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Abstract 

He investigate the momentum behaviour of the spin-
isospin interaction. He show that in a model with 
meson exchange in presence of short range correla
tions the latter produce a natural cut-off of the 
interaction irrespective of form factor effects. 
This result is the equivalent for virtual particles 
of a theorem due to Beg on the scattering of real 
particles on a correlated medium. 
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The nuclear response to pion like excitations, presently a 
central topic of nuclear physics,is expected to show some 
collective features which are linked to the nuclear renorma-
lization of the pion field. The attractive-nature of the p 
wave i N interaction gives rise to an enhancement of the 
pion propagator in the nuclear médium. This would lead to a 
new phase, a pion condensate, if the pion exchange would be 
the only constituent of the particle-hole (p-h) interaction. 
However the latter contains a repulsive component besides the 
pion exchange, which is usually described by the Landau Migdal 
contact interaction g'jjj,.,^ J&.J». It has the effect to 
push the transition density to high values and to turn the 
enhancement of the picn field into a quenching at small mo
menta. This vertex correction is the Lorentz-Lorenz effect. 

At large momenta (q* 1 fm~ ) the enhancement survives but 
its amplitude is crucially dependent on the value of g'. It 

1 2) has been suggested ' that this enhancement is responsible 
for the small x anomaly in deep inelastic muon scattering on 

3) nuclei (EMC effect ). This phenomenon involves all values 
of the momentum and thus revives the interest of a good under
standing of the momentum behaviour of the p-h interaction. 
In fact a value of g' independent of momentum represents an 
approximation of the underlying physics. Any microscopic mo
del for the generation of a realistic p-h interaction leads 
to seme momentum dependence. Among the proposed interpreta
tions,one (which is historically the first) attributes the 
Landau-Higdal force to the short range correlations between 
the nucléons, which cut the mescn exchange force at small 
distance. 

The aim of this work is to discuss the implications of 
this model for the renormalization of the pion field. We want 
in particular to point out that some caution should be exer
ted for the renormalization of strongly off-shell pions. Our 
argument is based on a very simple physical idea. Off shell 
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pions do not propagate to infinity but they stay in the vicini
ty of the source which produces them. The more off shell they 
are, the closer they have to remain. In the nuclear medium 
the source of the pion field is the nucléon. If the radiated 
pion is strongly off shell, it will propagate such a short 
distance that it remains inside the correlation hole which 
surrounds the nucléon, i.e. in a region of space where no 
other nucléon than the emitter is present. If this is the ca
se no renormalization over the free case should occur. This 
theorem is closely related to Beg's theorem concerning the 
scattering of particles by a correlated medium. Applied to 
pions the content of Beg's theorem is the following : The x -
nucleus scattering amplitude should not depend on the off 
shell extrapolation of the elementary i-nucleon amplitude 
since the pions are free when they interact with the nucléons. 
This result holds as long as the range of the * -N interaction 
is smaller than the size of the correlation hole. 

We now show how to obtain our result and also the limita
tions of our theorem. Our starting point is the equation for 
the propagation of off shell pions as presented in a previous 
work by Delorme et al . For simplicity we restrict the dis
cussion to static pions, the generalization to non static ones 

2 2 2 
is immediate with the replacement i ( - n , - » . Our multiple 
scattering equations are based on the analogy with electro-
magnetism. They are similar to the field equations in a die
lectric medium with permanent dipoles (in our case, represen
ted by the nucleonic spins) which have a distribution o (x). 

The Klein Gordon equation for the pion field, derived from 
the multiple scattering equations is similar to the Poisson 
equation for the electromagnetic potential : 

(-vWJ<?(x)-_ -«tAJ.fw +S-rw ( 1 ) 

Here m N, m and f are respectively the nucléon and pion 
masses and the *-N coupling constant. V.JP represents the 
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polarization charges, linked to the axial polarization vec

tor JP. The content of the theorem is best illustrated in the 

idealized situation of a point-like source (taken at the ori

gin) £ .£ ô(x) and local polarizability a (x). The polari

zation vector is solution of the integral equation : 

?(*) r * £ t f e f r M i +Gfa)S-Ze-1^*/* 
lt% I 

^dx'l^Gti-*)] ?(ï>.%l^"%ï'l j 
(2) 

where G(x,x') is the two body correlation function with the 

property G (_£ = x' ) = -1 due to short range repulsion. It has 
a characteristic size d such that inside the correlation 

hole |x - x'l < d , 1 + G(x,x') »0. Therefore for x<d , p=o is 

the solution of eq.(2) and the pion field obeys the free K.G. 

equations. 

It is very interesting to display how this result trans

lates in momentum space. We will show in particular that the 

correlation acts as a cut-off for the renormalization of the 

pion field, or equivalently for the particle-hole (p-h) force 

in the ax channel. We take for simplicity the case of in

finite nuclear matter a (x) = a . We find 

VtClU-^ÎVfy " * f^^M^frK^f -$-PÛ '3) 

where the quantities g' and h1 are the scalar and tensor 

Landau parameters which in this model are associated with the 

effect of correlations. (Note that the tensor parameter h1 

vanishes at q=0) : 

J 3 (4) 
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It is clear on these expressions that g' and h' are functions 

of q. 

Combining (1) and (3) we deduce 

fft) = ù l î { A | ^ < 5 > 

Eq.(5) defines the renormalization factor R. In the denomina

tor of R there appears the p-h. force V,(q) in the longitudi

nal (a .q) channel : 

One recovers from the expression (5) the familiar result that 

R gives quenching at low momentum (Lorentz-Lorenz effect) 

turning into enhancement when q increases as a consequence of 

the sign change in the p-h force. 

Our theorem concerns the vanishing of the renormalization 

effect for far off-shell pions i.e. for large values of 
i 2 2 21 2 

Im, -"> + q I (for example either for m,-.» or q -<» ) . It is 

easy to prove it on the expressions(4) and (5). The limit 

m - => is trivial since all pieces of the p-h force vanish 

and R - 1. The limitq-=> is more interesting. In the expres

sion (4) for g' the limit q - a> implies k - <* and g' redu

ces to g' = - 1/3 /dk G (k, + g_) = 1/3. Similarly we find 

h- = 1/3. Therefore the p-h. force V L a g' + 2h" - q
2/(q+m1

2) 

vanishes in the limit q -""and the nuclear renormalization 

disappears R -»l. Thus even in the absence of an intrinsic 

cut off in the *-N vertex the effective interaction is sys

tematically cut at large momenta by the q dependence of g' 

and h'. The size of the correlation hole governs the varia

tion scale. For the calculation, we have used a correlation 

function G(x) = -jQ(q x) (with q » 5.5111̂  ) which simulates 

rather well that of the Reid soft core . The fig.l shows 

the p-h. force as a function of the momentum displaying its 
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cut off (note that the smallness of the force at q=0 is due 
to the fact that only pion exchange is present). For compa
rison is also shown the commonly used ansatz with a constant 
g' » g' (0). This ansatz fails to satisfy our requirement. 
When q -» VT does not go to zero but has a finite limit 2 2 (m /f )V, - g'-l . The ansatz is thus unphysical. 

I r Li 

Up to now we have limited the discussion to a purely 
pionic description : the polarization steins entirely from 
the pion field. In practice this is not the case since the 
p meson field also contributes to the polarization £ and to 
the Landau parameters. The introduction of the p meson has 
the conceptual interest of allowing the discussion of the 
limitations of the theorem. The i meson and p meson fields 
are coupled, and so are the p-h forces in the longitudinal 
(o .q) and transverse (oxg) channels. The scalar and tensor 
l*V <l2 *»• * 

Landau parameters are linked respectively to the scalar and 
tensor pieces of the interaction arising from i and p 
meson exchange 

*'»-4Ffte**fa-S,-««Jf^5-<f^ n ' 
where C is the ratio (f2 /m 2 )/{f2/m 2 ) 

P P P i 
The p-h interaction in the longitudinal channel has already 
been given in (6). In the transverse channel the interaction 
is related to g',h' and to the p exchange by 

(8) 

In the limit q - « g' -1/3(1+2C ),h' - 1/3U-C ) 
in such a way that in each channel the p-h forces Vr and V_ 

L ± 

vanish as expected. 
The limit of infinite mass is conceptually interesting, in 
particular that of n - • .In this case g'(q) reduces to 
the pionic contribution g' (q) and so does h'(q). Then, for 
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small q values : 

Hence in the limit in - • there subsists at small momenta a P 
renormalization of the P field though naively the p meson 
is violently off-shell and in principle should not leak out 
of the correlation hole. This violation of the theorem is 
due to the existence of a light particle, the pion, which 
transports the source of the p field onto the surface of the 
correlation hole. 

In order to be quantitative one must take into account 
the finite size of the emitting source and the non-locality 
of the polarizability. For the source profile we take 

2 2 2 2 
£(q) = o.v(q ) with a monopole form factor v(q) = A /{A +q ) 

with A. =1.2 GeV and A = 2 GeV. For convenience we have 
1 P 2 

used the same form factors in the polarizability o(q) =a v ( 
The difference with the previous situation is that in every 
place the pion and p interactions have to be multiplied by 

2 2 
the respective form factors v g (q) or v (q). With a finite 
source size there is a fraction of the source outside the 
correlation hole. Part of the propagation thus takes place 
outside the hole, in the presence of nuclear medium. 
In principle there is then no reason for a strict compensa
tion at large momentum transfer between the Landau parts and 
the bare x or p -exchange pieces of the p-h interaction. 
However the theorem nevertheless keeps a meaning : the p-h 
force is reduced by the correlations more strongly than by 
the form factor alone. As previously this result is achieved 
though the momentum dependence of g' and h". Fig.2 and 3 
show the q dependence of the combinations (g1 + 2h') and 
(g' - h") which appear in the longitudinal and transverse 
force respectively (The p N coupling constant C has been 
adjusted to obtain g"(q=0) = 0.49). A comparison between 
the two figures shows that the two plotted combinations stay 
close to each other, indicating the smallness of h'. They 
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decrease with increasing q but not as rapidly as the form 2 factor as can be seen from the ratios (g'+2h')/v (q) and 
2 * 

(g'-h')/v (q) which are also plotted on these figures. It p is interesting to note that the ansatz given by Toki and 
8 ) 

Weise for g' and h' from the same model (i.e. * + P exchan
ges in presence of correlations) fulfills the requirements 
of our theorem. The fig. 4 shows the p-h force in the ,£.3, 
channel together with the commonly used ansatz 

vL(q) = ( f 2 / ^ 2 ) [g'-g2/^2-»!2)] v 2(q 2) 
One clearly sees the additionnai damping introduced by the 
increase of g'. A similar damping occurs for the renormali-
zation of the pion field. Beyond q = 5m ,R»1 and the nuclear 
renormalization has completely disappeared. 

However these results are not confirmed by detailed G 
matrix calculations of the nucleon-hole force by Dickhoff 

9) et al . Using the Bonn potential for instance, they find that 
2 

the quantity (g'+2h')/v (q) decreases when the momentum in
creases. The origin of this discrepancy is not clear. A like
ly explanation is that the correlations produced by the Bonn 
potential are softer than required for the validity of our 
theorem. On the opposite, the phenomenological force of Speth 
et al. shows indeed an increase with momentum. The ques
tion is therefore still opened. 

To summarize we have shown in this work that the renorma
lization of the pion field by the nuclear medium disappears 
when the pion is so much off shell that it remains inside 
the correlation hole. Under these circumstances the correspon
ding p-h. force in the £ .q channel (T=l) vanishes. This is 
achieved through a delicate balance between the Landau pieces 
of the interaction and the pion exchange one. For the trans
verse channel ( a xq. T=l) the situation is more subtle.The corres-
ponding p-h force may be finite, i.e. there may be a renor
malization of the p field, even when the field is strongly 
off shell. The reason is that there is a light particle, the 
pion, which carries the source of the field onto the surface 
of the correlation hole. To achieve the vanishing of nuclear 
renormalization of the rho field,one needs the two conditions : 
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both the p meson and the pion have to be largely off shell. 

The previous discussion was restricted to the correlations 

produced by the hard core. It is interesting to investigate 

also the role of the Pauli correlations. Their role in the 

generation of the Landau parameters for the mixing force 
11 12 9) between nucléons and à has been repeatedly emphasized ' ' 

They lead to a situation for the distribution of A excita

tions around a nucléon similar to the one obtained previously 

from the hard core, namely they produce a hole in this dis

tribution, irrespective of the short range repulsion. The 

reason is that the A quantum numbers (T = 3/2, S = 3/2) for

bid its production from a nucléon pair in a relative S state. 

Its excitation is only allowed from a space antisymmetric 

(e.g.P) state which only exists at large relative distance 

d > p F" . The mixing force between nucléons and
 û should then 

vanish inside the range of the Pauli correlations. This range 

being larger than that of the short range repulsion one ex

pects a variation with momentum more rapid than in the pre

vious case for the Landau Higdal piece of the N à force. 
For illustration we have made a simple model where we consi

der only pion exchange (which is favored by its long range 

character for the A excitation) between particles at the 

Fermi surface. We find that the Landau Migdal force increases 

guadratically with the momentum : 

[$'(q)+4#A)] = Ç*/m|(o.«€S +0.0H»«f) for PF= 1.92 m̂  

This increase is in agreement with the G matrix calculation9'. 

To conclude, we want to point that the momentum dependen

ce introduced by the short range correlations may be errone

ously interpreted as a form factor at the «-N vertex, lea

ding to a too small cut-off mass. This is confirmed in the 

case of the nucleon-nucleon interaction by a recent work of 
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Gersten '. He has analyzed charge exchange data which are 
dominated by pion exchange. Without consideration of correla
tions he obtains a cut-off mass A^ « 6.4 m,, but an alternate 
description is possible with point-like coupling (A^ =• ) and 
a hardcore cut-off at 0.7 fm. 

Finally the fact that strongly virtual particles cannot 
feel the presence of the medium hss implications for the con
cept of vector dominance in nuclei. The mechanism which elimi
nates the influence of the medium is different in our work 

14) 
from that already studied by Bell who discussed the compe
tition between off-shell propagation and the optical poten
tial. Here we discuss another mechanism linked to correlations. 

We would like tho thank Prof.G.Miller for useful discus
sions and Dr.N.Giraud for numerical evaluations. 



11. 

Figure captions 

Fig.l : The longitudinal p-h force V, generated by pion ex
change as a function of the momentum (full curve). 
The dashed curve represents the same quantity with 
g' fixed at its value for q=0. 

Pig.2 : The variation of the longitudinal combination g'+2h' 
of the Landau parameters (full curve). The same quan-2 tity divided by v (q) appears on the dashed curve. 

Fig. 3 : The variation of the transverse combination g'-h' 2 (full curve). The same after division by v (q) P (dashed curve). 

Fig.4 : The p-h force V generated by pion and rho exchange 
in the presence of correlations (full curve) compa
red with the ansatz (g' ^ - ) v (q) (dashed 
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