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Ia the same spirit aa tbe ti~ ·apgroach to the pton•ptml 

and tbe pt.c.m.nucleon problems, l ebaU now de.aor1be tbe 4etem1Jiat1.<nl 

ot ttJe d to •• ampUtude. 1.n tema of imowJl slnplar1ttee ot the 

function.. I sboul4· mention tbat. tbie work is clone 1n eollabcmition 

wtth Dr. JaU. ot Bfn'tkeley. We rmJ mainly ~ with tbe ngton 

Wbere the f111fWf/3 ot the mac~leon a:rstem is net too tar 

tram twice tbe pion maaa. T.bia region 1s of some :tmmedtat.e interest 

stace 1'b le ex,peate4 to atve a subetf~Dtial eon'tri.Wticm to the 

ab$orptive pal"'t8 of tile nuclocm :h'om te.ctor, tbe picm•wel.eon 

ai~r:PUtude and al.eo 1 tbe aucleoQ•mtelecm ampli-tude. :tet ua ~ 

the sq,t.aN of tile nuclttOn-an'b1mleleon center-ot....-sa etlN'§ \)y t., 

For e:ny parital. wave of a gt ven &.nSlllar ~'t'um and epln, tbe 

s~Ues 1n the t-pl.a:le are: 1'he ~cut duo 

a pi<m starting at t = 0 1 etc. 'fbi ~ tor 

the production of 'tiwo pt.cms is at t "" ~ 2• From 

tbis ~14 to tbe FQduct!oo ot mn than two 

piona, the ( d I a ) s:mpl1 tu4e ba$ tbe same pbaa 

\ 

"' ' \ 
I 

""' 

* as tbe { u l • ) amplitude since Im( Nl I n ) =< d I •><•• I n) 

..,, 1 awar~ r a r ~ ,....,.,....., 

* Th1s wrk was pertot'lned under ~ cwepiees of t-he u.s .• Atomic Energy 

ColllnisaiOn. 



UCRL-9374 

~ end Pu1oo
1 -were the first to write 4own partial wave 

cUsperslon :relatiou for the d to n amplitude. ?.My aons14ered 

tbe • p.1fti:lift amplitudes 1n some detail. 

For emwentenee; they ~ the 

comb1nat1oa 

vbeN tae ~1 <:t: I :t > daDotes tne 

! 
J 4/A"L 

:::a <:777777 

0 I u ~I '' 1) /"' ,_,-f<t4t" 

I 

wcl.ean-e.rrtitNeloon amd.hUstion amplitude in e. stven .Ueity state 

em\ Q" f) ~ Jmovn tunc'tions of t • They lave --- 'ttBt r 1 

<tOIR-nbutes to the ll'lM'!leoa ~- fora ~ _aaA r 9 aontftwtea to 

the ~c ~ tom taett.dt- ~ -.l Moo took a u--.pole" 

approx1mat1on tor the «JC p-wavo aa4 ~- tbe pbaoe ot tbe 

( ii J a I 6tl.lrPlitwie Qn BUeh b&sis. !'ney cons14ere4 the weleOn 

pole tem ~~ &.t esttmatetl 'abe ••1188oatteritl8" cut (tile exebanp 

ot a m.aGleon plUs e. p1on) by a i-tunctton appt'Old.mation for t.be 

p1on-mieleon (31 J) aaplit.ude. TBe7 tO\md it necessary to ~ 

a c.nJt-ort Oil tbe lett baQ4 cut 1n oJ'd$o to obtain conver~ in'tegral.G. 

It tv.mat QVt tbat the masnet19 amplitude· ( r 2 ) is ~it1ve to 

the cut on. '1be7 u.n ohoee the ,._ve a ~ to fit the 

~c fOl"JD factor· ~~ the charge ampl.t.tude ~ tpite 

~t on tbe cut ott. What X woul4 Uk&. to ~ fust tcx\ay 

ant tvo d1tlcatiou. of the Fraur-Ft11co eolution. ( l) A "two-polen 

·~on is 'te.ktm tor the n ~w Vitb e. repulsive outer . - . 
res1Cft pl.ue u attNCt.tve 1aner rest= u dtaoueaed. by Cbew. (2) '1'he 

values of r 1 ana r 2 1n the ne1s,bborhood of t =- o tl1.'e de~ 
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b7 the p1on-lmcleon ~ WaMfeJ" tiep81'81oa relatloa in 

tbe aetab~ ot ~ --~-~~ h left babd Oft ot r 1s 

calaulat44 ta Ute Game ~ _ u Jraeemo a:n4 M.eo uoept tbat w 

~to tbd 1'\Uie&t~ out 1ft t • -~2 
( vbt'ml tbe •• part1G1 

ww ~ u..Vaes) 8.D4 nplaoe aU naa1•tas cu-u b7 a pole 

wld.lh te aauuaw to 81vtt - ~ Wl.ue ot r ':I.D tbe ne~ 

ot t -• o. fit 00\U'Ge, We ~Joaical pole -.n alao ~te 

tar pUi'~ the ~ill tJie ..... tter1.tls cut. 

J 1dl1 aow etve tbe Yalue &D4 4el"tvatt• ot r 1 ana r 2 a~ 

t-ID 0 U oaleulatecl ~ &!c~Abtrutior.l pioa~ 418J,lJemoD 

N~Grl• 1JI:le ~ GOD$ta:Gt$ 8ft relate4 to p~ 

ocat.tenes ~ cma. the 4.tepetr.ai.OD iatesnle inVolve ~cl.eoa 

put~.al Oft>8$ se<tt\u;. wh.tcll are ~ s.a. tAmDa oe ecmb~ 

ot total Cl'OSS eeott.ou tmCl tba (J1 '} ampU_.. in eucha V&7 that 

the J a S/Q etate• (P,;e ard fls/rt &l'e taksrl!JrtO ~ ~· 

We beUeve tba~ eucb a ~ 18 more acc::Nnte t.be&l tbt ( '' ') 

8JZI)lttu4e aJmae e1n0e the secon4 ~ 1a PI'Obe.b~ 1n the 

J • ;,12 D-a't&te. iftae tollcnd.ng table i$ a 111....., ot tbe \falue anA 

4ertvat1ve Of u.a r•s aD4 t11e convs.~ ft!.om VW1ous terms: 

r 1(o) j...o.~ -o.Q'» ~ , l -o.oo12 ! -o.l4l 
I i I I 

~.0042 I 
! l i 

l'e(O) 0.-01)8 ..o.oooa ...0.-0Jl,f 1· 0.0041 i 
.. l t I 

r, •(o) 1 o.~, ! o.ool» o ... o~ 1 -o.ool86 , 
"" f I i ' 

• 1 i I l 1 I 

I 
o .• 0430 I 

I 

lr 2 (O) . .o.()t)562 r -o.ooo10 1 -o.Cl0258 1 ? ; -o.ooo,s ,_, _ 
1
! 

' t oa ~ ' ., r · 1 ,1 u .. '' t' i 1 _,..," ~ . "' • • • 

l ? 
· r • 
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~ scattering ~ GrG ~ fl'om the analyel.e o~ Dames et o.l.t 2 

e.a4 a.tltoD araA Wool.coe.' It 1.s elear that r 1(o) 18 ~ acwratel.v 

~ ae ~ u r
2
(o} and r1 '<o> mainly COI'Ilf!s f't'Qm 

U. ~ c'it tbe emaU ~ ~ ~. Xt the .amll 

~ ~ ~, w tt.nd r2(o). o.co,, eat r 1 '(o) >;! o.o~. 

Die ·~I'WfttJ' ftom tbe tispenllon law~ ta ~b~ smalltl!r. 

we hri'fe ~ tb1a po1Dt "" a compa.ri.scm Vith tbe c.orresp:JtdS.ng 

~ *" OGly t.be (:5, S) ~ttl kept. Since tbe 4-wave 

soattertq ~ are 1ft ~. w .- oa17 es.ttmaw the O!'der of 

~t'ltcte ot re•(o) boom the alo.GUbtRcrt1an fcmwla whieh .s:tves 

re'(o) ~ .a.~. l"ortum\t$]3', 1t turns out that tbe ~nolotitcal 

pole in t.tw r 2 ~tucle ts 'rle'1!1l ~ amt tho £\1'1p.U~ on the rtsbt 

U quite ~ltiw to tM posittcm Gt W.a po;u,. Honea we can a43Ust 

tmt poatUOD and. nat._ ot 'M'e pole tn r 1 to ss.ve ~ ~ 

·value aa11 clarivr.t.ttve a~ t ~ o1 .a. UJue't only tbe ,_..alf.c!Ue ot the r2 

pctle to tit the~- w.l.ue lea~ the JQS1t:lon t:Wb1trary- lon& 

• tt 1a ~ - •15. 

How that • 1vm1 tile tol'fllallsm set up, w can compute the r• a 

mal the ~pi<m oontribUttcm to the we't'.or part of the m.~Cleon fb$l 

~ tor att:~ s:t:wm aet of n ~ten tn llJt.1eA the ... way· • the 

~-~ticm. A "1Pte&.l set that stvea the obeel"\"Gd ~t1e 

~ rora ftcto.r ts: -,?1 • Go, iJ2 • 4 , ~ = o.,, ~"" o.:;1 (tn 

~ vtllta) ~ we bave taken tbe ft p.o.wa_, emplttua.e to be 
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11 • ~~ A v 
-v + 1 ·~a , 

aa4 K(a;, b) to the ~ ae.tJ.DeA by C1Jew 8114 ~ t'bta. set 

or ~· stvea a IJUOlU\ftce at ' • 14. h two »10n ooatrtw-ttoa 

.to - . ....., turns out to be ~ ot tiJe• total ~· Dle emallDR$ 

of tlita ~ U .. to tbe -..cellAtlO!l of' ~ ~lo&tcal. p,lle 
•· 

.a au . .-. \TAtnuJ a.o tbe ~ r, · amgUt\W.te. 'ftae pale te ... 
foUrlt to be etwate« at a ftrl'l' ht- eJ'IIil"$9' ~ ~ gt-... tar S"Ater 

(~W#) ~ to .. "~ om.., 't.bail the C<mtrt. .. t1<m 

(pt'la£t.tw) a. t!le necra~ cmt... 11ds ·:t.ea4e to ~ bel.iAf tbat 

et~ the r1 -.u"'* u n:tu fJd.w aeu1u~ to the~ 

1u the~~ ve have at~ 0~ G r1(t) ·plitAUWl1 

DDI'e ~Je t1vm tM ~ gf."VU by ~ eat Julco. 

X . .U DOW tum to tb$ -~ 0$ tbe CQ~~J~Jt1b1Uty .r.d 01llr n 

~ Wltll • ti~toa theory or Cbew eat ~tam. 4 
For MY 

stva se<t ot ~ ~' we ..,. ~ GJle or umre sets of· 

......we ~ b1 ueUta tbe so ceJ.led "e.lmost ~ft Cl'OS&iQg 

~UODS -.n the· nef.shb'Wbood CJf the M ~ pof.J:rt.. .Pol.l.ov1ns 

Cbev 81:14 Mamtelstem., we bave ehoMD an ~ aoluttoD or t;b& tt>m 
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wl'.len I ~ o, 2 and .J 0 .- •2/' • The. s-wve pole.-~ 18 l"$l.&ted to s 
the p.vave resecrvADce ener&Y b7 .J 

8 
~ 2(vr + 1). With the p-1mve 

puueters ~wm abave~ ve ba'"" ted a set ot &-Wave panuretera Vbich 

siftS Q . .repulsive pole tor t ~ 0 aDd an attracti W pole f'or I Ill! 2 • 

'1'be ~ are t1o r:: .. 4 • .5, t>0 = 4.6, a2 = ... 1.7, b2 ,. •2.5. The 

eouiateDey ot this solution and. the "approxtmate" uossintl rels.ttc:ma 

ot Chew and NanQelstam remains to be eeen. Should w be able to obtain 

an s......,. mc aolutia in this vtJ:1 or in e.ny ather V&7, we ean 

1mmedia-tely oon.stnact tbe s-waw ( d I mr } amplitude in much tbe 

.same ~r as tbe :p-"Wave PJ"Oblem. The nonnaltaation at t ., o pla1& 

an even ~ ~t zoltJ in the s-wave problll!l:!h In tact, 1 t sel"Veo 

to ~ the nucl4on pol$ term Vhtcb :is ~mown to giw a superfluousl-7 

large ~ ~ potential. in tbe wc:teon-nu<tleon ecattwtng problem. 

Ill clos!ni. I $bo\ll4 l!lmtio¥1 that it is quite probable that a rnt 

p.-wave t'e~ VUl give a i'M~ial. contribution to 't.be "medium 

~"Uge• ~lve force betwen two maelaons bUt 1t ilf lmlike~ that 

tbe ~ Will ewtzo ~ a rep.tltdve core. However, there is 

ittU a poasibility thlrt a c:me-subtnlation formula 1nelud1.rag the cm,e. 

and two-pioD ~ te~ in the ~·nucl.eon prob).em may ua1mU.ate 

the effect ot a ha:\t core 1a the phyalcal region. 
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