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ABSTBACT

Systematic dev ia t ions from the j ( j + l ) energy r u l e in t h e Su(3) l i m i t

of PTQM are s tudied and i n t e r p r e t e d in terms of s ignature from t h e r o t a t i o n a l

model. The s igna ture e f f e c t , which i s in t he r o t a t i o n a l model introduced v i a

t h e Cor io l i s fo rce , i s generated here "by the c o r r e l a t i o n s of PTQM.

The SU(6] quadrupole phonon model CTQM} [1-3] is a particular type of

qusdrupole phonon model in vhxCh. seme lo»-order anharmonic terms are neglected.

On the other hand, TQM is equivalent to the Interacting boson model (.IBM) [It—T] •

This equivalence vas extensively discussed 1^,5,8-16], "but it is not always

recognised in the literature. Any limiting symmetry or calculated result of

IBM Cwith phenomenological parameters] is at the same time also a result of TQM,

vith a linear relation betveeen the corresponding parameters of IBM and TQM (S,l6].

A parallel equivalence holds for the odd system, vhich is described by

coupling of the odd particle to the SU(6) core. The SU(6) particle-quadrupole

phonon coupling model (PTQM) [9,10,l8] is equivalent to the interacting boson-

fermion coupled model ClBFM) (19]. In Hefs. 1T,18 PTQM is formulated starting

from the Dyson representation for the odd system.

In the present paper particular attention ia paid to the SU(3) limit

of PTQM.

The Hamiltonian for ao odd—even nucleus in the framework of SU(6) symmetry

for quadrupole phonons is [lfi]

"p
(1)

Here Hp Is the spherical single-particle (or quasipartlcle) Hamiltonian and

H_ is the 3U(6) quadrupole-phonon Hamiltonian. In the SU(3) limit i t

is

Here, Q- is the .quadrupole collective operator In the SU(3) limit
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and I, is the angular momentum operator

-2-

(U)



Here b is the creation operator of the quadrupole phonon, and

Cs)

tu)

with two parameters, T and A.

Thus, we have

The quantity H m is an integer parameter. It preaents the maximum number of

quadrupole phonons included in the configuration space. Thus, three parameters

appear in the operator H ^ t S t ^ ) ] : «,B and Hm.

The interaction between the odd quaslparticle and the quadrupole

vibrations consists of two terms, the ^2ynamical interaction H ^ . and the

exchange term

(8)

(9)

C,

j Jm >. The normal ordering (:) denotes that the contribution arising from

the commutator of b g and b^ should be removed. The expressions for the

strengths r and A. , . obtained from the Hyson representation, are
Jl->2 J1 J2 J3

given in lef. 18.

Let us consider the special case of a unique-parity state | J >
the valence shell. In this case, due to parity conservation, there is

in

Jg ~ = J

In this caae we hare

and

(10)
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HCu) (12)

where Hj^, [sa(3)], ̂  and ^ are given by Eqs. (2), (10) and (11)

respectively. The Hamiltonian (12) i s diagonaliaed in basis built from the

coupled particle-phonon states

, n * R; (13)

Here n,H and v denote the number of quadrupole phonons, the angular momentum
of this n-phonon state and eventual additional quantum number, respectively.

We have performed the diagonalization for two illustrative parametrizations:

(I) a = O.lt, B » -0.05, KB « 7, r = -0.3^5, A = 0 ,

(II) a = 0.1, B- 0.2, H - T, r = -0.790, A = 0.
III

The calculated energy spectrum reveals the analogues of Hilsson states

(lit)

(15)

9/21> , 17/2:L> ,

13/21> , |1/21> (16)

and the rotational-like bands based on them. In addition, B- and y-bands are
also generated, based on tlje B- and y-bands of the corresponding SU(3) core.
Tor the parametrization (I) 9- and y-banda l i e above a l l the analogues of
Hilsson states. For each state | K > the three lowest 0- and f-bands are:
the p-band based on (K.O^SI = K^ and the tvo y-bands based on
IK.2^;I • K * 2 y . Here 0^ and 2y are the states |2Sm-lt,2,0^ and
|2N - U , 2 , 2 \ , respectively, of the corresponding TQM core. These states
are obtained by diagonalizlng HTqH[SU<3)] in the basis | n v B ^ .
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The bands based on the analogues of Nilsson states for paraaetrization

(I) and (II) approximately satisfy the J(J+1) energy rule. However, there are

sytematic deviations. It turns out that these deviations can be interpreted

in terms of the signature, the concept which was introduced in the rotational

model 20': the branches with different signature [<T = (-)J+K] within each

band have energy parabolas displaced in opposite directions along the J axis.

The effect is strongest for K = -r bands. For the parametriaation (i)

there appears, moreover, an inversion of the normal spin sequence, i.e. the

state J = |- lies below the state J = —» J = g lies below J = ~, and so forth.

Consequently, we interpret the calculation results of PTQM in terms of the

strong coupling expression

E(K = \ , J) - A JCJ+1) (17)

We determine the parameter A, by equating the calculated energy differences

put

and ^ * , to the corresponding predictions of Eq.(lT). Here ve

tJjj, - J!, (K,J) - E(K,J') (18)

In this way we obtain for ( i ) : A^ = -U.10 , A J / A J -2. We note that the value

for A. can differ by about 20)t i f fitted to different energy spaeings of the

PTQM spectrum.

For a K * g- band we interpret the PTQM calculated results in terms of

the rotational signature-dependent expression

E(K « f, J) - E = AJ(J + 1) +

20)

- § • ) (19)

By equating the PTQM calculated energies A t , and
of (19) we get for the parametrization (I): Â  • 2.10

Ai to the predictions

5For the bands t » *,
V IT

9 11
J and -=•

we use the calculated PTQM energy
V IT

spacings &K+.y K >&K>8 K+7 ' respectively, and the approximate signature-
dependent expressions

due to the Coriolis effect in the rotational model is
20)

The present PTQM calculation produces the same order

It is veil known that the signature-dependent effects are strongest for
a K = -̂ band ana rapidly decrease with increasing K. In PTQM this feature is

reproduced, as seen from Table I. The correlations of PTQM are similar to the

effect of the Coriolis force in the aeformed representation. For example, the

signature parameter
-9

estimated A_ a;10 .

of magnitude for A_.

For the PTQM parametrization I used in our discussion, T < 0. Then,
p

the 3igns of the signature parameters a l ternate , i . e . K. , A , A < 0 and A^

\ , A.. > O. Then, for each K the branch of signature <r - (-) ~ *" i s shi f ted

down with respect to the branch of signature CT = (-)
On the other hand, for PTQM parameters ( I I ) , with T ? 0, the B- and

P

Y-bands are rather low and the pattern of signature i s different as seen from

Table I . It is observed that in this case al l the signature parameters Ag

are of, the same sign, except the smallest one, i . e . there is no alternating

behaviour. Furthermore, there appears a pronounced reduction of the signature

effect for K * T- band with respect to the previous ease.

It i s also interesting to compare the moments of inertia deduced from the

bands based on the analogues of NilsBOH states in PTQM vith the moments of

inertia deduced from the corresponding TQM core. For the parametrization ( l )

the TQM core has A - 0.010. The calculated PTQK spectrum has A • 0.0092 for the

K * ^-band, A = 0.0082 for the K » |-band and A - 0.0OT for the K * ^-band.

Thus, the.moments of inertia for the odd system in PTQM are somewhat larger
than the moment of inertia in the corresponding TQM core. This result i s

in accordance with the general trends of the rotational model

Concluding, we have shown that the SU(6) particle-quadrupole phonon

coupling model (PTQM) automatically generates the signature effects.
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E(K,J) - (20)

Whence, we obtain the paramete

in Table I.

, respectively. They are listed

- 5 - -6-



l)

2)

3)

I*)

5)

6)

7)

8)

9)

10)

11J

12)

13)

Ik)

16)

17)

19)

19)

20)

R.V. Jolos, F. Donau and B. Janssen, Teor. Mat. Fya. 20_, 112 (197U).

D. Janssen, E.V. Jolos and F. Dohau, Kuel. Phys. A22l>, 93 (197U).

L.F. Canto and V. Paar, Phys. Letters lQgB. 217 (1981).

A. Arima and F. Iachello, Phys. Rev. Letters 35_, 1069 (1975).

A. Arima and F. laehello, Ann. Phys. <J9_, 253 (1976).

A. Arina. and ¥. Iachello, Ann. Phys. 111., 201 (1978).

A. Arima and F. Iachello, Ann. Phys. 123_, k6Q (1979).

7. Paar in Interacting Bosons In Unclear Physics, Ed. F. lacbello

(Plenum Press, Ifev York 1 9 W ) . p.l63.

Table I

V. Paar, Inat. Fhys. Conf. Ser. 53 (i960).

V. Paar in Future Directions In Studies of Hucltl far from Stability,
Bda.J.H. Hamilton et a l . (Borth Holland, Amsterdam 1980}, p.15.

6. Kyrcher, Hucl. Phya. A3h9. kl6 (1980).

J.H. Oinocehio and M.W. Klrson, Hucl. Phys. A35O. 31 (i960).

M. Moshlnsky, Rucl. Phys. A338. 156 (1980).

A.E.L. Meperlnk, 0. Scholtan and F. Iachello, Phys. Her. Letters k±,
(1980).

J.P. Blaisot and E.B. Mar*hal«k, Kucl. Phy». A3O9. U22 (1978).

A. Klein and M. Valllere», Fhys. Rev. Letter* k£, 566 (19B1).

V. F«ar and S. Braat, Phys. Letters B, in print.

T. Paar, S. Brant, L.F. Canto, 0. Leander and «. Voxdc, to be publUhed.

F. Iachello and 0. Seh*lten, Phya. Rey. Letter* h3_, 679 (1979).

A. Bohr and B.S. Mottelaon, Huclear Structure (Benjamin, Rev York 1975),
Vol.2.

Signature parameters A_R deduced from calculations in PTQM for

the parametrisatlons (i) and (il).

K

1
2

2

I
2

2

2.
2

11
2

*2K

I

-ii.io"2

2.10~3

-e.ltf<

1..10"9

-2.10"12

io-«

I I

-2.1O"3

. - l o - 3

-10^

-lo-9

- io-n

3.1O"15

-7-



CUI'KKNT ICTP STS- AK;J INTERNAL lii-TOHTS

IC/81/29

rc/si/B6

IPT.REP."

IC/&1/92

IC/Bl/93

IC/81/9U
IiiT.REP.*

IC/81/95

IC/81/96

IC/81/9T
INT.REP.»

U.S. CIiAI;i1R and .T. GiTRB - Sum rules for the sponttmoou:; chirtil sjirn
breaiinp na.ra.T.eters of QCD.

Y. FUJIMOTO - Induced Yukawa coupling and f in i te nasa.

I.A. ELTAYEB - On the propagation and s tab i l i ty of wave motions In
mpidly rotating spherical shel ls - I I I : Kydromagnetic three-
ditnensi onal mot Ion 3.

T.S. TODOROV - On the cornmutativity of charge auperselection rules In
standard quantum f ie ld theory.

RAJ K. GUPTA - Elements of nuclear physics. '

Conference on Differential Geoaetric Methods in Theoretical Physics
(30 June - 3 July 1981) - Eixer.ded abstracts.

S. RAJPOOT - Parity violations in electron-hucleon scattering and the
)SU(2) SU(R) x electroveak synaiietry

M.K. El-MOUSLY, M.Y. El-ASHRY and M.H. EL-IRAQI - Modified basin-type
solar s t i l l .

IC/81/98 M.D. MICAHED, A. TAWAN5I and M.A. BAKU - Electrical conductivity in
INT.REP.* polyacrylonitrile and' perbunan.

IC/81/99 M.D. MIGAHED, A. TAWANSI AND N.A. BAKR - Dipolar relaxation phenomena
INT.REP.* and DC e lec tr ica l conductivity in perbunan films.

IC/81/100 O.A. OMAR - Photo-response spectrum of surface barrier diodes on GaAa^P^
INT .REP.* mixed crysta ls . " (

IC/61/101 M.K. El-MOUSLY and S.K. MINA - Fhotocrystalligation bf a-Se thin films.
1ST.REP.* 1

IC/81/102 M.K. El-MOUSLY and N.K. MIHA - DC conductivity of a binary mixture.
INT.REP.*

IC/81/IO3 M.O. BARGOUTII and C. WILL - A neutron diffraction refinement of the crystal
INT.REP.* structure of tetragonal nickel sulfate hexahydrate.

lC/81/lOU BOLIS BASIT - Spectral characterization of abstract functions.
INT.REP.•

IC/81/105 C. BENARW, H".D. DOEBHER and E. SPALUCCI - Quantum effect ive potential
in S1 x R3 .

IC/81/106 E. WITTEt - Mass hierarchies in cuperoynBnetric theories.

IC/81/107 C.R. GARIEOTTI and F.F. GRINSTEIH - Recent results relevant to the
evaluation of f inite ser ies .

IC/81/108 ?.?. GRIhVTEIII - On the analytic continuation or functions defined by
HIT.REP.*' LeRendre cerieo.

IC/Bl/109 V. BUDIIIICH nnd P. FURLAH - On a "conforral apinor f ie ld equation".

* Internal Kcporls: Lhnlte<S USfitrlbutloo-.
THESE PllKniIHTS ARE AVAILABLE FliOM THE PUPL1CATI0KS OFFICE, ICTP, FO BO]t SftC,
I-3U100 TRIESTE, ITALY. ft

IC/31/110

IC/81/ l l l
INT.REP.*

C. SESATOHE, P.V. OiAQ'JltiTA AI.CS '.'..?. T03I - r.lructurc nnd electr ic
res i s t iv i ty of dilute solutions of poti^'iun halid^u in molten

ic/ei/113
INT.REP.•

ic/81/nit

INT.REP.•

IC/81/U5

IC/81/116

IC/81/117
IHT.REP.*

IC/81A18

IC/81/119

IC/81/181

BOLIS EADIT - Unconditionally converfent series and nubspaces of D"(O,l).

5. HARISOfI - QCD sum rules for rseudoscalar mesons.

M.P. DAS - An atomic inpurity in u. high dennity plasma.

M.A. KESAWI, T.H. VOUSSEF, F.A. 5AADALAH and H.B. ZIKEY - Relaxation
spectrua of deformed Cu-8.8 vt pet la.

F. BAYEN and J. HIEDEHLE - Localizabllity of massless particles in the
framework of the confornal group.

U.D. DOEBMER* ?. STOVICEK and J. TOLAR - Quantiiation of the system
of two indistinguishable part ic les .

M. AHMED - Average metastable states and Internal f ields In Ising spin
glasses .

K. AKAMA and H. TERAZAWA - Pregeoisetric origin of the big bang.

V. ALONSO, J. CHELA-FLORES and R. PAREDES - Pairing in the cosmic
neutrino background.

IC/81/120 S. NARISON - QCD 3um rules of the Laplace transforo type for the gluon
component of the meson mas3.

M. SALEEM and M.A. SHAUKAT - Study of the reaction iTp + un in the
l CeV/c momentum range.

IC/8I/I22 M.A. RASHID - Expansion of a function about a displaced centre.

IC/81/123 ' J.E. KIM - Natural embedding of Feceei-Quinn symmetry In flavour grand
IHT.REP. unif ication.

IC/8l/iaU FAHID A. KHWAJA - Short-range order tn al loys of nickel with the
INT.HEP.* elements of group VIII of the periodic table.

IC/81/125' BOLIS BASIT - Unconditionally convergent series in the space C(Q).
INT.REP.*

IC/B1/12T SOE.YIB and E. TOSATTI - Core level shlfto In group IV semiconductors
and senlmetals.

IC/8I/128 SOE YIN, B. GOODMAN and E. TOSATTI - fteclinnge corrections to the bulk
plasoon cross-section of slow electrons in oeta ls .

IC/81/129 SOE YIN and E. TOSATTI - Spin-flip inelaatic scattering In electron
energy Ions apeetroscopy of « ferror.aBnetic ce ta l .

IC/81/130 A. BRE'JHI and G. OLIVIER'- Felf-conslatent study of local i sat ion.

iO



IC/fll/131 M. APOSTOL and I . BALDEA - Electron-phonon coupling in one dimension.
INT.REP.«

IC/Sl/132 D. KUMAR - Fractal e f fec t s on excitations in diluted ferromagnets.

IC/81/133 A. SMAILAGIC - Pseudoclassicel feraionlc model and c la s s i ca l so lut ions .
INT.REP.•

IC/0l/13k A. SMAILAGIC - Quantization of the Thlrrlng nodel around meron solution.

IC/81/135 ABDUS SALAM - Proton decay as a window on highest energy physics

IC/81/136 S.S. AHMAD and L. BEGHI - Analysis of the energy-dependent s ingle
separable models for the Hit scattering.

IC/81/137 R-K. GUPTA, R. AROUMOUGAME and H. HALHOTRA - Adtabatic and sudden
INT.REP.• interaction potentials in the fusion-f iss ion of heavy Ion c o l l i s i o n s :

Asymmetric target project i le combinations.

IC/81/138 J.E. KIM - Reason for SU(6) grand unif ication.

IC/81/139 K.D. TIWARI and E.H. MENDE - Phonon heat capacity and superconducting
transit ion temperature of di lute solutions, of HF, Ta and V in V.

IC/8l/lUO . F.A. KHAWJA, H. IDREES and H.S.K. RAZMI - One parameter model potential ton
INT .'REP.* noble metals.

IC/8l / lUl J. CHELA-FLORES and H.B. OHASSIB - A temperature-dependent theory for
INT.HEP.* He I I : Application t o the l iquid structure factor.

XC/81/1U2 AHMED OSMAN - Coulomb effects in deuteron stripping reactions as a
three-bodied problem.

IC/8l/llt3 PENG HONGAH and QIR DANitUA - Lepton pair production in deep ine las t ic
scattering of polarised par t i c l e s .

IC/81 / lU M. SAMHJLLAH and MUBARAK AHMAD - 0{S) " 0(5)R x a ( l ) y electroveafc gauge
theory ^nd the neutrino pairing mechasisa. .

IC/0I/II15 S.H. KAKABIOUS - A numerical solution t o the radial equation of the t ida l
wave propagation.

lC/8l/l lt6 LEAH KIZHACHI - On the duality transformed Wilson loop operator.

IC/81/lliT AKMKD.OSMAH - A cluster expansion for bounded three-alpha particles as
a three-body problem.

IC/8I/II18 E. TOSATTI and G. CAKPAGNOU - Charge superlattice e f fects on the electronic
structure of a model acceptor graphite intercalation compound.

IC/8I/1I19 S.H. HAKARIOUS - Helnholtz equation and VKB approximation in the t idal
unve propagation.

IC/81/150 CASA BEAVIS and DIPIN DESAI - Dlquark fragaentation In leptoproduction
of hadrona.

IC/81/152 W. - SealinR violation In QCD.

fC/0l/153 A. TAWA1I3I fmd Y. EID •• Totassiun boronilie&t# gla«fi«a: Phase separation
I!.T.REP.» nnd atrucion typed. 4 . 1


