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Abstract 

The importance of medium corrections in the excitation of the 

isovector giant monopole resonance by nucleons is investigated. 

A large reduction of the cross-section, compared to calculations 

with free t-matrices, is found at projectile energies around 

100 MeV. This will make observation of the isovector monopole 

at these energies even more difficult than estimated by Auerbach 

et al. 

Nuclear Structure, Nuclear Reactions: Importance of medium 

corrections in the excitation of isovector giant monopole 

resonances by nucleons. 
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The observation of the isovector ^iant monopole resonance is of 

considerable interest. Recently, Auerbach et al. * have 

studied nucleon charge exchange reactions ( (p,n"> and (n,p) ) as 

possible means for an experimental confirmation of its existence. 

Based on distorted wave impulse approximation calculations, they 

have concluded that an observation is more likely with high 

energy projectiles (around 800 MeV) than with projectiles in the 

100 MeV range because of an improved ratio of signal to background. 

In this comment, it is pointed out that medium corrections, which 

take into account changes of the t-matrix by the nuclear medium, 

are expected to reduce drastically the forward cross-section for 

the isovector monopole at lower energies. This finding gives 

further support to the claim that an observation will be more 

easy at high energies. 

The importance of medium corrections has been demonstrated up to 

now for isoscalar states '' J which are excited mainly by the 

isoscalar, spin-independent part t of the t-matrix. The 

isovector monopole resonance is, however, promoted by the 

isovector, spin-independent part t of the interaction. The 

only isovector natural parity state, for which the importance of 
31 medium corrections has been studied up to now, ' is the 

isovector 2 (16.11 MeV) state in " 2C. This state is, however, 

exceptional because of the large abnormal parity amplitudes in 

its wave-function which lead to a dominance of the tensor part 

of the t-matrix. This will not be the case for a collective 

state like the monopole resonance. Because the transition 

density has a large contribution in the nuclear interior for a 
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monopole transition, medium correction are expected to be 
31 large from the experience with isoscalar states. 

All components of the isovector monopole resonance (AT = 0,±1) 
41 have approximately the same form of the transition density. •* 

Therefore, and because the iirportant part of the t-matrix is the 

same in all cases, the effect of medium corrections is expected 

to be the same in inelastic scattering (p,p') as in charge 

exchange (p,n) and (n,p) reactions. So considerations herein 

will be restricted to inelastic scattering. As model wave-

function for the isovector monopole in 2 0 8Pb, the result of the 

self-consistent Hartree-Fock plus RPA calculations of Gogny ' 

will be used. Effects are expected to be of the same order of 

magnitude for other nuclei. The density-dependent interaction 

used is taken from ref.6 which is based on the Paris potential. 

This interaction has also been used for the calculation of the 

optical potential. For 120 MeV, a calculation with a 

phenomenological optical potential ' leads to qualitatively the 

same results. 

The results of the calculations are summarized in table I. 

There the 0° cross-section for the isovector monopole resonance 

in 2 0 8 P b is given for the (p,pr) reaction at ]20 MeV and 400 MeV, 

the highest energy for which the density-dependent interaction is 

available. For both energies, results are given for a density-

dependent interaction (DD) and for the case that only the free 

interaction of ref.6 is used. For comparison, results are also 
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given for the isoscalar giant monopole resonance, the wave-function 

of which is also taken from ref.5. As is evident from the table,-

the effect of medium corrections is large at 120 MeV, especially 

for the isovector state for which the cross-section is reduced 

by more than a factor of 2. In fact, the reduction is much 

larger for the isovector monopole than for the isoscalar monopole. 

At 400 MeV, the effect is much smaller as to be expected for a 

higher incident energy. The cross-sections for the isovector 

monopole calculated here for inelastic scattering are smaller 

than the results for charge exchange obtained in ref.l. This 

depends of course on details of the wave function and the sum 

rule '.ixhaustion. This is not the point to be stressed here. The 

important point is the large difference between free and density-

dependent results which is expected to hold also for charge 

exchange reactions. 

The background in (p,n) and (n,p) reactions under the isovector 

monopole arises mainly from spin excitations like Garaow-Teller 

states. These states are excited in forward direction by the 

isovector, spin-dependent part t of the interaction. This 

part of the t-matrix excites also the 1 (15.11 MeV) state in 
1 2 C for which almost no change by medium corrections has been 

found. ' So no reduction of the background by medium corrections 

can be expected. In total, the signal to background ratio will 

be reduced by a factor of 2 at 120 MeV by the inclusion of 

medium correction, compared to a distorted wave impulse 

approximation calculation. For higher energies (400 MeV and 
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above) a much smaller reduction results. Therefore, the 

detection of the isovector giant monopole resonance by nucleon 

charge reaction will be even more difficult at 120 MeV or 

similar energies than estimated previously. The findings of 

ref.l for higher energies remain unaffected by medium corrections. 

This suggests an energy around 800 MeV as best candidate for an 

observation of isovector monopole strength. 
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Table I: 

Forward cross-section (in mb/sr) for the isoscalar (AT=0) and 

isovector (AT=1) monopole resonance. For details see text. 

120 MeV 400 MeV 

AT=0 free 
DD 

27.7 
20.4 

28.6 
27.1 

AT=1 free 
DD 

1.67 
0.72 

0.65 
0.56 


