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The Villars conference, Jan 21-25, 1874, invited lecture.

(For the conference repert, not for publicaticn)

Stephens' and Mottelson's modzls fer rotation-aligned odd-

particle moticn

S. G. Milsson

Lund Institute of Technology, Lund, Sweden

Recently a large new family of yrast states for odd-A nuclei in
transitional regions have been encountered experimentally. At first
glance they appear to form normsl roctational bands. However, every
other spin member seems to be missing. Secondly, the associated in-
ertia appears large by almost an order of magnitude compared tn the
apparent inertia value of the even-even neighbour nuclei. The asscciated
coupling scheme is now rather well uﬁderstood as a realignment of the

single-particle orbital from the nuclear deformation axis to the nu-

clear rotation axis.

1)

The rotor model describing the coupling of ah odd particle to a

rotating body, .is represented by the following Hamiltonian

(1) H=H_, +Kay . (8') + ABZ

sph 20
where R is the rotor angular momentum and where 6’ refers to the
poiap angle of the deformed field measured relative to the rotor
symmetry axis, the 3-axis. We furthermore limit ourselves to the so-
called unigue-parity case, when the single-particle may be assigned a
relatively pure j-orbital with j >> 1 . We furthermore have 1 = B + 3
and R3 = 0, the latter relation a censequence of the fact that no ro-
tation of the rotor is permitted around its symmetry axis. The usual
adiabatic base wave functions are then given as
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The diegonal energies of (1) in terms of the ba
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as (we neglect the case of q = 1/2)




A , i .
(3}  E(I,j,q) = ey + AI(I + 1) + 33 + 1)}~ 3 K30 + 1) +Ka

In this expression K comes in part frem the splitting of the

quadrupo%e field, in part from the §2 term
(4) K =K' - 2A

where

(5)  K' = kg VA5/4r [5(5 + 1]

and

, . , : o , .2 T ...
(6)  <jn [KBY_ZD[JQ> = K [Q I 1)]

The off-diagonal elements of A@z, or of

~

(73 Hyp = AMIG, + 15)

couple states with Q' = g + 1 . They can be written

)  <{Ij.e+1 | Hoop | 13,2 = AT~ 2ler TG G < alar )

The inclusion of this coupling gives rise to Coriolis mixed wave func-

tions of the type

(9)  ¥(I,j) = ] C(I,Q) ¢(1,3,%)
: f

where the coefficients C(I,q) may be obtained from a direct diagona-
lisation within the (I,j,n)-space. Approximate analytical expressions
for C(I,q) have been-derived by F. StephensZ) on the one hand and B.
MottelsonB) on the other, which both cast interesting light on the re-
coupling (rotation-alignment) implied by the'Coriolis mixed wave func-
tions. ~

The one scheme that most directly goes over into the pure adisbatic
limit is the epproximation developed by Mottelsoan. He approximates

the expression (8) by



(10) Al = AT + 1/2)(5 + 1/2)
The diagonelisation problem

(1) - B) JC(T,e) ¢(1,5,0) = 0
; .

may be rewritten as a recursion relation for the C-coefficients

1

(12) (Ke® ¢ A - B)C(@) - A'[Cle v 1) T L - 1] = 0

where

(13) A = A[{I(I + 1) + §(5 + 1)}] "%Kj(j . 1)

Mottelson now goes on to consider 0 & centinugus variable and appro-
£
ximates the last bracket in (12) by C(q) + %—a L(g] . In this way
A , 90
(12) becomes a second-order differentia] equation for C(Q) of the

harmonic oscillator type in Q-space.
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where
(15) 2 1
: 7n " At = A(I + id(j + 1/2)
12
(18) 5 Mo = K
and thus

(17) fw = VZKAT = Y2A(T « /2005 « 1727 - 2A)

P

The lowest "vibrational” state in Q-space has a width in -spaca

denoted QO , whers

. AT
(18)

Q= VZA'/K =VZRT » /200G v /20 /K - 2A)




The corresponding expression for C(Q) is then-
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(19)  c@ o~ expf - 1/2 9%/0 7
which thus implies that for n = 0 all ¢(I,j,9) components enter
with the same sign and that (fer n = 0) the emplitude is 1argest
for @ =+ 1/2 and then falls off ‘exponentially with (8/% )%
in Q-space. As Qo is I-dependent, the spread over leFerent

Q-components becomes larger for largp I-values.

The a85001ated'energy accordlngvto Mottelson may be w;itﬁen
(20) E(I;j,m) = A ~‘éA; te = A[I(Ifﬂ) + ji+1) - 2(I+i/2)(j+1/2J]
+ (n + 1/2) tw
Neglgcting terms independent of I,3,% we may rewrite this as
(21)  E(Lj,n) = AL - 5)% + (0 + 1/2) Tw

To ensure the condition of reflection symmetry with respect to
the plane perpendicular to the rotor deformation axis the following

condition must hold between 1I,j, and n

(22) I -3+ n=even

For n = 0 one thus obtains an yrast spectrum in terms of R' = 1 - jl
)
(23) E = AR"™

for I =3, j+2, 3+ 4etc. The j -2, J -4, j - 6 states form a
similar spectrum (terminating quickly), slightly displeced relative
to the yrast band due to the j-dependcnce of the HRw-Tactor.
An alternative way to derive the sema type of rotational spectrum
“/‘

has teen develcped by Stephens and coworkers simultaneously with

Mottelson's work.

The starting pocint is the situatien  fer which K' = 2A. At this polnt the
dlagonal splitting due to the quadrupcls field exectly cancesls the
splitting due to the Coriclis force. In this ncase ones may explcit the



degeneracy to form shatss that cpproximately diegeonalise the H.  term.
The corresponding wave Tuncticn is obtained by first corsidering the
intrinsic weve functicn aligned along the rotation axis with J-orojsc-
tion o , obtained from x(J,2) by a rotation through en angle /2
from the 3- to the ‘-axis:

(n/2) x(5,0)

A w3 = {
(24} w(3,a) gdm

A total state that includes the rotor degrees of freedom is taken +o he the

“following

I

(25) p(I,5,a) = é diﬂ (n/2) x(§,9) Dy

Ong should note that this is not a product of x(J,a) with a D-
function. The multiplication with different D-functions, each with
a good 13-va1u9 for each Q-component, is required to assure the
rotational symmetry of the problem with reference to the rotor 3-

axis.

Up to terms of order (Q/I]2 one can prove the following relation

(26)  (LJ_+I3) o(I,j,a) ¥ 2/T0T * Ta o(I,j,a) < 2(Te1/2)e 6 (I,5.a)

+

We identity the product of the length of the I-vector and the component

of j on the 1-axis.

In this way one obtains
(270 BlLJ.a) = ey + A[I(I + 1)+ 55 + 1) - 21 + 1/2)a)

The choice of o that gives rise to the lowest total energy for given

I obviously cerresponds to o = J

(z8) E(I,j.j) = e




(23) I - a = even

It then follows that for the case of mavimal alignmant only even

values of R'(or I - j) are permitted.

A study bears out that the Mottelson and Stephens models
give more or less the seme results and reproduce equally well a rapidly

accumulating number of nuclear data.
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