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An application of mathematical methods developed in constructing the theory of
superconductivity 1 in order to investigate properties of atomic nucleus is found
to be rather fruitful. The investigations of the pairing correlations of nucleons of

2=2 allowed one to account for

the superconductive type which have been published in
some properties of nucleil which do mnot appear in the model of independent particles.
In a further development of this approach a "superfluid" model of a nucleus 6 has been
formulated by one of us, and the strongly - deformed €lements have been 1nvestigated7_9
on the foundation of this model.

7 on the

The properties of transuranic elements have been investigated in
foundation of the superfluid model of a nucleus. The spectra of the single-—quasi-
particle levels of odd-mass nuclel were calculated there and it was shown that the
density of the calculated levels is in a good agreement with experiment and it 1s about’
twlce as large as that given in the Nilsson’s scheme. The energies of the two-quasi-
particle excited states of a number of even—even nuclei were calculated. Corrections to
,5 and J\ ~ transittons were found which are connected with the superfluidity of
the ground- and excited states. It 1is shown that the corrections play an important
role in the nucleus.

Later on an improved scheme of calculations has been suggested 2 based on the use
of experimental data on the single-~particle levels of odd nuclei and on the pairing
energies. On the foundation of this scheme appropriate calculations for nuclei in
the region 154 < A < 188 were performed and a satisfactory agreement with experiment
was obtained.

In the present paper we continue the investigation of the properties of nuclei in the
range 225 = A = 255 on the foundation of the improved scheme, namely: we choose the
main parameters of the model basing on experimental data on the single-—quasi-particle
levels of odd nuclei and on the pairing energies, we analyse the probabilities of ﬁ3 -
transitions and calculate the two —-quasi-particle energy levels of a number of even-

-even nuclei.

1. Choice of single-particle levels and pairing interaction constants

The basic foundations and the properties of the "superfluid" model of a nucleus

as well as all necessary equations are given in 7-9

. For the ground state of the
even system, for example, the equations for obtaining the correlation function C: and

the chemical potential }\ are of the form:
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where ¢ G' is the constant of pairing interaotion, ™ is the number of nucleons
in the system under oonsideration., The summation is performed over the single partiole
levels of the energy E(’D) of the average field. The energy of the system 1is
written in the ground state, as

Esy =\
C = 27;- E-Cé){./‘ B VC* +{Em-N" }

Our calculations are based on somewhat ohanged levels of emergy of the average
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field given in the Nilsson’s soheme, To determine the states we have used notations
founded on asymptotio quantum numbers: N is the total number of osoillatory
quanta, N 1is the number of osoillatory quanta along the axis, perpemdicular to the
symmetry axis, /\ is the oomponent of the partioles orbital angular momentum along
the symmetry axis. Z is the projeotion of the partioles spin on this a.x:l.sl
k=A%2 , T 18 the parity. The state is written as KT [Nn, A]
or more briefly Nn, At provided K= AN+Z or Nn;A { provided K= /\-Z;

R = 4 A & Mev . Purther, |4 denotes the final filled single particle
level of the average field for G- =0, K -1 , K -2 and so on denote the hole
states and K +1, K+2 and so on the partiole states.

The summation in Egqs. (1) and (2) is performed over emergy levels of the average

field though it was performed over twenty- four levels around the level K

in the first papers 7 9

s further in order to improve upon the reliability of calcu-
lations, the number of levels was inoreased up to thirty- six ones. We investigate
how strongly the results of oaloulations depend upon the out off in Eqs. (1) and (2).
For this we calculate the oorrelation funotions  and ((k) [ C(x) 1s the
correlation funotion of the ground state of the system with an odd number of nuoleons)

for = 94 and Z = 93 and the pairing emergy [,  for Z =94, when below the



state K the summation 15 carried out over seventeen levels of the average
field, and above the K -state various cutoffs are performed, namely: for K +3,

K +6, K +9, K +12, K+15 and K +18. For the calculation results see
Table 1. For the same value of (%L = 0,0185 ¢ ( corresponding to real nuclear
forces in summation over thirty-six levels) the correlation function (: strongly
depends on the cutoff increasing with an expansion of the summation reglon. However,
in this case the magnitude of the pairing energy ‘3 changes strongly, too. The
ratio C(k)/c weakly depends upon the cutoff if the later is performed suffi-
clently high. Acoording to the superfluid model of a nucleus the quantity C%z is
found by comparing the caloulated values of 8 with experimental values of pairing
energles, the values of Cé. being dependent on the cutoff. Therefore, to clear
up the role of the cutoff it 1s necessary to make calculations for such different
values of Cé so as to obtain for each cutoff the same value of the pairing energy.
The results of such calculations are given 1n the lower part of Table 1, we failed
to choose such C%fs 50 as to obtain strictly the same value of pairing energies
for all cutoffs. However, alterations of a for K +6 and larger are small. From
Table 1 it 1is seen that if below K more than six levels are summed then the
correlation funotion (: and the ratio C(k)//c and so all superfluid proper-
ties are practically independent of the cutoff in obtalning the same value of the
pairing energy.

Thus, the main characteristics of superfluld states are practically independent
of the cutoff if 1t 1s made at energles both major to K and minor to X and
higher than 3 MeV. In restricting the summation in equations such as (1) and (2)
there 1s no need to introduce a cutoff constant since the pairing interaction cons-
tant G seems as though it would renormalized with account of this cutoff,

We shall compute the characteristics of superfluid states, the relative probabi-
lities of /3 ~ transitions and the energy levels of even-even nuclel basing on
experimental data on the single-~quasi~particle levels of odd nucleli and on the pairing
energlies., To carry out this program we change the position of a number of levels
in the Nilsson’s proton and neutron schemes so as to obtain spectra of single—quasi-
—particle levels of odd nuolei which agree with experiment. In dolng so, we choose
suoh G 4 and (}i’s 8o as to get experimentalwlues of pairing energies. We

N
solve the equations of the type (1) and (2) on the electronic computer and compute the



energles é ’ é(/&,;) ’ C(Ki, Kf) of the ground and exclted states, Table 2
gives the relative position of a number of levels of the average fleld in the proton
and neutron schemes and there are also those changes E:(a) -Ezhfé)

which we have made oompared with the Nllsson’s schemes for cg.= 0,24, whose parame-
ters are represented in Table 1, case (: 5 . ( E:N(b) are the energy levels
in the Nilsson ’s scheme). It 1s seen from Table 2 that we may restrict ourselves

to one set of energy‘values for the proton system and to one set for the neutron
system for all nuclel in the range 225 £ A % 255 although the equllibrium deformation
ochanges somewhat in the transition from one nucleus to another.

The behaviour of the caloulated single—quasl-partlcle levels of nuolel wilth an odd
number of neutrons 1s given in Fig.l, and with an odd number of protons in Filg.2. We
assume the ground state energy to be equal to zero below Cz(K) =0 we plot the
energies of the hole excited states, above Cf!K) =0 we plot the energles of the
particle exclted states. On the left we indicate the ocharaoteristlics of states and
conneot the ildentlcal characteristlcs by dashed lines. From the comparison of the energy
levels ( Fig.l and 2) with experimental data 1t follows that the obtalned values of
spins and of particles for the ground states of all nuclel are correct in this region,

229 and Bx 243 + The calculated excilted-state

for the exceptlon of those of Th
energles agree with experimental data in most cases., However, as 1t is seen from Table 2
we do not take into account the change of the average field in the transition from one
nucleus to another. Therefore, we can not account for such changes in the behaviour of
single particle levels, for example, the approach of the level 6314 to the level

743 % in 143U235 in comparison with 143Pn 237 .
32 34

In finding oconstants of palrlng lnteraction G@ for the neutron system
and (3; for the proton one the ocalculated values of the palring energles were carefully

compared with experimental data 11

. The results of the analysis are given in Filg.3 and ¢
where experimental values of palrlng energles a, or PL are connected by the dashed
lines and the computed omes by the full lines. The palring energles were computed

from the formula:

Piz,N) = {l—{bd(z,N-d) - Jd(le) +C(z, N+1) - é(z, N—z)} )






region 3 . Table 4 gives the ratios of the correlation funotions of the ground states
of odd systems C(K) to C o In the oonsidered region the ratios for the neutron

system are the same as in 154 € A £ 188 ?

=

s and for the proton system in the trans—
)
uranic region (.(k)/c n are somewhat larger than 1n the rare-—earth one.
Thus, the efficienoy of the pair correlations of nucleons of & superconductive

type decreases very slightly in the transition from the region 154 < A< 188 to the
region 225< A< 255,

2, Analysis of the probabilities of /B - transittonms

General rules of comstructing corrections to /3 —transitions connected with the

12 . In 2 these correc-

superfluidity of the ground and excited states are given in
tions are calculated and the probabilities of , 8 - tré.ﬁsitions of even and odd
nuclei are analysed in the region 154 < A< 188, We shall make a similar analysis of the
probabilitites of /A3 transitions in the region under comsideration 225s5AS 255.

We compute corrections for the superfiuidity R = RN-RZ for A transitions
between single—-quasi-particle states in odd nuclei. Calculations are oarried out on the

12 making use of the schemes of the singie-particle

computer by the formulae given in
levels of the average field and of the comstants GW and G& which have been
found in the previous Section. The results obtained are plotted in Fig.5-8. The
neutron corrections RN are given in Fig.5 which correspond to /B ~transitions
without any cﬁanges in the number of nucleon pairs in the neutron system. The neutron
corrections Ry  which correspond to transitions in which the number of nucleon pairs
changes by unity are given in Fig.6. A position of the ground state of an odd nucleus
1s denoted by ® the number of neutrons has been writigg on the ocurves for the odd
system. The single-particle states ( labeled with respect to the number of neutrons)
are plotted on the‘abscess axis, whose quantum numbers are given in Table 2., Similar
curves for the proton systems are plotted in Fig.7 and 8.

We investigate the probabilities of J. transitions in cdd nuclei. With this
aim we systematize the experimental data and the results of caloulatlions on Tables
5 and 6. Initial and final nuolei are written in the first oolumn of these Tables,
an additional classifioation is given in the seoond'column. I are transitions belon~-

ging to the first group, II are transitions belonging to the second ome 12

they
are first to be written for the proton system and then for the neutron one. The

T 2
third column coatains er , Where n = < 'l‘i Ki A KP—-K; | IP ‘KP>

The experimental values of Eogfc, with an appropriate referenoe are given in the



fourth column. We calculate £°3Q%k, ‘s normalizing them with respect to the
first from the given set of transitions between identical single-particle states
in various nuclei., The values of 697:%% are given in the fifth column of Tables 5
and 6. The values of dyﬁfﬁ,ﬁblj are written down in the last column., From Tables
it is seen that the corrections for the superfluidity are essential for Ve - tran-
8itions belonging to the second group where they allow us to explain changes in the
values of 49?#%3 for A - transitions between identical states in various nuclei.
Making use of the corrections R (Fi1g.5-8) and of the data from Tables
5 and 6 we can compute the values of QJ4$%)1 for ﬂ - transitions between
the aforementioned states in any odd nucleli.
It is interesting to compute absolute values of Coj/i using the wave functions
obtained by Nilsson. The results of calculation are given in Table 7a, the filfth
column of which contains the values of KQjﬁt calculated without imeluding priring

correlations with the aid of the formula

B
Ft = —ori e ‘
(4—><)F + X g_d (63

J

where 3 and x are the constants r and 9 are the Fermi and Gamow-Teller’s
matrix elements. If pairing correlations of the superconductive type are taken into
account and the statistical multiplier is singled out, then the expression ‘th;éo

takes the form

, B anY’
"#)afn - (1-x)F* + X %1 (An)
(n
The values of toﬂ‘ﬁtébs are written in the seventh column. From Table 7a
it is seen that the corrections related to the superfluidity of the ground- and
excited states improves the agreement between theory and experiment. However, as in
the calculated absolute values of (ﬁtaﬁﬁare smalier than the expsrimental values of
(pt)3 by a factor of 5-10.
We consider ) ~ transitions in even nuclei. The relative probabilities

of 3 - transitions in even nuclei can be calculated, making use of data on 3 -

[}

decay in odd nuclei between the same slngle-particle states, only in thcsc case
when the selection rules are the same and there is no XK or A -~ forbiddenness

in even nuclei, We sum up experimental data ( Table 7b and 7¢) over B - decays of
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even nuclel and compare them with our calculations. We write the data obtained so that
all transitions between the same single-particle states may be in the same place. We
write alse /B3 <~ transitions in odd nuclei which have been used by us for determining
single~particle matrix elements. From Tables 7b and 7c¢ it is seen that the calculated
values of Zog@),tare in a satisfactory agreement with experimental data. This agreement
proves the correctness of the two—-quasi-particle aspect of the states of odd—odd nuclei
and of the excited states of even-even nuclei as well,

9

As it has been noted in it is advisable to go over from the systematization

of the observable values of &g/{, to the systematization of 50‘9[1%9 R'L] ’s excluding

the influence of pairing correlations and statistical arguments. In 9 the classifi-
cation of B8 - trazisitions is given in the following form:

4,0 < 293 ftQer < k¥ o w

55 < g ft,Rn & 6,5 o R

55< logptsRn < 6,5 1w

From Tables 5,6, 7b and 7¢ it 1s seen that most values of fn9 ]Bt, R'l go into these
regions of values, however, there appears to be a tendency for a removing the lower

boundary of the values of }"’T/“’ Rn  from 5,5 up to 5,0 for transitions 4u.

40 44

3. Two—-quasi-particle levels of Pu2 and sz

240 44

We calculate the energies of the twp—quasi—particle levels of Pu and Cm2
and the values of ‘Q%?Cﬂilt for appropriate A ~ transitions., Here there
are no new parémeters, since all parameters are determined in studying odd nuolei.
Making use of the values of Cﬁ and Gi and the single-particle scheme
given in the first Seotion we calculate, as it has been done in 3 the energies of the
ground-and the two-quasi-partiole excited states with the aid of the computer. The
results of calculations are given in Tables 8-9. The neutron levels are written in
the upper part of Tables 8 and 9 and the proton levels in the lower part of Tables
8-9. The configurations of the excited states are given in the first column, the
quantum oharacteristios of the states K—-2, K-~1 and other being written at the bottom

of both neutron levels and proton levels. In the second oolumn we give KT , the

state with 2 =0 being first written , and below the state with 2 =l. In the
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third column we give the calculated energies of these levels. The measured energiles
of levels with configuration setted up as single—pérticle one are given in the
fourth column, #& — transitions from odd-odd nuclel whose configurations are at
the top of the corresponding columns are given on the righthand side of Table. In the
left oolumn we write the /3 -tramsition olassification, provided AJ 42 and
in the right column we write the observable values of L05;t3 and 1n brackets the
calculated values of 302 7?1:.‘ . The notations are the same as in 9 s F are the

i) ~ transitions belonging to the third group, and A - transitions are

A - forbidden.

Thus, the energies of the two—-quasi-partlole levels of even-even nucleil

are predloted in Tables 8-9 and 1t 1s shown at what rates these levels will be

settled for corresponding /> - transitions. In the case of Pu24°

there 1s not
a single state with an uniquely determined configuration, and the levels with
the energies 1,42, 1,53 and 1,6 MeV will go evidently into the scheme of the

240

caloulated statgs. The calculated energies of the neutron levels of Pu differ

little from the calculations in 7 .

44

In the case of sz the level 6+ with the energy 1,042 MeV and doar"t,=5,_9

has been discovered experimentally in 14 which agrees well with our calculations
giving energy equal to 0,92 MeV and ﬁoﬂﬁt).t = 6,0,

Thus, in the transuranic region an agreement has also been obtained between
experiment and calculations carried out on the basis of the superfluid model, of a
nuolevus., Fpr a further study of the physical nature of the excited states of

transuranic elements it is necessary to increase the amount of the experimental

material,

In conclusion we take as our pleasant duty to thamnk N.N.Bogolubov, L.K.Peker
and N.I.Pyatov for very fruitful discussions, we thank also N.A.Busdavina for
making numerical calculations. One of us (V.S.) thanks S.K.Nilsson for giving
us the improved scheme of single~particle levels of the average field before its
publication. Two of us (T.V. and T.S ) express our gratitute to N.N.Bogolubov
and D.I.Blokhintsev for their hospitality at the Joint Institute for Nuclear Research.



Investigatio

Table 1

P ]

n of the role of the cutoff

K+ 3 K+ 6 K+ 9 K +12 X +15 K +18
gz(tco:) 0,0185 0,0185 0,0185 0,0185 0,0185 0,0185

(-]
P (£uX) 0,037 0,055 0,070 0,08l 0,091 0,102
C (Bu«X) 0,059 0,077 0,091 0,103 0,114 0,125
C(*)C 0,64 0,75 0,79 0,81 0,83 0,83
G. (£¢) 0,024 0,023 0,021 0,020 0,018 0,0185
P (#£a)7) 0,074 0,1025 0,101 0,103 0,094 0,102
C (tho") 0,106 0,130 0,128 0,127 0,123 0,125
Q(k)/c 0,84 0,85 0,84 0,84 0,83 0,83

Table 2

Single-particle levels of the average field

Neutron system

Proton system

i« Charac.of TBeT8Y Em-E@ 5 Charac.of Eneray go)-£()
the levels 4,70, %% the levels ,E(), 1n &)
137 32 +[631) -0,0I  —0,0I | 89 3/2+ (651] 0 0
139 572 -[752] 0 0 91 1/2 -[53Q 0,04 +0,0I
141 5/2 +[633) 0,05 0 93 572 + (643 0,12 0
143 772 -[743) 0,13 0 95 572 - (523 0,14 0,01
145 172 +[631) 0,17 =0,03 | 97 \3/2 -Ppa1] 0,27 =0,05
147 572 +[622] 0,25 -0,04 | 99 T/2+ B33 0,28 -0,0I
149 7/2 + [624 0,31 =0,07
151 9/2 -[734 0,37  -0,09
153 1/2 + [620) 0,45 0
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Table 3

The values of the correlation functions

Proton system C&."éi Keutron system G, = 28
A b A

7 or N 90 92 94 96 98 100 138 140 142 Iuy 146 I48 I50 152 I54
C(K,K+I1)/C 0,67 0,59 ¢,I0 0,28 O 0 0,53 0,41 0,0I 0 0 0 0 0,51 0,66
C(K-TI,K+I)/C 0,08 0,63 0,47 0,40 0,54 0 0,61 0,44 0,41 0,35 0,25 0,41 0,55 0,81 0,69
(K, K+8)/C 0,72 0,64 0,68 0,33 0,47 0,53| 0,65 0,62 0,50 0,43 0,33 0,31 0,43 0,54 0,67
c(K,K)/C 0,69 0,63 0,41 0,65 0,13 0,59| 0,54 0,57 0,57 0,49 0,58 0,58 0,64 0,59 0.64
c(K-1,K)/C 0,70 0,66 0,53 0,67 0,60 0,59| 0,62 0,59 0,62 0,59 0,63 0,68 0,73 0,73 0,69
C(K+I,K+2)/C 0,73 0,7I 0,72 0,75 0,49 0,68{ 0,65 0,63 0,70 0©,64 0,65 0,62 0,62 0,64 0,68
C(K-2,K~I)/C 0,72 0,69 0,65 0,72 0,72 0,68} 0,70 0,59 0,63 0,72 0,75 0,81 0,85 0,85 0,81
C(E+I,K+4)/C 0,82 0,80 0,76 0,84 0,59 0,71| 0,7% 0,76 0,78 0,72 0,72 0,65 0,63 0,66 0,69
C(K+2,K+3)/C 0,81 0,82 0,85 0,80 0,73 0,78 0,79 0,81 0,81 0,79 0,76 0,73 0,63 0,66 0,69

C in unitfw’ 0,146 0,137 0,185 0,113 0,109 0,104{0,IT9 0,112 0,TI4 0,099 0,097 0,099 0,107 0,II7 0,126
Table 4
The ratlos G(K/C
Proton system
%z 08d/; oven 87/88 283/90 91/92 93/94 95/96 97/98 99/100
c(K)/C 0,89 0,88 0,86 0,83 0,74 0,71 0,71
Neutron syitem

Nodd/N aven 137/138 139/140 141/142 I43/I44 T45/146 147/188 149/150 151/152 153/154

Clr 0,84 0,81 0,75 0,69 0,63 0,60 0,63 0,72 0,80
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Table 2

ab A - transitions in the odd puolel
_Jaadition.
B-transiisfotaasit, | Rq | logft), | log(ft) | toalgt,Re]
Ay .{5/2 +[642_]J = e { 5/2 +[622_]_}
Np — PI’;l 1 T {o16 6,9/ - 6,1
A .{5/2 +[542]J — 4.={7/2 + [624]}
Ame—BYL T |o,15 6,11 | 6,1 5,2
NIRRT T oo 6,8/ | 6,4 5,6
4, =f5r2 - [523]} — ae={w2 -[743]}
N;” - j 1 lo,zz 6,8/ 19/ - 6,1
4 {772 + [s:;]] T A { 772 + [sz.gj
4.
249 I - /10/
— w’l /| T 0,48 ~ b - ~5,7
Table 6
44 B~ transitions in the odd nuolei
B - tramsttson {SITENEN 1 R | oglpt), | dogitt)| <o HONLY
A, ={1/2 -[;Jo]} i '5".{3/2 + [631]}
PRCTC O 0,06 | 7,2/1% 7,2 6,0
o 0,20 127,0/1% {_.6,5  }z6,5
a,-{or2 —[ij - ,sh-{l/z +[631]J
[1] 245
5:-:‘ ""’C'-m I 1 0,04 7,017/ 7,0 |56
A ~ 111 1 0,14  |x7,3/17/ 6,5 26,4
N,:“ — 0,43 | 6,0/1% 650 5,6
4, =[ar2 -[521]l ,5”,{5/2 N [622_]}
B — ™l o1 0,22 l 7,016/ - 653
s.e{sr2 -[923]_} - Az + [622]}
AR - P 0,29 6,10/ | &0 5,5
AL R : 0,20 ,7/17/ 6,2 5,0
ALY M1y 1 059 |~6,271 | 5,8 |us,0
aefrra-Bad) T afme+Bed)
Am'? el 0,34 |[~8, 271 | 6,2 5,7
Amb?? R 0,16 6,1 | &5 5,3
e Bl 1 1 0039 a8,/ 6,2 5,8
8 !ls/e #[642)} - ,5".(7/2 -[743)}
Mﬁ” - ﬁu": 11 0,40 65/ | 6 6,2
¥
NF" R 1 1 026 |~ 6877 | 68 15,2
NgY Wl e 0,25 6,1 | s,8 6,0
4, ={re + &31]} Putitl -{9/2 ~[73‘]j
Y LI 0,78 6,91 - 6,2
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Table 7a

R

Calculated absolute values of [Oj;f%h of the ah

transitions in the odd nuclei.

tog 1t
State hter State 4
Parent z?:.:feus , . ..,y Without er ["ﬂftmsc lo’ff,
nucleus K T [Nn A} 1 K W [anl\] calculation
I ' of the pai-
ring correla-~
tion
710/
540 ) 544 0,22 6,1 6,8
IgzPuZJ'] 22 2 _[743] IggNPZJ'] s/2 572 _[52}] Sy > 3 ’
- /177
I 0,0 6,5 6,8
Iggﬂpzw 572 572 +[e43) IgzPu239 772 172 + 24 )3 075, ’
/107
2 2 0,48 4,6  ~E
I;ZPuZU 72 /2 + ed  HSin43 72 172 + [639) 4 ’ ’
710/
. o 201 0,16 5,7 6,9
146,229 5/2 o/2 + fpag]  TE2puP? 5/2 /¢ + Boul 4y ’ ’ ’
Tablae /b
ah  f3 ~transitions in the even nuclel
State  A- transition Otate R gt topip), bj&”‘aRﬂ
J
5 239 /17/
5/2 4 [642] jp239 , Pu 7/2 + [624] 0,07 6,8 6,3 5,6
4‘- T
6421 624 4 Np24Q_y py240 o+ 0,17 6,777 4 5,9
1+ ground )
6424= 6244  yp240_ 240 o+ 0,13 5,718 g5 48
ground
Table 7c
_
14  B-transitions in the even nuclel
State ¢ A-transition State Ry pyfpv), 2?7()31)1 ﬂa;[/{t’R.J
o2 =Pl % w5 LBl 0,00 6,0/ g 5,5
0— " O+
5234~ 6221 apP42, 242 ground 0,13 7,172% ¢, 6,2
0- O+
5234 622%  pn2t2, p,y242 ground 0,06 ~7,6/2% g7  _g.4
6— 6 +n
523+ 6244 antta ot cany sany o, 5,9/ 60 5,4
5/2 + Badl  wp?32, py237 i -fed o0 6,51 g5 60
T O+
6420- 74 np238, py236 grouna 0,10 6,6/°/ 7., 5,6
i- O+
642t~ 743%  p236, 4236 ground 0,09 7,0/% 4.5 5,9
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Table 8 46 _ 240
— A=2i0 LR

N3 k0

3 N 1+
state R 1 A el ol PR T T
Neutron levels
K,K+1 3+ 0,9 2F
2+ aF
K,K
K+1,K+1 T 0+ 152
K-14K+1 1- 1,3 1F
6—
KyK+2 3+ 1,3 2
4+
K-1,K 4- 1,5 I*F
3-
K=1,K+2 7- 1,6 Iu (7,0)
Q-
K+1,K+2 6+ 1,6
1+ ah (6,9)
K-2,K+1 S5+ 1,7
0+ ar
K,K+3 5- 1,8
4—
K+2,K 2+ 2,0 ar
3+ 2F
K+r1,K+3 ;- 2,0 1F

K-2 = 633} K-1 = 743t K== 631} K+l = 622t K+2 = 624} K+3 = 734t K+4 = 6201%

Proton levels

Ky K+1 5— 1,3 Iu (6,8)
0-
K,K }
K+1,K+1 0+ ~1,4
K~-1,K+1 3+ 1,7 2F
2+ aF
K-1,K 2- 1,8 1(2)
3- 1*A(2)
KyK+2 1- 1,8 1(1%"n)
4
K+1,K+2 4+ 1,8 aF
1+
KyK+3 1+ 1,8 ah (5,8)
6+
K+1,K+3 6 1,8 1F
1-
K-2,K+1 4- 1,9
1-
K-1,K+2 1+ 2,0 aF
2+ aF
(-2,K 1+ 2,0 a (2)
4+

¥~2 = 651t K-l = 530% K= 642% K+1 = 523F K+2 = 521t K+3 = 633% K+4 = 5144
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Table 9 (Y 11
Awllly %C ™
LTI
Gatefates” e aaT e g
Classifio.
Neutron levels
E,E+1 6+ 0,92 1,04214 Tu 5,9 (6,0)
I+
E,K } o -1,2
E+1,K+1
K-1,K+1 3+ 1,3 I*h
4+
K,K+2 2= 1,4 aF
T
k-~1,K 3+ 1,5
2+
K+1,K+2 8- 1,6 2F
1~
K-1,E+2 5= 1,7 aF
4=
K=2,K+1 7= 1,7 ah (6,4)
O
K,K+3 2+ 1,8
3+
E~2,K 1- 1,9 aF
6—
K+1,K+3 [ e 2,1 I*h
3+

E-2=743t k-1 = 6314 K = 622 K+l = 6244  K+2 = 724%  K+3 = 620¢ K+4 = 613%

Proton levels

K,E+1 4+ 1, 36 I*h
1+

K,K+2 6= 1,40 ah (5.9)
1~

K«l,K+1 1- 1,52 2F
4=

K-1,K+2 1+ 1,54 1F
6+

K,k }

K+1,K+1 O+ ~1,7

K+1,K+2 2~ 1,7
5- aF

K-1,K S 1,87 ah (6,4)
O~

K,K+3 1+ 1,88
6+ Tu

K~2,K+1 1+ 1,94 :
2+

K+1,K+3 5+ 2,16 1F
2+

K+2,K+3 : 0~ 2,18
7- aF

K-2 = 5301 K~1 = 642 K = 35234 E+1 = 521% K+2a 6334 K+3 = 514 Keg = 5214
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