


The collective model of nuclear excited states expects the 

ratio of the neut.ron to proton matrix elements to be equal to N / Z  

[I]. The recent experiments with inelastic scattering of resonance 

nC and n-  projectiles to the isoscalar giant quadrupole resonance 

region show, however, the systematic excess of the neutron 

strength component over the proton one [2-41. 

In this letter, we report on the shell model quasiparticle 

random-phase approximation calculations of neutrop and proton 

strengths of isoscalar yiant quadrupole resonance states of 

58r60162~i and 6 4 ~ i  isotopes. 

Calculations have beer4 done in the quasiparticle random-phase 

approximation [5-81 with the Hamiltonian containing the 

single-particle , pairing and multipole two-quasiparticle parts. 

Excited state* are in this frame generated by applying the phonon 

creation operator 

where ~ ? f ,  and @?i, are the forward- and backward-going 
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amplitudes, respectively, and (j j ' A u )  is the two-quasiparticle 

creation operator. The reduced matrix element of the neutron 

component of the one-phonon state is 

where the reduced matrix element A ! ? !  is 
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and 

are the coefficients constructed from the BCS occupation 

coefficients U j  and V 
j. 

In discussion of the neutron and proton component strengths 

we will use the neutron-proton matrix element ratio reduced to one 

nucleon 

I 
This quantity, which equals unity in the collective model (usually 

named the hydrodynamical limit), directly measures the degree of 

correlation effects on a given excited state. 

Input data for this framework are the single-particle basis, 

the BCS pairing constants, and the parameters of separable forces. 

The standard calculation method is described in 171. Since we 

intended to study the p ratio dependence on the radial 

neutron-proton ground state density distribution differences, we 

calculated one sequence of the neutron single-particle bases for 

each isotope. The resulting q ratios are then parameterized as 

functions of the rms difference between the paired neutron ground 

state density distributions and the unpaired proton 

single-particle one. dnP = R&, - R L s  : 
B = no + n1 A"P, 

where no and 7., are the resulting QRPA constants. 

To determine the absolute value of the theoretical q ratios 

we calculated A"' differences using the self-consistent 

Hartree-Fock approximation with the effective SIII Skyrme forces 

and with the BCS pairing correlation treatment [ 9 ]  (SkHFBCS) . The 

resulting ground state rms neutron-proton bZLFBCS differences are 

also shown in table 1. As it has thoroughly been discussed in 

SkHFBCS differences are in good agreement with paper [ l o ] ,  our hnP 

other sophisticated mean-field models and the model- and 

approximately model- independent analyses of high energy proton 

elastic scattering data. 

The present QRPA results on the excitation energies, 

isoscalar and proton strength components of the isoscalar giant 

quadrupole resonances are shown in table 2. Note that the strength 

depletions are measured in terms of the energy weighted sum rule 

as in ref. [ll]. 

One can observe from this table that the QRPA excitation 

energies show the very smooth behaviour with the magnitude about 

one quarter MeV higher than the empirical 63.A-ll3 rule [ll] and 

the difference between the lightest and heaviest isotopes pursuing 

this rule precisely. 

The question of the amount of strength depletion is however a 

very problematic one. There are big differences between the new 

data obtained from the resonance pion inelastic scattering [4] (IS 

EWSR depletion from 125 to 234 % )  and the results obtained by 

using the (e,a) reaction [12] and light-ion inelastic scattering 

[13] (IS EWSR depletion about 50 % ) .  It can be seen from table 2, 

that our QRPA predictions, which agree (141 with the theoretically 

expected magnitudes of the strength depletions, are between these 

two empirical data sets. 

As one can see (141, the main problem in empirical 

determination of the giant resonance strength depletion is 

estimation of the background on which the giant resonance 



TABLE 1 

Neutron-proton rms ground state density differences 

TABLE 2 

Excitation energies, isoscalar and proton EWSR depletions 

and reduced transition probabilities of IS GQR states 

TABLE 3 

V ratiosor isoscalar giant quadrupole resonances 

Ref. 5 8 ~ i  

"0 this 0.85 0.76 0.71 0.60 

"1 this 1.37 1.16 1.22 1.27 

"S~HFBCS this 0.86 0.82 0.82 0.77 

"n 4 1.09 0.91 1.54 1.74 

" e 12/16 0.86(6) 0.95(5) 

structure is sitting. This background is usually treated in an ad 

hoc manner. Thus, e.g., the authors of the paper [15] have taken 

so strong estimation of the radiative tail, that they do not saw 

any isovector giant quadrupole strength which has to, and also 

known to exist 1161. (Note that the present QRPA predicts 

isovector giant quadrupols resonance to be rather fragmented with 

the total strength comparable to the isoscalar depletion.) 

Summing, however, all the E2 strength under the giant resonance 

structure (with the center at 16.5 3 MeV) measured in [15], one 

can obtain practically the same amount of the strength depletion 

as our calculation gives. 

The theoretical 7 ratio predictions, we have obtained for 

isoscalar giant quadrupole resonance states, are shown together 

with the qO and q1 constants and the empirical q ratio results in 

table 3. 

It can be observed from table 3 that the q0 constants 

representing ratios corresponding to the vanishing 

differences are up to 40 % lower than the hydrodynamical limit. 

The qO constants can also be compared with the same constants but 

calculated for 2; excited states. These last QRPA results [17] are 

all greater than the hydrodynamical limit and they are actually by 

40, 59, 65, and 79 % greater than the IS GQR vO results for 

58r 60r 62' 6 4 ~ i  isotopes, respectively. 

Concerning the QRPA n1 constants - these are much greater 
than the same QRPA results for 21 states. This observation means 

that the collectivization of the neutron field components with 

growing A"' differences relative to the collectivization of the 

proton components is by 2.8, 2.0, 2.1, and 2.3 times stronger in 



IS GQR states than in 2 ;  excitations [17] for 58160f62164~i 

isotopes, respectively. 

The QRPA nSlcHFBCS ratios evaluated for h;EHFBCS ground state 

neutron-proton density differences remain still lower than the 

hydrodynamical limit and they are systematically decreasing with 

growing mass number. The magnitudes of the differences between the 

hydrodynamical limit and the nSkHFBCS values are the same (from 14 

to 23 % )  as in the case of 2: states but with different signs. 

Qualitatively similar results, which are in agreement with the 

QRPA calculations in paper [18], are obtained also for ll8Sn and 

208~b isotopes. Thus, the latter qualitative statement seems to be 

generally valid for heavier even-even nuclei. 

The empirical n ratios (n in table 3), taken from paper [4], n 
2 

were obtained from the inelastic resonance n scattering. The 

second empirical n ratio set (1) in table 3) is evaluated from 

isoscalar and proton energy weighted sum rule depletions taken 

from papers [12,16]. Note that in the inelastic electron 

scattering study [16], the isovector giant resonance was, unlike 

ref. [15], clearly visible. 

Commenting on the empirical qn ratios, one should first 

observe the very strong variation throughout the isotopic chain. 

This feature is even more contrasting when the empirical qn ratios 

are compared to the theoretical predictions. Comparing 1) ratios 

for 5 8 ~ i  one can see the coincidence in the nSkHFBCS and qe 

ratios. The good agreement is observed in 6 0 ~ i  between the 

empirical and theoretical n ratios. Taking into account the hnP 

difference dependence of the q ratios we should say that although 

there are n1 constants for isoscalar giant quadrupole resonance 

states 2-3 times greater than those for 2; states, this cannot 

explain very big neutron matrix elements as those suggested by the 
t 

resonance n inelastic scattering on 6 2 ~ i  and 6 4 ~ i  isotopes. To 

obtain 7 ratio suggested for 6 4 ~ i ,  e.g., the bnP should be twice 

as large as the ground state proton rms radius. 

Concluding this letter, we may say that we investigated 

neutron-proton matrix element ratios for isoscalar giant 

quadrupole resonance states of the 58160162~i and 6 4 ~ i  isotopes. 

Being motivated by radial neutron extension uncertainties, we 

studied the dependence of o ratios on difference between neutron 

and proton ground state fields. The theoretical predictions of 7 

ratios were obtained within the microscopic QRPA framework. 

The QRPA EWSR depletions for isoscalar giant quadrupole 

resonances are between strongly different empirical results 

obtained from the inelastic light-ion scattering and (e,a) 
2 

reactions, on the one hand, and resonance n inelastic scattering 

results, on the other hand. 

The good agreement was obtained between empirical and 

theoretical 7 ratios in the case of 5 8 ~ i  and 6 0 ~ i  isotopes. 

However, it seems to be impossible to understand the big neutron 

matrix elements Mn of the IS GQR states in 6 2 ~ i  and 6 4 ~ i  isotopes 
+_ 

suggested by the resonance n scattering within the QRPA model 

also with the variable radial extension neutron field. 
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A H T ~ H K  P . E 4 - 8 9 - 8 0 4  
H e f i T p o H ~ b l e  KOMnOHeHTbI  H30CKaTIRPHblX r H r a H T C K H X  

KBagpyIIOJIbHblX p e 3 0 H a H C H b l X  C O C T O J T H M ~ ~  B 58 9 60 9-62 6 4 ~ i  

B p a M K a x  0 6 0 n o ~ e ~ ~ o r o  n p n 6 n m e H ~ ~  c n y s a f i a b ~ x  @ a 3  ( Q R P A )  
H 3 Y 4 e H b I  OTHOUleHHH H ~ ~ % T P O H H ~ I X  IIpOTOHHbIX M a T p H 4 H b I X  3 J I e M e H -  

T O B ( T ) )  &JIH H30CKaJIRPHbIX r H r a H T C K U X  K B a g p Y n O J I b H b l X  p e 3 0 H a H -  

COB YeTHbIX H 3 0 T O n O B  N i .  H a m e H o ,  Y T O  OTHOUleHZlH 7) 3 a B I I C H T  

K a K  i 1 , 0  + 1 , 5 ) ~ ~ p  OT p a 3 ~ o c ~ n  paananbmx p a c n p e g e n e ~ n f i  
H ~ ~ ~ T P O H H ~ I X  H npOTOHHbIX n 0 J I e f i  OCHOBHbIX C O C T O H H H ~ .  T e o p e -  
T H q e C K H e  OTHOUeHHH H a  1 4  -? 2 3 %  M e H b m e  r H g p O J & H H a M u s e C K O -  

r0 IIpeQClTa. C o r J I a c H e  Memy T e O P e T H Y e C K H M M  M 3 K C n e p H M e H -  

T ~ b H b l M H  OTHOUeHHRMH 7 nOJIyseH0 AJIH M 3 0 T O l l O B  58 9 6 0 N i  . 
O T H O U ~ H M R  q grin n30~0noB 6 2 , 6 4 ~ i ,  nonysemble n3 Heynpyro- 
r0 P a C C e H H H R  p e 3 0 H a H C H b I X  IIHOHOB, H e  Y g a e T C H  IiH'CepnpeT5-X- 
p O B a T b  gaxe C Y ~ ~ T ' O M  pa~qnanb~of i  BaPMaqHPi H ~ ~ T P O H H ~ I X  n 0 J I e f i .  

P a 6 o ~ a  BidnonHeHa B na60pa~opan ~ e o p e ~ a s e c ~ o f i  @ u s n ~ n  
OWII? . 
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A n t a l i k  R .  E4-89-804 
N e u t r o n  C o m p o n e n t s  of Isoscalar  G i a n t  Q u a d r u p o l e  
R e s o n a n c e  S t a t e s  i n  5 8 , 6 0 9 6 2 ~ 6 4 N i  

The neutron-proton m a t r i x  e l e m e n t  r a t ios  (I)) f o r  I S  
GQR s ta tes  o f  even N i  i so topes  are inves t iga ted  w i t h i n  
the f r a m e w o r k . o f  t h e  s h e l l  m o d e l  Q R P A .  The dependence of 
I) r a t ios  on r ad i a l  neut ron  and proton ground s t a t e  den- 
s i t y  d i s t r i b u t i o n  di f ferences  ( A n P )  i s  found t o  be about  
1.0-1.5 A n p .  The theore t ica l  q ra t ios  are  1 4 - 2 3 2  l o w e r  
than  t h e  h y d r o d y n a m i c a l  l i m i t .  The a g r e e m e n t  b e t w e e n  theo- 
r e t i ca l  and e x p e r i m e n t a l  7 )  ra t ios  i s  observed f o r  5 8 ~ i  
and 6 0 ~ i  i s o t o p e s .  The g ra t ios  f o r  6 2 ~ i  and 6 4 ~ i  sugges- 
t e d  by t h e  resonance nt i ne l a s t i c  sca t te r ing  cannot be 
i n t e r p r e t e d  even i n c l u d i n g  t h e  radial  va r ia t ions  of t h e  
neutron f i e l d s .  

The i n v e s t i g a t i o n  has been p e r f o r m e d  a t  the L a b o r a t o r y  
of Theore t ica l  Phys i c s ,  J I N R .  
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