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ABSTHACT 

41~. 6 MeV. 

1~~(3He,t) 14o reaction has been investigated at a 3He energy of 

14 
New levels were observed in 0 up to an excitation energy of 18 

MeV. An investigation of the (3He,t) reaction on several other nuclei in the 

14 1 c:; 
lp shell, notably C and /N, revealed that the shapes and relative nmgni-

tudes of the angular distributions arising frorn single particle transitions appear 

to fall into groups which are characterized by the specific shell.model tran-

sition involved. Utilizing this effect and other data, it was possible to 

make spin and parity assignments of (1-), (o+), (3-L 2+, (2-) and 2+ for the 

levels observed in 
14o at 5.17, 5.91, 6.28, 6.60, 6.79 and 7.78 MeV, respec-

tively. A correspondence can. now be established for six excited T=l levels in 

all three members of the mass 14 triad. 

t Work performed under the auspices of the U.S. Atomic Energy C:::munission. 
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I. INTRODUCTION 

Various theoretical treatments have been able to predict with reasonable 

accuracy the Coulomb energy differences observed in ground isobaric multiplets 

1-3 of T < l nuclei, particularly in the lp shell.· As a result, a charge depen-

. 2 
dence of nuclear forces of :=: 2% can be estlmated. Coulomb energy differences 

have also been calculated for excited states in lp shell mirror nuclei3 and 

satisfaetory agreement is obtained if other effects such as the Thomas-l!~hrman 

. 4 sh1ft are taken into account. It would clearly be useful to know the results 

of similar calculattons on othe:r excited isobaric. multiplets; however, very 

little experimental evidence exists for complete correspondences among excited 

states in isobaric multiplets of T > 1/2. 

The mass 14 triad is an especially attractive system to investigate since 

14 
more in known about the T=l levels of N than of any other T =0 nucleus. In z 

addition, the energy levels of 
14c have been extensively studied. All that is 

necessary to complete this triad is a knowledge of the levels of 
14o, which can 

. . 14 3 14 now be 1nvest1gated through the N( He,t) 0 reaction. We have found that the 

angular distributions observed in the (3He,t) reaction on several light nuclei 

have characteristic shapes which depend on the nature of the si~gle particle 

transitions involved. By exploiting this effect in conjunction with other 

available data, it has been possible .to assign spins and pari ties to the levels 

14 
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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II . EXPERiiviENTAL 

!l4 3 14 
The\ N( He,t) 0 reaction was carried out at an energy of 44.6 MeV 

using a 3He 
1

beam from the Berkeley 88" cyclotron. Particles were detected 

using a (dE/dx-E) counter telescope which fed a particle identifier; 5 com-

plete separation was obtained between tritons and deuterons. The (dE/dx) 

counter was a 300 ~ phosphorus diffused silicon detector while the E counter 

consisted of a 3 m~ lithium drifted silicon detector which was rotated 30° in 

order to stop the high energy tritons. A more detailed discussion of the 
. 6 

experimental equipment w~ll be presE:!nted elsei-rhere. 

Both a N
2 

eas target and a solid adenine (c
5

H
5
N

5
) target were used .. 

The gas >-ras contained in a 7. 66 em, diameter. cell with a windovr of Havar 7 foil 

2 
0. 00025 em thick. The solid target was made by evaporating :::::: l.l mg/ em of 

2 
adenine onto a 150 ~gm/cm carbon backing. No detectable ·decomposition of the 

target vras observed over a period of 48 hours at beam intensities of 100-400 

nanoanps. 

Typical energy spectra are shown in Fig. l; an energy resolution (FWHM) 

of 190±10 keV was observed using the gas target while the adenine target gave 

a resolution of 155±10 keV. This improvement in resolution was important in 

14 
separating several levels in 0. The determination of the excitation energies 

of highly excited levels in 
1

,
4o was aided in the adenine target measurements 

. . . 

by the presence of the 
12c( 3He,t)

12
N ground state transition vrhich provided an 

. . 8 
internal calibration point at each angle; a mass excess of 17.349 MeV was 

used for 
12

N. 

The energy levels observed in the 
14

N( 3He,t)
14o reaction are SUJTllnarized 

in Table l and compared with prior measurements; 9 spin and parity assigrunents 
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are indicated and will ~e discussed below. The states at 5-91±0.04, £.~8±0.03 

and 6.60±0.03 MeV are in good agreement with the levels observed by Tovrle in 
i 

the 12c(3He,n) 11~o reaction at.5.905±0.012, 6.30±0.03 and 6.586±0.012 MeV, 

. .L 10 A l d" t "b f 14 (3. )14 respect1ve.y. ngu ar 1s r1 utions or the N He,t 0 reaction were 

obtained at laboratory angles between 12 and 60 deg~ees and are presented in 

Fig. 2. The absolute cross sections are accurate to ±10%. In all cases lines 

have been dra'\oln through the experimental points to guide the eye. 

lii. RESUTJTS AND DISCUSSION 

14 3 14 
Before embarking on an analysis of the N( He,t) 0 reaction, we would 

14 
like to summarize the experimental data concerning the T=l levels of N and 

14
c. This information will also be referred to in Section IV where level shifts 

between the members of the A=l4 triad are di sc'ussed. 

A. The T=l Levels in 14N 

14 
The T=l levels in N below ll MeV are quite well established; spin and 

parity assignments have been made and the dominant shell model configurations 

of the states are known. 9,ll-l3 The results are summarized in Table 2. 

B. The Energy Levels in 14c 

The _en'ergies of the low lying levels in 
14

c have been kno'\oln for some 

time
14

_and are tabulated in Table 3; hovrever, the spin and parity assignments 

have not been definitely determined until quite recently. In 1960 Warburton 

ll . l4c. and l4N and Pinkston summarized the available data on and were able to 

14 . . 14 
assign every level below 9 MeV in C to its analog 1n N. More recent data 
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. 15-21 
have confirrted their assignments in every case. Table 3 also summarizes 

the magneti9 pair spectrometer measurements of electromagnetic transitionsl5,l6 

4 . 13 14 17 18 
in 1 C and the experimental data on the C(d,P')') C reaction, ' 'Vrhich 

I . 14 confirm the spin and or parity assignments for several levels 1n C. It can 

be seen from Table 3 that the only levels which cannot be definitely assigned 

from these experiments are those at 7.01 and 8.32 MeV. However, as previously 

. 15 
suggested by Alburger and vlarburton, there is strong indirect evidence that 

these levels bCJth have spin and parity ~+ 1 since they are the only known levels 

of 
14c which could be the analogs of the 9.17 and 10.43 MeV levels in 14N. 

The 7.01 and 8.32 MeV levels in 
14c are both strongly populated in the 12c(t,p)14c 

19,20 . . . 21 
reaction and recent DWBA analys1s of these data also supports a 2+ 

assignment for both levels (see Table 3). 

c. 14 3 14 . . . 14 
The N( He,t) 0 ReactiCJn and Level Ass1gnments 1n 0 

An investigation of the ( 3He,t) reaction in several light nuclei has 

16 3 . 16 15 3 15 
been carried out. In particular, the 0( He,t) F(see Ref. 22), N( He,t) 0, 

14 3 14 14 3 . 14 . . 
C( He,t) N and N( He,t) 0 react10ns have been stud1ed at 40.2, 39.8, 

44.8 and 44.6 MeV, respectively. In general we have observed that many levels 

are populated in the ( 3He,t) reaction and that the transition to the ground 

isobaric analog state does not dominate the spectrum. As might be expected, 

transitiCJns which involve promotion of a single nucleon have relatively large 

cross sections, while those which involve promotion of two or more nucleons 

are generally much m"Jre weakly populated. The shapes and relative magnitudes 

of the angular distributions arising from single particle transitions appear 

to fall into ·groups which depend not only on the orbital angular momentum 
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transfer but also on the specific shell model transition involved. Such an 

useful in utilizing the (3He,t) .reactidn as a spectra-
\ 

effect is extremely 

scopic tool 7 . as has 
. : . . 16 3 16 22 

already been 1nd1cated 1n the 0( He,t) F reaction. 

It is of interest that the inelastic scattering of a 3 . 23 24 and He part1cles ' in 

the lp. shell has also shown a similar effect. This appears to ~;J.gree wi til re-
2~ 3 .· 

cent theoretical formalisms / which treat the ( He,t) reaction as a charge-ex-

change inelastic scattering process. 

Sev~ral different single particle transitions are expected in the 

14 (3 )14o · b. 1 · t · f 9 M v r· 1 ( N He,t react1on e ow an exc1ta 1on o e . n particu ar compare 

Table 2), p 3/2 ~P l/2 7 p l/2~d 5/2 and p l/2 ~s l/2 transitions should be 

readily observed. As an aid in making spectroscopic assignments 7 the angular 

14 3 14 . 
distributions from the N( He,t) 0 react1on have been compared to similar, 

· l t · · · the 15N( 3He,t) 15o. and 
14c( 3He 7 t)

14
N well known single part1c e rans1t1ons 1n 

reactions. A more complete report on the other reactions will be published 

26 ' 
later. 

The level assignments will now be discussed individually according to 

the particular single particle transition involved. 

parity assignments have been made primarily on the 

obtained frbm the (3He 7 t) reaction 7 available data 

12 3 . 14 - . 27 10 . . 
· C( He,n) 0 react1ons 7 were also ut1llZed . 

Although the spin and 

basis of the information 

16 14 
on the O(p,t) 0 and 

. The 6.60 and 7.78 MeV Levels :Ln 
14o 

It has been shown that the 9.17 and 10.43 MeV levels 
14 . 

in N conta1n 

approximately equal amplitudes of (p 3/2, p 1/2)-l and (s)d) configur.ations.
12

'
13 

ll~ 
The identification of the analogs to these levels in 0 should be gr~atly 



-6- UCRL-17308 

.. l' r.• d . t' 14N(3}I t) 14o s1mp 111e 1n ne · .. e, 

: l 
to the (p 3/2, p 1/2)- part of 

reaction since it will primarily be sensitive 

lL> 
the wave function, and so both levels in 0 

should have angular distributions which are similar in shape and approximately 

equal in magnitude. In Fig. 2 it can be seen that the transitions to the 6.60 

. 14 
and 7.78 MeV levels 1n 0 have: l) nearly equal magnitudes a:nd 2) almost 

identical and quite distinct angular distr1.butions(compared with transitions to 

14 . 
all other levels in 0 below 9 MeV). 

The angular d1.stributions for these two levels are compared in Fig. 3 

with knmm (3He,t), p 3/2~p 1/2 transitions to the 3/2- level in 15o at 6.18 

28 14 
MeV and to the l+ level in N at 3-95 MeV. All four distributions sho>.,r pre-

dominantly a similar shape when plotted as a function of the linear momentlim 

transfer (ki - kf); the radius of interaction (R) will be assumed to be approxi­

mately constant for all transitions in mass 14 and 15. A p 3/2--7p l/2 transition 

can involve an orbital angular momentum transfer of £=0 or 2. Experimentally 

. 14 
we have observed that transitions which must be £=0 (the 2.31 MeV level in N) 

or £=2 (the 7. 03 MeV level in 
14

N) have quite different angular distributions. 
26 

For all transitions compared in Fig. 3, however, both £. values are allowed 

and the shapes of the angular distributions, although similar, indicate that both 

£ transfers are involved. In particular, the 1+ level in 
14N appears to have 

relatively more £=2 character at forward angles. 

. . 16 14 . 27. . . 
Ev1dence.from the O(p,t) 0 react1on conf1rms a 2+ assignment for 

. 14 
both the 6.60 and 7.78 MeV levels 1n 0. The two-neutron pick-up data show 

29 that these levels · are the only excited states which are strongly (and nearly 
. . ·30 • 

· equa!ly) populated below 9 MeV and that their angular distributions have an 
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1=2 character. This reaction should preferentially populate the analogs to the 

4 14 -2 
9.17 and 10. 3 MeV levels in N, since they will be the only p excited states 

l!~ 
in 0 beL)V 9 MeV (see Table 2). 

'l'he 6. 28 and 6. 79 MeV Levels in 14o 

Arnone.; 14 (3 )14 the states which are populnted fairly strongly in the N He,t 0 

reaction are those at 6.28 and 6.79 MeV. The angular distributions to these 

states are similar, being strongly fonrard peaked at small angles and appearing 

to have a weak second maximwn at G :::;35- 1 ~0 deg. and a minimnm at G =50-55 deg. 
em em 

(see Fig. 2). This shape is characteristic of several known p l/2--)d 5/2 transi-

tions observed in the 
14c( 3He,t)

14
N and 

15
N( 3He,t)15o reactionsj a number of 

these transitions are compared in Fig. 4. The angular distributions for the 

. . 14 . 
3- and 2- T=l levels in Nat 8.91 and 9.51 MeV, respectively, are not presented 

since these states could not be resolved from neighboring T=O and T=l levels. 

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

l=l or 3. In Fig. 4, two transitions (the 15o, 7.28 MeV and 
14

N, 5.83 MeV 

levels) must, be 1=3; however, the general similarity of the six transitions appears 

to indicate that they all prefer a somewhat dominant £=3 transfer. 

From this evidence one would consider the 6.28 MeV and 6.79 MeV levels 

in 
14o to clearly be of (p 1/2, d 5/2) character. The cons is tent pattern found 

in the T=l level shifts (see Section IV) leads us to consider these to be the 

. 14 
analogs of the (p i/2, d 5/2)}-, T=l and (p l/2, d 5/2) 2_, T=l levels 1n N 

at. 8.91 and 9.51 MeV, respectively. 
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14 
Ther'e are only three T=l levels in N below ll MeV which have not s:; 

14 14 
far been assigned an analog in 0. The analog to the N, 8.62 MeV level 

should be weakly populated in the (3He,t)' re~ction, since it has the configu­

ration (s,d)o+, T=l·_, The other hro levels in 
14

N lie at 8.06 and 8.71 MeV 

excitation and arise from a (p l/2, s l/2) configuration; therefore, the 
14

o 

analogs to these levels will be populated by a p l/2-') s l/2 transition. Under 

our exper-imental conditi.ons, this type of promotion, which could only be an 

£=1 tranci t i.l"m, has been found to po::;sess a much smaller cross section than the 

other allowed single particle transitions to low-lying orbitals: small relative 

cross sections are observed both in the 
16

o( 3He,t)
16

F reaction
22 

in transitions 

to the ground, 0- and 0.200 MeV, l- levels of 
16

F and in the 
14c(3He,t)

14
N 

4 6 · l4N. reaction in transitions to the .91 MeV, 0- and 5. 9 MeV, l-levels of The 

14 9 
8.71 MeV, 0- level in N is unbound by 1.16 MeV and has a width of~ 500 keV. 

14 
Neglecting level shifts, the 0 analog to this state should occur near 6.4 MeV; 

. 14 . 14 
s1nce 0 1s unbound at 4.626 MeV, the 0- level in 0 might be expected to 

have a comparable or greater width making it difficult to observe, especially 

since p l/2 -'iS l/2 transitions are weakly populated. 

Two small states at 5.17 and 5. 91 MeV are the only levels observed in 

14 3 1L~ 
the N( He,t) 0 reaction beiow 8 MeV which have not been assigned. On the 

basis of its excitation energy, the 5.17 MeV level is the only kno•m state 
14 . 

which could be the analog to the 8. 06 MeV, l- level in N (see Sec. IV). The 

angular distribution for this state ha·s a p l/2 ->s 1/2 character and is compared 

. 14 
in Fig. 5 with the known transition to the (p 1/2, s l/2) 1_, T=O level 1n N 
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at 5. 69 MeV •. [Angular distributions for other p .l/2--+ s l/2 transitions in the 

14c(3He,t)
14

·N reaction could not be obtained. The 8. 71 MeV level was too 

broad to be observed, the 8.06 MeV level could not be ~eparated from the 7-97 

MeV level and the 4. 91 MeV level 1-ras only observed at a few angler;~] The 5. 91 
14 . 10 . 

MeV lEivel in 0 has a width of < 60 keV and is weakly populated in the 

11+ 3 ll+ 
N( He,t) 0 reaction. Since it is a sharp state, this level c::mld only.be 

the analog of the (s,~)o+, T=l state in 
14

N at 8.62 MeV. 

14 
'!'he Levels in 0 Above 8 MeV 

Little can be said at present concerning the other levels in 
14

o which 

14 3 14 
are observed in the N(. He,t) 0 reaction. Several of the levels which are 

strongly populated above 8 MeV probably arise from other single particle transi-

tions, such as p 112--+d 312 or p 3l2~d 512 transitions. Of additional interest 

14 . · ( I I ) -l 14 would be the 0 analog to the 13.72 MeV, p 3 2, p l 2 l+, T=l level in N, 
14 3 14 I 

which does not appear to be strongly populated in the N( He,t) 0 reaction. 

IV. A COMPARISON OF T=l LEVELS IN THE ~ffiSS 14 TRIAD 

An energy level diagram shown in Fig. 6 summarizes the available infor-

mation or'! the T=l 
14 14 14 

levels of C, N and 0. Level shifts for the completed 

excited multiplets, relative to the ground isobaric multiplet, are preseDted in 

14 . 
Table 4. From this table it can be seen that all levels in N are shlfted 

dow'11ward relative to their position in 
14

c, with the 0- and 1- levels undergoing 

. 14 8 /' a stronger shift. Since all levels in C below .17o MeV are bound, wherea:> 

all but the lowest T=l level in 
14

N (and 
14

o) are unbound (see Fig. 6), a major 

componl)tt\:. of thl~t::e strong shi.:f"ts, in add:i Liot1 to the CouLnlllJ d"isplacem,"nt, is 
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certainly the Thomas-Ehrman effect which W'Juld be most pronounced for an s 

state proton. A similar general shift is 'Jbserved for all levels in 
14o re­

lative to their positions in 
14

N) wit-h the 5.17 MeV) l- level the most strongly 

shifted) as expected. The consistent pattern of the level shifts from 
14c to 

14 14 14 
N to 0 vrould be drastically altered if any of the levels i.n 0 were in-

correctly assigned. For example) if the 3;_ 3.nd :::- levels at 6.28 and 6.79 MeV 

werein fact 2- 1.nd 3-, respectively) then the 3- level would be shifted up1·rard 

190 keV 'dhi.le the 2- l.evel was shifted dovrm-rard. by 920 keV. 

Tomb:rello31 has recently proposed a simple two-body model for relatini!, 

levelG vrlthin an isobaric multiplet. This m::Jd.el assumes that the level has the 

configuration of a single nucleon outside anA-l core) vhere the nucleon and the 

core interact through an attractive nuclear potential of a Woods-Sax:::m f'Jrm. 

If the nucleon is a protcn) then a repulsive potential due to the Coulomb field 

is also introduced. This model vas able to account for both the Coulomb energy 

difference and the Thomas-Ehrman shift observed for several well-known cases 

in T=l/2 nuclei and was successfully applied in interpreting excited T=l states 

in the A=8 and A=l6 nuclei. 31 
T b h d . b . 32 om rello as ma e avalla le to us the results 

of a similar calculation for the 0-, 1-, 2- 3.nd 3- levels in 
14c) 14

N and 
14oj 

these results are sh;:nm in Table 5. The V 's represent the depth of the potential 
0 

well required to reproduce the known p:::Jsitions of the levels in each nucleus. 

Good agreement vrith our assignments is obtained if one notes the trend observed 

' 31 by Tombrello that the V f:::Jr the neutron configuration was always slightly 
0 

greater than the V for the proton c::mfiguration. These calculations also imply 
0 

14 
that the V for the 0- level in 0 should be ~ 45.3 MeV corresponding to an 

0 

excitation energy of 5.76 MeV. 
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8 15 ( 3 ) 150 t . 1 6 8 2 . In the N He,t reac lOn a arge transition to the .1 MeV level 1-:as 

29. 

30. 

observed, with a very small populaticm of the (3/2)- level at 8.98 MeV. 

This is in good agreement with recent information obtained from the 

16 (3 )15 (""' 0 He,a 0 ~. K. Warburton, P. D. Parker, and P. F. Donovan, Physics 

16 J5 . 
Letl~et·s 19, 397 (196))] and O(p,d) 0 [C. R. Gruhn and. F~. Kashy Bull. 

Am. Phys. Soc. 11, 471 (1966)] reactions which confirmed that the 6.18 MeV 

I -1 
level contains most of the p 3 2 strength. 

In reference 27, the analogs to the 9.17 and 10.43 MeV levels 
14 

in N were 

14 
reported to have excitation energies in 0 of 6.3 and 7.5 MeV, respectively, 

assuming that the 7.5 MeV level was known. These data have been reanalyzed 

using an energy scale based only on the 
14o ground statej good agreement 

with the present values was obtained. 

16 14 
The O(p,t) 0 rea~tion has recently been repeated with much better energy 

resolution at a proton energy of 54 MeV. D. G. Fleming and J. Cerny, 

unpublished data. 

31. T. A. Tombrello, Physics Letters 23, 134 (1966). 

32. T. A. Tombrello, private communication. 
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'l1able l. Energy levels obsenred in 
14 

0 

14
N( \re, t ) 1~o (Present Work) Values from Lauritsen et al. (a) 

Energy (MeV) J1f Energy (MeV) J1f 

0 o+ 0 o+ 

5.17 ± .040 (1-) 

5.91 ± .040 (o+) 5.91 ± .012 

6.28 ± .030 (3-) 6.30 ± .030 

6.60 ± .030 2+ 6.59 ± .012 

6.79 ± .030 (2-) 

7.78 ± .030 2+ - 7.5 

8.74 ± .o6o 

9.74 ± .030 - 9·3 

10.89 ± .oso 

11.24 ± .050 

11.97 
(b) 

12.84 ± .050 

13.01 ± .050 

14.15 ± .o4o 

14.64 ± .060 

17.40 ± .o6o 

aSee Ref. 9· 
b 
Several levels are populated in this region. 



Table 2. 14 T=l energy levels in N 

UCRL-17038 

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

bAssignments mac_e in Ref. ll, 12. 

cSee Ref. 13. 



Table 3· ·Spin and 
,4 

parity assigrunents for low lying levels in ~ C 

JT: 

(a) " Energy · Best 
(MeV) Value" 

0 

6.09 

6.58 

6.72 

(rl-

l-

c+ 
:z _.,-

6.89 C-

7. Ol (2+) 

7-34 2-

8. 32 (e:+) 

Electromagnetic 
Transitions in 

14 . c 
Alburber and 
Warburton 

et al. (b) 

O+ 

)-

2-

l3c(d,p-y)l4c 

Lacanibra(c) Riess( 
et al. et al. d) 

1-

3-

0-

2-

(a} All energy levels are known to ±lQ keV (see Ref. 9,14). 

( b )Hagnetic pair spectrometer measurements (see Ref. i5, 16). 

(c)Angular correlation measurements (see Ref. 17). 

(d)~ polarization measurements (see Ref. 18). 

Ajzenberg · 
Selove et al.(e) 

I 

o+ 

1-

( l-' 2±, 3-) 

c \ 3- J 2-) 

0(-) 

(2-,)-) 

(e)JTI assigr..rnents mainly from the 13c(d,p)
14

c reaction (see Ref. 14). 

(f)5.5 MeV triton beam (see Ref. 19). 

(g)ll MeV triton beam (see Ref~ 20). 

(h)DWBA analysis .of data from Ref. 20 (see Ref. 21). 

12 14 
c(t}p) c 

Plane Wave Double DHBA 
Stripping Theory Analysis 

Jaffe 
et al.(f) 

o+ 

1-

1-

( 3-) 

( WF~.'lk) 

0+ 

(weak) 

Middlet.o\1 
et al. \g) 

o+-

(2+) 

l-

(2+) 

(weak) 

(2+) 

(weak) 

2+ 

Glover 
etal.(l1) 

(;+ 

1-

o+ 

j-

2+ 

2+ 
I 
f-' 
-..J 

I 

?5 
8 
I 
f-' 
-..J 
0 
I..N 
():) 



Table 4. T=l levels in the mass 14 triad 

14 - c l4N 

Level ( ) Dominant Shell Model 
E:;el·gy(MeV) Shift(keV) a Energy( MeV) J7f Configuration 

0 - 2.31 o+ (p l/2)2 

6.09 340 8.06 l- (p l/2, s l/2) 

6.s8 270 8.62 o+ (s,d) 

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

6.72 120 8.91 3- (p l/2, d 5/2) 

7.01 150 9.17 2+ (sd)+(p 3/2, p l/2)-l 

7.34 140 9.51 2- (p 1/2, d 5/2) 

8.32 200. 10.43 2+ (sd)+(p 3/2, p l/2)-l 

--
(a)The level ·shifts are calculated relative to the ground state multiplet. 

Level ( ) 
Shift(keV) a 

-

580 

4oo 

320 

26o 

410 

340 

140 

Energy(MeV) 

0 

5.17 

s.91 

6.28 

6.60 

6.79 

7. 78 

I 
f-' 
co 
I 

~ 
~ 
I 
f-' 
~1 
0 
\_N 
(j) 



'l'able 5. 

J7f 

1-

o-

3-

2-
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Values of V (MeV) for T=l leliels in 
14

c, 
14

N and 14o for configura­

tions ~ased on a nucleon plus an A = 13 core(a) 

l4c ___________________ :~ll _________________ 
(13c + n) 13 ( N + n) (13c + p) Average 

48.07 49.16 46.47 4[.82 

45.70 47.37 43.67 45.52(b) 

46.75 47.11 46.05 46.58 46.35 

45.48 45.89 44.63 1+5.26 45.08 

·------·-~ 

(a )The i-lood.s-Saxon potential had a nuclear radius R = 3. 33fm. and a surface 
diffuseness a = 0.5 fm. 

(b)Thesf calculations arise from an energy of 8.71 MeV for the 0-, T=l state 
in 14N. When the more recent measurement of 8,82 ± .05 MeV [V. A. Latorre 
and J. C. Armstrong, Phys. Rev. 144, 891 (1966)) for this level was used, 
an average potential of 45.17 MeV was obtained. 
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FIGT.JRE CAPTIONS 

Fig. l. 
llJ. 3 'l 4 3 

Energy spectra for the N( He,t)- 0 reaction at a He energy of 

44.6 MeV using a) a N
2 

gas target and b) a solid adenine target. 

F · 2 A 1 d' 14 (3 )14 . p 1g. . ngu ar l.stributions fr8m the N He)t 0 reactl.on. oints 

obtained from the gas target data are t>hown as triangles, while the soli.d 

adenine target data are indicated by ci.rcles. When no error bars are 

shown, the statistical error is contained \·rithin the point. 

Fig. 3. Angular distributions for p 3j20p l/2 transitions observed in the 

l~ 3 l~ 14 3 14 14 3 14 . 
....-N( He)t) ....-0, C( He,t) Nand N( He,t) 0 reactlons. All absolute 

cross sections are accurate to ±10% with the exception of the 
14

c( 3He,t)
14

N 

reaction where the absolute cross sections are accurate to ±25% due to an 
14 . 

uncertainty in the C target thickness. 

Fig. 4. Angular distributions for p 1/2-'>d 5/2 transitions observed in the 

15N(3He,t) 15o, 14c(3He,t)14N and 14N( 3He,t)14o reactions. The contributi::m 

1~ 
to the ....-N, 5.24 MeV level from the unresolved 1/2+ .state at 5.19 MeV is 

assumed to be small. 

Fig. 5. Angular distributions for p l/2->s 1/2 transitions observed in the 

14 3 14 14 3 14 
C( He,t) N aqd N( He,t) 0 reactions. 

Fig. 6. Energy-level diagram for the T=l levels in 
14

c, 
14

N, and 
14o. Uncertain 

.J7T assignments are enclosed in parentheses. The levels are connected by a 

dashed li.ne if the correspondence is considered well established and by a 

dat-dash line if the correspondence is c8nsidered tentative. 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com­
m1ss1on, 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 o~ned 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. 




