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NATURE OF PHYSICAL PROBLEM 

It is well known that comparison of experimental reduced 
transition probabilities with their model-depending predictions 
is of great importance for studying nuclear structure. Namely, 
the influence of the Coriolis particle-rotational coupling on 
electromagnetic transitions between excited states in odd-A 
deformed nuclei has been the subject of interest in many papers 
and has been reliably demonstrated 1 1·. 

Analogous situation in odd-odd nuclei has also been proved '!i. 

The program gives a possibility to calculate the El, E2 and 
Ml reduced transition probabilities in odd-odd deformed nuclei. 
The mixed wave functions used result from a least-square fit 
of energy levels (taking the Coriolis effect into account) 
to the experimental ones, performed with the modified ODDODDCORI 
subprogram /2 ·. 

METHOD OF SOLUTION 

The calculation of the reduced electromagnetic probabilities 
can be subdivided into two stages. In the first one, the total 
Hamiltonian (with Coriolis coupling term included) is diagona
lised and eigenvalues and eigenvectors are found. This procedu
re is described in 1 2: In the second, the coupling amplitudes 
obtained in the first stage are used for the calculation of 
the electromagnetic operators'matrix elements, performed with 
the present program. 

RESTRICTION ON THE COMPLEXITY OF THE PROBLEM 

The current version is dimensioned for 40 transitions. For 
further restrictions see /2' 

TYPICAL RUNNING TIME 

The running time depends on the number of interacting bands 
and the number of free parameters above all. Therefore the 
required time may vary from one to tens of minutes on the CDC-
6500 computer. 

LONG WRITE-UP 

1. Description of the Program 

The program calculates the reduced electromagnetic probabi
lities B(E2), B(Ml) and B(El) for transitions between the 

&:;·;.,, ,, · .. : .: .l~l ~i-'·:'t;.'\'f'j"l 

iJttl}lfUu.f ~~i ·< ~~ilU:Ort)l~~-, 
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levels in odd-odd deformed nuclei. The calculation of these 
transition probabilities can be subdivided into two stages: 

(i) the obtaining of the eigenvalues and coupling amplitudes 
of the total nuclear Hamiltonians; 

(ii) the calculation of the matrix elements of the electro
magnetic operators. 

The first part of the problem has been solved in 121, where 
the program for calculation of the eigenvalues and eigenvectors 
of the total odd-odd nuclei Hamiltonian (including Coriolis 
coupling term) is given. The obtained by 12'; mixing amplitudes 
are used in the present program for the calculation of the 
electromagnetic multipole (El, E2, Ml) operators matrix ele
ments. 

The calculation procedure is based on the "two particles + 
+ rotor" model with inclusion of the Coriolis coupling 11,4~ 
According to this model the total Hamiltonian for a deformed 
odd-odd nucleus can be written as/4/. 

H =Hint+ Hrot ' 

where Hint is the intrinsic part of the Hamiltonian and Hrot 
is the rotational part of the Hamiltonian with the Coriolis 
member included. The eigenvalues and eigenvectors of (I) are 
obtained by diagonalisation of the corresponding matrix in 
the basis of the functions (assuming the axial symmetry) 

'l'(a) = ( 21 + 1 )1/2 {or c~~(a)+(-l)I+K R. c~~Ca)} , 

(I) 

(2) IMK l6772(1+5KO) MK K I K 

where D~Kare the Wigner functions (I is the total angular mo
mentum with projections M and K onto z-axis of lab. system and 
symmetry axis, respectively), ~(a) are the intrinsic wave 
functions - the solution of theESchrodinger equation: 

Hint cll~)=EKcllK. (3) 

The intrinsic wave function K can be written as a product of 
the wave functions characterising the intrinsic states of the 
off neutron and odd proton (see refs./1,41): 

(a) (Pn) (Pp) 
cllK = xnn xnp ' K =On+ OP (4a) 

c~~<c;2 = x~n) x~P), K= !On -OPI 

for K #O annd P 

(a) 1 <Pn ) CP pl CPnl CPpl 
cllK =-::=(x0 x-0 -·yx-11 x0 ), Dn=Op (4b) y2 n p n p 

(a) (a) 
for K =0 ( R i «llK=o= Y <llK=o) · 

In (4) K~p) and )Pn) are the odd proton and odd neutron 
no nn 

wave functions·, respectively, a =(p
0

,pp) denotes the quantum 

2 

\ 

i 
j 

numbers, which together with projection K determine entirely 
the intrinsic state of the given odd-odd nucleus. 

The diagonalisatiop of the Hamiltonian ,(I) matrix gives the 
eigenvectors in the form of linear combination of the basis 
functions (2): 

IIM,v> =I blv l'l'(a) >, (S) 
/Ka aK IMK 

where b 1~ are the mixing amplitudes. 
The ~educed probability for a transition of the type X 

(X=EorX=M)'and of multipolarityL from state llv> tb the 
stateii'v'> described by (S) is given by (see, e.g., ref. 1 41) 

B(XL, Iv -d'v')= -1 -I<I'v'II~(X.L)IIIv>l 2 = 
2I + 1 

=I I I JvKbr'_v~I'M'v'lm(X,LJL)IIMv>l 2 . 
M' Ka a aK 

(6) 

JL , , 
where (X, L) are the ele~ftomagnetic multipole operators. Their 
explicit forms arell/: 

Yfl (E, L.!l) = e eerr L YL!l 
(7) 

3 1 eh ~ ~ ~ m (M, lJL) = (-)L 2 -- [ ( g - g,) s +(g.- g ) j "'- g I J 
4 17 • 2mc s r t R . R IL 

~ ~ ~ 

where YL!l are the spherical functions; sll ,jll, Ill are the com
ponents of the spin, intrinsic angular and total angular momen
tum tensor operator, respectively; g ,gy and gR are the spin, 
orbital momentum and rotational mo

8
merrtum gyrom.agnetic ra-

tios; ~is the nuclear magneton. Suhstituting (7) into (6) 
2mc 

and using the properties of Clebsch-Jordan coefficients one 
can get: 

B(Xl, lv ... l'v')= 8~ 1+8~~ 2 

where X= E or X= M and 

and 

8~ 1= I b~~b~,Y~(IKlO(I'K) <ell(~'), m(X, 10) I <~>t>>oKK, 
~~-

8~13 K~ b~~b~,;~[(IK1 ± 1 I'K')<!lf;;>: mcx, 1±1): <1>(:)> + 

K 'a' 
± 

+ ( -1 f+K (I - K1 ± 1. I 'K ')<¢(a:) I~ (X,l ± 1) · ell (a)> 
K -K 

B(E2, lv __.J'v')=·BE2+BE2~BE2i2 0 1 2 . 

(Sa) 

(8b) 

(8c) 

(9a) 

3 



where 

sE 2= L b 1vbr;v;(IK20II'K')<<l>(a')lm(E20)IcJ.>(a) > 
0 Ka aK a K 1 K K (9b) 

K'a' 

"'v--2-eQ L b 1vbr'v'(IK20II'K)o , 
16rr OKa aK aK KK 

E2 '<' Iv I'v' (a') (a) (9 ) 
B

1
=K.:. b Kb 'K'[(IK2±1Il'K')<<l>, )lm(E,2±1)1<1> >o K_,_,+ c a a a K K K; -'-l 

K'a.-
± 

+(-l)I+K (I-K2± 1II'K')<<l>ca')lmcE 2± l)l<l>(a)>o 1 
K' ' -K K',-K±l 

BE 2= L b1vbr'v'[(IK2+2II'K')<<l>(a')llm(E2±2)I<l>(a)>o + (9d) 
2 Ka aK aK' - K' ' ' K K',K±2 

K'a' 
+ , 

+(-1) I+-K (I -K2 ± 21 I'K ') < cJ.> ~a, ) I m(E2, ± 2) I <I>_~) >oK,-K±2. 

In (9) QO denotes the intrinsic quadrupole moment of odd-odd 
nucleus. The intrinsic matrix element <cJ.>(a) I ~l(M,lJ.t) I cJ.>(a) > 
can be written in the form (using (7)): K K 

<<ll<a,')lmCM,lJ.t)lcJ.>(a\ =(..L)l/2_.!lli_[(g -gf)<<l>ca;)l; l<l>(a) > + 
K K 4rr 2mc s K J.t K (I O) 

+ (gs-gR) <<l>~a;)I1J.t I cJ.>if)> + gKK °K,K'0a,a' 0j.t,O ]. 

(J.t=0,±1). 

It is possible to express the matrix elements <<I>~{;) 1';..1<1>~) > 
in (8), (9) and (10) by means of intrinsic wave functions 
for odd proton and neutron: 

' A A 

<<l>K(a 1 )i·AI<l>~(a 2 )>=on 11 op P <x(pn )I~Aixn (pn )>+ 
1 p1 p2 pl p2 1 n2 2 

(I I ) 

+Cbn nn OPn Pn <xnp (Ppl)IAI.xnp (pp2)>, 
1 2 1 2 1 2 

where ~A can be represented by operators: m(E,lJ.t),sJ.t ,jJ.t (J.t =0,1) 
odll(E,2J.t) (J.t = 0,1, 2). · A similar expression can be obtained 
if K1 or K 2 or both are equal to zero. A 

The intrinsic matrix elements < xn (pl) I !A I xn (p2) > can be 
calculated in the frame of various nu~lear mosJ;e~s. To be correct 
one has to take for calculation of <xn

1
(p 1)1!A lxn 2 (p2 )> the 

same nuclear model as for determination of the intrinsic wave 
function <~>ka) (that means the model used in 121 ). The intrinsic 
matrix elements < xn (p 1) I A I xn (p2)> are a part of the input 
data in the program.

1
The input ~ata are further formed by the 

gyromagnetic ratios g
8

,g£• gR and by the effective charge 
eerr (see (7) and (10)). 
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For given transition {Iv --.I'v') the program calculates the 
reduced probabilities B(E2, Iv--+I'v'), B(El.Iv-I'v') and, 
B (Ml, Iv --.I'v') which are allowed by selection rules. 

The program is written in FORTRAN. Instructions for use are 
given in section 2. 

2. INPUT DATA CARDS 

The program is written as an FON subroutine for the MINUIT 
minimization program. The program and the input data cards 
required are described in ref. 12~ The remaining input cards 
are read by the present program (see the table). For a more 
detailed description of the 2,3,4 and 5 card groups see ref.12~ 

THE PROGRAM OPTIONS 

In addition to the calculation mode described in 121 ISW2=0 
means that only the perturbed energy levels and the final set 
of parameters and the mixed amplitudes will be obtained, while 
ISW2IO means, the complete calculation with the El, E2and Ml 
reduced transition probabilities will be performed. 

3. OUTPUT PRINTS 

the input data are reproduced for the value of the FCN 
paramet•"r IFLAG=3, and final tables are printed as well. Self
explanatory descriptions of the tables are also printed. 

The FCN subroutine prints neither the input values of the 
parameters nor the resulting ones. They are printed only by 
the MINUIT program. 
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foHc 3., KaacHn H. E4-82-726 

TiporpaMMa p;mi Bbi'!HcneHHH El, E2 H Ml npHaep;eHHbiX aepoHTHOCTeli 
c y'!eTOM asaHMop;eHCTBHH KopHonHca 

B pa6oTe p;aHa nporpaMMa p;nH Bbi'!HcneHHH El, E2 H Ml npHnep;eH
HbiX DepOrtTHOCTeH nepeXO)J;OB B p;e<iJOpMHpOBaHHbJX He'!eTHO-He'!eTHbiX 
Hp;pax. TiporpaMMa HanncaHa KaK .FCN nop;nporpaMMa p;mi MHHHMH-
3Hp,Yiow;et1 rrporpaMMbi MINUIT. TiporpaMMa ocHonaHa Ha Mop;enH "p;ne 
KBaSH'!aCTH~bi + poTop" c y'!eToM asaHMop;elicTBHH KopHonHca. qT06bi 
y'!eCTb BSaHMO)J;eHCTBHe KopHOnHca, KOHCTpyHpyeTCH H )J;HarOHanH-
3HpyeTCfl MaTpH~a nonHero raMHnbTOHHaHa. MeTop; HKo6H p;nH )J;HaroHa 
nHsa~HH HCrrOnbsyeTCH )J;nH HaXO)I()J;eHHH C06CTBeHHbJX SHa'!eHHH H tPYHK 
~HH p;nrt DC eX Tpe6yeMbiX SHa'!eHHH emma. Op;HOBpeMeHHO OITTHMHSH
PYJOTCfl DCe CD060)J;Hble napaMeTpbl MeTO)J;OM HaHMeHbiiiHX KBap;paTOB 
K sKcrrepliMeHTanbHbiM sH:a'!eHiiHM sHeprHli poTa~HOHHbiX ypoaHeH. TipH 
ITOMOUJ;H TalCUM CITOC060M Halip;eHHbiX aMrrnHTY)J; CMew;eHHH Bbi'!HCnHIOTCH 
IEl, E2 H Ml rrpHDep;emlliie nepOHTHOCTH p;nH sap;aHHbiX raMMa nepexop;oa 

Pa6oTa Dbmonnena B Tia6opaTopnn TeopeTH'!eCKoli tPiiSHKe H D 
na6opaTopHH np;epHbiX npo6neM Oill!H. 

npenpHiiT 06beAHHeHHOro HHCTHTyTa RAePH~X HCCneAOBaHHH. Ay6Ha 1982 

Hons z., Kvasil J. E4-82-726 
A Program for Calculation of the El, .E2 and M1 
Transition Probabilities in Odd-Odd Nuclei Taking the Coriolis 
Mixing into Account 

A computer program for calculation of the El, E2 and Ml 
reduc~d transition probabilities in deformed odd-odd nuclei lS 

given. The program is written as an FCN subroutine for the 
MINUIT minimizing program. The program is based on the "two 
quasi-particles + rotor" model with inclusion of the Coriolis 
coupling. In drder to take the Coriolis coupling into account, 
the matrix of the total Hamiltonian is constructed and diago
nalized. The Jacobi diagonalization method is used repeatedly 
in the search for eigenvalues and elgenyectors for all spin 
values required. Simultaneously the adjus~ment of all the pa
rameters is carried out until! a least-square fit to the ex
perimental energy levels is obtained. With thus obtained coup
ling amplitudes the required El, E2 and Ml gamma transition. 
probabilities are calculated. 

The investigation has been performed at the Laboratory 
of Theoretical Physics and Laboratory of Nuclear Problems, 
JINR. 
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