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A COMPARISON OF THE o (p,t) and (p,FIe') REACTIONS 

14 l!'t 
POP'uLl\.TDm Al'LII.LOG FlNl\L STATES IN 0- and N~ r 

Joseph Cerny and Richard H. Pehl 

Department of Chemistry and I.£.wrence Radiation Laboratory 
University of California 

Berkeley, California 

Detailed comparative measurements of direct interaction transit,ions 

from an initial state to analog final states provide a sensitive experimental 

test of thecha.rge independence of nuclear forces. Since few comparisons 

of direct transfer reactions to analog final states have been made and none 

under unambiguous direct reaction conditions, we have investigated the 

16 lIt 16 :5 14* o (p,t)O g"s.[O+, T = 1) and 0 (p,He)N [2.~1 MeV, 0+, T = 1] tranSitions 

induced by 4;.7 MeV proton3. Previous two-nucleon transfe~ investigations 

of the mass 14 isobaric triad have been reported utilizing the C12(He',n)o14goS. 

and c12(Be~,p)N14*(2.~1 MeV) reactions at bombarding energies up to 2.6 MeV,l 

1.8 to 5.5 MeV,2 and 6-11 MeV.' However, rigorous comparison of these low 

energy measurements is handicapped by the rela.tively larger Coulomb effects 

and interference between the compound nucleus and direct reaction contributions to 

tre transitions. A further difficulty a:-ises in comparing the a.bso.lute cross-

sections since two different detecting syatema must be employed. 

The (PIt) and (p,He') measurements were induced by a Peam of 4'.7 MeV 

protons from the Berkeley 8S-inch cyclotron. Mter energy analysis, tllo 

r.. protons 'Were brought into a. !)6-inch soattering chamber and· impinged. on a 
. 4 \. 

gas target. An ~oved particlo-identifier fed by eo ~.o mg/cm.2 dE/ex .. 480 mg/C!JJl2 

E semiconductor counter-telescope d1ot1nguiahed the reaction products. A 

tY.l?ical particle .. identifier spectrum is shown in Fig. 1. Total energy pulses 

were ted into a ltuclear Date. ano.J.yzer which was appropria.tely gated so that 

the triton and helium-' spectra were recorded s1multaneousJ.:y!, ea.ch spectrum 
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in. a 1(2)~ ch\:U'IDel croup. Tiv") deuteron-triton valley und the entire cx-part:i.cle 

spectrum of the identifier vere a.lso recorded in the analyzer to measure any 

Q..'1J.all but possible loss of the t and ne3 groups in question.· The average 

energy resolution "ro.s 190 keV for the "tr:l.:(;ons and 240 keV for the helium-3. 

Figure 2 presento absolute cross-se;:!tion meaaureIJ:1o-::mts of the 

016(Plt)014goSo and 016(p,lIe3)u14*(203l MeV) transitions; the (p,ne3) differential 

cross-sections ba:'v"e been multiplied by the theoretically required factor ot 

lone as ,..rill be discussed below. Representative rrtat1stica are sh01m on the 

figure. Our independent absolute . cross-sections should be accurate to ±lO per 

cent; hoi-lever, since the spectre. were obtained s:L'llultaneously, the relative 

el"l.~OrO should be given pr:inJfU'"ily by the statistics. Although the ~1fferentieJ. 

cross··sections vory by 0. factor of one hun<1red over the ~"1.1J.a.r I"aI."'lge invest1eated, 

Ollly alight departures i'rom exact o,zreemcnt ere apparent. 
" 

In Born approximation t~ ~at10 of these differential cross-sections 

is given by 

Aseu:tli...'1g pure i-spin states for all nuclei involved in the transitions and an ,. 

i-spin conserving interaction, tho theoretica.l ratio of 

lMt l2 C(t Ttt;T ITt - T )2 < 

- eo p p p == 2 (T is the i-spin of the 
l~e312 C(tpTtge3;Tp'~e3 - Tp)2 

transferred pair). Since the ratio of kt/~3 is 0.94" the (PIt) reaction 

should be favored by e. factor of 1.88 over t..'le (P I He3) reaction. 

The above calculation has a.lso ignored the effects of the differing 

energies and Coulomb scattering in the ex1 t channels end an indication of 

. this is of interest. Dr. N. K. Glendenning has perfonned a. preliminary 
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calculation of these 0+ ~o+,L:: o transitions using his two-nucleon transfer, 

dist.orted wave Born approximation code.5 The fits are also shown in Fig. 2. 

Identical optical model potentials were used in the incident and exit channels 

(no i-spin dependent· term was incluc1~d) and both calculations required a 

cutoff raditts of 5.2F; the nucleons "(orare assumed to be picked-up from the 

Pl/2 shell. SL'"1ce a.t present these theoretical calcula.tions do not give 

a.bsolute cross-sections, the til0 curves were normalized to each other at 0°. 

l6( 14 and the 0 p,t)O g.B. f'it vas norma.lized to the exper~ntal data at the 

The theoretical angular distributions shown in Fig. 2 fit the data 

, 16:5 14* very well. It can be seen that a reduction of the 0 (p,He)N (2.31 MeV) 

cross-section relative to the 016(p,t)014g•s • cross-section at the 30° peak 

is predicted in accord with the experimental results; the fits at the 65° 

peak agree with the data. '\rtthin our statistics. Further calculation shows 

tnat the varia:tion a.t the 30° peak arises primarily from the difference in 

energy of the outeoing particles. 

The ratio of the integrated cross-sections (ll-90°c.m.) for these 

transitions, after correcting for the phase space and i-spin coupling 

f Q.~- O.~5mb 1.12 rm..t 11 t t be~· actors, is ~) 11:0 O. ~ 7'.nb = -y:-. J..I.'-'.S exce en agreemen ,-ween 

the absolute cross-sections, and the c.ngu.l.a.r distributions, implies a. 

strongly cha:r~-independGnt interaction opera.tor. Further, the analog states 
14' . 14 

of 0 and N must be extremely similar. In add1 tion to the pr1nc1;pal 

[(Pl/2)2]0+,T 11:0 1 component in these' states, there can beadmlXtures of 

. 0+ states of 'l' ,. 1 and. a.dmixtures of other 0+, 'l' = 1 states. Since these 

amplitudes enter linearly into the matrix elementa, though a.ppropriately 

wig..'I1ted by transition-c1ependent factors, the matrix element ratio is a. 
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sensit.ive measure of differing amplitude and phase admixtures in the analog 

states. 

. 14 14* Exact· compar1son of the 0 g. s. and N (2 • .31 MeV) vre.ve functions 

must avw.it an accurate calculation of the effect of the different energies 

i 
! 

and CouJ.omb scat.tering in t.he exit. channels on the relative cross-sections. 

For ey~ple, hawever, let us assume that the ratio of the matrix elements' 

depends solely upon differences in the wave functions of the analog states 

14 14 
of 0 and N , Also, we will assume that this difference arises only from the 

unique T = 0 impurity in the N14*(2.;l MeV) state6 0f 2 x 10-.3 ,,71th a 

single emplitude and phase of -0.045. The predicted ratio of a~p"Ht)3)'WOuld 
cr p, e 

then be li10 
I which is comparable to the experimental ra.tio 1 even though 

the admixture is quite small. 

We are indebted to Dr. Norman K. Glendenning for many valuable discussions. 
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FIGtJP.E CAP1'IONS 

Figure 1. Part:'-cle ident1f'ier slx:ctl"WA from 4307 }i!eV protons on 0
16• 

,r Figure 2. P.n..,qu1ar distributions for the 016(p,t)o14g •s .[0+,T = 1] and 

, 0 

ol6(p,He')N11J.*[2.:;1 l~!eV, 0+, T = 1] transitions; the latter 

cross-sections neve been multiplied ,by 10880 The solid and 

dashed linea are L := 0, tvm -nucleon transfer DVmA :f'i to to the 

(p,t) and (PIHe') tr"'.nGitiona, respectively.. The optical model 

parameters for these fiots were 
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