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INTRODUCTION

It has boon rocognizd for ● number of years that certain spin.
isospln compononcs of the nuc,loon.nucleus ●ffoctive Lnmractlon can b,
inferred frm (p,n) rcactio~w to stat~s of known nuclmr structure, For
L - 0, S - 0 ●nd L o 0, S - 1 transitions, tho O-dagr- (p,n) Cr-o
section cm b. ralatad raepoct!,vcly to Fermi and Camow-Teller beta d-cay
matrix clmmesi. If these trwwitions occur in eho sme nuclms, the
ratio of lsovactor apln.fllp cm r:on.spin.flip ●ffoctivo interactions can
ba meaourcd wlkhout r~gard for ahaoluta nomallzaticm. TIM bos: reaction
to moamm this la “C(p,n) whkrh gom by ● puro Oamow-Teller transition
to the 1+ otatc ●t 3.95 NoV lN ‘kN ●nd Fomi cranmitlon to the 2,31 MaV
o’ seato, This work ●xtsnds tho ’r’atio masummmts aadc at lowor
•ner~its (rcfe 1, 2, 3) to L92 and 590 14cV,

We ●lso report on the “C(p,n) reaction which goes by ● pure CT
l’N, but by ● mixed Fermi pluscrmsition to tho 3,51 f4aV 3/’2”state in

Gaaow.Tailortransition to th 1/2”” ground state,



EXPERI-AL )4.iTPOD

Tha moasuromonts vora mad. on cha 2L0 ■ zaro-dograa flight path Of

tho VNR Targoc-Wc facilicy at IAMPF. Noutroru var. dotaccad in a
25 cm K SO cm x 7.5 cm chick plastic scincillator couplod ●t both ●nds to
A RCA C3102IL phococubo, ●s was ummd in praviow maaauramnts. (raf. ~).
l%. intrinsic tlma resolution of this syotgm is ●bout 300 pa FU?W. For
bmm.m ●norgioa 1.ss than 800 iloV, tho last soccions of tho LAWF linac ●ro
tumad off and normally ●ct an a p~ssiv. drift a.ccion, Over this drift
space, tha n~rmal b.- ●norgy spread (AE/E - (),lt) slows into ● tires
spread that is much largsr than tha incrimic rocolucion of tha doctctor,
This width seriously limicod pr~vio~ -~~urc~nc~ at ●norgios b-low 800
H9V. Tho prosont masuromsncs war. Mb by tuning on. of tho unusad
liri~c cAviCiss to adjust cha phaso spac. of cha bom cc ~roduco a cimc
focus AC tho dacoctor position. (Saa ref. 5.) Uich this cacllnique, beam
pUISO widths of 300 pa war. obeowad ●t thg cargat poaicion. Tho ●ffact
of this bunching sch~ is shown in Fig-uro 1.

TFM “C target was udo from a,morphoug carbor, ●nrichsd to 89t in l’C
“C thickm~ss Was 170●nd ●ncaaod in ● 0.005 cm thick nickal CO1l. The

❑~cd. This Ls tho s- cargct ●s was ucd in cha TRIUMF mas~lromoncs.
(ref. 3) Fipre 1 shows chc tima spaccrum for ‘bC(p,n) at 492 !IoV, A

spectrum at 590 i4@V was not obcainsd bccauso of ●xparimmcal
difficulriaa. Tim damirunc featuro of chs ●poctrum la the 1’ camow.
Tailor stats at 3.95 MCV ●xcication. Tim MS sc 2,31 MoV appe~rs as a

smAll shwldar on cho luger ~ peak. Noucron yialdm woro obcainod by
fitting an ●s~tric Cmssian liru shapo co chc data. T%. peak-shap~

par~tors woro obtainod from isolacad scatos in 13C, Sp6ci41 car. waa

takan to insuro that tha yiolti obtairwd for tha IM wore not sansitivo
co roasonablo SUI1 chmgca in th~ fitting parutors or procoduro,
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Fig. 2. Z9ro-dogro9 tim spectrum of “C(p, n) ●t 692 14@V(125
p8/ch4n) , Tha CUNO fitted to the 1’ CT stat. and tha O’ IAS
is shown.

The 13C target wsa a 209 mg/cma self.supporting foil co’.mimting of
“C ●nriched to 99@ mixed with 15* bincbr cnrichad to 900. Figure 3
shows tho spoccra obtainod ●t both ●norglos. Tho 1/2- g= ●d 3/2- stat.
at 3,51 M*V ●ro wall rasolvcd. Neutron ytolti wart dOtOXMin@d by simply
sumins counts,

RESULTS

Tad&ucci (ref. 1) haa given an ●xprossion for the cross seccion of
● sivcn typo a (a - CT or F):

U(q,u) - ~(E,A) Fa(q,w) B(a) (1)

wharo ~ 1s th~ “unit cross saction” ●nd dspanda on mass ●nd bombarding
●nargy, B 1s tha bata-dacay transition strangth that containa tha nucAoar
structuro information, ●nd Fa ia ● factor that dascribcs tho shape of the
●nsular distribution [Fa(q - O,w - O) ● 1].

Tn. unit cross soctlon is tho fsctor of primary intarost, and may
b. wrlttan approximately ●s

;F - K(EP$O)N;IJ,12 (2)

whora K 1s a kinamatic factor, NO is tha distortion factor, ●nd J~r ●nd
Jr ●ro tho volume integrals of tttcspin-flip (Va,) or non.spin-fllp (Vr)
isovactor central lntoraction, WQnote that

$GT- uCT(q - O,W - O)/B(CT) and ~F - uF(q - O+W- O)/B(F) , (3)

*



Tabh 1. B’s used in datormining ~
(from rcf, 1)

B(GT) B(F)

. 2.014C(p, n)13N 2.31 140V (0+)
3.95 (l+) 2.76

13C(p, n)1% gs (1/2. ) 0.20 1.0
3.51 (3/2-) 0.83
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Tabla 2. 14aaaurad Valuom of Ra

1*C 692 MV 9.4 * 0.7

13C 492 Mall 13.8 k 2.3
590 nov 11.4 * 0.7
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Figuro 3, Zero.dcgroa morgy spectra for ‘JC(p,n) at S90 ●-d 492 MQV,



Tha ratio of thasc unit cross ssctioru is tifinad ●s Ra,

which, in thm factorized ●pproxlmtion, may b. writcan am

(4)

(5)

Uo clact to sqaro valuas of Ra to calculated valuas. Ra can be
datarminod dirsctly frm tho data, whilo ●q. (5) involvos ●n
●pproximation. W. prcfor to lump tho uncercalnty in calculating tho
dlmtortlon factorm mnd othmr raaction datalla into tha chaoratical
calcklatioru and r-port numbarm mra closaly ralaead to ●xperiment.

For tlw pura transitions in lbC(p,n), Rz can b- obcainad dlractly
lSC “t n.ad to ‘afrom ●q. 3. Howavor, for tha ■ix-d transitions in ,

ths incohoronc ●u of tho cross ●ectiwts, and obtain

B1(F)

R2 - (cl/a2)B2(m) - Bl(cT) (6)

Tho valuaa of thm beta &cay trmrmition strmgths wo u.mod arm thoso
1), and aro obtainod from @ dacay for ●ll

:%:%:ya::$~fc; p(,%k3.51) . ‘& valua of tlm latter was
datarmtnad by ● cmparison of (p,n) data to tha ground stat. or 15.1 floV
cransitioru. Tha valws of tho 8’s ara shown in Tabla 1. Tabla 2 shows
tho valusa of R2 that w- ●xtracccd from cho data.

Tha moasurod valuas of Ra ●rc co=parod to calculations for l’C(p,n)
in fipra 6. TIM data poinca ●t 200 USV and below ma fro= raf. 1 ●nd 2,
and chosa bomoon 200 ●nd 450 from ref. 3. Tha Calculation ●rm
daacribad in dacall in a racant pap,r (ref. 7). Brlofly, tho
calculations aro wt-rslaclvlstic DUIA and lnclti diract and axchsngo
terms ●xplicicly with csntral, spin-orbit, and toruor parts for ●ach
lncaraction. Raaults UIM two nucleon-nuclaon intaractioru ●ra shown.
~o first u.aad ● frac c-mstrix iatorsction based on Arndt’s SP84 phasa
●hifta8. Tha aocond 1s m Unpubliahod” danai~y-tipandant G-mtrix
lntoraction (lW6) baaad on tho Damn potaneial’”. Tho G-matrix
calculation vu ●xtondsd to 500 WV using tha k2S 140V g.wtrix. This la
not, of cours~, wall Justlflad, but used for c~ariaon.

Tha tinsity-dapm’tdmt C-matrix interaction was used to lncludc tha
rolativoly strong medium ●ffacts on tho short r~a procaases that
contribute co Vr, Tho roaultm reproduce tha data wall up to 300 lIIaV, but
tho trend @f tha data ●bovo that soou to follow more tho trmd of tho
t-matrix calculations. Wa noca, howovor, that the Bonn potnncial umd in
the G-macrlx calculation waa only fit co tho N-N data up to 300 f40V, ●nd
thae ●bove 300 HoV ●von tho zero-dmuicy C-mm;% calculscions differ
si@flcantly from tha t-matrix calculations. A similar goad
mproduccion of ths lower ●nargy raclos was obtsinod by Horowitzii in ●

relativistic calculation for tho ratio lJ@,/Jr[2 that includsd only Paul~
bLocking ● s medium ●ffsct. Cross ●ction calculations wars not
proamead, howov~r, so ● dlroct comparison to our data cannot be made.

—

Al-o shown in Flgura 6 ●ra our R2 valuaa for “C. Wa obscmw that

tha ratio is somawhat diffcrmt in valua from that wamrad for l*C, but
follows s similar trend with ●nargy,
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13C(p, n) at 492 ●ndr-action fra 100 to 600 Hs . Data from
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The solid lha is the result of a G-matrix calculation using
tho BOM potantid, md tho duhad lina is ● calculation
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