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ABSTRACT

In the framework of the Sp{1,R) model for the
monopole dsci}lations, we examine hoﬁ-the ground state corre-

lations aféect the monopole operator sum ruleé m,, Oglhg3,

18 “0¢g, 'Gu: way of prebing the correlations

o and-

im
inditates their importance for the even sum rules, whereas the
odd ‘ones  practically are not affected by it. Since the

staling incompressibility is proportional to m we alsc

3 )

conclude that the scaling incompressibility is not sensitive
to gfgund state correlations. The above conclusigns are in

:agreemght with the RPA results,

PACS: NUMBERS - 21.60:Ev, 21.10 Re

~Keyword Abstract - [Nuclear Structure - Sp(1,R) symplectic

16

nodel-applied. to fhé.monopole eperator sum rules in 0 and

40Ca]

I. INTRODUCTION

Recently, miuch effort_has been devoted to the

consiruction of microscepic collective theories, with the use
of symplectic groups [1-4). The basic idea of these approaches
is to identify a symplectic algebra of collective observables,
The collective subspace is then identified with an irreducihle
representation space of this sympleﬁtic algebra. Thg collecti;é
observables are realized in microscopic terms and the irreducible
répresentation space is a subspace of the cscillator shell model
space - Wave functions and energies are calculated by diasgonalizing
a microscapié Hamiltonian in the collective subspace.

" 1n spherical nuclei we view the_monopole oscillations
as cbmpressionél vibratidns of the ground state density. Tﬁe
generator of these deformations is the sealing operatof which,

together with the monopole operator and the kinetie energy,

- span the algebra of the group $p(1,R)

3 A-1 .
1 o s Sy a gave g P
D= = L L (Xu(J)ﬁu(J) +pu(3)xu(3)) (scaling operator)
] -3 A-1 : ) .
- a2y,
o= z Z xu( i) {monopole operator) (1}
=1 j=1 '
3 A-1
$ - ._.3.5. z Z 521 (Icinetic energy)
2R s
U= 1 J=1

In egs. (1) the Qu(j) are a set of Jacobi ceordimates and

ﬁu(j) its associated canonical momenta, where u indicates
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3.

spatial directions and j 1is a Jacobi "particle™ index.

The construction of an irreducible representation
space pioceeds along familiar lines. The raising, lowering and
weight operators are linear combinations of 0, M and T. They

are, respectively, equal to:

: i
SBRisg o)) BRED L, A= (B
p=1 Jj=
, & A .
o Aty - A < P P o
Ay =3 z _Z (CU(JJCH(J) +Cu(J)Cu(J)) = 2o, A,

p=1 j=1

The ﬁ#(j) and C;(j) are oscillator beson annihilation and

creation operators,

s . o At . A eyt
5 + 1 o J . Cu(J) = (Cu(J)) ,

and ﬁo is the many;bady harmonic oscillator Hamiltonian in
the center of mass frame. The size of tﬁe oscil;ator b0 y is a
scaling parameter to be determined. It 4is related to the energy
of the_oscillator boson,'ﬁmo, by the equation, ﬁmo = j§;

A lowest weight state, [0> , is'annihilatedmba A

and an eigenstate of ﬁu

Bolo> = 0 Alo> = klo>

The eigenvalue k of Ay s for the lowest weight state [0>,

labels the irreducible representations of Sp{1,R}.

Given such a state, we. can construct a basis in a

b

irreducible representation space by repeated action of ﬁ+ .an

[o>,

{2k} n
fn> = v T(n«T)T{Zk+n) (A" lo>

The action of the operators of the algebra in this basis:is-

determined by

((2ken) (ne 1) ? [na1>

R, In> =
Ao > = ((2ken-1m)¥ fnots (2)
ﬁ0]n> = (ksn}in> . ’

it 1s evideat that the lowest energy configuration of a doubly

closed shell nueleus in the translationally  invariant oscillator

"shell model space is mon-degenerate and is a lowest weight

" state of an irreducible representation whose label 2k iQ the

oscillator energy in units of ﬁmo.
The symplectic basis states [n> has a very sihple
interpretation in terms of the Sp{1,R) Holstein-Primakoff

bosons, 8% and § (1),
A=kt A @A)t L, A -ke8ts .

From these expressions and equaticas (2) one deduces that ,§+

and 5 act on the basis states in canonical fashion;

8 In> = (n+1)%|n+1> y - Sln> = n%fn-1>

[ﬁ’é,ﬁf} = B ,
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where P is the projection operator in the collective subspace
(the irreducible fepresentaticn space).” As a consequence, ane

has for the symplactic basis that

g.: |Q> =0 ." . |n> = . iﬂ> ’

i.e; tﬁe.ldﬁést?ﬁeﬁgﬁf éfaté:isjthe*boson vacuum and |n> are
nubosbn.stafes".There%dre-the.Swmﬂéétic basis constitutes the
stafe;spaee-of'é,ﬁcsonic.excitation whese harmenic a§cillatbr

. energy is 2ﬁw0 . Once we.have_canstrﬁcted a basis in the
collective SUbspaﬁe, wave functions and energies are calculated
by diagonalizing a microscepié hamiltenian in the collective
subspace. In the calculations of the-matrix elements of the
Hamiltonian, it is used the generatihg function methad and the
parameter b is such that, it mihi@izes <D(b}}ﬂ|0(b)> as a
-function of b . This condition- implies that the Hamiltonian

- does not couple the vacuum and the ore boson state,
<Off[t> = & . (3)

In réferences 1 and 2 they use a numbér of'Skyrme'typeFﬁmiltoﬁians
to calculate the energy of the giant maﬁopo;e resonance and
the ihcompressibility? in a series of spherical nuclei. The

" calculated values of these quantities agree very well with the
experimental values. B8esides, they are very close to the RPA
values. In an analysis of the resﬁlts of the calculations in
terms of the Sp(1,R) 'boson staies, it is shown that the ground
state is dominated by the vacuum state. The first excited

state, which nearly exhausts the EWSR, is dominated by the one

.6,

boson state [1,2]. . However, in these references they claim

that the presence of a small admixture of a two-boson state in

.the ground state has a large effect in the calculatiphs;bf the

incompressibility. Typically an admixture of the order of 1%

has an effect of the order of {20-30)% in'the_ﬁaiue of,thé

~incempressibility. -As will be. shown in1sé¢ti657ilfihis'conclcsicn

depends ecrucially on the way that they-prab§ thg'éprre1afi0Qs.
We will see, based on a calculation in ?§6. and ;49ta, _
that there is an alternative way .of probing the carrelations:
which lesds to a different_éontlusicn,;cpmpatibleiwithvthéfRPA

results.

II. SUM RULES AND CORRELATIONS:

To justify our statement at”the.eﬁd ef the Ihtro-

duction, let us consider the monopole operator non-negative sum - .

rules which are guantities particularly séﬁ#itive to“gfoﬁhd'.
state correlations [5]. TheSersUm_fq;es aielmom;nts uf-the
monepole strength %unction and, asféhawn iﬁ referenée 5, ‘they
are equal to the expectation yalue_of_certain operators.in the
ground state (except in the case of .m/ };.'Iﬁ the framework of
the Sp(1,R) medél, the monbﬁolé apérator ndn—hegafive sum rules

are the moments of the model strength function

S(E) = ) |<Hplffe,>i? S(E -E)
n#&G
2 =pe — o= 12 =R
g = J E™ S(EZ) dE = Z <cpn|Mfch>l En
o _n£0

El}




Iin ihe-above expressions !$O> is the mode! grourd state,_|§n>
the:model n-th excited state and. E -~ its excitation energy.
.(Inewﬁat follaws we will denpte.allequentities,calculated
according to the Sp(1,R) model by a bar on the top of their
symbqls; that is m, , E_, ete.). = . '_' ' '

. As for the exact non- negatlve sum rules [5], we

" can flnd ciosed expr8551ons for the model anes [6]

e =

T ,:45, ..t
My =g (7 (1)

(1)5( 0t [<¢ ]{MS;M }f@ >.- 2<q, ]Ml@ 3 620J r H*even

where .s and t are any two:non-negativerintegérs.sueh that'
s+t = &

and, as-usual, [ ] means the eommutaror.and;:{}=.§he anti-

cemmutator. In turn, the operators Eg__are giVeneby;

Moo= LH LW, GHEL )
s-commutaters:
Moo= W M= PRE ,  Ho<oppp

o - :
whers _5 is the projection: opgerator in the cellective subspace
(the irreducibile Se{1,R) repreeentatien space). ALSD,_aS for
the-exact case [5], they satisfy the inegualities

— — _2 .
Toez Mg 2 M g : (4

Supposing that [57,
. ﬁ2

[A,8 - CFR] , ' (5)

and using the commutation relations between the operators of
the Sp(1,R) algebra and the property that, by construction, these operators

commute. with the projection operator B, the expressions for the sum rules m

2.?

Dglg3 become equal to:

Ao = <1007, - B, l07,>
my s ;—‘._'-:f_.%ag.__lﬁ?'|ag>' E o e
Ay - %?50“5:[&:0]]@3 - ﬁf’%;-(- e

o C

The above expressions show that, when eq. (5) héld, he

Spt,R) model fulfiis . these. sum rules [6} and that A ang. .

.E&. are, respectively, proportlmnal tu the mean SsqQuaze, radlus,

.<I2> y and to the 1ncomp28551bllrty,

’:;;22 [;EDIE‘ :ﬁ‘ J.ﬂﬁl. _ >/AJJ

$=0
In our calculations presehted here we used the Skyrme III
Hamiitonian without the Coulomb and epinforbit terms, Th;e

Hamiltonian obeys eq. (5) [51, and in.all cases it was

‘sufficient to truncate the. b351s states at most.at n =,1QJ

max-
"The overlap of the. two lowest energy states w1th

the vaguum, one and two- boson.states are presentedslaﬂlahle;l.

The value of the sum rules ml, Dglg3 -and the'fractien
exhausted by the first excited state is. presented in the: last
column of Table II.

To investigate the effeet, in the. sum rules, af
the admixture of n—boson_stetes, Hflj, in the model greund
state, we diagonalize the man&-bon.Hamiltonian in e truncated

basis, with Max ranging from 1 to N [1,2]. The ground state



calculated at each step is used in the egs. (8} to calculate
the sum tules. The results of these calculations. are presented
in Table II. MNotice that, due to equation 3, in ﬂw diagmmlizgtim1
for Mnax = 1+ the ground state is the boéon vacuum, |0>,
fherefore the first column in Table II is equal to the uncorre-
lated value of the sum rules., We see that, even though the
- ground state is dominated by the boson vacuum, the small
admixture of a two-boson state in the ground state has a large
effect in ﬁo and .E of the order of (20-30)%. 0On the

2
other hand, the effect of carrelations in m, and m, is

i
almost negligible, being of the order of a few percent. To
Have a qualitative understanding of what is happéning let us
calculate, fellowing reference 1, the sum rules L O0g g2
to first order in'the small coefficients Cg , N£0, which
are the amplitudes of finding an n-boson sta#e in the meodgel

ground state.

Doing this one has:

4

b N .
— 1] 2.% o 1.2 .0 0,2
m0=k7[1+2(i) C1 +?v’2 (1+_2_k) C2 +D(Cn)]

2 2

fib
- 2] 2\ .0 a2
mosk — (1 + (F)C] + O(Cn )]-

4

- il 1.% o o2}
I'I'I2 = k 5 [1 - 272 (1+ﬁ) C2 + U(Cn }]

m

where the terms jn front of the parenthesis are the uncorrelated
values of the sum rules. ﬁe see that these sum rulés, to first
?I and C; . However
there is a quenching of the effect of the one-boson bémponent

3]

order in C, s

n#0, depend enly on C

differ This explains the difference between our Table II and

<10,

since k is.a large number, ‘This quenching is more pronounced

when we increasg the number of particles since K increases

. 0
C
ang ,—% diminishes as can be seen.in Table I.
2
The effect of correlatiaons in the incompressibility,
K , follows from its effect on 53, since ¥  and Es are

related (see eq. (6.d)). Sag, according to aur ahalysis, the
effect of correlations in thg incdmpreséibility is small, which
differs from.the conclusions of references 1 and 2. The-éoﬁrce
of the discrepancy comes from the different ways of measuring
the effect of correlations in these two papers. Qur point of
view-is that, awing to the ' fact .that the moments of the moncpolie
operator are given by the expecfation value in the ground state
of certain many-body opgrators (except in the case of m ), to
investigate the effect of correlations in a given sum rule cne
has to examine haw sensitive these operators are, to the presence
of admixture of n-boson states, n£0, in the model groﬁnd state.
On the other hand, in references 1 and 2 a-different

point of view is adopted. They write the incompressibility as
— 2, — AP — a= = 2,—
K = 7 (<¢0|5Hﬁ|¢0> - <¢0[Hi¢0><¢0[0 ]¢0>) : (7)

and they undertake the agnalysis outlined above using expression
(7) for K . -

The expressions (7) and (5.d) aie equivalent when
|$0> is the exdct model gruuna state. However, when imstesad §

of }ED> wWe usé an approximation teo it, the two exprgsgions




N

~Table 3 of reference 2 and, by consequence, the different
conclusibns,we reach. with. respect. to the role of correlations

in the incompressibility.

IIT. FINAL REMARKS:

Oﬁr:concldsion'thet“the_qdd.sum_rules m. and m

are: not sensitive to: correldtions whereas the even ones m . and

Ez_,are,_gets fu:therwsﬁpport_fiamxthe.RPA.caleulations [5].

I¥ is well knewh;tﬁetithe 'msjfendﬁ mj;'mphogale.sum rules

satiSfy Thoulessztheeremzﬁﬁl“i ehﬂrefore-the RPA values of

these: sum rules are'glven by the °xpre351ons (6.b) and (6 d)
w1th [¢ > replaced by the Hartree—Fock ground state and the operators by
thelr one body expreSSLUns Thls result 15 an 1nd1cat10n that, for these
' sum rules the effect of graund state correlatlans are not very important.
However, ifwe. de the same replacement in the expressxons for mO and m2
we' obtaln 1ncon51stent result that do not even satlsgy the
1nemmlﬁne5(4)[5] ‘This. 5how5 clearly the importance of corre-
lations for these.two sum-rules.. It. is-a remark_a_ble achievement of
the. Sp(1,R) modelethet;ii gives;almqst,ideﬁtical values to

the: RPA for- m . and. m, and’ consistent results for m_ and

| AR 3 SRR : ; o
m, . This is a-stnuﬁg*indicéfiqn.fhat this model deseribes
p:oper;y the gxeund.statescoerelatione associated to monopele
oescillations at least in- '®g and “Oca .

Thie paper is.pertially based on a master thesie
submitted by M.M.B.M.0. to the University of S&¢ Paulo in 1985,
EJVP'aeknowlques.the ﬁinapcial_support of CNPg and M.M.B.M.O.
of FAPESP, o

REFERENCES

£131 3. Broeckheve and P; van Leuven, Phys.-Rev. £29, 628 (1984).

[2] J. Broeckhove, Phys. Lett. 1098, 5 (1982).

[3]1.F. Arickx, J. Broeckhove .and E. Deumans, Nucl. Phys. A318,
269 (1979), .

[4] D.J. Rowe, Rep. .Prog. Phys. 48, 1415 (1985).

[5] 0. Bohiges, A.M. Lane and J. Martorell, Phys. Rep. 51, 267
(1979). '

L6l E.J.v. .de Passos and M.M.B.M. de Dliveira, to be nublished.



“TABLE CAPTIONS
ORI o TABLE I
Table< I - Overlap of the ground and first excited state with IABLE 1

- “the vacuum, one and two-boson state.

Iab_le: .I_I - .The. vélﬁ_e of thé sum rules for different basis l<5010;lz l<50f1512 |<50125I2 IS@T.]-IO>]2 14"‘!?]]15]2 1‘@]2;12
. 'tf_unc‘_ations (see text). The last column at Magx = 10 T : _ . :
is the converged value of the sum rule. In this 164 0.988 0.003 0.005 0005 | 0.95 _0_023.
‘column the number inside the parenthesis is the . -
fraction of the sum rule exhzusted by the first “Ocall  0.988 0.001 | - 0.009 0.002 | 0.966 0.005
excd ted‘_‘} state. '




TABLE IT

o )
1 2 3 4 5 6 7 10
Sum. rules .
ﬁa , _ o : T L
o 83.8 [64:165.8.[65.9 |65.4 | 65.3 |65.3|.65.3 .(97)
£fm Y S A '
T xo10f . - ) : S
s | 223122112191 21.9 121,81 21.9 [ 21.9] 21.9 (94}
(Hev. i) = . T :
180
m,.x 107 : : :
2 g4 | 59-32177.2|75.4|76.4175.2 | 75.4 [75,3| 75.3 (89)
(Mev”™ fm") [ : '
W, x10° : _ o
3 4. | 27.0026.2.}:27.1 [27.4 {27.3 | 27.3 | 27,3] 27.4 (80)
(MeV™ fim’) ’
ﬁd_XJU‘ . C
4 84,6 | 33.7 133,71 33.5 | 33.31.33.4 | 33.4 33.3 (99)
o {fm ) -
- ‘nTt'x 107 S _
4. | 95.4(95.2|94.9| 94.9 | 94.9 | 94.9 | 94.9| 94.9 (98)
i (MeV_fn)
: 4.GCa
7, x10* S B :
3 4. | W4} 27.0126.8|27.0[27.2] 272 27.2| 27.2 (97)
{Me¥™ fm™) - ' :
Eé x 10° ‘
3 4. | 78.978.1179.2[79.1]79.1179.1[79.1| 79.1 (94)
{May~ fm ).




