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I, 

Direct interaction reaetiotull have been treat.ed b)' a r.l.umber of authors1 trom 

the point of view of obtatl:liz.l.s Wormetiorl concern ins spins and pari ties of 

excited states ot wolet. The purpose of this note is to po1Dt out o nev us-e 

of th:te twe ot reaction - a study at the direct interaction 1 taelt. 

It should be eJIIPha.sized tbat the d1l'lect interaction referred t.o is the 

effective neutron-proton potential withi.n the nucleus. ltecent theoretical 

studies indicate that this effective interaction is esstmtially tlle long range 

part (distances .> 10 ·l3 em) ot the actual two-nucleon interaction. 2 The (P. ,n) - -

reactions on 111rror n®lei are a particularly promi.eb)a ;puree ot information 

on this etfective 1nterect1on, as vUl be developed below. 

Consider as an eumple1 the mirror nucleus reaction 

ol3(p,n)Jil3 (l) 

going. to the ground state. 3 (It can be show that. the (pJD) reactioa is 

equivalent in the view adopted here tor the two cases, doub~y closed SheJ.ls 

plus one neutron or minus one proton. For exampJ.e, the ground state reactions 

* This work was supported in part by the U. 8. Atomic Energy Commission. 
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c13(p,n)sl3 and ~5(p,n)cf5 should be twirl reactions. 4 ) tn the J-J coupling 

~3 sheU model, the last neutron in C · lies beyond ®ublJ closed neutron and 

proton eubshell.s? The (p,n) reaction is regarded as iflvi!b1V1Dg only the neutron 

_l2 
beyond the c- core. 'lb.e inte-raction between this ext-ra~re neutron and the 

/ · inc1dent proton is written 

oy .v
8 

+Vb -," (2) 

where V a and Vb are in general spin dependent central potentials and P -r 1s the 

isotopic spin exc:btmge operator. The sntisyumetric wave functions tor initial 

and f'tnal states appropriate to tbe reaction (l) are 

li> • _! { j1,2> 1t(2) v(l) .. !2,1> ll{l) v(a) l 
~2 

lt> • j;_ { 11,2> n(l) v(2) .. h~,l> 2t(2) v(l)l 

(3) 

where 11,2> denotes a state with nucleon l bound 'b7 the e12 core, and nucleon 

2 tree, and ft and v &A isotopic spin f'uslctions correeponding to proton and 

neutron states respectively. 

The matrix e1emen~ . ot Y taken between the 1n1 tial and final states ( 3) is, 

(4) 

!l'b.us the Jl8tr1x element ofY separates into ~wo parts, sue of 'Which 18 a "d1rect11 

matrix element, < vb >, and the other an nexc:Mqe01 matrix eleme1\lt, < v a >. The 

"c!irect" matrix element refers to the charge exchanae proeeu 1n which the 

c-harge on the inctdent proton is trans.t'erred to the bound neutron. ~ "exchange'' 

matriX element refers to the mock-out process in vhich the incident proton is 

captured, knocking out the extra-core neutron. 



We llBY ignore the exchange integral in ( 4) compared to the direct integral 

because of the poor overlap ot the bound and fr~ states wave functions on tbe 

one han-d and on the other hand, tMI good overlap o;f the extra ... core neutl~on -wa-..e 

function in c13 with tlw extra .. core proton wave funet.ion in :tf3. It is ellij)ha• 

sized that in mlr:ror nuclei, this ovel'lap argument should be particularly valid, 

because, aside from Coulom'b cUstortlon, the bouncl state wave functions that enter· 

the matrix elements are 14cmtical.. Another way of looking at this is to realize 

' that the direct integral. ref'ers to forward Beattering1 wile the exebtn:tgo 

integral reters to back scattering. We lmow tllat 1f the scatterins of two 

particles 1nteract!b.g through a potential is aU.culated1 sa~ 1u Boru approxiJna ... 

t1on, the torwaTd scattering (small IDOllltmtum transfer) is muchlarg&- tban the 

back scattering (large momentum transfer). 

In the above approximation tberetore, the· (p,n) reaction oonnecting ground 

states ot mirror nuclei singles out tbe isotopic sptn exchanje JGrt Vb' ot the 

neutron-proton interaction inside nuclei. Thus e comparison or the exper~tal 

cross section for this reaction with a cletaUed theoretical calculation of the 

cross section ought to provid-e the potential Vb of (2). It is important to note 

that no one bas yet succeeded 1n caleulatins the corre4t absol~te DBSDi tude of 

the cross section tor a direct 1nterll<:t1on process. Levinson and BanerJee 6 

have given the D:>st complete treatment 1D their study of proton inelastic 

. -~2 
scattering from c- . 'l.'b.q found it neceaeary to use a direct interaction with 

a strength of more than twice the tree nucleon-nucleon potential. These authors 

suggested that the increased effective interaction may arise from a polarization 

of the nucleons in the target nucleus. This effect would of course be absent 

in tbe interaction (1), if it 1s correct to thick ot the target nucleus as an 

inert core plus oue neutron in a well defined state. Moreov:er the (p,n) 
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reaction involves unambiguously a nucleon-nucleon interac"t1<m1 'Whereas inelastic 

scattering by d.1.reqt interaction mar proceed by particl.e exe1tat1oa in the 

target, or by excitation of a collective atate, and thesf! two· modes are not 

neeess~rily easily d1st1nguished.7 

Thus the (p,n) reactions connecting the ground state» .• o:t' mirror nuclei ant 

particular~y suited to e rather direet measurement of the effective proton .. 

neutron urtenlQtion in nuclei, or more specifically the ebarge elCllbange part 

ot the interaction. 
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