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ABSTRAeT: .. f . 23. ( ) 20 hThe excltatlon cu rve or the rcacuon Na p, 0.0 Ne as

becn measured for protan energies between 1.8 and 2.2 ~teV.
In order lO s[Udr states in 2.~tg, an~ular disuibulions w('re

measured on rhree of che five rcsonances that exist in rhis

intervalo and which had not previouslr becn srudied. Spin
and parity as well as mixing paramc[ers are proposed for rwo

of [hese resonances (Ep = 2.170 and 2.129). The rhird at

Ep = 2.080 is a double level, which bccame clear when rhe

an~ular disrributions wcre measured at rhe two edges of the

wide resonance at Ep= 2.076 and 2.088. A rabie is given of
po.<;sible analo~ resonances in [hi s reaction •

• Insri[Uto Nacional de Energía Nuclear consuitant.
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INTRODUCTlON

Cisneros el al

10 keV
The

Excltcd states in 2-4Mgformed by che peoron bombardmenr oí 2JNa
have tt"en 3tudied using different outgoiog radiations, 1 foc example
23Na(p, 'Y)2"~..1g. In (he cocegy cange where resonances are well separated,
me angular distributions may be analyzed using angular carcelarion [heoey
in order [O extraer ¡"farmarion conceming che compound nucleus and che
reaction mechanism.

The 23Na(p, uo)20Ne reaction has beco previously studied by
P. U. Stelson 2, who analyzed angular distributions DE sorne resonances in
the region Ep = I ro 1.9 MeV. On rhe other hand. me regirn Ep = 2.2 ro 4.5 MeV
has be en srudied by lIirabare e, al'. In this paper ,he gap was fitled, and
[he resonances a[ 2.080, 2.129 and 2.170 MeV(1evels30, 40, 41, 42 of Ref.l)
were studied through angular distribucions from 90° ro 1600•

EXPERIMENT

The peoton beam with a resolution oí abour 3 keV was obtained from
che 12 MeV EN Tandem ac che Inscicuco Nacional de Energía Nuclear, México.
The beam energy was calibra[ed with [he 12C(p,p)12C resonance at 4.806 :!:

.005 MeV energy4. The cargec NaBr evaporaced on a Formvar backing and
abour 20/-Lugr/cm2 rhick, was placed in'l,a scarcering chambers. Two surface
barrier detecrors were used, one fixed at ISO olor monitoring, and one mova-
ble for "'aking the angular distributions. Pulses were analyzed in a 2048
channel Nuclear Data analyzer.

Figure 1 shows rhe excitadon curve ac ISO o and 90 o taken 10

inrervals oucside of resonance and ac 3 keV incervals on resonance.
charge accumlllated ac each point was 50/-Lucoul.

Angular distributions were mea su red from 900 ro 1600 in 100 steps
at che maxima of che two resonances at 2.129 and 2.170 MeV. For che
double resonance at 2.080 MeV, che angular distribucions were caken at 2.076
and 2.088 McV.

The resules are shown in Table l.
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Fig. I. Excitation curves al [WQ different angles foc [he energy interval d' dstu le .

ANAL YSIS

The method uscd (O determine possible {" asslgnrncnts has becn de-
scribed preúollsly6. Based on addition of angular momentum and 00 the
fan rhat (he outgoing channcl 1S wcll defincd (the channcl spin is O in this
case), [he unly possible lTT values foc [he compound •.•tate b are 0+ , 1-. 2+.
3-. ctc. From (he ..•hap<.' of (he angular distcibutions of (he fesot\ance,

probable liT values are given and mixing parametcrs extcac[(:d. The mixin¡z:

parametcrs are defincd by Ferguson 7 as
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<blll' la>S = 1

, <blll, la>

for rnixing of t.he relative incorning angular momenturn '1' and
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for mixing of rhe incoming channel spin a (since t.he ground srare of 2JNa is
3/2+ , a is 1 or 2). Table 1 summarizes our resuhs and assignment.s. The
firsr rwo colurnns give (he level number1 and me mcasured proton energy.
The rhird colurnn gives rhe experimenral result for the angular distributions.
and also th ca1culared curves, adjusted by leas( squares, ro give (he corre-
sponding configurations of rhe fourrh colurnnand rnixing paramerers shown in
rhe fift.h colurno. Onl}" angular mornenra up t.o 4 have been considered.

From rhe 23Na(p, y)24Mg reaetion ir is esrablished thar t.he level at.
2.080 MeV bombarding energy consisrs of t.woclosel}" splced Icvels. In order
ro verify t.his, angular disrributions were rneasured ar rhe exrremes of rhe
peak, and rhey were found to be differenL N spin assignrnenrs were uied
for these disrributions beeause of rhe high probabiliry of mixing.

The only level mar has an unarnbiguous assignment. is rhat. a( 2.170
~teV. The compound state is clearly 4+ duc to the 5o.:ronganisorropy, and
t.he reacrion proceeds via channel spin 2 and preferab Iy via angular rnomentuffi

2.
The exciration energy of 24Na levels is kno\\oTIfroro several reacrions8,

so ir is simple to calculare rhe energy of analog S(3res in 24~lg. The Coulomb
encrgy difference was taken as He = 4783.5 keV9

• Table 2 points our how
t.he exciration energy in 24Na ca1culared from rhe resonance energy o( eertain
srates in (he 23Na + p reaedon coincide wirh measured excnations, suggesung

possible analog st3tes.
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Table 2. Possibiliry ofanalog states in che 23Na+p reaction.

• Ex 2'~lg Ex HNa 1.••Na ••I! ([.ab) Ep(C\1) F'x

(Cale.) ( ExpeL)
.\-kV ~leV Me\' MeV MeV

1.0871 1.0404 12.7344 3.2179 3.219 :!:.005

1.2875 1.2321 12.9261 3.4096 3.409 :!:.008

L511 1.446 13.14 3.6235 3.625 :!:.009

1.6379 1.5675 13.2615 3.745 3.738:!: .008

1.7486 1.6734 13.3674 3.8509 3.850 :!:.008

1.8023 1.7248 13.4188 3.9023 3.899 :!:.008

1.8321¡ 1.7536 13 .4476 3.9311 3.929 :!:.008

2.0752 1.986 13.680 4.1635 I¡.16 :!:.020

2.1216 2.03 13.721¡ 1¡.2075 1¡.219:!:.008

2.3544 2.2531 13.9471 4.4306 4.H :!:.020

2A359 2.3312 14.0252 4.5087 4.53 :!:.020
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REsmlE:-':

Se midió la curva dr excitación para la reacción 23Na (P, a ):K) Ne eno
el rango de cnergías de protón 1.8-::!.2 \teV. Con objt.to dc estudiar los es-
tados excitados de H\tg se midieron las distribuciones angulares en tres de
las cinco resonancias que aparecen en este intervalo y que no habían sido
analizadas antcrionnentc. Se proponen posibles asignaciones de espín y pa.
ridad y parámetros de formación para dos de las resonancias (F.p = 2.129 Y
2.170 \1eV). La tercera a Ep = 2.080 \fe\' corresponde a un nivel doble lo
cual resultó evidente al hacer las distribuciones angulares en los extremos
de la aparcnre rcsonancia a F.p = 2.076 Y 2.088 \kV. Se presenta también
una tabla de posibles resonancias análogas en esta reacción.




