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ABSTRACT
A shell model calculation has been done of the lower 1ying levels of N 14
- under the assumption that the 012 nucleua forms an inert core about which two
. nucleons. can move in 1p1/2, 28 19 ld5/2’ or l.d3/2 orbitals. It hae been
possible to give shell model aasignments to practically all ‘of the observed

levels in. Nl4 below 10. 50 Mev. and these assignments are in good agreement with

the experimental data and with other thecretical calculations Several levels'»;t,.v:;

not predicted by this model are expected to arise from the excitation of

1p3/2 particle(s) out of the C12 core’ into higher orbitals.




et

‘.-the lower lying levels in N

I. INTRODUCTION

rhere has been a great deal of experimental workband theoretical work
done on the nuclear properties of nitrogen 14 and neighboring nuclei in the
past decade. Nitrogen 14 is at the end of the 1p ahell and just before the '
2s, ld-shell. The nitrogen 14 nucleus still haa few-enough nucleons'that it -
is amenable to a more or leea detailed shell model calculation such as. those.

calculations done by Inglial, Kurathz, Visscher and Ferrell3 Elliott4

6-9

_Skyrmes, and others _.T Talmi and Unna8 and Warburton and Pinkston9 have

*’considered nore apecific models in their calculations and have met with varying

A\

"culations indicate that in the jj—coupling notation, a calculation should

include the lp3/2 and lpl/2 particles in the lp shell as well as the. 281/2,

1d5/2’ and 1d particles in the 23 4 shell.' It ia unlikely that the

3/2

structure and properties of the lower lying states of Nl4 are affected appre-

c1ably by excitation of the 181/2 particles. There:are hovever, certain'_

properties of the lower lying states which can be explained by exciting particles .

into the 2p,lf shell?.
The earlier calculationsl-6 considered configurations in the p shell only

and were intermediate-coupling calculations. For nuclei between mass 5 and

" mass 16, the coupling scheme appeared to be nearly a LS coupling scheme near .

the beginning of the lp shell and progressea steadily towards a Jj coupling

scheme as’one approached the end of the lp ahell._ Many of the low lying levels

of N14 result from exciting one or more particles from the lp shell into the

2a ld shell. Conaequen“ly these calculations could not hope to explain all ‘

"degrees of success depending on the model or modela assumed These latter cal— :uégw,m;f




- and the 25

.
: Warburton and“?inkstongruSed experimental data such-as cross sections;:"

electric quadrupole and magnetic dipole transition rates, branching ratios of

electromagnetic transitiona, spin, parity,Eetc. as a guide to determine what

~ the configurations and their admixtures were for practically all the levels in

14

N up to l0.50 Mev. The resultasof'Warbuxton and Pinkston_willvbe'compared'v

with thearesults'of-this'paper inISectiOnﬁIII;Q'f

Talmi. and Unns8 have taken an entirely different apnroach and assumed that
the gtates are- given by. pure i3 configurations with very llttle mixing between -
these configurations. The method of Talmi and Lnna is to adjust several

parameters which-describe an effective twofbody force’between the-particlesvso

that the best agreement with the*eXperinentaljlewélaiis obtained . By adjusting

their force parameters in this way, Talmi and Unna are able to include for the .-

most part the effects of configuration miaing on the energy levels8 19. Talmi

and'Unna are not restri cted to one nucleus but’ are able to apply their method

.with the same parameters with a great deal of success to the several nuclei in

one part of the periodic table whose basic configu ations come’ from the same .
set of shell»model levels; The results of Talmi.and'Unnalfor Nlé will be com=~
pared with the results in this paper in Section III.'

ho one, to this author 8 knowledge, has done a conventional ahell modal

calculation which includes the lp3/2 and the lpl/é configurations in the 1p shell

ld5/2’ and 1d configurations in the 2s ld shell Considering

1/7’ 3/2

16

0 as the core, this type of calculation for N14‘would effectively be a AFparticle

-caiculation and would be quite involved However, with tne high—speed computing

machines which are currently available, this type of calculatlon is not out of
the question.. It is not clear whether it would be necessary to introduce a

tensor force in this type of calculation in order to fit both the properties of.
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irom the R-decay of.C

e

the low Llying levels of N and the 8-decay matrixvelement which is deduced::».:\

%

In this:paper5'a conwentiOnal two~partic1e shell model of'NLa,was dons
with the asSuﬁPtion'that-C12~wes an inert cOre wi*h e’configuration'of'n
(131/2)4v/lp5/2) With this assumption, the 1ower lyrng states of N 4 wouid

then result from two partlcles in lpl/2, 28 orbxtals. Since”

12

1/2’ ld"/2’ or ld3/2
does not really form an inert core, it is expected, as the p-shell calcu~
1z=1t10ns1"5 and this calculation conflrm. that some of the lower levels in Nl

will result from lp3/2 particles being exc1ted our’ of the C12 core into higher .

orbltals. The levels inlN14 which arise in thxs way will be called cnre"GXthed

"llevels and, wherever possible, these states will-be-pointed out in Section lli;b

Sectxon lI of thls paper will dlscuss the calculation on the energy levels

of Nlé, Lhe parameters used, and the results.' ln Sectlon llL the results of"

- this calculacxon w1ll be compared w1th other theoret1ca] calculatlons and with

various experxmental_information.ll 15

11, CHOICE OF PARAMETERS AND RESULTS

It is desirable ‘to choose the parameters used inﬁeny‘calculation from jivat

principles.as mUch astpossible. 1In addltion, one must be gulded by the pas ou“Le“ﬁ E

which hav' w)rked well 1n the past and fina]ly make a compromioe be*ween the -

above two sets of parameters or ratlonalize on the Set of paraneters Usea .5inc*f

nelther rne force between nucleons nor the many particle system is underae)ud

'Ln_deta;l the flnal justlfication 1s the comparlson of the theorecxtel Ceat xts

with thexexperxmentalvdata.i L

S S L g " o o o
As pointed out in Section I, the C:z nucleus will be considered as an

‘jnert core which forms a central attractive potential in which two nucleons.
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a proton and a neutron,vmove. it will'further be assumed that these nucleons .

can only move in the lpl/2’ 251/2, 1d5/2, and ld3/2 orbitals. Since no con-
‘_fusion'will arise in this paper, the radial quantum number shall be omitted
and lp1/2’ 251/2, ld5/2, and 1d3/2 nill be written 3s Py /oy 81/2, d5/2’ and

d respectively.

3/2
- energy,

The states'ole4 can be described by the/total angular momentum, parity,
14

total isotopic spin, and z—component of isotopic spin, In the case of N™ ', the

_ z—component of isotopic spin is zero. The nuclear force is essentially charge
independent and 1t will therefore-be agsumed that the total isotopic spin of a
.state is a good quantum number. The Coulomb force does not conserve isotopic'b

spin, but tends to mix states with different values of the isotopic spin, T.

For example, the nroton in N14 interacting with the Clz core will mix a small -

amount of T = l states into the T = O states and a small amount of T = O states
into the T = 1 states. -This admixture in N14 will be one per cent or less and
will be neglected. Note that our wave functions will be antisymmetric under

~interchange of tne two particles in this_space, spin, and. isotopic spin space.

A. Single Particle Parameters’

. The difference in the interactions of neutrons in tbe various ‘orbitals
with the Clz core can be determined from the experinental energy levels.of ¢t
- 1if the states listed in Table I arelassumed to bebpure single parti le states
as is done in this: paper.. Theee single.particle interactions are normalized 50
that a pl/2 particle has zero interaction with the core. It is then necessary
to add an arbitrary energy normalization to the resulting energy levels in N;é
order to bave the lowest calculated 3" T = l s0 level coinc1de with. the energy

| of the ground state of N14 which is at zero Mev. 1t is possible'to calculate




.-'observed by scattering experiments will be éhifted'from the true energy eigen—'

of specific nuclear models for 013 and N°°.. For the purpoges of thisbpaper, it

orbitals'considered'are iisted in Table II.

iy

what the abbolutekinherection energy of a p.u2 neutron with Lhe core is by
using the 012 13 mass.difference.

Note that this’ interaction energy of & pl/2 nEutron with-the core is based
on the assumption that the other 12 nucleong form an inert spherlcal core,
That is,  in this paper, the deformation of the'cl? core~and the fact that the

,grbund state of Clz is not a pure. (131/ (1p3/2)8 configuration have been

2)

neglected.2 Accofding to Thomasl6, and Lane and Thomésl7, the resonance energies

values of the system. Caiculation of thesze energy shifts.require the adoption
13 | |
will be assumed that thesevshifts a:e‘negligible. 
The Coulomb interactidnjenergy of a proton with the C12 core can be deéer—
nined by assuming'thatjthe.COulomb iptefaction éne:gy'is the differencé betweeu"
the interaction eﬁergy of a néutron'inva'given orbital with‘the C;z core and
the interaction energy 65 avbrqton in the séme orbital Qith the C12 core.

These Céulomb and nucléarrinteraction energies with the Clz‘qore_for the four

Harmonic oscillator' wave functionslg werg.used to represent the singie

particle wave'functioﬁsvand théir space dependence is"

_ - 2 1 o
,\__,.?ﬁ © ‘vr_/. fiﬂ/—flz(v 2) Y, (6 P L

19

where Lg (x) is andéssociated Laguérre.polyncmial T ' The valdengf v used in

this calculation will bebaiSCUSsed(in Section IC. ) T o u_ﬂ_;mﬁg@;-

B. Nuclear Force Parameters

Sinée N14 consists ofvé-neﬁtronfand'a'prdton outside the‘C12 core ‘the

nuclear interaction between these two particles, assumed to be a central .
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'interactlon, ‘can be separated into four separ&te forces, a singlet—even force,

a triplet—even force, a. si nglet-odd force, and a triplet-odd force. Analysis

21,22

of experimental result320 and other theoretical calculations " indicate

that the singlet—odd and triplet—odd forces play a less dominant role than the

‘singlet—even and triplet-even forces in the two~partic1e interaction. \?or

this reason, the neutron-proton force is assumed to consist of a single:—even’

force and a triplet—even force and that both of these forces have the same

- radial dependence. A Gaussian well was taken for this radial dependence for

calculational simplicity. The nuclear force is therefore of the form,

, ' 2 ‘ o
V@ = v, e T il +a) + (L 4P + (@ - DT + (@-1)P'2° (2

where P* and PY are thelspece exchange and spin exchéngexoperators respectively.

& is the ratio of the triplet—even force strength to the singlet~even force

strength. The value of V, and B were taken to be -8.125 Mev and 0.2922 £ 2

which makes thisvforce have a singlet—even strength'the same as the singlet—even
206

: force21 used succesefullyvin Pb" .  This einglet—even force has an effectlve

range, rosé 2.65 fermis, and a bound state at zZero energy23. The choice of the
parameters @ and v is’discuesed below.
'C. Parameters Vv and o
The choice for the two parameters v and a was not discussed in the pre-
ceding two sections because'they_cannot be determined with as much confidence
as the other parameters in‘the'calcnlation.r These'parameters'were chosen
partlally by heuristic calculations and partially by the best agreement with

the experimental energy levels of N14>as will‘be.discussed below.




is in agreement with the calculations of R&dlich% and Talmi sa'nd:Unma8

—8-

From. the relative position of the singlet and triplet states of the deuteron,

one ev;nectszz th&t the"ratio'(sf the triplet-even strength to the zingle-t—even' '

s&:rength a, to be sbout 1.5. Calculationz have been made of the excited energy:
levels of ‘Imvwith ths par&mter o7 vﬁfying from 1 to 3 in steps of 0,5 for

various choices of v. The energles of the T = 1and T @ 0 8t&te3’ varied quite

rﬁpidly with . Por exmmple, for v = 0. Bf—z and with the lowezt J ,’I‘ = 1 ,0 level

. normalized to zero M@v., the lowest 0° 1 level varied linearly frem abeut 0.5 Mev.

to abou_t 7 Mev., ag ¢ wasg chang@d from__l to 3. The other 1 9D levels ch@nged at

a slightly slower rate when o was varisd,

The harmonic oscillator pér&mtar v can be detoermined in several wRYB.

__PFollowing Redlich's approach%, the expecta‘i:im‘ value of rz, < rz >, in the

p shell is 5/2v and the expectation value of rz in the 8,d shell 18 7/2v.
Picking a fixed v for all p&rtiéles &gd asguming that »vit: is the latter value h
of < r2 > vhich 1is important, one ték@s

o<l m et (3)

Taking A = 14, this value of <‘r2. > ylelds v==0.3 f_z and A wz 13 Mev. This

Another possible way to determinza v is th&& done by Frue and Ford?. In

this caae, the clagsical turm.ng point of a p&article in the third oecill&tor _
level ia set equal to a suitable nuclaar radius, r. vPic,k»ing the same radius

as &bwe, ona has

va=7/ra7/(140A1/3f)2 a | (4)
Thiz method fixes v .to be Just twice the v &bcrve Oné has in thib éase;

v =20.6f 2 and ﬁszé'M_v. This v&lu@ of'ﬁw &ppaara to be too large on the

basis of other evidences"%.
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Galcuiatians_é@re carried oﬁt oﬁ the énmrgy lovels of N14 for v = 0.2, 0.3,
0.4, O 5, and O 6 £ -2 for all fivc valuea of lo4 QLOt@G abave¢ Hote that oniy
the ratio of v/s enters in the ICMIQLian end ge varying v with B fimed iﬂ
.aquivmlant to varying B wi&h v fimed, -

- Comparing thege calculm zad re“ults with th@ﬁaxperimant&i energy ieveis
of N14 indicated that the begt fiﬁ to the exyﬁrimental d&t& wa with a v of
gbout 0.3 £2 and an @ of about 1.6, Tha caleulated levels are listed in
Feble III aﬁd are c@mpared with the expe#imental levels in-a Grotrian dingram
in Pig. 1. This value of @ is approximzzely the same zs that d@termined by
': other.peop1e22 9255 26 |
o Except for the 1owest lé}ovand 04}; stataa,an& two other'at&tes,'éha cal;
'cul&ted lsvelé ar@ in g@naral about-lvﬁév;'toé iow as can be seen by Fig. 1.
Thage two lower levels are pmdminantly p1/22 cemfigu"atiens.. 1f thesa two
states were depressed by about 1 Hav.. relativa to the othera, and tha rasulting_
energy spectrum renormalized so that the lowast 1 0 state wag at zero 8nargy
much betier agreemant b@tw&en_th&ory and expertm@nt ﬁuuld ba obtainad, It is
quite reasonable‘thét including the p@ssibilityléf.core excitatioﬁs woeuld
| aliminate moat of thew@discfmpancies | R | -

Another possibility ia that tha p-a&ell particlea hava a cmallar < rz >
than the 8,d-shell p@rticles do. Wote that'the_v_for the p-shell ia emaller

than the v for the s,d-ghell as showa by (5) Lif the same < NEEN i3 used,

5 L 7

B UIRES /a“dv---' - '.Vs,a "res e

" Thieg would indicate that the radiel wave fumcti@n of tha B pﬂrticles fallsoff

legs rapidly than the radial wava functi@ns @f &h@ 8,4 particles. .



B o
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Even if one took A=13 in (3) for th@ p chell and A= 17 in (3) for the :

B

8,4 shell, the vp would atill be emaller than the v, g viz. v I,Mc) .23 £ 2 and

vaoﬁwooz7f

»y_‘;f'  , ?,ﬁ‘ - |
T&kimg VP <vv h&a tha @ff@ct of muvxng ‘the gxr ound state up wi&h respect to

the cther levalm wlich is net in the dcsirmd diraetian to remove the discrepancies.
batwaen thege calculations and th@ exp@riment&l ragults.
To see what the effect of “having Vp > Vg ,d would h&vﬁlan the energy levéls,
'VP and v 5,d ware determined 80 that v 4 @ 0,27 f (see above) and VP wzs fimed

2

by r@quiring that vp <. r > //6 <z > E 1 wher@ < r2 > is given by (3)

B,d ,
with 4 = 13 and‘<,r2 >sgd 18" givan by (3).w;th»A-m 17. Thiﬁ pr?cedu re r@quirea
that the radial wave function of the p.partiéleg f&lis off more rapidly than |

- that of the g,d particleé‘&nd effectiveiyvgaumeé ﬁhe p pa?ticlea te be closer
to the_cdre than thé.s,dbéagticles. VP determined in this wﬁy becomes 003226 5“2’

vand‘it.was asauméd zhat’vp =0.32 £ 2. N | o |

The energy levmlm ware calculab@d for N14 wiéh vP w‘0.32 f“2 vs,d e 0;27_f72,-vv
and a = 1.6, Theae calculated encrgy levels ére coép&re&rwith the ésperiméntél ’
levels in Fig. 2 andiar@Aiistad in Table IV. Ther@ is an. ov@rqall improvement
in the agreemsnt betw@@n theory and exp@riment. Howav@r, the impravemmnt is
not as good as one might expect. This point will be . diacussed furthef l&ter in

this paper.

| III. DISCUSSION OF RESULTS
In this . section, all remarks will rufar ‘o the c&lculaticn with vp e 0, 32 £
vs,d _
Table IV and com?ared with experiment in Fig. 2 and in Table-v. All remarks

= 0.27_f , and 0 = 1.6, The r@muita of thia calculation are listed in
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could equally well be épplied to the calculation withﬁvp m'vB d'm 0.3 f"2 and

‘a = 1.6 where the results of thiz calculation are compared with experimsnﬁwid;m;w"'

. Fig. 1 (cee Table IXI also). Thévwave functions in both cases are'practicmlly

the same and the same conclusion about thé energy 1evel$ can be drawn. In fact, )
the results are quite insensitive to small variations in the parametefs_vp and
vs,d' _ _ ‘ _ . . L . : : C ‘
| As poiﬁtad'qu: in the intraductiqn5 the levels which arise predomizantly
from core excitation camnot be exzplained with the model for N'* ugsed in this

p&per. The levels which are exp@éted1_9 to be core-excited levels are the

3.95 Mev. 17,0, 7.03 Mev. z"* 0, and the 9.17 Mev. 7, 1 levels. Fig. 2 indicates
14

that thege levels are . not predicted with this model of X . These concluafona :

12

are also supported by. the works of E&rvey and Cerny e The aéaignment of core-

excited levels to,theme'1eve;s;ia;easentiﬁlly_in.agreeﬁéntlwith the calculations
of Talmi andvUnna8 énd.warburton.and'Pinkstong(aee Table V).

One expects a f&thér large amoung of the core—excited at&tez ko be admixed = -

with the 1 O ground state ‘and the O 1 gtate at 2,312 Mev. which are c&lcuﬂ

lated to be 93% and 90% P 2 respectively (na@ Table IV) Since these two
: 1/2 '

states are predominantly in the P shell, one expects a greater amount of admix-

ture with the core-excited states than one w@qld expect for the other states of ‘

14

N™7. Conééquently, any'calculation of thezquadrupole moment- or éhe'magﬁe&ic

moment of the ground state or ths tfanaition rates to either of these states

would be Questionablé becauserf'theSé unkgown:admikturesQ'.For exzmple, &

: p1/22 configﬁration doeé'notTébhtribute‘to:theiqdadru?oie moment._ 30 a’caicu-

lation of tne quadrupole moment of the ground state from the resulta of this

2
paper woulu oaly have contributiona from the small admixtures of d5/2 » 31/2 3/23

3]2 5/2, ‘and d3/22 configurations in the grouna s&&te. These aﬁmixuures are

~expected to



: be a great*deal less than the admixturee of the core—ekcited stateg end‘so one

‘_\ould not expect ‘to’ get the correct velue for the quadrupole moment.
It is expected thet the omiaslon of the core-excited statea in these calcU

‘i&tions is the most imnortant 3ing1e reason why the calculated and obeerved

‘the predictions of Werburton end Pi ﬁgyan&jeﬁdéélaf?iéini*Ah&-ﬁnnaauin

Table V. There are eever&l J = l ievel immediately:above 9 Mev which cannot ;i

be given assignments from this calculatio .an consequently the assignments are -

omitted in Table V.,
There ig excellent agreement between‘the4assignments of this paper for the
'spin, parity, isotopic spin, and shell model configurations of the levela in
.N14 with the assignments of Warburton and Pinkaton as can be seen’ in Table V.
The compa*ison between the predictions of Talmi and,Unna’and those ofvthia

paper are also compared in'Table V. E: cept ‘for the ’0 42 Nev.:2+ 1 level, this'.

paper is also in agreement with Talmi and Unna. Itiis quite poasible that the

calculsated 10.12 Mev. 2 s 1 1evel should be associated with the observed 9 17 Mev. -

2+ 1 level andhnot'the observed lO 42 Hev.'z l level. Warburton and’ Pinkstonvii
imply that both the 9. 17 Mev. 2 l level and 10 42 Mev. 2 1 level consiat of
"an admixture of a core—exc1ted level and a level with two particles in the

8, d shell Coneequently; it woule not be inconsistent with their results to .

assoc1ate the calcul&ted 10 12 Mev. 2 1 level with either one of these known

2t )1 levels;-?}f[&




- quite different types of v.:nlculntions:j

" in. this paper.

-1 ‘3.,;
. IV. CONCLUSIONS

In view of the simple model tnken for Nl4~which’neglects the deformation .
and core—excitation‘of the c?? core, it in heertening that the agreement between
the calculated energies, spins, and parity and those of the ooserved levelg {5

.so good .. Also, the fect that thie model agreee quite well with three other

‘the pure p—shell calculations, the*'

approach of Werburton and Pinkston, and‘the appro&ch of Talmi and Unna gives

strength to the shell model assignments o ;the energy levels which are given

A calculation of the energy levele of Nré with the two-body force uged by

H'_

Vigscher and Ferrell3, a force quite different from the one uaed for the calcu~ .

lations described in this paper, y elded pr&ctically the aame results as those

_-descr‘bed ebove._'

It is to be noted from Table IV that Lhe eigenfunctions for practically all

- 'the states are quite pure jj two-p&rticle wave functions. This fact is algo

t.true of the unlisted- eigenfunctions. This. purity of the eigenfunctions appears

to have a- direct connection with che conjccture of ialmi and Unna8 that it is
possible to uge pure‘jj wave functions and an effective potential to calculete
energy eigenvalues. Thet ia; in ‘some menner which ie not completely clenr the
effective potentialvseems to include ‘Bome of the more important aspecLs of
configuration mining.h.'. R | i " |

| The author wishes to thank E K. Warburton nnd w. T .Pinkston for discussione

concerning their calculations. He wiehen to thank J Cerny &nd B. Hnrvey for

discussions of their experimental results. He.alsouwishes to exprene his gr&ti-
“tude to Professor Perlman and hie group &t the Lewrence Radiation Laboratory fn

'Berkeley for ‘their hospitelity during the gumme T of 1961 and for the use of their

computing facilities,
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‘ ; . 13 L3 N '
fable T. levels in €™ and W™ assumed to be jure

single particle levels

' : 1 ' L 3
fonfiguration 'C“B-Levels Mev) N;J Levels (Mev)
APy 0 . 0
28/, 1 13.09 2367
1&5/2‘ i 3.85 3.56
iy, | 8.33 8.08
i




A

Table 1. Single serticle interaction energles with

. 12 ' , , 5 . '
the O°F cews. Thers interrekion swargiss are nouvwalised .

ag discuszad in the texd.

| RN SRR SIS R R & RS , WA%W&F

i
- - g ' Huclear | Coulemb
Configuration | Interaction | Interaction
o Energy (Mev) Enexgy (Mev}
1P1/z ' ‘. ' 0 1 A T 3‘005;
' 281!24 S >3°09- | 2,280
1d5/2_ . : 3.85 ' | 2.715 )
id3/2 PR S 7.68 : 2'755,
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Table III. Energy levels and dominant comfigurations for N~ with

v

o, ® 0-3 £% and o = 1.6,
o -
Jn,T | Energy (Mev) confggiiZiQZn(S)
0,0 2.96 Pi/2 B1/2 |
O+,l 2,72 p1/22 -
7.91 31/22
10.49 d5/22
20 .54 d3/22 '
07,1 8.12 Pup Sy
1+fo 0 | p1/22
5,54 '-§,1/22
9.34 s, .2 4+4d_,%+4d,,. 4
A 1/2 5/2 7 73/2 "5/2
11.44 81/2 ?1.3/2
14.28 ' d5/22 + 81]2 d372 Fd3y, d5)2
20,16 dyr |
17,0 4.58 P1/2 ®1/2
11.78 P1/2 %72 |
1% 16.32 81/2 %372
17.30 4372 9572
17,1 6.99 P1/2 3172
12.00 P12 d3/2
2*,0 8.71 8172 9512 o )
13.82 d3/2 9572 F 3147 fis/z +e1/2 %3/,

81/2 9372 * 9372 9579
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Table III. (com.)

< T

_n Dominant
J,T | Energy (Mev) configuration(s)
20 4,50 ) d
s o o Pu2 %542
IR ’
a1 . 9.7 81/2 ds/z.
, e 2
ites ds/2
15.59 ®1/2 93/2
16.93 G372 9570
. _ 2
21.36 : d3/2
AN 899 P72 %572
139.45 Y . Pllz d3/2
1,0 6.77 8172 9572 |
S 2
L0 - ds/o
| 15.21 937292
e : 2
18.98 dy/9
T s ppdsy,
4 . : el
50,1 oo ll.82 8172 9572
. }7.3;) o . | . ‘d3/2 d5/2'
3,0 7.43 Pl/2’d512
L : ' o :
LT, o 13.10 o dgpydeys
1++,1 » 0 11.94 S d5/22
L 4372 9s/2
5.0 o 8.60 dg g2

s/2



Table IV, Energy levels, dominant cbnfiguration(a), and eigenfunctions for:

=20~

¥ with v = 0.32 £2, v, =0.27 £2, and @ = 1.6.°
. P : 8,4 ,
Energy | Dominant .
(Mev) ponfiguration(52 Eigenfunctions
- 1 ?
I, 1m0 i s
’ ™ 1F1/2°1/2
. ! —
3.31 % pl/281/2 §l°000
i 1,
R E ™% 3 ) 3
THT04 P 2 Yp2 Y
EERTI 1=0.9501  0.1219  0.2635  0.1139
; | o
8.46 51/22 1=0.2056 -0.9360 ~0.,275% ~0.0760
10.93 dsloz '~0.2262  0.3278 -0.9063 ~-0.1414
i < i B
LT 2 i
1 , _
CEING T3 2 2 - "
3T P2 %12 4572 81/2%/2 %3/2%12 Y372
5 91/22 . 0.9666  0.0643  0.1839 - 0.1012  0.0105 -0.13i8
6.34 31/22 1 0.1303 -0.8732 -0.3268  0.0201 .~0.3308  0.062
9.92  dg)° ' 0.13%6  0.4713 -0.7457 ~0.0398 -0.4357  0.1iG3
P22 s1yz%372 0 0.1483  -0.0759  -0.2193  -0.8379  0.4505  0.1378
o |
145.75 d3/2d5/2
20.57 a2

3/72 -



" Table IV. (con.)

Energy Dominant ' :
(Mev) [ponfiguration(s) Eigegfunctiqns
3%, 1=17,0 ' d
’ g P1/2%172 Pi/2%/2
4.90 Py/0%1/5 10.9931  0.1175
o ; _
12.07 P1/2%3/2 0.1175 -0.9931
T + o
J Tl 1 18172%72 43729572
16.58 ﬂ v'sl/2d3/2 '
§ .
17.55 dyspds s
51T, 1 | 5 d. .
A ‘P1/2%1/2 P1/2%/2
7.26 }1/281/2 §~o,9945‘ - 0.1050
1227 1 pyyday, ~0.1050  -0.9945
37 w2t 0l d d.,. do,d.;.
IFE 81/2%5/2 B1/2%3/2 C3/2%5/2
g ' -0. 0.3935  0.2885
9.45 1/ #4572 0 8729v‘. 393
Lo :
b2t dydsiy ]
. S
ﬂ- —
J 72,0 P1/2%/2 P1s%3r2
4.83 ?1/28572 0.9829  0.1842
{ -
7.89 i P13/ 0.1842  -0.9829
¥ : 2 2
=21l d
I, 8172%72 9572 81728372 4372%/72 9372
- R
10.12 sy ,dg, —0g8981_ ~0.3599 -0.22;9 , 0.1903. >59.0575_
12.31 ° 45/22 ~0.3857  0.9163  0.0171 =-0.0920 - 0.0535
_ | , | |




Table IV. (con.)

” .Energy Dominant R loan '
: - (Mev) - gonfiguration(s) .E;.belnfunctions
"> - 3
15090 31/2d3j2
, 17.22 | dypds
2
21.65 4379
3% =271 d_,. d
’ ’ P1/2%5/2 P1/2%3/2
9.25 P1/o%5/2 -0.9997  0.0260
13.71 P1/583/2 | |
JEE + ‘ ] 2 2
J,T=3,0 81/%72 9572 43728572 4372
7.61 S1/7% 2  [0-8969  0.4082 -0.1673  0.0312
1,60 oag )2 -0.4307 © 0.8919  0.1203 =0.0675
15.76 © dy,de),
2
19.46 4372
: S0 s rdo
’ ’ P1/2%5/2
i 5.60 i P1/85/2 1.000
n + 1 ' : .
I3t S1/2%/2° 93/2%/2
. 1207 ' sy ppdsp, L0000
' 17.55 } 4379872
37, 1=37, 1] Cip,
S P2
R v_il.OOO
3




“Table IV. (con.)
oo i . =
Energy Dominant -
(Mev) [onfiguration(s) Eigegfunctions
. pos
3 N
J ,TéQ ,0 d3/2d5/2
13.82 d3/2d5/2 él.OOO
n + ' } 2
JT= L s/2 4372%/2
, 2 - . (
12.33 45/2 0.9636 -0.2674
15f93 d3/2d5/2
i + .t 2
37, m=5",0 ds /)
9.32 ¢ d.,.% 1.000
) s/2 g7

n e

aThe wave functions have been given only for thé levels below 13vMev.:



Table V.

and Unna for levels below 10.50 Mev. in Nlhe

Comparison of the

results of this

pape~

with those ot ¥Ws 2ourian

o a0

S

“inkston end Talmi

Energy Experlmental This paperb Warburﬁvv miv 7eImi and Unnad
(Mov) ,T ' Dominant Pinkston' 7
Configurations Dominant Configurations
. gt + A, 2 + . 2 2. . !
0 ; ,O‘ ; ,,O,pl/2 1l ?O’pl/E . p1/2 @ strong p3/2
' pl/2fl admixture
. ) + ) + oy ) 2 Vv 2 o 2
2,312 - o*,1 0 pl,pl/2 0+,1,p1/2 | almost purs‘_,_i/.2
3,945 14,0 core excited lij;p 2“1p =1 core excited and
- o o R : 3/ /2 strong p1/22 admixture
1#091 ' (O) vso " . ;oipl/zsl/e O“:OBPI/QSI/E p1/231/2 .
510 2,0 27505Py /pds /o 27505Py 2% /2 P1/2%/2
_ 5.69v 1 ”Q f; O;p1/251/2 1 9ngl/2§1/2 Py /21 /2
5.8% = ,0 3 ,0; , =,0;3 d d
- |7 SR VoY R VAV P1es /e
6.,05° | 7 ? ? '
. : - | <y v o
6.2% 1t,0 1‘~'1,o;s1/2 : 1+,o;(ssq)
6.0 '3(') 0 3f,0;sl/2d5/2 3+ 05(s,d) or p’d(?)
6.70° ? ? 7
703 (2)+.O core excited _ 24}O;pz;ﬁ“1;1n;“i ‘ core excited
- 7.4,0%08 ? ? g §
7.60°28 ? ? § “
Te97 2“20 2~»05P1/2d3/g i
, 3

~pe-
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Table V. (con.)

Energy Experimental® This'papérb Warburton and  Talmi ané Unna®
(Mev) J7,T Dominent Pinkston® '
configurations Dominant Configurations
8.L,5° ? e | T "
8.63 O+}1~ ot 1,81/22 0*,1;_(sad)“, |
e 0 Iy 202 0%s3py /2512 Pyofiss
8.91 -,(1) . 3=, 13p. , . d =, 1;p. nd d
ELTN N '_3‘,( ) . 3 , Py /2% o 37515Py 108 1o Py /0% /o
8.99 o I%Q(O} N core excited ?
9,00k | 5,0 5%,05, 7 | |
Ly ‘- . s . » ) “”1 -
9.17 i Qf,l ~core excited - 2*}1;(ssd)¢p /2-_P1/2 1
il 17,7 ?) -
995:1 2 ’]". 2 913p1/2d5/2 2 13P1/2 5/2 p1/2d5/2
9.71 S LR 1+,0;d5/22 9
10,09 120 o 2™, O"“’1/?. 5/2 T
10.22° o 17,7 | ? ' s a.r_ld/.or' p2d
] ot + 1.4 - by wl. =lafe an
10.442 .27, 72.,1,31/2d5/2 ? ,1,p3/2 P1/2 +(s,d) core excited

®These energieé and Jf,T assignments were taken from F. Ajzenberg-Selove and T. lauritsen, Nuclear

Physicsll, 1 (1959) and a Technical Report of August 1960 by these same authors,

J. Cerny, R. He Péhl; and EQ Rivet (to be published).

The J7,T and dominant configurations in this column are those calculated in

and Fig. 7.

and from B. G.

this paper (see Table I

Harvey,

-5z~
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Table Vo.(cono)

®The resuits of Werdburton and Pinksfon éuoted in this Table were taken from E. X, Warburtor end w. T. Piekston,
Phys. Rev. 118, 733 (1960), Table VII, p. 752.

dfhe results of Talmi and Unna quoted in this Table wefe taken fram T. Talmi and . Unna, AnnuallRev,vof
Nuclear ScienceflO 35% (1960), fhys¢ Rev. 112, L52 (1958).

©These experimental levels are not 1ncluded in Fig. 1 and Fig. 2. |

fThe 4=par1ty is assigned to thls level ‘on the basis of the work of W W. True and E. K. Warburton, Wucl@ar

phy31cs ?2 L26 (1961 )and this a551gnmenu is supportsd by the work in this paper.

Brhese levels are not seen (oL ,a), _(HeB,,p)p and (ot,c{') scattering experiments. Ses Ref. 12.

hghis level is & new lovel feund'by>Harvey et al (See referenceVIQ)e

92~
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Figure l. Energy levels of Nlun For each spin, the first column gives the energy levels, spins, parities, and
ond _column gives the experimentally

Y

isotopic spins calculated with *Jp :.V; d::o,g f"z and of =1.6. The 5
: R : :

observed energy levels, spins, parities, and isotopic spins. -

—Lz_



: ) ;Y/.'?r1
14 F o i
7 JR L :
1*o 2T — 3% L —yry
2r ' I"o re - 3¢ gy i
: . . 0 3
5 . . BT (l“)D 2“0 3-’ .
- ~o% - i*o . e . 3

Figure 2. Energy levels of v, Forech spin, fthe first column gives the energy ievéls, spins, parities, and
isotopic spins calculated with v/ .32 e, v; d:{O 27 f‘2, and o = 1.6. The second: column gives the

,d
ezperimentally observed energy levels, spins, parities, and isot0n1c salns.
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