eﬁmg
of 135 lev. pims o Car’bme I&xltiple scatmrmg cozvrec’ézims were neglected,
ausept for o slmple exponentisd &ttmmmm of the mmam wave. In Figo (9)
the ram:atmg c&i.culat@d em&a mc"t,iom is compaved with that measured by

10 14 fo evident fram Fig. (9) thet the sbeclube megnitvie

Kessl@r and mﬁem&gao
of the cross sactiom is mﬁ very well mm.mgd from cur celculatiomn. Thie is
very senslbive, hmﬁmrg o the value of the meem free peth. I% is also mob

at all evident that our corractions are peflacted in the experimental cross
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sactionss iﬁ is wmfortunate for our camperison that the energy at which this
experinmmt was done corresponds eo elosely Yo the rescpence mer@ for scatiers

ing in muclei. At this cpergy we do mot anmticipate any quantitetive relisbility

‘for our calculation.

VI Diseussi@ of Results
'We bave seen that dispersive correetions to plon scattering in nuelel
m.ﬁy 1O means neglégiblee Indesd, near the resonsnce enekgy f£or .picmm
pucleon scattering these sye to@ large %o be handled adequetely by the
conventional, simple theory vhich has been used ' |
O’E&’ diescussicn h&s assuned that each imelastically M&tﬁem wave inter~

~ acts continuously with e guiesecent muclear me&itmo Hhen the particles m

the medivn are stroagly c@rre‘l&t:@d, the local dismr‘bame eauseci by en

inelastic eca‘tterixxg pay meddfy the medium, causing oux rrguments to be

invalm. The conditioms vnder vhiich this is e:mected. '%o osouxr mrfe bm

diseuss@d. befamgu Frm this discussion we may expsct our assumption of an

length of the scettered

/P

where P = 2’?’0 Mevica Thus for plom mmiea below msammze,, for whieh the

in nuelsi. For a d@g&a@m@a Fermi gos model this distance m

disp@rsive eormetim - Ie most imporﬁmﬁ, we axpect our aaa‘mptim of an
u@dist.mf'bed xmclear me&itm %o be valid.
Finally, our mfaluaﬁion of tm optical, model pahwﬁi&l has b@m based

on the first appmmumg whieh givas the pomtm s linecar funetiom of

the forwmrd a@&t%er:‘mg amplitude for picos ca free zzmlemas, The second

&ppmimtum is also rather simple at high epergies (see, for exsmple, Eg. ‘

 (83), refersmce (11}

To wpite _*a“,_,kzis out, we muet flrst indroduce the puclear palr .wwe:mmcm
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function G(z’) et P ( )} be the pmhabmw of fiudiag nuclecn ”3." at 2,
within the mmleus and let 2( Zys de.) be the gaimt pm’ba‘bﬁiw of Tinding

nucleon "1" at 2, and nucleon 2" at 220 - Then

(2\,%1_) P(EI)P(E?_)Z:W#" G’( Z.. ‘Z-J)] .(30}

dafines G, I=t

&8 .
R(‘; = L é’(?’)ir) _ ‘ (31)

(32)

where E is given by Eq. (6). Them the cptieal model potemtial, correct to

secand order is
Vop = [ V= 20 1 (1 + 34 « 4 . (33)

The quantities V_ and V, here and ia Eq. (32) are.those of Eq, (8) smd
Fige (12) end (Ib). | .

Ih:cept near the resonance energy, the q_mtitiea AR am. A_[ do mot g:we
a very important correction to Bge (33).

. For exumple, assuming e degeneyate Fermd gas model of ‘me nucleus, we

estinats R r - 1/3 v° (vhere o is *ﬁ:h‘, mean radius t%ég mmlem) For this

LY \
value the resuliing quantities AR and AI are plotted in Fig. (10).
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Ve are indebted to Professor L. M. Ledermmen for informing us ¥het he

also has considered the effeet of the optical potentisl cn imelastic pioa

cormeticmow
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FIGURE CAPTIONS

R

nucleus. (b) VR and VI are shown as fumetions of (w(k) ~ k).

1. (a)e V, is shown as s functian of the pion momentum k within the

2. The imaginary part of the mamentum K (Eq. (71)) is shom as & function of k.

3. VR and VI are chown ae functions of ¢, = m(gc) - thy, the kinetic snergy of

the pion outside of the mucleus, .

b, The momentum k of e pion in the nucleus 4is shown as & function of the
energy €, (Eq. (71)). For conpariscn, the momentum q, of a fres plen 1s also
shown 85 & function of € (Bg. (6)). |

5. The pion group veloeity VG is shown as a fumcticn of the noementima k within
nucleus (Eq. (15}). The corresponding fyee particle velocity k/w is also showm.

The dashed curves represent comjectured values, consistent with V; < eo

6. The effective mass /ifpof the pion is showm as & fumckion of the momentum
k within the nucleus. Also showmn is the relativistiec "fres particle mass” w.

T The fumction Fo of Bq. (23) is shown for several valuss of k‘o and the
scettering angle % | | |

8. (a,b). The function P of Eg. (28) is shown for several valuss of k end

scatiering anglie €.

9. Compariscn is made of calcoulated inelastic scattering of 125 Mev picans with

necgurenents of Xessler and L@&armm on Corbom.

10." The funciion AR and AI of Bge (32) ars given ae functicpe of ¢ o’

(7
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