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Implication of recent „p,n… spin experiments and the necessity of relativity in nuclear physics
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The recent (p,n) spin experiments on various nuclear targets at forward angles suggest that the Gamow-
Teller strength is almost exhausted by nucleon excitations, which limit the Landau-Migdal parameter for the
delta nucleon togD8 <0.2. This smallgD8 makes the nucleus in or very close to the condition for pion conden-
sation and produces, if close, the precritical phenomena, which have been proved to be not occurring in the
nucleus. One solution for reducing the pionic correlation is to take the relativistic description of the nuclear
many-body system, which reduces the nonrelativistic pionic Lindhard function by about a factor of 2. This
relativistic Lindhard function is also consistent with no enhancement of the longitudinal spin-response function
against the transverse one as seen asRL /RT<1 extracted in (p,p8) and (p,n) experiments at large angles.
These observations, when combined, indicate that the relativistic description is necessary to understand the
low-energy properties of nucleus.@S0556-2813~99!01902-0#
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The recent (p, n) spin experiments on various nucle
targets at forward angles performed at RCNP in Os
University have attracted strong theoretical interest@1#. The
multipole decomposition of angular distributions up to hi
excitation energy provides the Gamow-Teller~GT! strength
Sb2 close to the sum-rule value, 3(N2Z), with N and Z
being the neutron and proton numbers of the target nuc
@2#. With a smallSb1 strength as observed to be small up
;10 MeV in (n, p) reactions on90Zr @3#, which should be
extended to high excitation energies as in the (p,n) case, this
fact suggests that the Landau-Migdal parameter for de
nucleon coupling is small;gD8 < 0.2 @1,4#. This upper bound
can be extracted from the relation that the GT operat
O(b6), are reduced by the delta-nucleon coupling@5#,

Õ~b6!5O~b6!/@11gD8 UD#. ~1!

Here, UD is the delta-hole polarization function andUD

5(8/9)(f p*
2/mp

2 )(r/vD) ;0.8 at the normal matter densit
@6#. To quantify, if Sb is (9065)% of the Ikeda sum-rule
value@1#, thengD8 <0.1 at the normal matter density, even
we use the delta-hole polarization function at half the norm
matter density as an effect of finite nuclear size,gD8 <0.2
@5,6#. This value ofgD8 is much smaller than the estimate
gD8 by using theG matrix and the induced interactions@7,8#.

This interpretation causes a contradicting consequenc
pion condensation or its precritical phenomena, which
expected at large momenta in the pion channel. The smagD8
makes the attractive contribution of the delta-nucleon co
lations very large and increases the pionic collectivity at h
momenta. This role ofgD8 can be seen in the dimesic functio
due to a delta isobar at finite momenta@9#,

«D511S gD8 2
q2

mp
2 1q 2D UD . ~2!

When the repulsiongD8 is reduced, the attractive contributio
due to the pion exchange,q2/(mp

2 1q2), dominates the delta
PRC 590556-2813/99/59~2!/1196~3!/$15.00
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dimesic function, which enhances the pionic collectivity.
fact, the study ofgD8 on pion condensation and its precritic
phenomenon by Shiinoet al. @10# shows that under the val
uesg85gDD8 50.6 the pion condensation takes place bel
gD8 <0.26 at the normal matter density. The present val
gD8 <0.2, is definitely inconsistent with the experimental o
servations of no pion condensation in a finite nucleus@11,6#.

Since there is a further ambiguity in the Landau-Migd
parametergDD8 for delta-delta correlations and also th
nucleon effective mass, the condition for pion condensat
may not be fulfilled@12#. The estimate ofg8, gD8 , gDD8 con-
sidering the relativistic effect and the induced interacti
were performed by Krewaldet al. @13#. Even in this case, if
the value forgD8 is as small as indicated by the (p, n) experi-
ments, the nucleus should be very close to the critical c
dition and hence the precritical phenomenon has to t
place@9#. The enhancement of the differential inelastic cro
sections leading to unnatural parity states at high mome
should be largely enhanced as the cross sections are mod
as s̃5s/«2, where the entire dimesic function due to th
pionic correlations, including the nucleon particle-hole ex
tations, becomes close to zero. However, such a precri
enhancement has not been observed in various experim
performed around 1980 using (p, p8) reactions to unnatura
parity states@6#.

Hence, the recent (p, n) experiments suggest a smallgD8 ,
while the missing pion condensation and its precritical p
nomenon indicate a largegD8 . What should be the solution
Recently, there have been many activities to describe nu
in terms of relativistic many-body theories. The relativis
Bruckner-Hartree-Fock~RBHF! theory is able to provide the
saturation property of nuclear matter, which is very close
the semi-empirical value@14#. The direct use of the results o
RBHF within the local-density approximation reproduces t
properties of finite nuclei without any additional paramete
@15#. Furthermore, the relativistic Brueckner-Hartree-Fo
formalism was applied directly to finite nuclei by Fritzet al.
with good agreement with experiments@16#. Its phenomeno-
1196 ©1999 The American Physical Society
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logical version, the relativistic mean field theory, was us
on many nuclei including unstable nuclei with great succ
@17#.

The key point of the success of the relativistic descript
of nuclei is the presence of large scalar and vector poten
as expressed in the following Dirac equation@14#:

@2 iaW •¹W 1mb1US~r !b1UV~r !#c5Ec. ~3!

Here the potentials at the origin are about

US~r 50!;2356 MeV,

UV~r 50!;275 MeV.

These strong scalar and vector potentials give the large s
orbit splittings necessary for producing the magic numbe
Hence, the effective mass comes out to be

m* 5m1Us~r 50!;583 MeV. ~4!

The relativistic description of nuclei provides an add
tional interesting consequence in the pion channel. The r
tivistic pion Lindhard functionP rel is written as@18#

P rel5S m*

m D 2

P, ~5!

when the widely accepted pseudovector pion nucleon c
pling is adopted. Hence, the lowest pion self-energy is
duced by about 50% from the nonrelativistic value. With t
use ofP rel, the collectivity necessary for pion condensati
and its precritical phenomenon is largely reduced. In fact,
relativistic description of pion condensation~without iso-
bars! provides no pion condensation even without t
Landau-Migdal short-range correlations,g850 @18#.

If we use the relativistic description, another puzzle ab
the spin-response functions may also be solved. The
experiments performed at Los Alamos and the recent RC
experiments using (p, n) reactions provideRL /RT<1 @19–
21#. This ratio,RL /RT , with RL andRT being the spin lon-
gitudinal and transverse response functions, respectivel
expected to be larger than 1 in the nonrelativistic framewo
This is because the interaction in the pion channel is@6#

Vp5
f p

2

mp
2 S g82

q2

mp
2 1q22v2D sW 1•q̂sW 2•q̂tW1•tW2 , ~6!
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Vr5
f p

2

mp
2 S g82Cr

q2

mr
21q22v2D sW 13q̂•sW 23q̂tW1•tW2 ,

~7!

in the rho meson channel, whereCr;2. At large momenta,
q;1.7 fm21, where the experiments are performed,Vp is
negative~attractive!, and Vr is positive ~repulsive! for g8
;0.6. Hence, the pion~longitudinal! response is enhance
and the rho meson~transverse! response is quenched. Th
fact providesRL /RT>1. However, the relativistic Lindhard
function in the pion channel is reduced by about 50%
compared to the nonrelativistic one and the expected
hancement in the pion channel is not large enough to o
come this large reduction. The rho meson response is
reduced so much as the pionic case and the ratio could
less than 1 in the relativistic case@22#.

In summary, we have discussed the implication of t
recent (p, n) spin experiments performed at RCNP in Osa
University @1#. The RCNP data are used to deduce t
Landau-Migdal parameter for the delta-nucleon asgD8 <0.2.
Under the nonrelativistic framework, this smallgD8 causes
the pionic collective phenomena in nuclei. It thus contradi
the results of high momentum transfer experiments lead
to isovector unnatural parity states, which show no anom
We have shown then that the relativistic description of nuc
can accommodate these two seemingly contradicting exp
mental results@large gD8 50.6 from (p, p8) experiments at
large momentum transfer, and smallgD8 <0.2 from (p, n)
experiments at small momentum transfer#. The small
nucleon effective mass,m* ;580 MeV due to the deep
scaler potential in the relativistic model accommodates
smallgD8 and the nonexistence of the collective pionic effe
in the nuclei. It has been also shown that the small effec
nucleon mass explains the observed abnormal behavio
the ratio of the spin longitudinal to transverse respons
RL /RT , that is less than one.

In this paper, we have made rough estimates of vari
quantities as the dimesic functions and the spin-respo
functions. Particularly, these quantities have been estim
in nuclear matter for the sake of easier discussion. We n
to work out the details of those processes in future work.
the experimental side, we have to confirm the GT strengt
higher excitation energies by performing extensive (n, p)
experiments.

We are grateful to H. Sakai and M. Fujiwara for illum
nating and fruitful discussions on the (p, n) spin experiments
and their interpretations.
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