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Abstracﬁ:_;

The Hartree-Bose-Fermi and the adiabatic-aﬁproximations are used to
derive analytic. formulas for the moment of iInertiz and the decoupling
parameter of - the: interacting boson fermion approximation for deformed
systems. These formuias are applied to the SU(3) dynamical symmetry; In

the large N limit we obtain perfect agreement with the exact results,
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“approximation

One of the characteristic features of the interacting boson

~ approximation (IBA)i) is the occurrence of dynamical symmetries. In the

IBA-]l, where no distinetion betwéeq preton-bosons and neutron-besons. is
made,three limiting symmetries arise from the U(6) group .structure of the
model. When the boson hamiltonian corresponds to one of the .three limits,

U(5), SU(3) or 0(6), it can be analytically diagonalized by ‘meaiis . of

7 group~theoretical EeéhniquESZ). Mean field techniques .  (MFT)  1ike

.Hartree—Bose(HB}j) provide a geometrical interﬁretation::df the... three- .
limiting cases4) as spherical vibrator, axially symmetric. rotor.. and .
unstable rotor respectively. The new phenomena that appear.in the. IBA-TI
dee to the interplay between proton and neutron degzﬂes,qf‘f;egdpmrare'
also understood using MFTS’ﬁ). .

The role of the MFT 'is .not only restricted to -a3-géoﬁet;iéél
iutetpre;ation, but the MFT alsco give approximate solutions whén the .
medel space increases, due to the inclusion of higher spin.baéopshﬁr'nnh
collective degrees of freedom, and exact diagonalizationg,_aré—.@oc_
feasible. More accurate results can be obtained by using the.random:phase.
B for the Vband heads and self-consistent ctankiug?) or
anguiar momen tum projections) for the rptational bands.

The_interacting boson-fermion approximation (IBFA) i; the extension
of the IBA to odd-even nuclei. This model is based on the coupling of an
ideal fermion to the boson core. As the odd fermion commutes .with the
boéons, the boson~fermion interaction should not only xefléct‘the nuclear
interaction, but also the Pauli principle related to the fermion mature
of the bosons. Both aspects were considered Ia a semi-microscopic
derivation of the boson—fermion interaction through a direct and an
exchénge forceg).

The increase of the model space due to the inclusion of the single

particle degrees of freedom makes it useful, and in some cases necessary,

to derive approximate solutions.




- model!
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Several dynamical boson—fermion symmetries relatad with the three

ilimits: of:the IBA are. known. In particular, if was shown that there is a

corres_po_n;iencg-. between thie- 50(3) boson-fermion. symmetry and. the- Nilsson
ll)_._ . ~Bowever, a direet- connection with: the. Nilsson- model and the
;l:article plus ro.tor.model': would dllow better-ins_ighl: into the physical
propertlea of ; l:he ‘EBEA.in the deformed reglon.
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ID. a recent work the Hartree-Bose-Fermi approximation {HBF) and
the Tamm—,l}az_xkcff_:'-lag_proxim_a_.t.ion-' (TDA) were derived for systems of bosons

and :fermions..  The validity .of these approaches was: well established in

--the'-&eformed;}_imit-:, where. good: agreement: with. the exact results for the

ground state: and: the:band-heads was: nb_ta;in&dlz') 3

. - The: pﬁrppg,e_. of this rote is.to.extend further these approzimations

$0- ag to.determine: the. inertial: parameters of the rotational bands from

the: meaw: field: soliitions..
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T Wer b'eg;}fx by_~:__sunmei,rgi;z,ing::‘.th&-_,_H_];F -~ approximarion for - the case of

caxiallsymmetry. - -

The most genera_l-bg_sgu—femiqn.hamiltonian is:
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Where' Lo (C.Z )creates 4’ boson (ferma.on) with angular momentun

'dr.PnPJ-sctlc_a_rr T‘l(m)

To. -selve the: va-riatioﬁal' problem is equivalent to find the

transfnrmat}.on coefficients 72 ‘and: T[ that define new boson and fermion
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The trial wave function is that of an N boson condensate times a cne.

fermion state:
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The boson of the condensate is labelled by. its. lowest. s_t_é_tg' p=o w_i;‘.h
angular momentum projection m=0, because axial symmerry. has _b_eén,__impos__ed.._

Minimization of the energy leads to two self-consistent. coupled

‘equaticns for the ?Band Y)F
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Equation (4) for the boscnsg differs from the usual HB theory in the ._
apPEatalm:eof the thirﬁ term whi_ch.coupl_es the system to the _odd-_—f.el;’mion_.
Tu. the lim.it of N~ 00 this term can be neglected. and the two equations
are decoupled. . .

Equation (5) for the fermion represents a one body poten_tial

generated by the wmean field of the bosons. It resembles very much

" Hartree-Fock theory.

For a well deformed system, it is possible to make use of the

adiabatic assumption, in the sense that the slow collective rotation of



the boson core can be separated from the mﬁch fastet pariicle motion in
the distorted mean field. This assumption is consistent with the decoupl-
ing of the HBF equations in the large N limiz.

I_f this is the case, the bosen—fermion hamiltenian can be
approximated by a collective part which describes the rotation of an
iﬂert:' bogon- core plus &n intrinsic hamiltonian as in the particle plus

rotor model.

H = I-Iccll]_ + -Hintr (6)
where:
3 .
coll ——L 'E_ @)
f:1 2

]-L are the. three.'components of the boson angular momentun and J; the
corresponding moments of inertia.
H

jaty 18 8iven in-the HBF approximation. by:

B

H = E Z E ,-AJ'MQ.J{ (8)
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Where Ec_and E'qmare the eigenvalues of the HBF equations (&) and (5).

In the case of axial symmetry the hemiltonian (6) can be worked out in

the -usual: way:.to..give:

H= Hrot + Hintr{ t oy . A9
e
1

Hrot_ (e

i _ =H + g (11)
3

i =_£(a+i_ v 4.1, ; a2)

Here | is the total angular momentum .and _. the angular moméntur of the
fermion.
The collective hamiltonian. (7)°  has been . factored- 1nto a pure_:

rotational hamiltoniar (10}, a' reéoil -term :mcluded 1u the :Lm:rlnslc_‘

hamiltonian {11} and-the Coriolis- 1nteraction (12)

In the strong coupling llmlt the Corlolls 1nteraction .'LS considered

. as a perturbatlon, and the elgenfunctlons of the system ar ] o_giuct

of the eipenfunctions Of"H_rb and H:Lntr

'\ime Aum 2 (2)«*1) [ D;nn wam .\rm DH-W wa‘

where - is the intrinsic. eigenfunctiom given by (3}.
The moment of inertia of .the bdscm ‘core j that appeai’s -Jin-_;thé_

hamiltonian (10) is calculated using the Inglls prescrlptlou:;'}.
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Taking dinto acecount _-thé Coriolis interacticn. to fir.'st_ order “in

pertufﬁation theory, a correction for the m=E/2 bands is ob'f:laingd-
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The accuracy -of .the HBF -approximation has already ‘h_ee'p'f_-.t__e's:te‘d'-fc.)z‘ ’
the band-heads in the SU{(3) limig‘:m). We would like to.see -here how  the
model works for the moment of ipertia and the decoupling .;parame't.er.' The

model is zpplied to the .SU{3) dypamical symmetry of the IBFA with .the
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fermion. cccupying the orbits j=1/2, 3/2 }.

.The;boson-fermion hamiltonism is:

Hi= "KQB g S 7

where!

Qar— = Q’iax Qe

(18)
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.The exé.ct solutlon of the hamlltonian (12): is:

E( o, Mg ) - K[ o erpt 30en)

(20)

3« 3(3x1)

Wher; J(é-!—‘!) is . the elgenvalue of -.the pseudu —orbital angular

’ S_B_f.s,.tsm-m)}

.;'_,momentum of b

_.Ec_n:;__.‘( 2‘3:.‘”-(31)" = (2,0} the coupling of the fermiom with.the boson

: :g;'_._v_es,. rise: .to three bands, the ground . band.:with m=1/2 and twe

'._:-deg_, erate_,".exg:_-;'_t;ed bands. | with: m=1/2, 3/%. The three bands are

Z d;:'_ b:y.- ~the same: momeat of ine):t;ia;_if-%[}l( .+ and different

décqﬂﬁi}iﬁg 5 a_:_:é}pi:at.ers.- ‘The - decovpling parameter of the ground band is

a=-l.while it is zero for the: excited bands.

In- the. limit N-kovthe first HBF equation is decoupled. from the

A the SU(3)

fermlon, ard for the hamiltenias (17) it reduces . to. the: usual . HB
approximation of a p.ure_SU(_B)'l:_-icéonic,; Limit.
y . - o
The:selution of this.equation is known td give:

21y

1—‘? = __i. 5"+V—E'd; -
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for the.' .boscin :of ‘the.condensate.
The moment .of inertia’ calculated us:.ng the Inglis prescrlption (14) .

3 13) 11_mit is

. 4 - K (;'2)""

3K

and ceincides with the exact result..To leading order in N, the moment of

inertia depends.only op the structure: of the bosom int;e-_:‘_.q;ic,_gte_tte.
The. new aspects of the HBF approximation appear. in _the:  second

equation which for a quadrupcle-quadrupole interaction can be written as

A Gcek@vyL o o
dd _ dd2 : .

This is the Nilssom _hamiltouia.n where .the defo.rmati_on__para_.met_er._ 6 is
expressed in terms of the mean value of the quadrupole qu-f;a.r.;o_r_ in. th_ei'-
bos_on intripsic state. Although the correspondence. be.tweeli-bar.xds;.in. the
5U{3) boson-fermion symmetry and the Nilsson orbits Hhas been already

113

establ_:tshed ». e4.(23) states the direet relation between the two

approximations. For the hamiltonian (17), single fermion energies are

dggene;ate and the mean wvalue .of the guadrupole. operator -in a. boson

intrinsic .state with structure (21) gives:

<@ WiF o



Replacipng the wmatrix elements of the quadrupele fermion operator

(18) in.éq-,_(-Z_ﬂ} and dldgonalizing we obtain:

. 6,(%):-‘4%3K-N?' 5 63(}?:):(:‘,{%)= KN (25.2)
1 T
Qi(%) = Gy
a’ (%) = =1 e - V2 S ) ©(25.0)

The eigenvalues give 2 m =1/2 ground state and two degenerate
excited bands m=1/2 and m=3/2 at an energy of 3KHN, which agrees with the
exact result to leé.ding order in N.

. A first .test_ of the fermion eigenfunctidn is provided by the
calculation of the decoupling parameter a. By using the eigenfunctions
(25) and'eq.(lG), we obtain for the d_Ecoupling parameters:

Q1 =-1 J & 2 - O {26)
which again coincides with the exact result,

In conclusicn, we have derived the formulas for the moment of
inertia and the decoupling parameter of the IBFA model. The HEF
approximation for the intrinsic state and the adiabatic assumption have
been used. Calculations in the large N limit of an SU(3) boson-fermion
syemetry give perfect agreement with the exact results. Also, a direct

connection with the Milsson hamiltonian and the particle plus rotor model

has been established. This relation could be fruitful for obtaining a

190

betretr understanding of the boson~fermion interaction in the deformed

region.
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