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RESUME 

Woui pt&enton& une appiccfie éemi-cfcn^ûjue que va au-detà. de CapptoiumatfoR de 
Tfeomaft-Feirm pout te ca/cuf, deft te'po«iCô nue fcette 6. Nette jotmaftsme ebt appliqué aux 
t<fpo H les de &ptn-<&o&p(n. Uiique ceKeft-c< iont sondées pat de& hadioni, noué montions Que 
/Cft collection* fcutjaciqtieft en n B condwsent à u«e î*èi nette tfcininutfon du tappoxt 
tongîtudinatftvuitvene* 

ABSTRACT 

We pieient a tenu'-cta&fcfcaf caicubtfon cj tht nucteaï «spouse iunctioM beyond the 
Thcmab-Pemi apptokemation. We apply cut jotmafi&tn to tfce &ptn-ûosp»i teaponaeft and 
ihcw that the &ut{ace peaked -ft* COÏ section e> co«&itfĉ i6&f decseaie tfie wtfo tongitudi-
nat/tuMMttt&e a& obtaôted ffieougn fiarfiomc ptobe&. 

The quasi-clastic nuclear responses at intermediate momentum transfer Cq -
2-3 m j are mainly sensitive to average volume properties. Consequently wo expect that a 
phase space approach, as Thomas-Fermf (TF) theory, wi l l provide a correct description of 
the excitation mcrhnnism in the continuum. This feature has been exp l ic i t l y proven in the 
case of the single particle response for which the TF result compares extremely well to its 
quantum mechanical analog ( I j . Moreover» a realistic TF-RPA calculation (.2, 3] gives a 
satisfactory description of both longitudinal and transverse structure functions measured in 
(e„e") scattering experiments l^tj. 

When applied to the problematic of spin>isospin responses, the TF theory [3], or» the 
nuclear m .ter approach [5], predicts marked collective effects involving the whole nuclear 
interior. Hie transverse response R T should be quenched even at momcnia of order 2 Frn" 1 

since the short range repulsion (usually character.*cd by a Landau-Migdol pommeler q1) still 
dominates Dvcr the attractive rho exchange. The experimental response (M. known from 
(c,c') data is compatible with this collective behaviour. On the ottier hand, the longitudinal 
response R. , sensitive to the long-range pion exchange potential, should exhibit collective 
effects of opposite nature as a reflect of the nuclear piontc field enhancement ['>], Thus_ a 
net contrast between R. and R- is expected at momentum transfer around ? Fm ' . 

These theoretical ideas have strongly motivated a (p,p* ) experiment which has been 
performed in Los alamos |6). The resulting data were first rather deceiving as they showed 
no contrast and seemed in contradict the existence of the contrast. We will show that those 
data dD not actually rule nut the expected collective nature of the spin-isuspin responses. 
The reason lies in the fact that protons essentially probe the nuclear surface where specific 
effects depending on the gradient of the density show up. Those effects, which cannot be 
simulated by simply towering the density in the TF scheme, wil l be incorporated through o 
Wigner-Kirkwood expansion of the response up to order f ) 3 . The surface peakedTi7 correction 
terms acquire an important weight when the nucleus is probed by h3drons and then strongly 
mask the collective reshaping of the T.F (i.e •ft0) response. 
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OUTILINE OF THE SEMI-CLASSICAL METHOD 

F<qme 1 - The totalization piopagatot 

The response of the nucleus to any 
external excitation can be obtained .from 
the polar izat ion propagator T*-p{q ,q* ; to) 
depicted schematically on f ig. i . Here the 
end point operators A(q) and B(q) wil l be 
either t£e longitudinal spin-isospin operator 
L(q ) - 0.3 T or a component of the trans
verse soin-isospin operator ^ u t q ) -
(a x a,) T . These polarization propagators 
are considered as one body operators, 
written in momentum space» and are 
expressible in terms oMgeir Wigner-trans-
forms (WT) I ' A O L , (R,K Ï W) according 
to : 

iUit 
V * * * - J J » > - J W e W , <*>*'•> CD 

The semi-classical method consists in an expansion in power of "fi at the WT [ " A D U ' l n 

practice we wil l l imit ourselves to order "fi"3. The response to an external weakly interacting 
probe, transferring to the nucleus a momentum-energy q,w and in tend ing with the nucleus 
through the one-body operator A(q ) is then obtained as 

Mi>) i Tm 
W [j*R K ]wc?.rfj w)J (2) 

THE PARTICLE-HOLE (OR MEAN FIELD) RE5PON5E FUNCTION 

We consider a spherical nucleus with N = Z where the nucléons move in a central 
local single particle potential V(R). The pure particle-hole response is independent of the 
spin-isospin structure of the excitation operators and writes very generally : 

(3) 

where H est the single particle Hnmilloniun and E_ is the Fermi energy. We expand the 
r.h.s. of £q. (3) up to order Ti*. The familiar Thomas-Fermi result [ l ] is recovered as the 
first term (i.e. •f i 0 term) of the expansion. In the momentum range of interest, the 
surface-peaked H 1 contribution gives only n few per cent correction. Wo show on f ig. 2 the 
result of the calculation for l*°Ca (Wnods-Saxon potential with parameters taken from Myers 
17] ) at momentum q : J50 MeV/c. By comparison of the dotted curve (TF response) with 
the dashed curve ( f i u + IS* responses) it is seen that theft* contributions is positive at low 
energy (a) < 100 MoV) and becomes negative at high energy. The smallness of the TT 
correction implicituly confirms the accuracy of TF theory, when we are dealing with 
overage volume properties. 

THE RPA SPIN-1SQ5PIN RESPONSES 

^ QThe response R. (R_) to a longitudinal (transverse) spin-isospin excitation O.Ô, t a 

(o x q T ) is calculated in the RPA ring approximation. The residual p.h interaction V. (V,) 
consists of pion (rho) exchange potential plus the short range g' interaction. The effect of 



antisymctrization is assumed to be incorporated in the Landau-Migdal parameters g \ This 
procedure has been justified by Slroth et a l . at the TF level [2], i.e. antisymetrization 
yields a simple redefinition of q \ The RPA polarization propagation u is obtained as a 
solution of coupled integral equations which write in a schematic way : 

*u. - K. * K V û. * l ïï^ïïy. 

Taking the Wigner-transform of Eq. Û, we get an equivalent set of equations which are 
solved order by order up to It*. For doing thai , we need the WT of the mean field 
quantities. For instance [TP 1 has the form (omitting a tensorial piece irrelevant for 
spherical nuclei) : 

OClw c *»* ; ">> * *• &*& + ** {. < » < ? • * 'w> ( 5, 
+ ( 1 / 3 ^ ) 7* «„(?,*>•)} k O(t ' ) 

Apart from Ihn inclusion of û-hole contribution which is specific to the soin-isospin 
channel, the first two terms (i.e. O Q and -ft*a.z) of Eq. *> are independent of the particular 
form of the end point op'irnlors.^Inteqrating their imaginary parts would give the response 
(3) calculated to order Ti*. a (q » R; w) is formally identical to the polarization propagator of 
uncorrected nuclear matter once one has introduced a local Fermi momentum U-(R) = 
Ï2 Mte^-VCRi IV* . The lengthy expression of a (q ,R ; u) wi l l be given in a forthcoming 
paper. Note that the Inst term of Eq. (M does not contribute to the p-h response. However 
it will become impoitant in the renormalizaticn procedure (see Eg. (10) below). From Eg. (4) 
we also see that there 13 a longitudinal transverse coupling term whose W-T writes : 

KX <*•*& -• - Cïïi X <*•*& - ftfx ^*< ( ? ' i ? ; u : ) ) + 0<f 
ffO 

One sees that the L-T mixing effect occurs only to order -Ti and thus disappears in the T-F 
appro*imat ion. After some algebra we f ind for the RPA longitudinal response : 

R L i , » s . i i » H . P R {«CLir,s» +11 L ^'ciX-tt)}] (7, 

*o. . ( î , f? ;u>) = °<o ( ï ,S ; t c ) / [ i - V t Cî*;<0 « . (?.??; <o>3 
(il) 

which yields renurmali.'.'i'inn antl cnhancemrnl of the response. We have divided in Tq. (7) 
the TiJ correclifin term in four distinct pieces. The firs! one may be understood as the 
rcnormah/alinn of 1 he fr7 pmt of the mean-field response. !l writes : 

3^° -- «i II i - v ^ . y 
i cantnhutes to the enhancement of the 
t important )*fi' term is the second one : 

(9) 

and also rnntrihutes tu the enhancement of the response. However the most interesting (nnd 
the most impnrt.ini ) iV term is the soeond one : 

(10) 
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which contains the LT mixing term. It tends to attenuate the collective reshaping of the 
response- The last two- f i 1 terms have the same effect but are less important for our cases 
of interest. _Jheir gxpresaions are quite complicated and involve, gradients of a with 
respects to q and R as well as gradient of V, with respect to q . As for the transverse 
response, R, is simply obtained by exchanging The role of L and T in Eqs. (7), (8) and (9). 
The effect of the h a terms is reversed i.e the quenching is reduced-

s 

100 
CO (MeV) 

Route ? Longitudinal spin-i&oipin 
jot "°Ca at q - 3 50 Kifioniu . 

MeWc. Tin dotted line Imeaii-jtcM 
tttponit] and the. dot-daihed line 
IRPA le&poniel coite»pond to a 
Thomat, - Fettm calculation. The 
daihed Uni [mcan-iicld tespoiisel 
and the. juM tine (RPA «spoiiscl 
ate obtained a<tet «ictust'ci! oj the 
•fi* collection),. 

RESULTS AND DISCUSSION 

For mathematical convenience the calculations have been carried out at finite 
temperature ond the zero temperature case Is obtained Q3 a l imit . In practice T = 1 MeV is 
sufficient. On fig. 2, we Dhow the results for the longitudinal response of *°Co ol q = 550 
MeV/c. The Landau-Migdal parameter is taken to bo g 1 = 0.7. At the TF level, we have a 
net collectivity as can bo seen by comparison of mean field result (dotted line) with the 
RPA response (dot dashed line). When the U 1 corrections are included, the mean field 
response (dashed line) althouqh slightly larger, remains very close to its TF analog but the 
RPA response (full line) is reduced, with respect to the TF-RPA one, by about ten per cent 
at low energy. Thus, once'l i 3 corrections aie added, the collectivity is a l i t t le reduced but 
still very net. 

Unfortunately, the volume longitudinal response is not known experimentally. The 
only available information comes from the (p ,p ' ) l.os Alamos experiment [6 l which 
essentially measures surface responses. Thus, the surfoce-pcoked -n' term will obviously 
acquire a much more important relative weight yielding a considerable reduction of the 
collective effects. In addition the isoscnlar spin responses also enter. In this experiment 
Carey ond collaborators measured in foct the ratio. 

X = U / 2-.0 ( i-6 R..0J6) + RuCO) / ( RT(.o-î) ¥ RTt<0) 
m i 

ot a momentum q = J50 MeV/c. The tilde mean that we ore dealing with surface responses 
and the distoislon effect is token into account through u positiun dependent weight factor 
C(R) multiplying the integrand in Fq. (7). C(R)is derived in ref. [3], In Fq. (11), we have 

f proximated the isoscolar respunses R T(O,T) b) the mean field one. The calculated ratio 
for Cn is displayed on Fig. 3. We see that the TF theory (dashed line) fails and Ihe-K 1 

corrections considerably improve the agreement with data. The results for lend (not shown 
here) are very similar to those for Ca reflecting the fact that the surface properties do not 
depend very much on the moss number. Similar conclusions have been reached by Alhcricn 
et al. [8] within a (simplified) quantum mechanical RPA framework in a harmonic oscillatot 
basis. Our method has the merit of f lexibi l i ty, once the formalism is established, it is very 
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easy with small computer time to perform calculation Tor different conditions, such as other 
incident energies or other probes 'He-T. Although our results st i l l remain above the data, 
they are quite conclusive and mainly show that the absence of contrast is mainly due to the 
peripheral nature of the probe. We should also mention that improvements in the theoretical 
description (such as inclusion of 2p-2h contribution, rennrmalization of the isoscalar 
responses I9D is likely to further reduce the calculated ratio X. From the above discussion, 
one can conclude that the access to the lopgitudinal volume response require further 
experiments. Charged pion clectroduction (e,e*TT ) [ID] could provide additional information 
in that direction but such an experiment is feasible only with the next generation of high 
duty cycle machines. 

£<gu«_3_ - Tlie :atio X &oi *°Ca ai 
a junction of, the Uanb&ctKZd eneigry 
m at q " 3 50 MeV/c. The dallied 
cutves tejet to a TF-RPA calcula
tion and the. fatl cuti/ej cone6pond 
to the RPA itiult including •fl' 
cottcctioni.Tftc experimental data 
aie from vt&. [61 
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