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1985 ACTA UNIVERSITATIS CAROLINAE — MATHEMATICA ET PHYSICA VOL. 26. NO. 2 

Some Systematical Features of Gallagher-Moszkowski Splitting 
in Odd-Odd Rare Earth Deformed Nuclei 

D. NOSEK, F. STERBA, P. H O L A N 

Department of Nuclear Physics, Charles University, Prague*) 

Received 16 February 1985 

Detail analysis of the splitting of the Gallagher-Moszkowski pairs in odd-odd rare earth 
deformed nuclei is performed in frame of the Nilsson model. The analysis is based on wide com-
piled experimental materiál. Systematical behaviour of the splitting energy as a function of con-
figuration of odd nucleons, nuclear mass number, nuclear shape and Nilsson model parameters 
is examined. Substantial role of the AN= 2 interaction is also shown. In the last part of páper 
method of separated parameters, recommended recently by Singh and Sood, is systematically 
proved. 

V rámci Nilssonova modelu je provedena analýza rozštěpení Gallagher-Moszkowskiho 
párů v licho-lichých deformovaných jádrech z oblasti vzácných zemin. Analýza se opírá o roz
sáhlou kompilaci experimentálního materiálu. Je proveden systematický rozbor závislosti energie 
rozštěpení na konfiguraci lichých nukleonů, na hmotnostním čísle a tvaru jádra a na parametrech 
Nilssonova modelu. Je také ukázán podstatný vliv AN = 2 interakce na rozštěpení. Na závěr 
je provedena systematická prověrka použitelnosti metody separovaných parametrů, navržené 
nedávno Singhem a Soodem. 

B paMKax MOAejiH HnubccoHa npOBO^HTCH aHajiH3 pacmenjieHHH rajuiarep-MoniKOBCKoro 
nap B HeHeTHO-HeHeTHBIX HflpaX H3 06jiaCTH peflKHX 3eMeJIb. AHaJIH3 npOBOflHTCfl Ha OCHOBe niHpo-
KOTO KOMnHJiauHOHHoro 3KcnepHMeHTajibHoro MaTepnajia. npoaHajiH3HpOBaHO CHCTeMaTHMeCKOe 
nOBefleHHe 3HepTHH paCHIeUJIeHHÍI B 3aBHCHMOCTH OT JCOH(J)HrypaH,HH HeHeTHblX HyKJIeOHOB, MaCCOBO-
ro MHCJia fl,apa, jmepHoií <J)opMbi H napaMeTpOB MOflejni HmibccoHa. noKa3aHa cynreCTBeHHaa poub 
A N = 2 B3aHíiMOíieHTCTBHH. B nocjieflHeň nacTH npoBOAHTCH CHCTeMaTHHecKaH npoBepKa MeTO,Z.,a 
pa3AeJieHHbix napaMeTpoB He flaBHO peKOMMeHAHpOBaHHoro CHHroM H COOAOM /um aHajiH3a 
HeHeTHO-HeHeTHblX Ae(J)OpMHpOBaHHbIX íl^ep. 

1. Introduction 

The study of the structure of odd-odd deformed nuclei is complicated because 
the intrinsic states, determined by average potential, are splitted by residual inter
action between odd proton and odd neutron. Energy of corresponding states with 
parallel and antiparallel orientation of the spin ("Gallagher-Moszkowski pair") 
differs and the separation energy AFGM is referred to as the Gallagher-Moszkowski 
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splitting energy. Exact model calculations of the splitting are difficult and are 
performed usually in a rather simple approximation (e.g. [1 — 5]). Recently Singh 
and Sood [6, 7] suggested a semiempirical method based on the p-n interaction with 
zero-range radial dependence, which made it possible to calculate the states in odd-
odd nuclei from the states known in neighbour odd-A (odd-proton and odd-neutron) 
ones. The matrix elements of the p-n interaction used in the method can be calculated 
in a definite nuclear model. 

In the present paper we analyse the splitting of the G-M pairs using wide experi
mental material published elsewhere. The influence of the model parameters including 
deformation parameters S and a40 on splitting energy AFGM is examined in details. 
Rather preliminary informations on the role of the AN = 2 interaction is also shown. 
However, in the calculations were included only the diagonal matrix elements of the 
Coriolis interaction which is known to be rather important in odd-A deformed 
nuclei [ 8 - 1 0 ] . 

2. The structure of odd-odd deformed nuclei 

2A. Model description 

Our analysis is performed in frame of the unified model with pairing interaction 
included [8 — 10]. The band head states for different rotational bands are considered 
as the noncollective states resulting from the coupling of the single proton and/oi 
neutron to the deformed even-even core. Introduction of the pairing interaction in 
the nucleus by transformation from particle to quasiparticle description made it 
possible to consider intrinsic states in odd-A nuclei as one-quasiparticle while in 
odd-odd nuclei as two-quasiparticle ones [9, 10]. 

The states of definite rotational band in nucleus with axial symmetry are charac
terized by projection K of the total angular momentum I onto the symmetry axis. 
In odd-odd nucleus two values of K, K = K+ = \Qp ± Qn\ are obtained for parallel 
(K+) and antiparallel (K-) orientation of the projection Q of the intrinsic proton(p) 
and neutron (n) angular momentum j onto symmetry axis. 

The model hamiltonian of odd-odd nucleus may be written in form [1, 2, 8, 9] 

(1) H = Hin + Hroi + Ví pn 

where Hin describes intrinsic (nonrotational) nuclear motion, Vpn is potential of 
residual interaction between odd proton and odd neutron. Hrot represents rotational 
motion of the nucleus as a whole including influence of rotational motion on the 
intrinsic degrees of freedom of nucleus (Coriolis interaction — CI). Hrot can be 
expressed as 

(2) Hrot = HR + Hei -



(3) "R = _f-(/2-/2) 

(4) H c l = - £ - 1(1+J- + J _ J+) + (j>Jl + 7_T+)] . 
- ^ o o 

Here ^ 0 0 is moment of inertia of odd-odd nucleus, J is total intrinsic impulsmoment, 
I±, J±,I+ and j ± are usual step operators and Iz is operator of projection of total 
nuclear angular momentum onto symmetry axis. Using adiabatic wave functions 
of axially symmetric nucleus [3, 8, 9] and neglecting nondiagonal matrix elements 
of the Coriolis interaction (4) energy F(I) of the members of rotational bands built 
on definite intrinsic states with intrinsic energy ein becomes [8, 9, 11] 

(5) E(I) = £in + - £ - [/(/ + 1) - K2] + E*ut + (-if(BM - Ea) SK0 . 

Here Fint and Bint are determined by the residual p-n interaction between odd 
proton and odd neutron and Ea is diagonal matrix element of the Coriolis interaction 
depending on the decoupling parameters ap and an of the one-proton and one-
neutron states respectively 

h2 

(6) Ea = - —— ap . an . SQpi/2 . Oflnl/2 . dK0 . 
-"-^00 

Energy of corresponding two-quasiparticle band head states may be written in form 
[6,7] 

(7) E{A, Z)K = °E{A - 1, Z - l)fln + °E{A - 1, Z)flp + Frot + Fa + Fpn 

where °F(A — 1, Z — 1) and °E{A — 1, Z) are band head energies of one-quasi-
particle states in neighbour odd-A nuclei normalised so that the energy of the ground 
state equals zero. The term Erot is connected with different rotational energy in odd-A 
and odd-odd nuclei and equals 

h2 / h2 h2 \ h2 

(8) Erot = -1— K - I-lL_ Qp + — Qn) - - 2 — QK . dKK . 
W 2 ^ 0 0 \20>p

 P 2 ^ n V 2 ^ 

Here ^ 0 0 , ^ p and &>n are the moments of inertia of odd-odd, odd-proton and odd-
neutron nuclei respectively while & is corresponding average value. Q< is smaller 
of the Qp and Qn values. Exactly, Erot is difference in rotational energy of odd-odd 
and odd-A nuclei. 

Last term in (7), determined fully by the p-n interaction is responsible for the 
splitting of the K+ and K_ rotational bands in odd-odd nuclei. Using for the p-n 
interaction simple zero-range potential Vpn{r) in form [5] 

(9) Vpn(r) = - Aug . 5(r) [(1 - a) + a . ?„ . ?_] 



£pn can be written in the form [12] 

(10) £* = Efnt + Bint. 5K0 

where 

(11) £fB* = W.(l-a).A0±a.W.Aa B?=° = W. a . Ba . 

Here A0 and Aa are diagonal matrix elements of the spin-independent and spin-
dependent part of the p-n interaction (9) respectively. Matrix element Ba is responsible 
for the Newby odd-even shift in the K = 0 rotational bands [2]. Parameter W is 
directly connected with the strength parameter g of p-n interaction potential (9) and 
in the Nilsson model becomes 

(,2) W-g(*X''(^X"-*<*«.*» 

what indicates rather weak dependence of parameter W on nuclear mass number A. 
All matrix elements in (11) can be calculated in definite model describing in

trinsic states of deformed nuclei. It is substantial that the diagonal matrix elements 
are not affected by pairing interaction and can be therefore calculated directly from 
the single particle model [2, 12]. Explicite form of matrix elements A0, Aa and Bff, 
calculated with the Nilsson wave functions is [12] 

(13a) Ao = Z c7(M). <p| <n| 8{r) |n'> |p'> 
(M) 

(13b) Aa = X a(lA) . <p| <n| d(r). ap . ?n|n'> |p'> 
(M) 

(13c) Ba = X ailA) . <p| <n| S(r) . ap . c/n|n'> |p'> 
(M) 

Here |i> = \NIAI} are proton (i = p) and neutron (i = n) wave functions of the 
spherical part of the Nilsson potential and a(lA) = alpAp . alnAn . alp>Ap>. aln>An> is 
product of the Nilsson coefficients ahAi. Addittion in (13) is performed over all 
permited values of 1{A{. 

The splitting energy AFGM of the band head states of rotational bands with 
K = K+ and K = K_ in odd-odd deformed nuclei ("Gallagher-Moszkowski 
splitting") is simply given by [3, 6, 7, 12] 

(14) AEGM = Efni - Efn\ . 

As follows from Eqs. (11), for the K #= 0 rotational bands the G-M splitting posses 
simple form 

(15) AEGM= -2.a.W.Aa 

depending only on the common parameter D = a . W and on the spin-dependent 
matrix element Aa. Expression (15) can be used for calculation of band head energies 
of one component of the G-M pair if second component and the common param
eter D are known. Nevertheless, explicite values of parameters a and Ware necessary 



if direct calculation of both components of the G-M pair should be calculated from 
definite nuclear model (Eqs. (6) —(8), (10) and (11)). 

Singh and Sood [7] analysed influence of the p-n interaction on the energy 
of the ground states of odd-odd deformed nuclei using atomic masses of neighbour 
odd-odd and odd-A isotopes. Considering rather weak dependence of the param
eter W on mass number A (Eq. (12)) they got for parameter a explicite expression 

(16) a = |~1 + * ^ I T 1 
1 ; L MK)\1 
where k was in [7] determined from experimental atomic masses as k = 5.5 ± 0.5. 
Using experimental value of the G-M splitting energy, AEC

GM, the parameter W 
becomes 

AFexp 

(17) W= GM 

2OLAJK) 

Both parameters, a and W, are model dependent through matrix elements A0 and Aa. 
Matrix elements are generally expected to be strongly dependent on the specific 
particle states of proton and neutron (configuration dependence). For given con
figuration the variation of a and TV from nucleus to nucleus should be concentrated 
in dependence of A0 and Ag on the nuclear shape and on other parameters and are 
expected to be rather weak [7]. 

In the present paper we analyse validity of described simple model in more 
details. The model calculations of the matrix elements A0 and Aff are applicated to 
the experimentally observed G-M pairs in rare earth deformed nuclei [2,4, 11, 
13 — 26]. Rather substantial influence of nuclear shape on the matrix elements (13) 
and finally on the G-M splitting energy AEGM is shown. More, preliminary cal
culations of A0 and Aff from the Nilsson model with included AN = 2 interaction 
point out substantial influence of the interaction on the G-M splitting as well. In 
the next part of the paper the experimentally observed G-M pairs are analysed using 
Eq. (15) while in the last part some systematical behaviour of parameters a and W 
is shown. 

2.2. Experimental informations on odd-odd deformed nuclei 

Experimental informations about odd-odd deformed nuclei known up to end 
of 1974 year were collected in 1976 year by Boisson et al. [2] and Elmore and Alford 
[4]. As present experimental material is much more rich, we collected in Tab. 1 all 
experimental informations obtained and published up to end of the 1983 year. 
In first and second columns the proton and neutron Nilsson states are given in 
asymptotic quantum numbers asignment while the values of K and corresponding 
band head energies for both members of the G-M pairs are in next four columns. 



The sources of experimental informations are shown in last column of the table. 
If informations on definite nucleus have been collected by other authors, only this 
reference is included in Tab. 1. 

Table 1. States observed in rare earth odd-odd deformed nuclei 

ß p [N" 2 A ] p ЯJNM-n K_ Eк. 
(keV) 

к+ 
Eк + 

(keV) 

y|FЄXP 

(keV) 
^ G M 
(keV) 

G a) R b ) 

1 5 2 E u 

5/2 [413] 11/2 [505] 0 - 0 3 - 148 - 9 5 - 1 2 1 1 

5/2 [413] 5/2 [642] 5+ 108 

5/2 [413] 3/2 [402] 4+ 90 

5/2 [413] 3/2 [532] 4 - 142 [2] 
5/2 [413] 3/2 [521] 1 - 65 [16] 
5/2 [532] 3/2 [532] 1 + 78 
3/2 [411] 3/2 [532] 0 - 47 

3/2 [411] 3/2 [521] 3 - 77 

1 5 4 E u 

5/2 [413] 11/2 [505] 3 - 0 
5/2 [413] 3/2 [651] 1+ 72 
5/2[413] 3/2 [521] 1 - 83 [3] 
5/2 [532] 3/2[521] 1+ 135 
5/2 [532] 3/2 [651] 1 - 162 

1 5 6 E u 

5/2 [413] 5/2 [642] 0+ 0 

5/2 [413] 3/2 [521] 1 - 88 [23] 
5/2 [532] 3/2 [521] 1+ 291 

1 5 6 T Ь 

3/2 [411] 3/2 [521] 0 - 112 3 - 0 122 138 1 [161 
3/2 [411] 3/2 [651] 0 + 88 [23] 

1 5 8 т ђ 

3/2 [411] 3/2 [521] 0 - Ш 3 - 0 133 138 1 
3/2 [411] 11/2 [505] 7 - 340 [3] 
3/2 [411] 5/2 [642] 4+ 130 [16] 
3/2 [411] 3/2 [402] 0+ 420 3 + 593 - 1 0 8 - 1 5 0 [23] 
3/2 [411] 1/2 [400] 1+ 767 2+ 641 139 138 3 
3/2 [411] 1/2 [530] 2 - 678 
5/2 [402] 3/2 [521] 139 68 l c ) 
7/2 [404] 3/2 [521] - 70 - 52 зc) 
5/2 [532] 3/2 [521] 119 57 зc) 



Table 1. (Continued 1) 

йplNMlp ßn-NV*-n K_ EK-
(keV) 

к+ Eк. 
(keV) (keV) 

ЛE£M 
(keV) 

Ga) Rb) 

i б o т b 

5/2[413] 5/2 [642] 0+ 223 

5/2[413] 5/2 [523] 0 - 235 
3/2 [411] 3/2 [651] 0+ 479 
3/2 [411] 5/2 [642] 1 + 139 4+ 64 93 75 1 [3] 
3/2 [411] 3/2 [521] 0 - 79 3 - 0 126 138 1 [23] 
3/2 [411] 5/2 [523] 1 - 64 4 - 258 - 1 6 1 - 7 5 1 

3/2 [411] 1/2 [521] 1 - 381 

1 6 2 T Ь 

3/2 [411] 5/2 [523] 1 - 0 [23] 

7/2 [523] 5/2 [523] 1+ 442 

1 5 8 H o 

7/2 [523] 3/2 [521] 1+ 72 5+ 0 144 33 1 [16] 
1/2 [411] 3/2 [521] 4 - 139 [23] 

1 6 0 H o 

7/2 [523] 3/2 [521] 5+ 0 

7/2 [523] 3/2 [651] 2 - 60 

7/2 [523] 11/2 [505] 9+ 110 [3] 
7/2 [523] 5/2 [642] 6 - 169 

1 6 2 H o 

7/2 [523] 5/2 [523] 1 + 0 

7/2[523] 5/2 [642] 6 - 106 [3] 
7/2[523] 5/2 [512] 6+ 286 

1 6 4 H o 

7/2 [523] 5/2 [523] 1 + 0 6+ 191 - 1 4 6 - 1 5 6 1 

7/2[523] 5/2 [642] 1 - 159 6 - 140 53 90 1 

7/2 [523] 1/2 [521] 3 + 187 [3] 
7/2 [523] 3/2 [521] 2+ 486 5+ 343 160 33 1 [16] 
7/2 [523] 3/2 [402] 2 - 620 5 - 733 - 88 - 1 1 1 1 
7/2[523] 1/2 [400] 3 - 925 4 - 833 101 22 1 

1 6 6 H o 

7/2 [523] 7/2 [633] 0 - 0 7 - 5 83 128 1 

7/2[523] 1/2 [521] 3 + 191 4-ł- 372 - 1 6 8 - 30 1 
7/2[523] 5/2 [512] 1+ 568 6+ 294 310 78 1 
7/2[523] 5/2 [523] 1+ 426 
7/2 [523] 1/2 [510], 3 + 815 4+ 559 266 27 1 
3/2 [411] 7/2 [633] 2+ 425 5+ 259 194 102 1 [12] 
1/2 [411] 5/2 [523] 2 - 416 3 - 563 - 1 3 8 - 68 1 
1/2 [411] 7/2 [633] 3 + 718 4+ 884 - 1 1 9 - 69 1 



Table 1. (Continued 2) 

-Vл^/i-p OnWnxЛ]n 
K_ Eк-

(keV) 
к+ Eк, 

(keV) 

ЛŁGЫ 

(keV) 
^FC?M 
(keV) 

G a ) R b ) 

7/2 [404] 7/2 [633] 0+ 801 7-f 915 34 - 86 3 

5/2 [413] 7/2 [633] 1 + 1150 6+ 1272 - 70 - 1 0 9 2 

5/2 [532] 7/2 [633] 6 - 1560 

1 6 0 T m 

1/2 [411] 3/2 [521] 1 - 0 

1/2 [411] 5/2 [642] 2+ 140 

7/2 [523] 3/2 [521] 2+ 174 [1] 
7/2 [523] 5/2 [523] 1 + 216 

1 6 2 T m 

1/2 [411] 3/2 [521] 1 - 0 

7/2 [523] 5/2 [523] 1 + 164 

7/2[523] 3/2 [521] 2 + 192 [23] 

7/2 [404] 3/2 [521] 2 + 67 

1 6 4 Г m 

7/2[523] 5/2 [523] 1 + 0 

7/2 [404] 5/2 [523] 6 - 50 [23] 

3/2 [411] 5/2 [523] 1 + 87 

1 6 6 T m 

7/2 [523] 5/2 [523] 1 + 82 [23] 

1 6 8 T m 

1/2 [411] 7/2 [633] 3 + 0 4+ 147 - 1 3 8 3 
1/2 [411] 1/2 [521] 0 - 167 1 - 3 191 133 3 
1/2 [411] 5/2 [512] 2 - 246 3 - 499 - 2 3 3 - 1 9 4 3 
1/2 [411] 3/2 [521] 1 - 611 2 - 702 - 72 - 1 1 2 3 
1/2 [411] 1/2 [510] 0 - 789 1 - 882 - 1 1 3 - 1 5 3 3 
1/2 [411] 5/2 [523] 2 - 904 3 - 853 86 68 3 [3] 
1/2 [411] 1/2 [400] 0+ 1057 1 + 1347 - 2 5 8 - 1 5 0 2 

1/2 [411] 3/2 [402] 1 + 1427 2+ 1116 324 73 2 

1/2 [541] 7/2 [633] 3 - 200 4 - 336 - 65 - 27 1 

5/2 [402] 1/2 [510] 2 - 732 3 - 815 

1/2 [530] 7/2 [633] 3 - 1437 4 - 1389 49 6 3 

1 7 0 T m 

1/2 [411] 1/2 [521] 0 - 148 1 — 0 181 133 1 

1/2 [411] 7/2 [633] 3 + 183 

1/2 [411] 5/2 [512] 2 - 194 3 - 449 - 2 3 7 - 1 9 4 

7/2 [404] 1/2 [521] 3 - 774 4 - 644 142 85 [14] 

5/2 [402] 1/2 [521] 2 - 716 3 - 867 - 1 3 9 - 85 

3/2 [411] 1/2 [521] 1 - 700 2 - 851 - 1 4 6 - 1 2 3 

7/2 [523] 1/2 [521] 3 + 671 4+ 690 - 10 - 30 

5/2 [413] 1/2 [521] 2 - 1382 3 - 1213 149 25 2 

10 



Tabl.? 1. (Continued 3) 

ßpIN iЫlp W l n K_ Eк-
(keV) 

к+ 
(keV) 

J І І G M 
(keV) 

^FGM 
(keV) 

G a) R b ) 

1 7 2 T m 

1/2 [411] 5/2 [512] 2 - 0 3 - 240 - 2 3 0 - 1 9 4 1 [3] 
1/2 [411] 1/2 [521] 0 - 475 1 - 407 94 133 3 [16] 
7/2 [404] 5/2[523] 144 94 V) 

1 7 0 L u 

7/2 [404] 7/2[633] 0+ 0 

7/2 [404] 1/2 [521] 3 - 96 4 - 93 13 85 3 [3] 
7/2 [404] 5/2 [512] 1 - 165 [23] 
1/2 [411] 1/2 [521] 0 - 408 1 - 245 192 133 1 [45] 
1/2 [541] 1/2 [521] 0+ 437 1 + 349 97 43 3 

1 7 2 L u 

7/2 [404] 1/2[521] 3 - 68 4 - 0 76 85 1 

1/2 [541] 1/2 [521] 0+ 237 1 + 66 60 43 3 [3] 
5/2 [402] 1/2 [521] - 84 - 8 5 l c ) [161 
9/2 [514] 1/2 [521] - 1 2 5 - 3 5 зc) 

5/2 [512] 

1 7 4 L u 

7/2 [404] 5/2 [512] 1 - 0 6 - 171 - 1 1 9 - 5 0 1 

7/2 [404] 7/2 [633] 0+ 277 7+ 431 - 1 3 8 - 8 6 1 
7/2 [404] 1/2 [521] 3 - 432 4 - 365 77 85 1 
7/2 [404] 3/2 [521] 2 - 1178 5 - 1304 - 87 - 5 3 1 
1/2 [541] 5/2 [512] 2+ 278 3 + 414 - 25 - 1 6 1 [3] 
5/2 [402] 5/2 [512] 0 - 555 5 - 455 130 124 3 
9/2 [514] 5/2 [512] 2+ 693 7+ 530 168 92 1 

1/2 [530] 5/2 [512] 2+ 1293 3+ 1262 30 145 1 

3/2 [532] 5/2 [512] 4+ 1439 

1 7 6 L u 

7/2 [404] 7/2 [514] 0 - 241 7 - 0 252 137 1 
7/2 [404] 9/2 [624] 1 + 198 8+ 404 - 1 1 8 - 1 1 9 1 
7/2 [404] 5/2 [512] 1 - 390 
7/2 [404] 1/2 [510] 3 - 662 4 - 791 - 1 1 4 - 48 1 [3] 
9/2 [514] 7/2 [514] 1+ 327 8+ 486 - 83 - 2 2 9 1 [13] 
5/2 [402] 7/2 [514] 1 - 391 6 - 565 - 1 0 4 - 93 1 
1/2 [411] 7/2 [514] 3 - 840 4 - 723 127 16 1 

7/2[523] 7/2 [514] 0+ 1057 7+ 1273 - 7 - 1 2 5 3 
3/2 [411] 7/2 [514] 5 - 1395 

1 7 8 L u 

7/2 [404] 9/2 [624] 1+ 0 [16] 
7/2 [404] 7/2 [514] 0 - 80 7 - 40 70 137 3 [23] 
9/2 [514] 7/2 [514] 1+ 391 

11 



Table 1. (Continued 4) 

ПplNnxЛ]p 
ßn[LVnzA]n K_ Eк-

(keV) 
к+ 

Eк + 

(keV) 

л/?exp 

(keV) (keV) 
Ga) R b ) 

i 7 б T a 

7/2 [404] 
7/2 [404] 
9/2 [514] 

5/2 [512] 
7/2 [633] 
7/2 [514] 

1 -

0+ 
1 + 

0 

100 

195 
[23] 

i 7 8 T a 

7/2 [404] 7/2 [514] 7 - 0 

5/2 [402] 7/2 [514] 6 - 290 [15] 

9/2 [514] 7/2 [514] 8 + 220 

9/2 [514] 9/2 [624] 9 - 393 

i s o T a 

7/2 [404] 9/2 [624] 1 + 0 8 + 177 - 1 0 4 - 1 1 9 1 
7/2 [404] 7/2 [514] 0 - 382 7 - 176 283 137 1 
7/2 [404] 5/2 [512] 1 - 412 6 - 575 - 99 - 50 1 
7/2 [404] 1/2 [510] 3 - 534 4 - 659 - 1 1 6 - 48 1 
7/2 [404] 1/2 [521] 3 - 788 4 - 727 70 85 1 [46] 
7/2 [404] 3/2 [512] 2 - 1030 5 - 974 83 22 1 
9/2 [514] 9/2 [624] 0 - 121 9 - 82 126 145 1 
5/2 [402] 9/2 [624] 2 + 563 7 + 361 255 91 1 

7/2 [404] 1/2 [510] 3 - 0 4 - 114 - 84 - 48 1 
7/2 [404] 3/2 [512] 2 - 270 5 - 173 125 22 1 
7/2 [404] 11/2 [615] 2 + 402 
7/2 [404] 7/2 [503] 0 - 584 7 - 777 - 1 2 3 - 1 5 2 1 
7/2 [404] 9/2 [624] 1 + 593 [3] 
9/2 [514] 1/2 [510] 4 + 150 5 + 16 147 102 1 [16] 

9/2 [514] 3/2 [512] 3 + 250 6 + 390 - 97 - 66 3 

9/2 [514] 11/2 [615] 1 - 689 285 281 Зc) 

5/2 [402] 3/2 [512] 1 - 444 

5/2 [402] 1/2 [510] 2 - 660 3 - 547 130 55 3 
5/2 [402] 11/2 [615] 3 + 749 

1 8 4 T a 

7/2 [404] 
7/2 [404] 

3/2 [512] 
7/2 [503] 0 - 272 

5 - 0 [3], [16] 
[23] 

1 8 0 R e 

5/2 [402] 
9/2 [514] 

7/2 [514] 
7/2 [514] 

1 -

1 + 
0 

60 
[3] 

[23] 
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Table 1. (Continued 5) 

Op[-VM-p ßn-NM-n K_ Eк. 
(keV) 

K+ 

Eк + 

(keV) 

AJГЄXP 
AŁGЫ 

(keV) 
^4м 
(keV) 

G a) R b ) 

1 8 2 R e 

5/2 [402] 1/2 [510] 2 - 236 
5/2 [402] 3/2 [512] 1 - 263 [3] 
5/2 [402] 9/2 [624] 2+ 0 [23] 
9/2 [514] 7/2 [514] 1 + 510 

1 8 4 R e 

5/2 [402] 1/2 [510] 2 - 74 3 - 0 89 55 1 [3] 
5/2 [402] 3/2 [512] 1 — 311 4 - 56 - 2 0 9 - 1 1 8 1 [16] 
5/2 [402] 7/2 [503] 1 - 440 6 - 347 163 295 3 [21] 
5/2 [402] 9/2 [624] 7+ 590 [23] 
5/2 [402] 11/2 [615] 3 + 474 8+ 188 266 119 3 

1 8 6 R e 

5/2 [402] 1/2 [510] 2 - 210 3 - 99 136 55 1 
5/2 [402] 3/2 [512] 1 - 0 4 - 173 - 1 3 0 - 1 1 8 1 [3] 
5/2 [402] 7/2 [503] 1 - 316 6 - 186 206 295 1 [16] 
5/2 [402] 9/2 [505] 2 - 577 [21] 
5/2 [402] 11/2[615] 3 + 314 8+ 150 231 119 1 [23] 
9/2[514] 3/2 [512] 3 + 351 6+ 562 - 1 5 5 - 66 3 [31] 
9/2 [514] 1/2 [510] 4 + 330 5+ 471 - 1 6 0 - 1 0 2 3 
9/2 [514] 7/2 [503] 1 + 601 

1 8 8 R е 

5/2 [402] 1/2 [510] 2 - 256 3 - 169 100 55 1 
5/2 [402] 3/2 [512] 1 - 0 4 - 182 - 1 4 9 - 1 1 8 1 
5/2 [402] 7/2 [503] 1 - 290 6 - 172 209 295 1 
5/2 [402] 9/2 [505] 2 - 205 [3] 
5/2 [402] 11/2[615] 3 + 440 [7] 
5/2 [402] 3/2 [501] 1 - 557 4 - 284 271 162 2 [23] 
9/2 [514] 1/2 [510] 5+ 361 [38] 
9/2 [514] 3/2 [512] 3 + 231 [44] 
9/2 [514] 7/2 [503] 1+ 482 
9/2 [514] 9/2 [505] 0+ 208 
1/2 [411] 3/2 [512] 1 - 784 2 - 591 167 179 3 

a ) Reliability of experimental identification of G-M pairs, " 1 " being the highest one. 
b ) Source of information. 
c) The G-M splitting experimental energy -4EGM overtaken from Ref. [4]. 

Experimental values of the splitting energy, -4FGM, can be obtained from experi
mental energies EK

xp of K+ and K_ band head states. As the quasiparticle energy °E 
of odd proton and odd neutron is equal for both, K+ and K_ members of the G-M 
pair (see Eq. (7)), AFGM can be calculated from experimental energies EK

P by sub-

13 



stitution of Eqs. (6)-(8) and (10) into (14) 

(18) AE°aZ = EZP~ £F+
P + r ^ - K+ - - £ - K_ + (£""> - £.) <5A-0 . 

2^K + - ^ K -

Here the Newby shift can be calculated from energy FJ+1 and £- of the K = 0 
rotational band 

(19) B - = ( Z i £ - _jy. - Ei» - 2 ^ (/ + 1) + ^ apan<5fipl/2<W,2 • 

The values of AFGM for known G-M pairs obtained from (18) are collected in 
seventh column of Tab. 1. The inertial parameters h2j2^ for K+ and K_ rotational 
bands used in calculations were determined from first two states of the bands. 

3. Results of analysis 

Model description of the odd-odd deformed nuclei described in part 2.1 was 
investigated using experimental informations collected in Tab. 1. First, the de
pendence of the G-M splitting on different parameters of the Nilsson model was 
examined. The results were then used in the analysis of the systematical behaviour 
of the splitting energy AFGM calculated from Eq. (15). Finally, method of "separated 
parameters" was examined in more details and compared with experimental results 
for observed G-M pairs. 

3.1. Dependence of the G-M splitting on model calculations 

3.1.L Dependence on the model pa r ame te r s 

The G-M splitting energy, AEGM, was calculated from Eq. (15). Average value 
of common parameter D = ocW = 789 keV, taken from Ref. [2] was used every
where. Matrix elements Aa for individual configuration were calculated from Nilsson 
model wave functions using expanded Nilsson potential [9, 10]. In the calculation 
were neglected the nondiagonal matrix elements of Coriolis interaction. 

To analyse dependence of the G-M splitting on model parameters matrix ele
ments A& were calculated with different sets of parameters. In the first step parameters 
x and \i were changed while deformation parameters 5 and a40 were kept constant. 
The AN = 2 interaction was not included in this step. Typical results for the defor
mation parameters S = 0.30 and a40 = 0.04 and variable neutron parameters x 
and \i are shown in Tab. 2. Generally, very weak dependence of the G-M splitting 
on parameters x and \i was found. Therefore in further analysis these parameters 
were kept constant for all nuclei and their values for different proton and neutron 
N-shells were taken from Solovjev's monography [9] (see Tab. 3). 
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Table 2. Influence of neutron parameters x and p on the splitting energy AEGM °f tne {5/2 + [402]p, 
3/2 — [512]n} configuration 

* n 0.0630 0.0640 

" n 0.41 0.43 0.41 0.43 

AE^м (kеV) - 1 1 8 . 1 - 1 1 6 . 0 - 1 1 6 . 5 - 1 1 4 . 9 

Table 3. Model parameters x and p. used in calculations 

N 4 5 6 

Nuclеons P n P n P n 

ß 0.60 0.35 0.60 0.42 0.30 0.30 

X 0.0637 0.0637 0.0637 0.0637 0.0637 0.0660 

0.18 0.22 0.26 <f 030 

Fig. 1. Dependence ofthe splitting energy AEGM on the nuclear deformation parameters ô and a40. 

In tһе nеxt stеp of thе analysis dеformation paramеtеrs ô and a40 wеrе changеd 
and calculations for ô = 0.18-0.30 and a40 = -0 .04-0 .04 wеrе donе. Thе AN = 2 
intеraction was again omittеd. Typical strong dеpеndеncе of thе G-M splitting 
еnеrgy AEGM on dеformation paramеtеrs is shown on Fig. 1 for configuration 
{5/2 + [402]p, 3/2 — [512]n}. Similar rеsults for othеr configurations show that 
calculatеd valuеs AEGM diffеr in considеrеd rеgion of dеformation paramеtеrs by 
morе than 25% of avеragе valuе. Thеrеforе calculation of thе G-M splitting in 
dеfinitе odd-odd nuclеus has to bе pеrformеd with propеr dеformation paramеtеrs. 
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3A.2. Inc lus ion of the AN = 2 i n t e r a c t i o n 

In the Nilsson model calculations the matrix elements between main N-shels 

(the AN = 2 interaction) are usually neglected except some rather special cases 

(see e.g. [9]). Nevertheless, as was shown in [28], the influence of the AN = 2 

interaction on some nuclear properties (e.g. transition probabilities, reaction cross 

sections etc.) is rather general feature of the Nilsson model. Therefore we tried to 

calculate the G-M splitting energy, AEGM, in a more accurate model including the 

AN = 2 matrix elements. Matrix elements A0 and Aa (Eqs. (13)) were calculated 

with the wave functions, calculated with computer programme written on the 

Department of nuclear physics of MFF UK in Prague [29]. Using average value of 

parameter D = 789 keV the splitting energy AEGM can be calculated from Eq. (15) 

as a function of amplitude of the N-mixing. Because the calculations are rather 

tedious and memory consuming, no more than three N-shells were included and the 

calculations performed only for a few states should be considered as a rather pre

liminary. A sample of typical results is shown in Tab. 4 for three different con-

Table 4. Influence of the AN -= 2 interaction on the calculated splitting energy AEGM 

Configurаtion NP Nn 
(kеV) 

{5/2 + [402]p, 
1/2- [5Ю]n> 

4 
4 

4, 6, 8 

5 
5,7,9 
5,7,9 

29.5 
15.7 
16.0 

{5/2+[402]p, \ 
3/2 — [512]n} I 4 

n / 4,6,8 

5 
5, 7,9 
5, 7,9 

-86.9 
-77.9 
-83.8 

{5/2+[402]p, 
7/2 - [503]n} 

4 
4 

4, 6,8 

5 
5,7,9 
5,7,9 

230.3 
208.6 
194.9 

figurations. The principal quantum number N = 4, 6 and 8 for proton and N = 5, 7 
and 9 for neutron states was considered in the calculations while the deformation 
parameters S = 0A8, a 4 0 = 0.04 were used everywhere. As is seen from the table, 
the changes in the splitting energy AEGM are remarkable and seem to be strongly 
dependent on the configuration. Although performed calculations are rather prelimi
nary, it is obvious that exact analysis of the G-M splitting in odd-odd nuclei in frame 
of the Nilsson model cannot be performed without the AN = 2 interaction to be 
included. 
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3.2. Comparison of calculated and experimental splitting energies 

For all states experimentally established in rare earth odd-odd deformed nuclei 
(see Tab. 1) we have calculated the splitting energy AEGM using Eq. (15). Average 
value of common parameter D = 789 keV was used everywhere. Nilsson model 
parameters x and \i for considered N-shells and regions of nuclei were taken from 
Solovjev's monography [9] (see Tab. 3) alike as deformation parameters 5 and a40 

proper for each nucleus. Neither the AN = 2 nor nondiagonal Coriolis interaction 
matrix elements were considered in the calculations. Obtained values of splitting 
energy, AEGM, are given in eight column of Tab. 1. 

Before we will analyse agreement between calculated and experimental splitting 
energies some notes should be done. First, if should be considered the Coriolis 
interaction neglected in our analysis, the calculated energies could be shifted with 
respect to AEGM in Tab. 1 by values reaching up to a few hundreds of keV. More, 
corresponding shift should be rather strongly dependent on the proton and neutron 
states as well as on the shape of the nucleus. Obviously, if Coriolis interaction is 
correctly included, the calculated energies should be shifted to the experiemental ones. 

Second note concerns the AN = 2 interaction discussed in part 3.L2. Although 
this interaction is expected to be generally less important than Coriolis one, it can 
remarkably affect the matrix elements A0 and Aa what can leed to substantial change 
of calculated splitting energies AEGM. 

Agreement between calculated (A£GM) and experimental (AFGM) splitting 
energies included in Tab. 1 is similar as in Refs. [2] and [4]. It has to be emphasized that 
the number of the G-M pairs included in our analysis is much higher than in [2] 
and [4] and, with respect to method of analysis, some substantial differences between 
A£GM and AFGM are sufficiently probable. More, some substantial disagreement 
may be connected with the only tentative assignment of experimentally observed 
G-M pairs (reliability " 3 " in Tab. 1). 

With respect to these facts and to precedent notes the agreement between 
experimental and calculated values of AEGM for analysed G-M pairs is rather good. 
Systematical behaviour of splitting energy exhibits some important features: 
i: The splitting energy AKGM for different configuration in definite nucleus differs 
generally very remarkably, ii: For the same configuration the splitting energy changes 
rather weakly from nucleus to nucleus, iii: The difference between calculated and 
experimental splitting energies is more remarkable for the pairs with AK = K+ — 
— K_ = 1 than for other pairs. Performed analysis of experimental informations 
on the G-M pairs shows that violation of these rules for experimental splitting 
energies is usually connected with tentative assignment of the observed states. 

First two features are in agreement with expected fact that the G-M splitting is 
mostly determined by the configuration of both odd particles in odd-odd nuclei. 
The properties of individual nucleus affect then the splitting energy only weakly 
(e.g. over the nuclear shape, spacing of individual states etc.). Last feature is obviously 
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connected with Coriolis interaction between both states of the G-M pair. It supports 
the importance of the Coriolis interaction for odd-odd deformed nuclei and shows 
the shortcoming of the theoretical analysis of odd-odd nuclei, if this interaction is 
neglected. Nevertheless, the study of the systematics in the G-M splitting should be 
supported by more wide analysis of dependence of the splitting energy on nuclear 
mass number A which should give also other valuable informations about quasi-
particle states in odd-odd deformed nuclei. Unfortunately, performance of such 
analysis in present work was impossible because each configuration was usually not 
observed in more than three nuclei. Therefore further experimental studies of odd-odd 
nuclei are very desirable. 

3.3. Method of separated parameters 

3.3.1. Model dependence of the p a r a m e t e r a 

Analysis in parts 3.1 and 3.2 was performed with common parameter D = a . W. 
Nevertheless, if "method of separated parameters" is used for determination of 
parameters a and W(see Eqs. (16) and (17)), model calculations of band head energies 
of both G-M components can be done independently. More, if the value of coef
ficient k in (16) is established by model independent method, as was done by Singh 

'0.18 0.22 0.26 0.30 

Fig. 2. Dependence of the splitting parameter a on the nuclear deformation parameters 8 and a40. 
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and Sood [6], parameter a can be examined as a function of nuclear shape and other 
parameters. 

In the present paper we have calculated the parameter a from Eq. (16) as a func
tion of deformation parameters d and a40. Parameters x and JJL of the Nilsson potential 
were kept constant everywhere and were the same as in part 3.1. Typical behaviour 
of parameter a is shown in Fig. 2 for the {5/2 + [402]p, 3/2 — [512]n} configuration. 
The value of a for different nuclear shape differs rather substantially, the differences 
attaining more than 20% of average value of a for deformation parameters cor
responding to rare earth deformed nuclei. Therefore calculation of parameter a 
for the G-M pairs in fixed nucleus should be performed with proper nuclear defor
mation parameters. 

Parameters W for considered G-M pairs may be calculated from Eq. (17). 
Beside the dependence on model parameters through parameter a and matrix 
element Aa parameter W depends also on experimental values of splitting energy 
AFGM- But, as was shown in precedent parts, the values of AKGiM reflect all effects not 
included in the model calculations and therefore the dependence of the parameter W 
on the model parameters cannot be directly extracted. From the same reason the 
common parameter D = a . W calculated as a product of parameters a and W esta
blished independently from Eqs. (16) and (17) should generally differ from the 
average value established experimentally in [2] and [4] and used in part 3.1 and 3.2 
of present paper. On the other hand, the deviation of calculated values of D from 
average one may be used as a valuable information about importance of neglected 
effects for definite G-M pair in definite nucleus. 

3.3.2. Sys temat ica l behav iour of the sp l i t t ing p a r a m e t e r s 

As the last part of our analysis we have calculated parameters a and W for all 
experimentally observed G-M pairs. Matrix elements A0 and Aa for each nucleus 
were calculated with proper deformation parameters taken from [9]. Parameter W 
was calculated from the splitting energy AE^ established in part 3.2. Obtained values 
of a and W are collected in Tab. 5 for each proton-neutron configuration observed 
experimentally in at least two nuclei, the results for each configuration being pre
sented separately. In third and fourth columns are given the deformation parameters S 
and a40 used for individual nuclei. Corresponding values of common parameter 
D = a . W calculated as product of a and Ware in seventh column of Tab. 5. 

As is seen from the table, the parameters a and Wfor the same p-n configuration 
in different nuclei are generally rather close while the parameters for different con
figurations differ remarkably enough even in the same nucleus. More essential de
viations from this rule are connected mainly with tentative assignment of experimen
tally observed states. Very close values of a, calculated from Eq. (16) for given p-n 
configuration in different nuclei, reflect slow variation of matrix elements A0 and Aa 

as a function of the deformation parameters. It is substantial, that in the model used 
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Table 5. The splitting parameters a and W 

Nucleus ô a40 a W a . W Note 
[MeV] [MeV] 

{3/2[411]p, 3/2[521]n} 

1 5 6 т ђ 0.26 0.05 0.230 3.37 0.77 
1 5 8 Т Ь 0.27 0.04 0.226 3.60 0.82 
i б o т b 0.27 0.04 0.228 3.42 0.78 

{7/2[523]p, 3/2[521]n} 

1 5 8 H o 
1 6 4 H o 

0.27 

0.27 
0.04 0.414 10.05 

0.02 0.434 11.57 

4.16 

5.02 

{7/2[523]p, 1/2[521]n} 

1 6 6 H o 
1 7 0 Т m 

0.27 

0.27 

0.02 0.450 12.30 

- 0 . 0 1 0.450 0.73 

5.53 

0.32 b ) 

{7/2[404]n, 3/2[521]n} 

1 5 8 Т Ь 

1 7 4 L u 

0.27 

0.26 
0.04 0.363 3.61 

- 0 . 0 3 0.443 5.07 

1.31 

2.25 

{7/2 [404]p, 7/2 [633]n} 

1 6 6 H o 
1 7 4 L u 

0.27 

0.26 

0.01 0".419 1.45 

- 0 . 0 3 0.218 6.04 

0.61 

1.31 

а) 

{7/2[404]p, 1/2[521]n} 

1 7 0 Т m 0.27 - 0 . 0 1 0.199 7.19 1.43 
1 7 0 L u 0.25 - 0 . 0 1 0.203 0.68 0.14 
1 7 2 L u 0.26 - 0 . 0 2 0.200 3.91 0.78 
1 7 4 L u 0.26 - 0 . 0 3 0.200 3.96 0.79 
i s o Т а 0.24 - 0 . 0 5 0.206 3.76 0.77 

{7/2[404]p, 5/2 [512]n} 

1 7 4 L u 
l 8 0 Т а 

0.26 

0.24 

- 0 . 0 3 0.334 6.78 

- 0 . 0 5 0.374 5.88 

2.26 

2.20 

{7/2[404]p, 7/2[5 l4] n } 

1 7 6 L u 
1 7 8 L u 
i s o Т а 

0.26 

0.26 

0.24 

- 0 . 0 4 0.211 6.35 

- 0 . 0 4 0.211 3.35 

- 0 . 0 5 0.214 7A6 

1.34 

0.71 

1.53 

а) 

{7/2 [404]p, 9/2 [ 6 2 4 Ц 

bLu 0.26 -0.04 0.193 4.11 0.79 
°Та 0.24 -0.05 0.194 3.62 0.70 
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Table 5. (Continued 1) 

Nucleus 3 a 4 0 a W 

[MeV] 

a . W 

[MeV] 

Note 

{7/2[404] p , l/2[510] n } 

1 7 6 L u 0.26 - 0 . 0 4 0.315 13.18 4A5 
i s o T a 0.24 - 0 . 0 5 0.293 12.31 3.61 
1 8 2 T a 0.24 - 0 . 0 5 0.293 8.91 2.61 

{7/2[404] p , 3/2[512] n} 

i s o T a 

i 8 2 T a 

0.24 

0.24 

- 0 . 0 5 0.560 1Л\ 

- 0 . 0 5 0.560 11.21 

4A5 

6.27 

{ l/2[411] p , 5/3 [523]n> 

1 6 6 H o 
1 6 8 T m 

0.27 

0.26 

0.01 0.331 5.44 
0.00 0.341 3.42 

1.80 

1.16 a) 

{ l / 2 [ 4 1 1 ] p 7/2[633] n} 

1 6 6 H o 
1 6 8 T m 

0.27 

0.26 

0.01 0.303 4.81 

0.00 0.307 5.65 

1.46 

1.73 a) 

{ l/2[411] p , l/2[521] n } 

0.26 0.00 0.252 4.88 1.22 a) 

0.27 -0.01 0.248 4.61 1.14 
0.25 -0.01 0.256 4.81 1.23 
0.28 -0.02 0.244 2.38 0.58 a) 

{l/2[411]p, 5/2[512]n} 

0.26 0.00 0.208 5.00 1.04 

0.27 -0.01 0.205 5.03 1.03 

0.28 -0.02 0.203 4.83 0.98 

{ l / 2 [ 4 1 1 ] p , l/2[521] n } 

1 7 0 L u 
1 7 2 L u 

0.25 

0.26 

- 0 . 0 1 0.567 5.70 

- 0 . 0 2 0.543 3.36 
3.23 
1.82 

a) 
°) 

{5/2[402] p , l/2[521] n } 

1 7 0 T m 
1 7 2 L u 

0.27 

0.26 

- 0 . 0 1 0.215 6.29 

- 0 . 0 2 0.217 3.84 
1.35 

0.83 

{5/2[402] p , l/2[510] n } 

i 8 2 T a 0.24 - 0 . 0 5 0.310 6.80 2.11 
1 8 4 R e 0.22 - 0 . 0 5 0.335 4.78 1.60 
1 8 6 R e 0.20 - 0 . 0 5 0.369 7.58 2.03 
1 8 8 R e 0 A 8 - 0 . 0 5 0.416 5.91 2.46 

a) 
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Table 5. (Continued 2) 

Nucleus ô a 4 0 OÍ W 
[MeV] 

a . W 

[MeV] 

Note 

{5/2[402]p , 3/2[512]n} 

1 8 4 R e 
1 8 6 R e 
1 8 8 R e 

0.22 
0.20 
0.18 

- 0 . 0 5 0.229 6.59 
- 0 . 0 5 0.238 4.13 
- 0 . 0 5 0.248 4.78 

1.51 
0.98 
1.18 

{5/2[402]p , П/2[615] n } 

1 8 4 R e 
1 8 6 R e 

0.22 

0.20 
- 0 . 0 5 0.195 9.51 
- 0 . 0 5 0A95 8.27 

1.88 

1.61 

a) 

{5/2 [402]p, 7/2 [503]n} 

1 8 6 R e 
1 8 8 R e 

0.20 
0.18 

- 0 . 0 5 0.156 3.52 
- 0 . 0 5 0.157 3.58 

0.55 
0.56 

{9/2[514]p, 3/2[512]n} 

i 8 2 T a 

1 8 6 R e 
0.24 
0.20 

- 0 . 0 5 0.289 4.87 

- 0 . 0 5 0.329 8.26 

1.41 
2.72 

a ) 
a ) 

{9/2[514]p, 1/2 [ 5 Ю Ц 

i 8 2 T a 

1 8 6 R e 

0.24 

0.20 

- 0 . 0 5 0.615 40.30 

- 0 . 0 5 0.463 30.27 

24.78 

14.01 a) 

a) Experimental splitting energy is of reliability " 3 " in Tab. 1. 
b ) Extremally low value of AEGM indicates probably noncorrect interpretation of the G-M 

pair. 

for present analysis (part 2.1)) parameter a is calculated with simple single particle 

Nilsson wave functions. On the other hand, parameter W calculated from Eq. (17) 

depends on the experimental separation energy AEG& and reflects all effects neglected 

in the model description used in the analysis. Here AN = 2 and especially Coriolis 

interactions in nucleus can generally change band heads energies by a value up to 

few hundreds keV and corresponding shifts should be transferred to the experimental 

energies AEG

X&. Therefore greater dispersion of Wfor definite configuration is well 

in agreement with model assumptions. More, from values of W, calculated from 

AFGM ^ c a n be m principle extracted some information on the neglected effects. Never

theless, extraction should be very complicated and, with respect to many uncertainties 

about structure of odd-odd deformed nuclei it should be rather sophistic. In present 

work no attempt in this direction was done. 

Some note should be done about the comon parameter D = a . W. As is seen 
from Tab. 5, the values calculated directly as the product of a and W exhibit smaller 
variations than parameter W, nevertheless, the dependence on the p-n configuration 
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is well pronounced. The average value over all rare-earth region is close to 1600 keV, 
what is about two times higher than the values used by Boisson et al. [2] and Elmore 
and al. [4]. In [2] and [4] was in some extent considered the Coriolis interaction 
what made it possible to consider corresponding values of D as an lower limit of the 
common parameter for unperturbed states. Nevertheless, for the more realistic 
approximate calculations higher value of a . W should be used. 

4. Conclusions 

Analysis, performed in the present work shows that irrespective to high com
plexity of the structure of odd-odd deformed nuclei many substantial features of 
excited states are connected with the simple particle (quasiparticle) degrees of freedom. 
Beside the method, using average common parameter D = a . W, the "method of 
separated parameters" appears to be very convenient step in the analysis of experimen
tal material, giving first information about approximate energies of expected states 
in fixed nucleus. Our analysis, based on wide experimental material, fully proved 
rough acceptability of the method at least for the rare earth region of nuclei. Useful
ness of the method in two directions should be emphasized. First, the possibility to 
calculate expected energies of the band head states of unknown G-M pairs for given 
nucleus using proton and neutron one-particle energies in neighbour odd-A nuclei 
and average values of parameters a and W established for considered p-n configura
tion in other odd-odd nuclei. Second, expected energies of the band head states 
can be taken as a starting information for more accurate analysis including such 
important effects in deformed nuclei as is Coriolis interaction. 
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