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Abstract 

We study in the KPA framework the response of symmetric, 
infinite nuclear matter to a spin-isospin sensitive probe 
with both 0""^ and Od<q couplings. The two respon -is, simi
lar in the lov-q region, differ markedly for moderate momen
ta (JS 1 fin*''}» Indeed, whereas the longitudinal one displays 
a softening and an enhancement (due to the attractive charac 
ter of the associated particle-hole force), the transverse 
response is quenched and hardened with respect to the .'Tree 
Fermi gas. The existing experimental data, which we analyze, 
are compatible with our results. Va also explora the to 1 
strengths and find that for repulsive forces they are ap^re 
ciably reduced by the EPA correlations. Large part of this 
quenching comes from the A excitation (LLEE effect),but so 
me reduction is still present even when the nucleonic degrees 
of freedom are neglected. This illustrates a violation of 
strength conservation brougth about by the KPA correlations 
in the spin-isospin channel. 
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1. Introduction on the particle-hole force in the channel 
<r= i. t = i. 
The problem of pion condensation has triggered a great 

deal of interest on the particle-hole force in the channel 
flT= T = 1, which leads to the excited spin-isospin modes. 
This force is characterized by a short range repulsion em
bodied in the Migdal parameter g' and by an intermediate 
and long range part, which differs according to the magne
tic quantum number ©j. 

In the longitudinal channel (02=0 ), where the pion 
exchange is effective, the total force is 

vith f^ /4nilc = 0.08 and the form factor of the IIN vertex 

has been (arbitrarily) attributed also to the short range 
repulsion, in (1.2) we have taken An= 1.3*GeV. 

The force (1.1) is repulsive at small momenta and turns 
into attraction at moderate momenta. With the presently ac
cepted large value of g* (— 0.7) the change of sign happens 
to be at <js 1 fm~ and the ensuing attraction is mild, thus 
making the condensation of pions difficult to occur. 

In the transverse channel (6"z= + i) no light meson pro
vides a rapid momentum dependence and the force remains repul. 
sive up to large momenta. Indeed, beyond two pions, the ligh
test exchanged particle is the v-meson (u» ~ 5.5 i»n ). In 
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the approximation of zero width the corresponding particle-
hole interaction reads 

(1.3) 

where C. « 2.18 and the form Sactor 12 (q 2) i S given by (1.2) 
with m R and A n replaced by m. and Aj= 2 GeV. We have also 
used a variant of this force which includes the 2It continu
um ' '. The corresponding particle-hole force reads 

The spectral function ©«-(t) is related to the square of the 
helicity amplitude TI!TT*NN and may be parametrized as follows 

thus including the resonant part corresponding to the o -seson, 
but also a non-resonant background from the ioov^ctor two pi
ons exchange. The parameters in (1.5) turn,out to take the va 
lues: A = 1.619, V = 4.8-(m»c 2) 2, G, = -0.234'ICT4- (m„c 2)- 8, 
C 2 = O ^ ^ I O T ^ ^ c 2 ) - 4 , t„ = 17.76-(ninC2)2, t 1 = 29-2- (m«c 2) 2 

and m. = 3.28 m K . 
The behaviours of the transverse and longitudinal forces 

are displayed in Fig.1 for g'= 0.7 • Also shown is the force 
12) empirically determined by Speth et al.' which, beside then 

and £ exchange (without vertex form factors), allows for the 
following q-dependence of g' 

S'M'Sl+diCf-^t (1.6} 
with gj = 0.55. m all instances the transverse and longitudi 
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nal interactions are very different for momenta between 1 
and 3 fra~ . 

It is the purpose of this paper to explore the influen 
ce of these forces on the response of a Fermi system to a 
probe acting on the spin-isospin degrees of freedom. We will 
show in particular the existence of a marked contrast bet
ween the responses in the longitudinal and transverse chan-

(3) nels . This is done by applying the KPA to the symmetric 
infinite nuclear matter. In this frame the differential ine 
lastic cross section, in Born approximation, is proportio
nal to the response of the system given by 

I„rrA(n,w)* (1.7) 

where Im TT W(q ,«•>) is the response of a free Fermi gas.The 
polarization propagator TT (q,w) includes both the parti
cle-hole (H.N-1) and A-hole (A,"'.""1) contributions. 

The effect of the denominator in 3c.(1.7) is crucial in 
modifying the independent partible response end in particu
lar can lead to strong collective effects.• 

Our discussion will proceed as follows: we first shor
tly discuss the response function in the region of small mo 
menta, where the longitudinal and transverse channels dis
play similar features. Kext we turn to the region of modéra 
te momenta where a sharp difference between the two respon
ses shows up. Ve then consider the experimental results from 
magnetic electron scattering in order to test our theory 
and finally we discuss the integrated cross sections (the 
so-called sum rules). 
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2. Small momentum region 

Here the particle-hole interaction is repulsive in both 

channels. The force completely reshapes the free response, 

leading to collective states as illustrated in Fig.2. The 

lov energy spin-isospln mode, the so-called "zero sound", 

has been recently displayed in a (p,n) experiment on Pb ' 

A similar collective state exists above the (Û,H~ 1) conti

nuum, as discussed in ref.(5,6). Moreover, in the longitudl 

nal channel, one gets a collective (A ,U~ ) state below the 

continuum, corresponding to the pionic branch (not displayed 

in the figure). 

The response is hardened by the repulsive interaction 

and, inside the (N,H~ ) continuum, it is quenched: the par

ticle-hole force mixes the individual particle-hole excita

tions and depopulates them in favour of a collective mode. 

Furthermore the mixing between the (IJ.N-1) and the (A.H--') 

excitations produces in the low energy region the Lorontz-

Lorenz-Ericson-Ericson (LLEE) effect , v"-.ich has i,cer. e-

gain brougth into focus by recent experiment;: **-''. it can 

be understood, in modern language, as follows. 

In the range of small momenta the (N,N~ ) and (A,N~ 1) 

excitations form two distinct continua; therefore when 

imTT + 0, lmTT*= 0. On the other hand in the low energy 

region ReTT* varies rapidly with the energy whereas to a 

good approximation 

IfeTTMl.o^Tf» (2.0 

TT being a negative constant. 

For sake of illustration let's now consider only the 

short range component of the particle-hole interaction, na 
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mely 4£n9'//*n • T n e response function in the nuclear sector 
can then be cast in the following form 

„. ImTT"(q,«>) 

where the denominator has been split into two factors. The 
second one, in which Tp appears, varies rapidly with the 
energy and mixes the (N,N-1) configurations thus leading to 
the above discussed features of the EPA response. The first 
factor instead has a constant value and simply renormalizes 
the response: this is the LLEE effect, with g* = 0.7 , 
IT = -5«10-*, the liLEE effect would entail a quenching of 
*»0.4. 

It is of interest to compare the RPA response with and 
without the inclusion of the A excitation. This .is done in 
Table I. In this connection we note ( see Porciula (2.2)) 
that the A isobar, by renormalizing the strength of the in 
teraction to g ^ = g'/(l-(4f|g,//tJ)TTA ) < g\ weakens the 
collective character of the response making it closer to 
the one of a free Fermi gas. (compare columns 3 and 4). This 
effect opposes the LLEE quenching. Nevertheless the net re
sult of combining the LLEE reduction and the renornaliza-
tion of the force is a quenching of the EPA response with 
respect to the one obtained with no nucieonic excitations 
(compare columns 3 and 5). 
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We shall see in Section 5 that the quenching induced 

by the A also applies to the global (integrated over the 

frequency) nuclear response and is not restricted to the 

region of very small momenta. 

The renornalization of the force also entails a softe

ning of the collective mode which, in SPA, is found as a 

solution of the equation 

i-V£h(q,eO1kTT*WMii)»0 (2.3) 

with the additional restriction imTT (a,co ) = o. The 
coll 

softening is displayed in Table II where the sound veloci

ty, defined by C D . . = c-q, is quoted with and without 

the inclusion of the ̂  . It is thus seen that the nucleo-

nic excitations play a significant role in the low energy 

nuclear dynamics. 

It is then natural to explore whether the nuclear exci 

tations, conversely, affect the response in the & region. 

In particular is there an equivalent of the LLSE effect at 

large energy? To this purpose the argument which leads to 

the LL quenching in the lew energy domain can be adapted 

to the high energy situation by interchanging IT and IT . 

Here TT'Cq,»»») s SsTfn(q.'ji) 3TT"(m4-m) is almost constant 

(and positive). This entails a renormalization of the re

sponse by a factor (1-4(f^>^^î)g,•TT,, (nift-m))-2, which repre

sents an enhancement. 

However the effect is negligible. In fact in symmetric 

nuclear matter TT (q,uj) is proportionnai to (i/(w-u> ) 

- 1/(U)+U> yt-))* where CO represents a typical nuclear 

excitation energy. For large do (» ou ) an almost exact 

cancellation occurs: thus the response at a given frequency 

is hardly affected by excitations of much smaller energy. 
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Although our model is inadequate to deal properly with 
the response in the A region, it is worth pointing out, 
in concluding this section, that at low momenta the (A,N~ 1) 
continuum is completely depopulated in favour of the collec 
tive states. This feature remains true at intermediate mo
menta only in the longitudinal channel, where two collecti
ve modes exist (the pionic branch and the A-hole collec
tive state), as can be seen in Fig.3-
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3. Moderate momentum region 

V7ith increasing momentum the spin-isospin mode dissolves 
into the particle-hole continuum. A vestige of it remains in 
the form of a hardening of the response which indeed is con
centrated in the high energy side. This behaviour can be ob
served as long as the particle-hole interaction stays suffi
ciently repulsive: it survives therefore longer in the tran
sverse channel than in the longitudinal one. In the lPtter 
the pionic attraction reshapes the response in the opposite 
way. It produces an enhancement and a softening of the 
free Fermi gas response, a precursor of the transition to 
the phase of condensed pions. Since the force is only mil
dly attractive this effect is moderate, in fact it has not 
yet been observed vithout ambiguities (there may be a small 

(11 12) enhancement in the inelastic (p,pf) cross sections ' ). 
However even a small effect may reach evidence when ca-

(3) refully compared with an appropriate reference spectrum '. 
Obviously a good candidate to be compared with is the tran
sverse response. The two differ markedly as shown in Fig.3 
drawn for q = 1.3 fm~1. Note that this contrast is almost 
insensitive to the details of the transverse force, as it 
appears from Fig.4. In addition it is clearly independent 
upon the precise value of the Migdal parameter. In fact as 
g' is increased indeed the softening and the enhancement 
of the longitudinal response tend to disappear but, at the 
same time, the quenching and the hardening of the transver
se one become more pronounced. 

The contrast is so sharp that we feel confident that it 
can be experimentally detected providing one selects the 
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proper probe. In the longitudinal channel the most promising 
candidate is the (p,n) reaction; ±n the transverse one expe
rimental data are already available for the nuclear transver 
se response through the magnetic inelastic electron scatter-
ing v ': they are analyzed in the next section. 

4- Comparison with experiment 

A direct comparison between the transverse and the lon
gitudinal response would be the most significant test of our 
theory. Awaiting for it, we compare (in an absolute way) the 
measured transverse cross sections with the theoretical ones. 
In particular we wish to explore whether the predicted quen
ching and hardening of the response are actually observed.Of 
course our analysis is not model independent and our conclu
sions are somewhat tentative in character. 

The separated transverse response is defined as follows 

where m is the nucléon mass, G§' (q| ) are'the magnetic form 
factors of the proton and neutron respectively, Z and N the 
proton and neutron numbers and kp the Fermi wavenumber. 

if the RFA is valid then the modifications in the trans
verse response Sx» with respect to the free one, are those 
previously discussed. 

Data are available for 5 6Fe * 3 ' and 1 2 c ' ât various, 
fixed momentum transfers. We place more emphasis on Fe sin 
ce, for not too low q values (qR> 1, E being the nuclear ra 
dius) ,it is hopefully closer to the predictions based on inf i-
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12 nite nuclear matter. We have ilso analyzed the C data, 
but there the effects of the surface are top important; 
therefore for this nucleus the present theory can only 
keep some validity at very la-ge momenta. 

The Fermi wavenumber has been adjusted to account,in 
average, for the densicy distributions appropriate to 
5 Fe and "'"0: the value kp = 1.2 fm~1 has been suggested 
in the forner case ' ' and k F = 1.12 fm~1 in the latter ' . 
In Fe we have found that k^ = 1.15 fm~1 is more suitable. 

F 
In Figs. 5 to 10 we display the experimental (MT/4)X )ST(q,uj) 
(Mm being the target mass) for Fe at several momentum 
transfers together with the results of our RPA calculation; 
also shown is the free Ferr.ti gas response and, for large q, 
in both the non-relativistic and relativistic versions. 

In the low energy region the EPA cross sections veil fit 
the data, whereas the free ones do not. In particular the 
slope in the origin is satisfactorily reproduced without the 
introduction of an "ad hoc" nucléon effective nuss. The pro
gressive deviation from experiment as the energy increases 
is a common feature of all quasi-free models; it has been 
suggested that it comes from the neglect o.6 2p-2h contribu-
tions < 1 7' 1 8>. 

We now shortly discuss the influence of the Fermi momen 
turn. First we notice that the position of the maximum of 
the EPA cross sections is hardly affected by the precise 
value of kp 9S can be seen by comparing Fig.8 and 11, drawn 
for kp = 1.15 fm-1 and k p = 1.36 fm - 1 respectively. The abso 
lute magnitude of the response, instead, is sensitive to the 
density, with kp = 1.36 fm - 1 the free response has a height 
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closer to the experimental one, but the wrong shape (com 

pare Fig.11), whereas our theory (at a lower density) appears 

much more in touch with reality, 

Thus we can conclude that with minimal assumptions RFA ac 

counts rather well for the experimental gross features of the 

response of Fe, namely the quenching and the hardening, with 

out introducing a constant nucléon self-energy below the Fer

rai sea ' which would spoil the fit in the low energy region. 
(8) 

We also remind that a significant quenching of the magnetic 
(a) 

and of the Gamow-Teller strengths in medium and heavy nu

clei has been observed. 
12 

In C we expect the EPA effects, in particular the harae 

ning, to be washed out by the surface, in this case the inde

pendent particle response with a convenient nucléon self-ener 

gy and kF = 1.12 fm - 1 would account well for the experiment, 

but for the largest frequencies (see Fig.12). 

Although our results are encouraging, the validity of the 

infinite nuclear matter approximation can be questioned even 
eg 

for Fe. Therefore the measurement of inelastic transverse 

cross sections in heavier nuclei would heJ? in.minimizing the 

role r>£ the surface. 

However a fully conclusive test of our theory will only 

be achieved by a comparison with the longitudinal spin-isospin 

response. Indeed models of totally different nature, as the 

Hartree-Fock one, can also explain the presently available 

data. As a consequence only the display of the predicted con 

trast will be able to select among different models. The ine 

lastic scattering of hadrons, which has revealed itself as a 

good probe for the longitudinal spin-isospin density, is the 

natural candidate to carry this test out. 
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5. Sum rule 

In this Section we study the sum rule 

S(9)--^zJaMi*TT(<i,tt>), (5.0 
0 

>Tit being the volume enclosing the system. We restrict our
selves to consider the nucleonic sector, i.e. values of q 
< 2.55 fa""1 (beyond this point the (N.N-1) and the (A.H - 1) 
continua overlap). The upper limit of integration is thus 
the upper boundary of the particle-hole continuum. When it 
exists, the contribution of the collectiv mode is included; 
in this case t O ^ = W c o i r 

The response associated with the collective mode reads 

fcTGlM-^5 *{i%(%«)1Ml̂ »JJ 
71 S(Kl»>-lio)c<,j[) 

^Iw^-^wF (5.2) 
Writing 

8™*(q) = S p h(q) • S c o n ( q ) (5.3) 

is it readily found that 

2 
(5.4) 
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In the above formula 0 = 2kf/3lta is the nuclear matter den~ 
sity. 

The numerical values of S . (q) and s
e o l l ( l ) are reported 

in Table III together with the relative strength f of the 
collective mode 

r- S " « ft) 
* " S^q) <5-5) 

and the free Fermi gas value S 0(q). This is done in both the 
longitudinal and transverse channels with and without the A • 

A few comments should be made: 
i) the total strength is reduced by the EPA correlations, e-

ven after the inclusion of the collective contribution; 
ii) the loss of strength is partly due to the A • but it is 

also present, although weaker, without nucleonic excita 
tions; 

iii) the relative strength f of the zero sound, a decreasing 
function of q, is reduced by the presence of the A , 
owing to the renormalization of the force. 

RPA 
We wish now to discuss the general behaviour of s (q). 

We first notice that at moderate value of the momentum the 
collective mode disappears: this, however, does not produce EPA any discontinuity in S (q) which behaves smoothly as seen 
in Fig.13a and 13b (where the arrows mark the end points of 
the zero sound). These two figures show, in addition, Oat 
the first two mentioned effects, namely the loss of strength 
with or without A excitation, persist as long as the force 
stays repulsive, i.e. up to q,̂  = 2.5 fm" in the transverse 
channel and q, =1.05 fm~1 in the longitudinal one. The en-

RPA 
hancement of S (q) beyond q in the longitudinal channel 
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is the critical opalescence ' ' '•'îenomenon associated 
with the transition to the phase of condensed pions. 

In this Section we have restricted our analysis to the 
nucleonic sector where a substantial loss of the free 
strength occurs , part of it being clue to the A excita
tion. It has been sometimes suggested that the missing 
strength should be found at high energy, in the & region. 
This is not the case in symmetric nuclear natter, in fact 
when the tvo sectors are veil separated, as at low q, 
the mixing between nuclear and nucleonic excitations is 
unable to provide such a shift, the high energy response 
being unaffecf-i by nuclear excitations, as discussed in 
Cectloa 2. ?hc kPA correlations modify the global respon
se- in ••.•j.clr r- vay that the strength missing at low energy 
is definitively lost. 

6. Conclusion 

In this work we have investigated the influence of 
the nucleon-r.vcleon interaction on the nuclear response 
to a spin-isospin pertubation. This has been done in the 
frame of EPA for symmetric, infinite nuclear matter. For 
simplicity we have neglected the nucléon and A self-e 
nergies as well as the exchange diagrams. We have utilî  
zed an effective interaction consisting of explicit boson 
exchanges plus a short range component embodied in the 
Landau-Migdal parameter g', whose value has been empiri
cally determined. 
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At low momenta (q £ 0.3 fm~ ) the longitudinal and 
transverse forces are close to e?.ch other. In both chan
nels they completely reshape the continuum nuclear respon 
se giving rise to a collective mode ("zero sound"). In 
this kinematical region we have found* a substantial reduc 
tion of the response integrated over the nuclear excita
tion energies, including the zero sound. Remarkably this 
effect persists even when the nucleonic excitations are 
ignored, pointing to a lack of strength conservation 
in the spin-isospin channel. Without & the quenching is 
of the order of 40*4, but it becomes substantially larger 
when nucleonic excitations are considered (LLEE); indeed 
in this case the reduction factor is about 1/3. The cor
responding missing strength is not shifted at larger fre
quencies since the influence of the nuclear excitations 
is not felt there. 

In the momentum range 0.3<q$1 fm~1 the forces stay 
repulsive but they are appreciably different. This is re 
fleeted in the nuclear.responses: the transverse one is 
still considerably quenched, the longitudinal only mil
dly so. Furthermore the collective state eaters into the 
particle-hole continuum hardening it, particularly in 
the transverse channel. 

For momenta larger than about 1 fm**1 the longitudinal 
force becomes attractive, whereas the transverse one sta-
ys repulsive (up to ^2.6 fm~ ). This is the kinematical 
region where the contrast between the two nuclear respon
ses is most striking. The transverse response keeps the 
same features as before : it is quenched aud hardened .The 
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longitudinal one becomes enhanced and softened. This sharp 
contrast is insensitive to the details of the interaction . 

The need of a complete experimental set of data should 
be firmly stressed. For the moment data are only available 
in a fev light nuclei in the transverse channel from magne 
tic electron scattering. Ue have analyzed them and found 
that they support, although not conclusively, our theory 
as far as the hardening and quenching effects are concerned. 
Similar experiments on heavier nuclei would be welcome so 
as to minimize the surface effects. Mostly needed, however, 
is the response in the longitudinal channel, attainable,for 
instance, with inelastic hadron scattering. 

In cur theoretical frame we have furthermore investiga
ted the q-dependence of the sum rule. We have found that 
the loss of strength existing at low momenta persists as 
long as the force stays repulsive. As the force becomes at
tractive, which happens in the longitudinal channel, the 
total strength is increased (critical opalescence). 

The above discussed features, induced by the r.?A correia 
tions, are largelyr although not completely, due to the A 
excitation. 

As a final remark we believe that the limitations of the 
present approach have to be removed with an improved treat
ment of the many-body problem, vhich includes the nucléon 
Hartree-Fock self-energy and the exchange (Pauli) diagrams. 

We wish to thank Dr.J.Delorme and j.Morgenstern for very 
useful discussions and Prof.T.S.O.Ericson for discussions 
and for encouraging this work. 
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Figure Captions 

Fig.l - The particle-hole interaction at zero frequency as 
a function of q: the dot-dashed line corresponds to 
vfj, eq.(l.l), the continuous line to v'*j, eq.(i.3), 
the dashed line to v'*. eq.(l.4). In the three cases 
the Migdal parameter is g' = 0.7. The double-dot-da
shed and the dotted line represent the interactions 

(a) 
of Speth et al/ ' in the longitudinal and transver
se channels, respectively. 

Fig.2 - The longitudinal (dashed line) and transverse (con 
tinuous line) response of the infinite r.uclear matter 
in EPA at q = 0.3 fm"1 as a function of -ftu). The free 
Fermi gas response is also shown for comparison (dot-
dashed line). The positions of the collective modes 
are displayed. The interactions (1.1) and (1.3) have 
been utilized vith g» = 0.7. 

Fig.3 - The same as in Fig.2, at q = 1.3 fm~ . In the A 
region the longitudinal response is negligibly r.raall. 

Fig.4 - The same as in Fig.3 but utilizinn the interaction 
(2) of Speth et al. ' in both the longitudinal (dashed 

line) and transverse (continuous lineJ channels. The 
response with the 2H-exchange, eq.(l.4), and g'= 0.7 
is also shown (dotted line). 

eg 
Fig.5 - The separated transverse magnetic response in Fe 

at q = 210 MeV/c as a function of fiu>. The experimen
tal points are taken from réf. (13). The continuous lji 
ne is the EPA response obtained with the transverse 
interaction of Speth et al., the dashed line refers 
to v' and g'= 0.72. The dot-dashed line represents 



the free Fermi gas response; the Fermi vavenumber is 
k F = 1.15 far1. 

Fig.6 - The sane as in Fig.5. at q = 250 Mev/c. 

Fig. 7 - The sane as in Fig.5t at 0 = 290 MeV/c \'the two 
EPA responses cannot be distinguished). 

Fig. 8 - The same as in Fig. 5. at q = 330 iteV/c. 

Pig.9 - The same as in Pig.5 at q = 370 MeV/c. The relati 
vistic free response is also shown (dotted line). 

Fig.10 - The same as in Fig.9, at q » 410 MeV/c. 

Pig.11 - The same as in Fig.8, but with kp = 1.36 fnr*1. 
12 Fig.12 - The separated transverse magnetic response in C 

at q « 400 MeV/c as a function of fit). The experimen
tal points are taken from ref.(14). The continuous li 
ne is the EPA response obtained with the transverse 
interaction of Speth et al., the dashed line refers 
to V^j* and g'= 0.72. The free Fermi gas response 
both non-relativistic (dot-dashed line) end relativi-
stic (dotted line) is also shown. In the figure 
k F = 1.18 far1. 

Fig.13 - The integrated response function S(q), eq.(5.l), 
as a function of q in the longitudinal (a) and tran
sverse (b) channels. The continuous line is obtained 
with TT H+T[ A , the dashed line with TT A only. The 
free Fermi gas sum rule is also shown (dot-dashed li 
ne). In the figure k_ = 1.36 fm" .ind g'= 0.7. 

X 



Table Captions 

Table I. 
Comparison between the RPA response of the infinite nuclear 
matter with (last column) and without (column 3) the inclu
sion of the A excitation and the response of the free Fer
mi gas (column 2), Column 4 displays the EPA response with 
TT only but utilizing the renormalized force V ^ ( 1 —v_i1TrA) -
(a) is evaluated with the longitudinal force (1.1), (b) with 
the transverse one, (1.3). 

Table II. 
The zero sound velocities in units of c (column 3) and of 
the Fermi velocity v P = lUcp/m (column 4). In the last co
lumn q^ is the value of the momentum where the collective 
branch enters the (N,H~1) continuum. The value 0.7 has been 
utilized for the Migdal parameter. 

Table III. 
The continuum (S .) and collective (S ..) contributions 
to the sum rule at low momenta, with and without the inclu
sion of the A excitation. Their sum and the relative strengths 
are also reported. For saRe of comparison column 2 contains 
the free Fermi gas sum rule (S„). 



Table I a 

(longitudinal channel) 

«cii(itev) I«TTM(q.O>) imTJ^U.w) I«TTM(q.O>) 

vithoutA vithout A 
but g e f f 

vith A 

2 .00231 .00041 .00060 .00029 
4 .00462 .00082 .00122 .00059 
6 .00693 .00127 .00188 .00092 
8 .00924 .00176 .00263 .00128 
10 .01155 .00231 .00351 .00171 
12 .01386 .00298 .00464 .00226 
14 ..01618 .00383 .00633 .00308 
16 .01341 .00593 .01169 .00569 

Table I b 

(transverse channel)-

tiw(Hev) ImTî"(qA») ImTT^q.u») ImTî"(qA») 

vithoutA without-A 
but g- f f 

vith A 

2 .00231 .00031 .00051 .00021 
4 .00462 .00062 .00104 .00043 
6 .00693 .00095 .00160 .00067 
8 .00924 .00130 .00223 .00093 
10 .01155 .00170 .00296 .00124 
12 .01386 .00214 .00388 .00162 
14 .01618 .00263 .00516 .00216 
16 .01341 .00358 .00889 .00371 



Table II 

Interaction Polarization 
propagator 

c / c C / V P ^max 
(fm-1) 

Ph T T N

+ T T » .3055 1.07 .25 

Pn TT" .321 1.124 .37 

Ph Tf+TT* .308 1.06 .36 

"«ta TTM .331 1.158 .70 

S 



Table III 

S„(q) Sph ( < j ) w«> O* * • ( « 

with A withoutA with A withoutA sâthA without A with A without/ 
0110 .0012 .0015 .0023 .0048 .0036 .D063 65.0 75.5 
0221 .0025 .0031 .0047 .0096 .0072 .0127 64.9 75.3 
0331 .0039 .0048 .0069 .0144 .0109 .0192 63.7 75.0 
0441 .0055 .0066 .0090 .0193 .0145 .0259 62.2 74.6 
0551 .0072 .0085 .0109 .0243 .0182 .0327 60.2 74.1 
0661 .0093 .0106 .0125 .0293 .0219 .0399 57.3 73.4 
0771 .0119 .0130 .0135 .0344 .0255 .0474 53.2 72.5 
0881 .0152 .0157 .0136 .0395 ^0287 .055u 47.2 71.5 

,0110 .0012 .0015 .0027 .0066 .0040 .0081 68.4 80.9 
0221 .0025 .0031 .0054 .0131 .0079 .0162 68.1 80.8 
0331 .0039 .0047 .0079 .0196 .0118 .0243 67-1 80.5 
0441 ;0053 .0064 .0102 .0259 .0155 .0323 65.8 80.2 
0551 .006 y 0081 .0123 .0322 .0192 .0402 64.1 79.9 
,0661 .0087 .0099 .0140 .0382 .0227 .0481 61.7 79.4 
.0771 .0107 .0119 .0153 .0440 .0260 .0559 58.7 78.7 
.0881 .0131 .0140 .0158 .0496 .0289 .0636 54.7 78.0 



1000 

500 

•500 

Vph(q,0) 
CMeV'fm3) 

V?P fnf 

Rq.i 



Fiq.2 

20 280 380 MeV 



260 280 300 320 340 360 MeV 



M«V-

.015 

.005 

20 40 60 80 100 260 280 300 320 340 360 MeV 



Mr 

400 . 

5 6 F « 
q = 210 MeV/c 

R J - f f 

200 

100 MeV 

5£sT(q,fi» 
5 6 F f t 

q = 250 MeV/c 
F^.6 

4 0 0 . 

200 



5 6 F e 

q = 2 9 0 MeV/c 

400 

. / x * V x 

x ^^-—-\ x 

Fi,,? 

200 

• / / \ 

X 
X 

1ia> 
1 » 

50 100 150 MtV 

4 0 0 . 

100 150 MeV 



M T 
4^S T Cq.«) 

5 6 F e 
q=370 MeV/c 

500 

300 S x -X _ ^ \ X * x 

X „ X 

100 

x x x 

r . , \ , \ I _ 

50 100 150 200 MeV 

Rq.3 



soo 

300 _ 

100 

X^S T(q.û>) 
« F . 

4 1 > q=410 MeV/c 

y x * \ \ * « y x * \ \ * « 
X 

* X 
* X 

- / <<r \ \ 
/ x ^ \ 

A^x x 

L. . . . 1 1 1 
\ ftm 

\ \ 1 

50 100 150 200 MeV 

Ru. 40 



M T , N 
5 6 F e 

4JT " T " ' q = 330 MeV/c 

400 

: / ~ 7 > - \ x - x 
200 A* ^ X 

X 

/ x ^^^ X 

A/ 

A X 

50 100 150 MeV 

Fic,.« 



i 

Fin. \2 
T 1 2 c 

0 3 
q = 4 0 0 MeV/ c 

02 

- A / ^ \ \ **»*m* - A / ^ \ \ **»*m* 01 - A / ^ \ \ **»*m* 
/ /r \ \ 

/̂ 4 \ \ 

L 1 l 1—i J 1 »-
50 100 150 200 MeV 



1.5 L 

1.0 

0.5 L 



i.o J 

0.5 

o.s ! 

F l q . l î b 


