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The structure of odd-A deformed nuclei may be described 

most simply in the frame vork of the independent quasiparticle mo

del. 

The ground and a number of the exclterJ states of an odd-A 

nucleus are then considered as one-qur1sipurticle · st.htes, higher 

states as three-quasipurticle ones and so on. A further step 

towards the study of the odd-A nucleus structure is the conside

ration of the interaction of the collective and one-quasiparticle 

motions. 

Taking into account the fact that the odd -A nuclei, compared 

to the doubly even ones, have one additional quasiparticle, we 

consider the interactions of this quasiparticle with the phonons of 

a doubly even core by means of the multipole-multipole forces, 

A secular equation taking into account the quasiparticle-phonon 

interaction was first obtained in ref. /l/. The roots of this equa

tion describe the ground and excited states of the nucleus. In 
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subsequent pap.s-rs /
2

-
4

/, using this equation the structure of a 

large number of odd-A deformed nuclei was analysed, It was shown 

that the lowest excited states are close to the one-quasiparticle 

ones. Higher states have a complex structure, i.e. the contribu-

tion to the wave function of these states comes from several com

ponents of the type quasiparticle plus phonon. Some states are 

of a purely collective nature, i,e, in their wave function a single 

component quasiparticle plus phonon is predominant. 

The accuracy of the calculations performed is noticeably res

tricted by the uncertainties in the description of the average nuclear 

field by means of the Nilsson potential. Therefore the problem 

is to obtain a better description of the avef:age field, In refs, /5-B/ 

the calculations are performed with the single-particle energies 

and wave functions of the Saxon-Woods potential fgf having a 

number of advantages compared to the Nilsson potential. 

A further refinement of the average field was made by taking 

into account the term with hexadecapole deformation in the formula 

for the expansion of the nuclear shape in multipoles /
10

/. 

The present paper is devoted to the study of the structure ·-. 
of nuclei with odd-N in the region 153 _< A ~ 171, The main 

attention was paid to nuclei the spectra of which were not calcu

lated earlier.. The calculations are performed with the Saxon

-Woods single-particle energies and wave functions at quadrupole 

deformation f3 20 = 0.3 and · hexadecapole deformation f3 40 = 

= 0,04. The calculations of the levels of 171 Er were carried 

out with the deformation parameters f3 2o = 0.26 and {3 40 = 

= -0,0 2. The paper gives the energies and the structure of the 

ground and all the excited non-rotational states of nuclei up to 

1.5 MeV and s:>me states higher than 1,5 MeN. 
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The wave ·runction for an odd-.A nucleus describing the 

state with a given K" is written in the fol"m 

, J - ... ~ ' '),p. ';J 
'I' (K )= ...L£·· I'ta+ + I I D ·a*· Qt(.\p)IY 

J .,fJ. p q fX1 ),pi ' ~ p VO V0 1 · · . 0 
(1) 

+.' 
where ·Q 1 (.\p )' tS thEf :phoo">n> operator of multipolarity ''-·) a+ ~·JJU 

is the quasiparticle creation operator, d . "= ±. 1, • 0 is 

the wave function df the ground state ·of a doubly even nucleus. The 

quantity ( C J ) 
2 defines the contribution of the one-quasi particle 

p . ( J. )2 .,... ( ),p.IJ ) 2 
component p and the qUa.ntity 1/2 C .w D - the contribu -

. p u pvu 

tion of the component quasiparticle in the state va plus pho-

non ( ""' i) 
to the state with given K" 

The secular equation determining the energies T/ l of the 

ground and excited states of an odd-A nucleus is of the form 

, ... 
cr""' (pv))

2 

dp)-q -:1:- I I 
v2 

pv = 0 ·x"' .. 
· J 4),p.lv y 1(,\p) f ( v) + (U -Tt 

I J 

(2) 

For the notations see, e.g. ref./
2

/. 

In every nucleus the least of all the T/ 1 ( K"0 ) values is 

the energy of the ground state and the excited state energies are 

determined· by the differences T/ J ( K
71 

) -q1 ( K 
11 

) 

When two states with identical K" have c;lose quasiparticle 

energies, instead of the secular equation (2), a more complicated 

equation /1/~ in which both quasiparticle states p1 and p2 are 

taken into account simultaneously, is used. 

Of a special interest is the mixing of two single-particle 

states with A N = ::!:.. 2. In the region of nuclei under considera-

tion the 660 t and 400 t states and 651 t and 402 l. ones are 

strongly mixed. It is necessary to perform a detailed investigation 
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of this mixing, This will be made later on and the characteristics 

of the above-mentioned stat~s will be determined more accurately. 

The energy anq the structure of the state close to tOe one

quasiparticle date may essentially· be affected by the deflection 

of the equilibrium deformation of the excited state from that of ,. 

the qround state, The investigations performed in ref, /
11

/ 'showed 

thnt for the :i05 t state it may be 0,05, The qualitative analysis. 

of this effect shows that it makes it poss~ble to improve the des

cription of the !JO!i t state energies, 

In the present cnlculations the Coriolis. force, which is found 

to br 0specinlly important for the i
13

;
2 

subshell levels~ is not 

tnkrn into nccotmt, Therefore the 660 t , 6!i1 t , 642 t , 633 t , 
~ 

ti:!·l f and til!l 1 state ener~ies can change due to the Coriolis 

interaction, 

Tile results of c< ~lculations of the enerqies and the wave 

functions for a number of odd-N nuclei nrc qiven in tables 1-8, 

'Ihc fourth column is the contribution (in percent) of several lar

a,est component>", which is obtained from the normalization condi

tion of the wave function, to the stnte under investi.gation, The 

second.. sinQ.le-p.:1rticle state havin.J2. tile K" value identical to that 

for the state under consideration is tabulated when its value 

exceeds one percent. For example, to the K" = 1/2- state of 
155 

Sm the one-quasiparticle !i21• state gives 66% of the contri

bution, the one-quasiparticle :i3Qt state - 5o/o, the components 

a quasiparticle in the 521f ~tate plus phonon q 1 (22)- 15% and 

a quasiparticle in the 523 • state plus phonon q 1 (22) 
/13-17/ 

-10o/o, The experimental data are taken from ref, , In the present 

paper, the theoretical calculations for the nucleus 1 7 1 Er are 

in better agreement with experiment than in ref. /B/, This is 
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explained by the fact that the Saxon-Woods single-partcle levels 

scheme and wave functions with which all the calculations have 

been performed are choo.el!!m more carefully, 

It should be noted that a rather good description of the 

levels of odd-A deformed nuclei using the Nilsson single-particle 

energies and wave functions is, to, a certain extent, artificial, This 

is due to the fact that the Nilsson parameters are chosen d~fferent 

for different subshells and, in addition, arbitrary shifts of ·so~e 

levels and subshells are performed. The calculations with the 

Saxon-Woods single-particle energies and wave functions show 

that the refinement of the description of the odd-A deformed nuc

leus levels is insignificant as compared to the calculations based 

on the Nilsson potential, However, the calculations with the Saxon

'"Toods potential are essentially more unambiguous compared with 

the calculations based on the Nilsson potential, The Saxon-Woods 

single-particle energies and wave functions are calculated with 

the same parameters for all the subshells without additional 

Ehifts of some levels and subshells, The calculations show that 

the Saxon-Woods single-particle energies and wave functions 

allow to describe well a large amount of experimental data on the 

nuclear levels in the region 153 :::; A :::; 171, Besides, the 

position of some new levels of the region under consideretion is 

predicted, 

We express our gratitude to F .A. Gareev and S,P. Ivanova 

for the help in obtaining the Saxon-Woods single-particle scheme, 

We thank also N,Yu. Shirikova for giving us the program of calcu

lations of the Saxon-Woods single-particle levels, 
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Nucleus 15Jsm I 
I 

Table 2 .I --------- _,__ ___ 
- :1 

~ Energ,y(kev) 
·! 

155sm 
K experi- tlieo- Structure 

;( Nucleus ment ry --------------------- ---J/2~ 0 65lf 92'ib, 660t+Ql(22)1~ -- -------- ------ --· 
0 

Energ(kev) J/2- J5,a 57 52lf aS".', 52lt+Ql(22)55, 6JJt+Ql(J2)~ t .. ---tm- Str1,1oture K expe- · eo-1/2~ 190 66ot a~, 550f+.Q1(JO)~ ~ rimen't r7 -
-------------------------------J/2+ - 2JO 402t 79'11, 400hQl (22)1,.. 404t+Q1 (22)~ 
J/2- 0 0 52lt 9J*~ 52U +Ql (22)2<J ' 5/2+ 642f 9~, 52lt +Ql (Jl)~ ,I 

52Jt+CJ1 (JO)l$ 

91 290 
[:, 5/2+ 25 90 642t 94*, 1/2+ - JlO 40ot 72<J, 4D2t~Q1(22)2o.f 4021+01 (22)61 

I 
'J/2+ - 170 651t 92$, 6601+Ql(22)~ 11/2- 65 470 505t 97$, 
5/2- JJa JlO 52Jt 90<J, 5121 ~. 52lt_+Ql (22).3'-', 6421 +Ql (JO)a'J J/2- 127 540 5J2t SO<J, 52U ~, 5JOh01 (22)"'• "6601.0.1 (J2)2<J 
1/2+ - 440 6601 a7'1J, 65lt +01 (22)4i, 5501 +CJ1 (JO)~ 1/2- - 560 5JOt 72-'J, 52lt ~, 5J2t +01(22)1o.f 660t~(J0)5* 
J/2+ -· 560 402t a2"· 4004+01(22)1~ 404t+Ql(22)J'J 5/2- J22 570 52Jt a~, 52lt+01(22)61, 642t~(JO)~ 

t 1/2+ - 6ao 400f 74<J, 402t+Ql(22)19<J 4021~1(22)4* 1/2-. 69a 7aO 52lt 52-'J, 5Jot 4*, 52~ +01 (22)2,.. 52JI +0.1 (22)12-'J 
l 11/2- - aoo 505t 9a~. 7/2+ 6JJt 61*, 651hQl (22)181 52lt +Q1 (J2)1S".' ). 

5211+01(22)15'J 52Jt+Ol(22)1~ 

- 1040 
1/2- a24 alo 52lt 6&<J, 5JOI 51/J, 5/2+ - 1250 4021 Jli, 

i 7/2+ - 9aO 6JJf al", 5214 +01 (J2)12'J .6511 +01 (22)2'1' 1/2+ - 12ao 6604 +Q1 (20)100S I J/2- 990 5J2t 75'1J, 65U +01 (J0)1J* 5Jot +01(22)4i l -J/2- - 1JOO 5214 +01 (20)9~ 
1/2- - 1000 5JOf 65*, 52lt5 15i, 660t+Q1(J0)111/J 5J2f+01(22)5<J 5/2- - 1J50 5124 54<J 642++01 (J0)21~ 52lt-+4ll1 (20)10!5 
5/2- - 1220 512t 45*, 52" "'· 6424+01(30)4~ 5104+Q1(22)~ 7/2+ - 1J90 404t 18'.5 402t +Ql (22)781 651t-+Q:l (22)~ 

t 
J/2- - 1J70 651t +01 (JO)lO~ ll/2+ - 1440 615+ ~ 505f +Ql (J0)9'JWI 
5/2+ - 1500 52Jt+01(J0)9&t. 7/2- 1540 50Jt, 41/J 505f+Q1(22)94* I 
11/2+ 615f ~ 505. +Ql (J0)9&t. 

-
- 1560 1/2- 1560 660t+Q1(J0)1001 I 

660f+Q1 (J0)100<J 
-

1: 1/2- - 1650 ------------------- ----
--~----------- -----------
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'l'aD!e J 

Nucleus 157Gd 

--------------------------------
Energy(kev) 

·r; 
experi:theo- Structure K 

rnent ry 

---------------------------------
J/2- 0 0 52H 92'.1>, 521t+Q1(22)4% 

5/~+ 64 140 642+ 95%, 

J/2+ - 180 65H 90%, 660t+Q1(22)4% 

5/2- 435 270 52Jt 88%, 512t1,o%, 52U+or(22)6%, 

J/2+ 475 )80 402. 75%, 400hQ1(22)19%, 404t+01(22)4% 

1/2+ 684 4JO 40ot 67%, 402~+01(22)25$, 402++01(22)6$ 

1/2+ - 440 6604 8J%, 65H +01 (22)9%, 5504+01(30)1% 

1/2- 704 570 52H 60$, 5J<>' 2,3%, 52lho1 (22)21*, 523t+o1 (22)14% 

1/2- - 720 5304 63%, 521t 2,4*, 532.+01 (22)13*, 65H +01 (Jl)6* 

11/2- 426 .. 8)0 505t 98%, 

J/2- 700 1020 5J2t 81%, 530++01(22)~, 65lf+01(30).3% 

7/2+ - 10JO 6JJt 79%, 5214 +01 (J2)10%, 6514 +01 (22)6$ 

5/2- - 1250 5124 65~, 52Jt 1, 7%, 52Jt +01 (20)1.3%, 642h01 (J0)7% 

J/2- - 1450 521l+01(20)100% 

5/2+ - 1500 4024 28~, 400.+01(22)56%, 5214+01(31)10% 

7/2- - 1520 52J+ 2%, 5?..14 +Q1 (22)97'-' 

9/2+ - 1550 6244 9 ... , 6424+01(22)90% 

1/2- - 1560 5214 +01 (22)100$ 

7/2- - 1570 5214+01(22)100$ 

7/2+ 1825 1590 404t 14'J, 402t+01(22)5~ 65lh01(22)J2'J 

7/2+ - 1660 404t 5'-', 651.+01(22)68'J 402t+01(22)26'J 
---------------------------------

12 

Nucleus 159Gd 

---------------------- ·-----------
Energy(kev) 

K"" ixperl=tliio
ment ry 

Structure 

------------- -----------
3/2- 0 0 5214 93*, 521t+Ol (22)3* 

5/2+ 68 -70 6424 9~, 660hQ1(22)1'J 

5/2- 146 40 52Jt 92'-', 512U14'-',521.+01(22)4% 

3/2- - 260 6514 an, 6604+01(22)6'-'1 5214+01(30)~ 
1/2+ 780 480 660t 75'J, 65U +01 (22)12'-'1 642f +01 (22)6$ 

1/2- 506 490 521t 74'J, 523t +01 ( 22)14%, 5214 +01 (22)10$ 

J/2+ 743 580 402t 74'J, 400l+Q1(22)2l'J,40~+01(22)4'J 

1/2+ 973 640 4004 65*, 402.+01(22)28'J1 4024+01(22)5$ 

7/2+ - 740 6334 92'-', 52U +01 (J2)4$ 

5/2- 875 920 5124 73$, 52~ 2,4$ 6424+Q1(30)9'J,510++01(22)6'J 

ll/2- 681 1100 5054 9~, 

1/2- - 1150 530. 58$1 660+ +01 (30)12$, 53~· +01 ( 22)10$ 

J/2- 1109 12QQ 532t 60$, 6514 +01 (J0)27'J,53ot +01 (22)6$ 

5/2+ - l3JO 523.+01(30)98$ 

9/2+ - 1J40 • ,6244 . 9~, . 6424+01(22)8~ 

1/2- - 1410 5104,. 3,, 5214 +01 (22)85%, 523t+Ol (22)10$ .. 

7/2- - 1420 52lf :o1(22)100'J, 
~ ' ' . 

3/2- - 1430 . ~ . 52U +01 (20)100$ 

1/2-. .• - ,1440 
• \ I· .. ~ 

_5JOt 7$,, .. 52Jt+01(22)71$,521t+01(22)15$· 

9/2- - 1470 '} - .; : 523t+Q1 (22)1.00$ .. 

7/2+ - 1570 4~ 1$ 523•+o1(n)97'-' 

1/2- 1602 1.640 . 5~()~ ,3~: . 512t+01(22)J4,'J,523.+01(22)18% 

~ U/2~. .-~" 1820 .... ~ .6154 . -~ . -... . . 5.05h0l.(JQ)9'n 

7/2+ - 1840 404, 2'-', 651~+01(22)91~,402t+01(22)6$ 

7/2+ 1960 1.850 404t 15'-', 402t +Ql (22)74$,6514 +Q1(22)9't> 
----- -------- --

13 
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Table 6 

J 
Nucleus 159DT 

Table 5 

-----------------------~---------' 
Nucleus 161Gd Ener&r(kev) 

K" experl-tbeo- Structure 
---;--------~--...,-~---------------:: .merg,v(l(-ev) • ment ry 

-------------------- -------K expe:Tr::tiieo- Structure 
'. 

ment ry J/2- 0 0 5214 91%, 521ho1 (22)5% 

--------------------------------------- 5/2~ 178 197 6424 97%, 
'.;/?- 0 0 52.1f 94%, 512+1,4%, 52lf +01 (22)3$ J/2+ ,549 240' 65H 89%, 6604 +01 ( 22)7% 
5/?+ 90 6424 95'X>, 660f+Ql(22)J% 5/2- J10 290 52Jt 91%, '2lt ·t-01 ( 22)~ 
1/t'- )56 290 52lt 89%, 52Jt+Ol(22)8% J/2+ 418 JOO 402+ 72%, 4004 ~01 (22)22%, 404f+Ql(22)4% 
3/2- JlJ JOO 521+ 96%, l/2+ 560 JJO 400, 63%, 402f+Q1(22)29'.i>, 4024+1.1J.l22)&.$ 
7/2~ - 420 6))4 98%, 1/2+ - 500 6604 791J, 651f +Ql (22)16%, 400f+Q1(20)1% 
3/2+ 590 65lf 75%, 402tl,lr.,, 6604+Ql(22)12% 1/2- 5J4 5JO 

nlf ""'' 
5214 +01 (22)27~~, 52Jf+Q1(2~)17D/J 

5/2- I 80~) 610 512f 84%, 52)t2,5%, 510.+01(22)8$ I 5211+0
1

(22)2$ l 11/2- J52 820 5054 99'-' 
1/2+ - 640 6604 49%, 400' 1, 2%, 642t +01 ( 22)29%, 65U +0

1 
( 22)12% 7/2+ - 1000 6J'J. 64~,, "~~U ~o1 (J2)21~, 65lf +01 ( ~2)1J~ 

3/2+ - 840 402+ 68%, 65141,2%, 4004+01(22)25%, 4044+01(22)3$ J/2- 627 1040 5.)2t B~, 5JO\ +01 (22)13$, 660hQ1(J.)J<.' 
i;2+ - 890 40ot 58%, 660H~5, 402t+01(22)JJ$, 4024+0

1
(22)5% 1/2- - 1100 5J04 6~, 5J2t +01 (22)20';(., 6514 +01 (J2)4% 

1/2- - 1060 5104 7%, 52Jt+01(22)85%, 5124+0
1

(22)7% 5/2- - 1200 ' 5124 64'-', 52Jt +01 (20)22~, 5104+01(22)7'.6 
9/2- - 1070 52Jt+Q1(22)100$ 7/2- - 1270 52Jt ~, 52lt +01 (22)97%, 
9/2+ - 1090 6244 6'.f>, 6424 +'J1 (22)9J% l/2- - 1Jl5· 5214 +Q1 (22)10~ 
1/2- 1J09 1220 5104 27%, 512f+01(22)J8f, 5214+01(22)1~ 9/2+ - 1J20 6244 '"'' 6424+01(22)94'-' 
7/2- - 1240 521h01(22)10();b 5/2+ - 1J40 4024 26%, 4004+01(22)68% 660f +01 (22)4$ 
J/2- - 1450 512t J%, 521t ~01(22)52%, 5214+01(20)44$ J/2- - 1J50 521t +01(20)100% 
J/2- - 1460 5J2t 1%, 52H +01 (20)98% 7/2+ - 1J60 404i 7'11, 6514 +Q1 ( 22)6Jf 402ho1 (22) 29'-' 
11/2- - 1490 505t 99'*', 1/2- - 1500 5104 3'-', 52Jl +01 ( 22)93'-', 5l2h01(22)2% 
11/2+ - 15JO 6154 1%, 6JJt+Ql(22)99~ 9/2- - 1520 52Ji+01(22)99'*' 

------------------------------ -------------------------------------
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Table 7 

Nucleus 161Dy 

------- ---------------------1 Table 8 
'f Energy(kev) 

K exPeir:.-tli.&o- Structure 
___ .IDJUl:t....--.:1:¥~---- • Nucleus 171Er 

5/2+ 0 0 6424 96%, 6601+01(22)~ -------------------------------
Energy(kev) 

J/2-- 75 20 .. $214 94*, 52lt'+Q~(22)~ 1f --r::the' Structure K experi- eo-

5214+01(22)'* 
ment ry 5/2- 27 28 52Jt 9J*, --------------------------J/2+ 679 270 65lf ~. 402t2,l*,6601+01(22)1~ 5/2- 0 0 512t 91*, 5104+01(22)4,7%,624f+Ol(32)1,7~ 

1/2- 370 400 52U 6~, 52Jt+01(22)19*, 521++01(22)14* 1/2- 194 280 521l 89~, 
1/2+ 608 410 66ot -4~, 400414*, 65~f+Q1(~2)2~, 6424+01(22)14* 7/2- 531 J90 514+ 9J*, 512t+Ol(22)~ 
J/2+ 551 440 402t 68~, 6514 2,7*,400t+01 (22)24*, 404!,+01(22)~ 7/2+ - 400 6334 9~, 521h01(J2)J%, 65U +01 (22)» 
1/2+ 774 500 400t 4~, 660U5*, ~02++01 (22)31*, 4024+01(22)5* 9/2+ J78 420 62~ 9~, 5124+01(32)4,5'-' 
7/2+ - 760 6334 91*, 52lf +01 (32)5* 1/2- 706 6JO 5104 4~, 5124+01(22)4~, 512++01(22)8~ 
5/2- - 950 512 t a~,_, 523,t ~. 5:J.Ot+01(22)9*, 52lf+01 (22)J* · J/2- 906 860 5~2· 4~, 521t1,7~, 514t+01(22)J4~, 5104+01(22)12% 
11/2- 486 1100 505t 99*, 5/2+ - 920 6424 85~, 6604+01 (22)~, 521++01(32)1,5~ 
9/2+ - 1120 624t 5'-', 6424+01(22)94* J/2- - 980 5214 35'-', 512t 2,~, 521h01 (22)50%, 63Jh01 (32)5~ 
1/2- - 1130 5304 4~, ~214 +01 ( 22)9~ J/2+ - 1000 65H 5J~, 6JJf+01(J2)J~, 6604+01(22)7% 
7/2- - 1180 52»-+01(22)9~ 5/2- - 1050 523. 4~, 521t+Q1(22)55%, 5124+01(20)2% 
1/2- - 1214 5101 ~. 523t+01(22)9J*, 5124+01(22)~ 1/2+ - 1120 660f 6~, 6421+01(22)21~, 6514+01(~2)12% 
9/2- - 12JO 52Jf +01 (22)100* 1/2- - 1J20 5124 +01 (22)10~ 
J/2- - DOO . 5J2t 75*, 5304+01 (22)14*, 642++01 (31)~ · 9/2- - lJJO 5124+01(22)100'16 
5/2+ - 1450 402f 7~, 5214+01(31)7~, 400f+01(22)1~ J/2- - 1410 521t +Q1 (22)10~ 
1/2- - 1460 5104 5'-', 642t+Q1 (32)8$, 512f+Q1 (22)E>* ll/2+ - 1420 6154 4*, 6334+01(22)9~ 
J/2- - 1470 512f 0,4*, 52U +01 ( 20)9~ 3/2+ - 14JO 6334+01(22)10~ 
7/2+ - 1480 5214+01 (32)10~ - 1/2+ - 1460 4004 11~, 5124+01(32)81~ 
7/2+ 1416 1490 404t 2,~. 6514+01(22)82$, 523t+~1(31)8f 7/2- - 1470 50J4 35'-', 514\+01(20)54%, 5014+01(22)4'P 
3/2- - 1500 6424+01(31)10~. 1/2+ - 1560 651t 1$, 5124+Ql(J2)98~ 
J/2- 1977 1840 512t 4~, 52U +01 (22)9J'J ---------------------- --· -------------------
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