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ABSTRACT

The ll"N( 5

He,t)lho reaction has been ihvestigated at a 3He energy of

4.6 MeV. New levels were observed in lLLO up to an excitation energy of 18

MeV. An investigation of the (3H§,t) reaction on several_other nuclel in the

1p shell, notably 1LPC and 15N, revealed that the shapes and relative magni-

tudes of the angular distributions ariéing from éingle particle tranéitions appear
to fall into groups which are characterized by'the specific sheil-model.tranQ
sition involved. Utilizing this effect ana other déta, i1t was possible to

maké spin‘and parity assignments of (1-), (o+), (5-),.24, (2-) and 2+'forythe
levels observed in luO at 5.17, 5.91, 6.28, 6.60, 6.79 and 7:78 MeV, re5peé-

tively. A correspondénée can. now be established for six excited T=1 levels in

all three members of the mass 14 triad.

TWork performed under the auspices of the U.S. Atomic Energy Cﬁmmission.
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I. INTRODUCTION
Various theoretical treatments have been able to predict-with‘reasonable
accuracy the Coulomb'énergy diffefenceé observed in ground isobaric multiplets

of T < 1 nuclei, particularly in the lp shell.ﬂ'l—5

As a reéuit, a charge depen- :
dence of nuclear forces of s 2% can be estimated.2 Coulonb energy differences
ha&e also been calculated for excited statés.in 1p shell mirrér ﬁuclei5 énd
satisfactory agreecment is obtainéd 1f other effects such as the Thonmﬁ-Ehrman
shiftu are taken into account. It would clearly be useful to know the results
of similar calculationé on other excited isobaric multiplets; however, very
little ekperimeﬁtal evidence exists for complete correspondences among excited
states in isobaric multiplets of T > 1/2. |

The mass 14 triad is an especially attracﬁive system to investigate sincé
more is known about the T=l levels of 12J’N thén of any othe; TZ=O nucleus. In
addition, the energy levéls of ng have been extensively stﬁdied. All that is:
. necessary to complete this triad is a knowledge of the levels of 1&0) whiéh can
now be investigated through the th(BHe,t)luO reaction. We.havé‘fqund that-the
- angular distributions obéerved'in'the'(BHe,t) reaction on several light nuclei
'ha?e charactéristic shapes which depend on the nature of‘the sipgle pafticle
“transitions involved. By exploiting'this‘effect in conjunction with other
available data, it has been possible to assign spins and péritieé to the levels

' 1L | - : :
observed in = ‘0 below 8 MeV. In this manner a correspondence .has been established

for six excited T=l levels in all three members of the mass 14 triad.
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IT. EXPERIMENTAL

ThezlAN(5

He,t)lho reaction Vas carried out at an energy of hk.6 MeV
using a 5Heibeam from the Berkeley 88" cyclotron. Particles were detected
.using a (dE/dx-E) counter telescope which fed a particle idehtifier;5 com-
plete separation was obtained between tritons and deuterons. The (dE/dx)
counter was a 300 p phosphérus diffused siliéon detector while the E COuhter
consisted of a 3 mm 1ithium-drifted silicon detector wﬁiéh was rotated 30° in
order to stop the high energy tritons. A more detailedﬂdiscussion of the
experimeﬁtal'equipment will be preéentea elsewvhere.

Both & N, gas target and a solid adenine (C5H5N5) target were used.
The gas was contained in a 7.66 cm‘diameter_cell with a window of Havar7 foil
0.000Ei'cm thick. The solid target was made by evaporéting § 1.1 mg/_cﬁ2 of
adenine onto a 150 pgm/cm2 carbon backing. :No detectable'decbmbositioh of the';_
target wvas observed over a period of 48 hours at beam’intensities of 100-L400
nanpaﬁps; S

Typical energy spectra are shown in Fig. 1; an'eﬁefgy,resolutiqn (FWHM)
of 190%10 keV was observed using the gas target while the adeniné target gave
Wa resolution of 155%10 keV. This improvément in résolution was importanﬁ in
separating severél levels in lud; The determination of the excitation energies
-of highly excited levels in 1&0 was aided in the adéniﬁe target measurements

12,3

by the presence of the ~ C( He,t)lgN ground state transition which provided an

internal calibration point at each angle; a mass excess of l7.5h9_MeV8 was -

used for-lEN.

ﬂ .
1 (3

: 4
The energy levels observed in the ~ N He,t)l O reaction are summarized

in Table 1 andAcompared with prior measurementsj9 spin and parity assignmerits
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are indicated and will be discussed below. The states at 5.91%0.0L, 6.28%0.03
and 6.6oto.d§ MeV are in good agreemernt with the levels observed by Towle iﬁ

2 ol ' e , .
the l“C(BHe,n)l‘o reaction at, 5.905%0.012, 6.30%0.03 and 6.586%0.012 MeV,

3

. R ‘ 1 b

respectively.lo Angular distributions for the = N( He,t)l 0. reaction were
obtainéd at laboratory angles between 12 and 60 degrees and arevpresented in
Fig. 2. The absolute cross sections are accurate to £10%. In all céses lines

have been drawn through'the experimental points to guide the éye.

III. RESULTS AND DISCUSSION
1k

u .
Before embarking on an analysis of the N(BHe,t)1 0 reaction, we would -
v _ , : _ ‘ L _
like. to summarize the experimental data concerning the T=1 levels of llN and
I | o

C. This information will alsovbe referred to in Section IV where level shifts

between the members of the A=lh triad are discussed.

A. The T=1 Levels in ‘™

' 1k .
The T=1 levels in N below 11 MeV are quite well established; spin and

parity assignments have been made and the dominant shell model configurations

9,11-13

Qf the states are known. The‘results are summarized in Table 2.

B. 'ThevEnergy Levels in th

: . S Iy
The energies of the low lying levels in . C have been known for some
timelh‘and are tabulated in Table 3; however, the spin and parity assignments
have not been definitely determined until quite recently. In 1960 Warburton
q s 11 . o | 1k 1k :
and Pinkston™™ summarized the available data on = C and =~ N and were able to

- - b SR b -
assign every level below 9 MeV in 1 C to its analog in l,Nu More recent data
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. . e . 1£-21
have confirmed their assignments in every case. g Table 3 also summarizes

the magnetid pair spectrometer measurements of electromagnetic tfansitionsl5’16
| " ' 1k |
in th and the experimental data on the le(d,py) C reaction,l7’18 vhich

confirm the spin and/or parity assignments for several levels in th. It can
be seen from Table % that the only levels which cannot be definitely assigned
from these experiments are those at 7.01 and 8.32 MeV. However, as previously
: o : ] \ | . 4
suggested by Alburger and Warburton, > there is strong indirect evidence that
these levels both have spin and parity z+, since they are the only known levels
of th which could be the analogs of the 9.17 and lO.MB_MéV levels in th.
| 1k e ' - 12 1k
The 7.01 and 8.32 MeV levels in = C are both strongly populated in the c(t,p)C
19,20

L 21
reaction and recent DWBA analysis of these data = also supports a 2+

assignment for both levels (see Table 3).

L b '
C. The N(BHe,t) 0 Reaction and Level Assignments in ~ O

An investigation of the (5He,t) reaction in several light nuclei has
been carried out. In particular, the l60(5He,t516F(see Ref;:22), 15N(3He,t)150,
11+C(5He,t)l}+l\l and lLLI\I(BHeV,’c)luO reactions have been studied at L0.2, 3%9.8,
44,8 and Lh.6 MeV, respectively. In general we have observéd that‘many levels
are populated in the (BHe,t) feaction and that the transition to tﬁe ground |
isobaric analog staﬁe does not dominate the spectrum.' As might be expected,
‘transitioné.whichvin&olve prométion of a single nucleon have relatively large
cross sections, while‘those which involve prbﬁotion of two or mbre nucleons
:are generally much more weakly populated. The shapes and reiative'magnitudes
rJof the aﬁgular distributions'arising from single particle transitions appear.

~to fall into groups which depend not only 6n_the orbital angular momentum
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transfer but also on tﬁg specific shell model transition involved. Such.an

! .

effect is extremely useful in utilizing the (5He,t)vreactidn as a spectro-

3

;
,
10

16 e
0(“He,t) F reaction.

23 2L

It is of interest that the inelastic scattering of ¢ and 5He particles in

scoﬁic tool,. as has already been indicated in the

the 1lp shell has also shown a similar effect. This abpears to agree with re-

25
(5

cent theoretical formalisms ~ which treat the

He,t) reaction as a charge-ex-
change inelastic . scattering process.

Several different single particle transitions are expected in the
1k .3 1 . s 5 : o

N(“He,t)” O reaction below an excitation of 9 MeV. In particular (compare
Table 2), p 3/2-p 1/2, p 1/2-4d 5/2 and p 1/2 s 1/2 transitions should be
readily observed. As an aid in making spectroscopic éssignments, the angular

TN 150 1k . |
distributions from the N(“He,t)” 0 reaction have been compared to similar,

| : L 1 15 1 14
well known single particle transitions in the 5N(sHe,t) 20 and C(BHe,t) N
~reactions. A more complete report on the other reactions will be published
later.

The level assignments will now be discussed individually according to
the particular single particle transition involved. Although the spin and
parity assignments have been made primarily on the basis of the information

. _ L 16 4
obtained from the (BHe,t) reaction, available data on the O(p,t)l 0 and

,120(5. L 27,10

He,n)l 0 reactions were also utilized.

. . ' . . 1k
. The 6.60 and 7.78 MeV Levels in =~ 0
: ' o 1L
It has been shown that the 9.17 and 10.43 MeV levels in N contain
. - . -1 S 12,13 .
approximately equal amplitudes of (p 3/2, p 1/2) ~ and (s;d) configurations.

. : _ 14 : .
The identification of the analogs to these levels in 0 should be greatly
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simplified in the luN(?Hgaf)luO reaction since it will primarily be seﬁsitive
to the (p 5/2, P 1/2)_1‘part of the wave function,.and so both levels in llLO
should ha&e ;ngular distributions whiéh ére similar in shape and.approximaiely -
--eéual in magnitude. In Fig. 2 it can be seeﬁ that the_transitions to the 6.60
and 7;78 MeV levels in lbe have: 1) nearly equal magnitudés and 2) almost
identical.and quite distinct angular diétributions(compared Qith tranéitidns:to
all otﬁer levels in luO below 9 MeV). |

The‘angular distributions forvthese.two levels are comparea in Fig. j

with known (3He,t),p 3/2-p 1/2 transitions to the 3/2- level in 12

0 at 6.18
MeV28 and to the 1+ level in }MN at 5.92 MeV. All fouf disfributions show pre-
dominantly a similar shape when plotted as a function of the linear momentﬁm
transfer (ki - kf); thé radius of iﬁtéractionv(R) will be assumed'to be approxi-
mately cons;ant ;or all transitions in mass 14 and 15. Ap 3/2-9p 1/2 transition
can involve an orbital angular momentum transfer of £=0 or 2. Experimeﬁtally
.we have observea fhat transitions which must be £=0 (ﬁhe 2.31 MeV-level in lhﬁ)_
or - £=2 (the 7.03 MeV level in th) have quite different angulér distributions.26
For all fransitions comparéd'in.Fig; 5,vhowever, béth “{  values éfe allowed
énd the sﬁapes of the angular.distributioné, although similar, indicate that both
I transfers are involved. In particular, the 1+ level in lb'N appears to have
:relatively more £=2‘character at forward anéles.

Evidence.from the l6O(p,f)lu0 reaction27 confirms a 2+ assighment for

‘both the 6.60 and 7.78 MeV levels in 140.' The two—qeutroﬁ pick-up>data show
that these leve1529 are the bﬁly excited states whiéh are étrongly (and nearly

: e-qua!ly:)5 populated below 9 MeV and that their angular distributions have an
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1=2 character. This reaction should preferentiallyipopulate the analogs to the
1k -2
9.17 and 10.43 MeV levels in ~ N, since they will be the only p excited states

. 1h .
in = 0 below 9 MeV (see Table 2).

The 6.28 and 6.79 MeV Levels in 10
‘ | A . _ il 3 1h

Among the states which are populated fairly strongly in the = N(“He,t) 0
reaction are thQSe at 6.28 and 6.79 MeV. The angular distributions to these
states are similar, being strongly forward peaked at small angles and appearing
‘to have a weak second maximum at Ocm;35-40 deg. and a minimum at Gcm:50~55 deg.
(see Fig. 2). This shape is characteristic of several known p 1/2-d 5/2 transi- {

: : 1L 1k 15

tions observed in the C(5He,t) N and 5N(3 2

1 R ’
He,t) ”0 reactions; a number of

these transitions are compared in Fig. L. The angular distributions for the
3- and 2- T=1 levels in = N at 8.91 and 9.51 MeV, respectively, are not presented

since these states could not be resolved from neighbdring T=0 and T=1 levels.

A p 1/2->d 5/2 transition can involve an orbital angular momentum transfer of

15O, 7.28 MeV and th, 5.83 MeV

I=1 or 3. 1In Fig. b4, two transitions (the
levels) must be £=3; however, the general similarity of the six transitions appears
to indicate that they all prefer a somewhat dominant £=3 ﬁrénsfer.

From this evidence one would consider the 6.28 MeV and 6.79 MeV levels | )
in llLO to clearly be of (p 1/2, as/e) charaéter. The consistent pattern found
in the T=1 level shifts (seé Section IV) leads us to consider these to be the

' : 1L
analogs of the (p 1/2, 4 5/2)3_ poy @nd (p 1/2, 4 5/2)2 7ol levels in = N
, T= = .

at 8.91 and 9.51 MeV, respectively.
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' I
?he 5.17 and £.91 MeV Levels in 1 0

Thefe are only three T=1 levels in 1brN below 11 MeV which have not so
far been aés;gned an analog in lLLO. The analog to the th, 8.62 MeV level
should be weakly populated in the (5He,t)‘reéction, since it has the configu-
ration’(s,d)o+, poy-. The other twdilevels in lthlie at 8.06 and S.Yi MeV
excitation and arise from a (p 1/2, s 1/2) configufatibn; therefore, the l'L*o
.analogs‘to these levels will be populated by a p l/2~9s 1/2 transition. Uﬁder
our experimental conditions, this type of promotion, which could ohly be an
I=] transition, has been.found to possess a much smaller cross section than the
other allowed single particle transitions to low-lying orbitais; small relative
Cross éections are observed both in the l60(5He,t)l.6F reactionge in transiﬁions
to the ground, O- and 0.200 MeV, 1- levels of 100 nd in the th(BHe,t)luN

: - : 1k
reaction in transitions to the 4.91 MeV, 0- and 5.69 MeV, l-levels of = N. The

8.?1 MeV, O- levél in th is ﬁnbound by 1.16 MeV and has a width of = 500 keV.9
Neglecting level Shifts, the luO analog to this state should occur near 6.4 MeV;
since luO is unbound at h7626.MeV, the 0- level in 140 might be expected to
have a comparable or greater width making it difficuit to observe,.especially ’

since p'l/2-as 1/2 transiﬁions are weakly populated.

Two small states at 2.17 and 5.91 MeV are the only levels observed in

1hN(5

1k N ' L _
the He,t) 0 reaction below 8 MeV which have not been assigned. On the
basis of its excitation energy, the 5.17 MeV level is the only known state
_ , 1k ) '
which could be the analog to the 8.06 MeV, 1- level in ~ N (see Sec. IV). The

angular distribution for this state has a p 1/2 —s 1/2 character and is compared

: : . o L
in Fig. 5 with the known transition to the (p 1/2, s 1/2)l oo level in My
. -, T= |
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at 5.69 MeV. [Angulerdistributions for other p 1/2-s 1/2 transitions in the

lbrC(5He,t)lul\T reaction could not be obtained. The 8.71 MeV level was too

7 -

broad to be observed, the 8.06 MeV level could not be Separatéd from the T7.97
MeV level and the 4.91 MeV level was only observed at a fewAangleé;] The 5.91

: b -1 ' )
M2V level in ! 0 has a width of < 60 keV 0 and is weakly populated in the

) I : : |
_l+N(3He,t)l 0 reaction. OSince it is a sharp state, this level could only.be
. b o
the analog of the (s,d) . state in TN at 8.62 MeV.
0+, T=1

.

The Levels in lLLO Above 8 MeV

| | - -
Little can be said at present concerning the other levels in 0O which

>

' : 1 14 ' :
are observed in the = N(“He,t)” O reaction. Several of the levels which are
strongly populated above 8 MeV probably arise from other single particle transi-

tions, such as p 1/2-4d 3/2 or p 3/2—9& 5/2 transitions. Of additional interest

14 : - . N
would be the = O analog to the 13.72 MeV,(p 3/2, p 1/2)11 . level in ! N,
. : , T= .
: ‘ 1k 14
which does not appear to be strongly populated in the N(BHe,t) 0 reaction.

IV. A COMPARISON OF T=1 LEVELS IN THE MASS 14 TRIAD
An energy level diagram shown in Fig. 6 Summarizes thé available infor-
X 14 1k 1h )
mation ori the T=1 levels of ~ C, N and 0. Level shifts for the completed.
excited multiplets, relative to the ground isobaric multiplet, are presented in:
. ) ' L ‘
Table 4. From this table it can be seen that all levels in 1 N are shifted
g 1k .
downward relative to their position in = C, with the O- and 1- levels undergoing
' : 14 - p .
a stronger shifft. Since all levels in = C below 8.175 MeV are bound, whereas .

' 1k 4 o .
all but the lowest T=1 level in ~ N (and 1 0) are unbound (sece Fig. 6), a major

component of these strong shifts, in additlon to the Coulomb displacement, 1is
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certainly the Tﬁomas—Ehrman effect which would be most pronounced for an s
state proton. A similar general shift is observed for all levels in ~ O re-
lative to their positions in th, with the 5;17 MeV, 1- level the most strongly
shifted, as expected. The consistent pattern of the ievel shifts from lb'C to
T o iy oAk
‘N to 0 would be drastically altered if any of the levels in =~ 0 were in-
correctly assigned. TFor example, if the 3- and 2- levels at 6.28 and 6.79‘MeV
werein fact 2- and -, respectively, then the 3- level would be shifted upward
190 keV while the 2- level was shifted downward by 920 keV.

TombrelloBl has recently proposed a simple two-body model for relating
" levels within an isoba}ic multiplet. This model assumes that the level has the
cénfiguration of a single nucleon outside.an‘A-l core, where the nucleon and the
_ cofe inferact through an attractive nuclear poténtiél of a Woods-Saxon form.
If the'nucleén is a protcn, then a repulsive potential due to the Coulbmb fieldi
is also introduced. This model was able to account for both the Couiomb energy
difference and the Thomas-Ehrman shift observed for severalAwell-known cases
in T=l/2 nuclei and was sﬁccessfully appliéd.in interpreting excited Tzllstates

32

the results

. 1k 1h

. _ 14 :
of a similar calculation for the C-, 1l-, Z- and 3- levels in = C, N and = O;

in the A=8 and A=16 nuclei.51 Tombrello has made available ﬁd us

these results are shown in Table 5. The Vo’s represent the deptﬁ of the potential
well required to reproduce the known positions of thé levels in each nucleus.
Good agreement witﬁ our assignments is obtained if one notes the trend observed
by 'fombrello51 that the.Vo for the neutron configuration.was always slightly
greater than ﬁhe VO for the proton configufatioh. These calculations also imply

' b
that the VO for the O- level in . 0 should be = U45.3 MeV corresponding to an

" excitation energy of 5.76 MeV.
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This is.in good agreement with recent ihformation obtained from thé

16
o(3

i5 '
He, Q) “0 {E. K. Warburton, P. D. Parker, and P. F. Donovan, Physics

16 15 ‘ ’ '
Letters 19, 297 (196%)] and 7O(p,d) )O [C. R. Gruhn and E. Kashy Bull.

/

Am. Phys. Soc. 11, L71 (1966)] reactions which confirmed that the 6.18 MeV
level contains moét of the p 5/2‘_l strength. | .

In reference?(, the analogs to the 9.17 and lO.M}VMeV levels in lLLN were
reporﬂed to have excitation energies in luO of 6.3 and 7.5 MeV, respectively,
assuming that the 7.5 MeV level was kno&n. These data have beenbreanalyzed
using an enefgy scale based only on the lLLO ground state; good agfeemént
with the present values wasvobtgined.

The l6O(p,t)1h0 reaction has recently been repeated with much better energy
resolution af a proton energy of 54 MeV. D. G. Fleming and J. Cerny,
unpublished data.

T. A. Tombrello, Physics Letters 23, 13L (1966).

T. A. Tombrello, private communication.
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Tabic 1. Energy levels observed in = 0
luN(aﬂe,t)l%O (Present Work) ‘ Values from Lauritsen et al.<a)
Energy (MeV) g Energy (MeV) 5l
o o+ 0 _ o+
5.17 * .0ko (1-) o
5.91 * .0LO (o+) ' 5.91 £ .012
6.28 * .030- (%) - 6.30 * .030
6.60 £ .030 2+ 6.59 £ .012
6.79 * .030° - (2-)

7.78 * .030 2+ ~ 7.5
8.74 = .060
9.7k * .030 =93
10.89 * .0%0
11.24 % 050
11.97 (p)
12.84 * .050
13.01 * .050
1k.15 + oko
1h.64 * 060
17.40 % .060
85ee Ref. 9.

b ‘
Several levels are populated in this region.
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Table 2. T=1 energy levels in lLN

Energy (MeV)(a) J" Dominant Shell Model Configuration(b)
2.31 O+ Ap 1/2)2 _

8.06 1- (p 1/2, s 1/2)

8.62 O (s,d)

8.71 0- (p 1/2, s 1/2)

8.91 3- (p 1/2, a 5/2)

9.17 ) 2+ (s,a) + (p 3/2, p 1/2)7"
9.51 e- (p 1/2, a 5/2)

10.43 o o+ (s,d) + (p 3/2, p 1/2)7%
11.24 3~

1%.72 * oute) 1€ (p 3/2, p 1/2)°" (e)

211 energy levels without errors are known to *¥10 keV with
the exception of the broad 8.71 MeV state (see Ref. 9).

bAssignments mace in Ref. 11, 12.

°See Ref. 13.



Table 3. »Spin and Prarity assignments for low lying levels in e

-

o o

T 1 L 9
J Electromagnetic 5C(d,Pv)l C lgc(t-P)th
Jrangitions in Plane Wave Double DWBA
’ Stripping Theory Analysis
@) Alburber and :
Energy ' - "Best Warburton Lacambra( ) Rless Ajzenberg Jaffe( ) Middle%og " Glover
(MeV)  Vaiue" et al. (b) et al. et al(d) Selove et a}ﬁe) et a1 it et an.le et al.(R)
0 o : ' ot ot Ot G+
.09 i- ‘ 1- , 1- 1- (et) 1-
. 5 c+ o+ : _ (1-,2%,%) 1- 1~ ot
S 6.72 z- 5- 3- o (3-, 2-) (3-) (2+) -
5.89 C- 0- o(-) (weak) (weak)
7.01 (2+) . 0+ (2+) ' 2t
7.34 o- 2e 2a (2-,%-) (weak) (weak)
8.32 - (=+) ' ' 2+ o+

(a)
(b),
(c),
(a)
(&) m
(f )
(e)1.
(h)

All energy levels are known to 10 keV (see Ref. 9,1l4).
Magnetic pair spectrometer measurements (see Ref. 15,16)
Angular correlation measurements (see Ref. 17).

v polarization measurements (see Ref. 18).
assignments mainly from the 15 (d,p)luC reaction (see Ref. 1h).
5 MeV triton beam (see Ref. 19)..

11 MeV triton beam (see Ref. 20).

DWBA analysis of data from Ref. 20 (see Ref. 2;).

..L“[..

8£0LT-TON



Table 4. T=1 levels in the mass 1l triad
luc ‘luN ) 11;0
_ Level (a) - Dominant Shell Model Level (a)

Energy(MeV) Shift(keV) Energy(MeV) J Configuration Shift(keV) Energy(MeV)

0 - 2.31 o+ (p 1/2)° - 0

6.09 340 8.06 1- (p 1/2, s 1/2) 530 5.17

5.58 270 8.62 O+ (s,d) 400 5.91

6.89 490 8.71 0- (p 1/2, s 1/2)

6.72 120 8.91 % (p 1/2, 4 5/2) 320 6.28

7.01- 150 9.17 2+ (sa)+(p 3/2, p 1/2)‘l 260 6.60

7.3L 140 9.51 o- (p 1/2, 4 5/2) 410 6.79

8.32 200 . .10. 43 2+  (sd)+(p 3/2, p 1/2)'l 340 7.78‘
(a) - -

ground state multiplet.

The 1ével'shifts'are calculated relative to the

..8’[_

GCOLT-TdON
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Table 5. Values of V_ (MeV). for T=1 levels in = C, ~ N and lLFO for configura-

. tions based on a nucleon plus an A = 13 core &

, Lk 3 o My 1
g (e +n) (Fn + n) (¢ + p) Average Py + p)
1 .07 49.16 4647 47.82 47.65
0- k5.70 ot 43,67 k5. 50(b)
3= k6.Ts W7.11 46.05 6.8 - 4635
. bs5.48 45,89 W 63 45.26  b5.08

(a)Thebkodsébxon potential had a nuclear radius R = 3.33fm. and a surface
diffuseness a = 0.2 fm. v '

(b)Thes calculations arise from an energy of 8.71 MeV for the O-, T=l state
in 1%y, When the more recent measurement of 8,82 * .05 MeV [V. A.Iatorre
and J. C. Armstrong, Phys. Rev. 1hL, 891 (1966)] for this level was used,
an average potential of 45,17 MeV was obtained. :
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FIGURIE CAPTIONS
- b 3 Wb . 3
1. Energy spectra for the =~ N(“He,t) O reaction at a “He energy of

Lh.6 MeV using a) a N. gas target and b) a solid adenine target.

1k .3

2. Angular distributions from the ~ N(

2
b . e
He,t)” O reaction. Points

obtained from the gas target data are shown as triangles, while the solid
adenine target data are indiéated by circles. When no error bars are
shown, the statistical error is contained within the point.

3. Angular distributions for p 3/2-p 1/2 transitions observed in the
th(j 1AN(3

= ) =
l’1\1(5He *‘l’o

3 %)

!
He,t)lLN and

)

He,t)luo reactions. All absolute
cross sections are accurate to ilO% with the exception of the lL‘C(BlﬂIe,t)lul‘I
reaction where the.absolute cross sectioﬁs are accurate to iQS%_due to an
uncertainty in the th taréet thickness.

L. Angular.distributions for p 1/2-»d 5/2 transitions observed in the
15N(5He,t)l5o, lL‘c(Bﬂe,t)Ml\I and luN(BHe,t)lMO reactions. The contribution
to the 15N, 5.24h MeV levei from the unresolved 1/2+ state at £.19 MeV is
assumed to be small.

5. Angular distributiﬁns for p 1/2-s 1/2 transitions observed in the
th(BHe,t)th and th(BHe,t)luO reactions. | |

6. Eﬁergy-level diagram for the T=1 levels in luC, N, and 0. ‘Uncertain
J"T assignments are enclosed in parentheses. The levels are connected by a

dashed line if the correspondence is considered well established and by a

dct-dash line if the correspondence is considered tentative.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-

mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B. Assumes any liabilities with respect to the use of,
or for.damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.





