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STUDIES OF NUCLEAR STRUCTURE VIA POLARIZATION

TRANSFER EXPERIMENTS

J. M. Moss

Los Alamos National Laboratory
Los Alamos, New Mexico

1. INTRODUCTION

The mosi important development in nucleon—-nucleus physics in recent
years 18 the advent of polarization transfer experiments. By measuring much
more than the standard croes section and analyzing power in (p,p”) and (p,n)
reactions, one 1is finally able to exploit the spin complexity of the NN in-
teraction to investigate. s wide range of physics problems.

The impact of polarization transfer has been most dramatic in the
medium-energy range (E_ > 100 MeV) where the longer range of protoans make
feasible the constructfon of very ufficient polarimcters. Focal plane polar-
inctefs have beeE in common use for (p,p”) studies for several ysars at
LAMPF® and IUCF. At TUCF recently developed neutron go&arin.t-rl have made
notable contributions to the study of (p,n) reactions.”?

In this talk I will concentrate on inelastic scattering and charge ex-
change reactions at medium energies. Section 2 discusses expsriments dealing
with discreet nuclear states. As background I will brisfly introduce rele-
vant theoretical cornsiderations. In this section I will also give some per-
sonal views on where such studies sevm to be heuaded, with particular emphasis
on future tests of mode's based on the Dirac equation, The origin of spin-
current couplings "appeurs" very different in present Dirac verjus Schros-
dinger based models and is thus a prime target for spin-obsecrvable experi-
ments. Further, only in 1nslautic uxperiments is one able to euxamine the

complete range of couplings present in the Dirac representatlilon of the NN
amplitude.

In Sec. 3 1 will discuss in detail & recent LAMPF expurimuat in which
polarization observahles wure employed to make a very prucise swarch for col-
lective effects in the nuclear pion field. This experiment has an interest-
ing connection to the famous EMC (European Muon Collaboration) effect since
plonic collectivity has buen proposud as ar explanation of this ultras high-
enurgy scattering experiment.

*These are scalar, vector, tensor, pseudoscalar, and axial vuctor.



2. POLARIZATION TRANSFER TO DISCREET STATES

Theoretical Background

In the most general distorted-waves formulation the expressions for the
various polarization transfer obscrvables are very complex. Fortunately in
recent years a great deal of attention has been focused on deriving approxi-
mate expressions whgre the physics content of the spin observables is much
more tranaparent.s' This has been done in the context of both the Schroe-
dinger and Dirac equations. A notable by-product of these analyses has been
a much more obvious connection between the effective one-body operators of
nucleon scattering and those appearing in eclectromagnetic and semi-leptonic
weak interaction transitions,

In this talk I will use the simplest of the approximate forms. In this
model the transition amplitude for N-nucleus scattering is

My, = <Ju|H(q)e'1a'F|0> (1)

where M(q) 18 the NN scattering amplitude, and v 18 the projection of the to-
tal angular momentum transfer J along the q axis. Specifically

H(Q) = A+ Bdlnozn + C(Uln + ozn) + Eolqozq + Folpozp

with A w K x K-, § = K- - K, and $ = § » §; % (K°) is the incident (outgoing)
nucleon momentum. Equation | is the plane-wave Born approximation if one
calculates cross sections. For spin obsurvables, howe'er, it implies only
local plane waves since an sssumed nuclear attenuation factor (spin-independ-
ent) would factor out; thus Eq. 1 is more accuratuly described as the eikonal
form. Using standard methcds to evaluateu the spin obsurvablas one finds for
the cross section and the diagenal spin obsurvables for

(a) unnatural parity states

0Dpp = L4(CZ + B2 + F2) - Ifr2 | (2a)

0,Dgq = L#(C? - BZ - F) + IfEZ (2b)

o0,Dpp = Lf(CZ - B2 + F2) - IfE? (2¢)

0, = If(62 + BZ + F2) + IfR2 | (2d)
and for

(b) natural parity staten

0gDnn = 7ZR(C2 + B2 = F2) + p2(AZ + C2) (3a)



6oDqq = 3ER(C2 - B2 - F2) + p2(a% - €2) , (3b)

-l 2 _ p2 2 2022 - (2
9%Ppp ix%(c B2 + F2) + p(A cs) , (3c)

g - %z%(cz + B2 + F2) + p2(A2 + C2) , (3d)

In the approximations we have used there are no spin-current couplings
of the two nucleons, with the result that there are only three nuclear matrix
elements. They are

spin transverse, I, = (ulalae'ia'¥|0> . (4a)

spin longitudinal, I; = <u|3'3e’1a'?|0> . (4b)
>

and scalar, p = <u|e'1q'?|0> . (4c)

In spite of the simple assumptions made thess squations provide a rea-
sonably quantitative view of much of the existing polarization transfer data;
they also reproduce many of the major features of much mors complex DWBA cal-
culations. We give two examples as illustrations.

Applications of the Simple Model

First it is clear from Eqs. 2 and 2 that the transverse spin-flip pro-

bability, S, = (1 - D,,)/2, isolates spin-dependent matrix elements unique-
ly. This is made clesr«r by rewriting Eq. 3a as

= [2p2
San ITF /20o .

Thus a "spin-flip" spectrum S .3, suppresses collectiv: spin-independent
transitions. This is very clearry observed in the speuctrum of Fig. l. The
use of S, as a spin-flip filter has bean employed in studius of tTa continu-
um surrounding the Ml reusonance region excited in SP.P') reactions’” and in
(p,n) studies of the giant Gamow-Teiler resonance.

As a sucond examnle of the utility of Eqs. 2 and 3 we uxamine the exci-
tation of the 1*T=] state in 12C by 500 MwV protons. At the small momwntum
transfur shown in Fig. 2 the spin transverse and spin longitudinal form fac-
tors are proportional since £ = 0 in dominant., 1In this case ons then has

c2 + 32 + F? - g2
c? + 82 + F2 + g2

D
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Fig. 1. Cross section and spin-flip cross section spectrum from Ref. 9.
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Fig. 2. Polarlzation transfer ohsurvables for !2c(p,p”)i2c(1*,T=1) (=um
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Similar expressions hold for the other observables but are more complex due
to the center-of-mass to laboratory transformation. It ie clear that the
nuclear structure divides out and on: is left with an expression which can be
used to test the impulse approximation interaction. The simplest form of
this interaction is obviously adequate to describe these data. Further exam-
ples of polarization transfer calculations aYBIIed to experiment are given in
recent review talke by Carey 1 and Taddeuccil? at the Osaka Polarization Con-
ference.

Future Directions

One of the most important developments in Nuclear Physics in recent
years is the successful applicat}gn of models based on the Dirac equation to
a variety of N-nucleus problems. As you are undoubtedly awvare much of the
impetus for the Dirac approach arose from the spectacular failure of standard
Schroedinger—based theory to account for polarization cransfer data in elas-
tic scattering. It has been often pointed out that the feature which makes
the Dirac approach so different in its description of N-nucleus processes is
the presence of a strong attractive scalar (S) and a strong repulsive vector
(V) potential. The quantity S = V which "makes relativity important” is thus
large.

Tests of Dirac Equat’-n Modeles

Elastic polarization experiments, wvhich gave rise to the current inter-
est in the use of the Dirac equation, have a limited potential for future
tests of theory. Of the five terms wvhich appear in the NN scattering ampli-
tude for NN scattering, only S and V significantly affect the elastic channel
(there 18 olso a small tuneor term which is often ignored). If one wants to
look at the axial vector (A), pscudoscalar (P), and sensitivity at the tensor
(T) terms, inclastic or charge-exchange sxpuriments are required -- not just
any inelastic experiments, of course, but those which involve spin excita-
tions, These are often states with small cross suctions. Further to be a
real test of any theory, as we have loarned from the case of ulastic scatter-
ing, precise data are nucessary. Qualitative improvements in polarized-ion
source intensity and polarimeter efficiencies are probably necessary to ac-
complish this.

Spin Current Coupling: An Example

Much sttention has beecn duvoted recently to the effective one-body oper-
ators which enter the description of y-suTiQTg scattering from both the Direc
and Schroedinger equation approaches.’ *™»*™ Terms beyond those of Eqs. 4
which involve current and spin-current coupling are clearly allowed in buth
approaches. The origins of such terms, however, may be quite different in
the two types of models. The "may be" qualifier is appropriate here becsuse
progress is still being made in understanding the differunces snd similari-
ties of the twn approaches. With the assumption that real differences will
rema‘n when all is understood, I will speculate that experiments such as P-A
nmay provide the critical evidence necessary to choose the "right" model.

The pularization and analyzing powsr are identical for inelastic transi-
tiono in the model outlined earlier where only static NN interactions ure
considurud (distortion effects coupled with non-zero Q values give rise to
snall differunces betwesn P and A). Spin current couplings, however, provide
driving terms which lead diruci*yfto inoqunligt!0 batweun P and A. The action
of operators of the type 3+3e~ and 3e~19°T 4ry geen in such measure-
ments. Figure 3 shows P-A data at 150 MuV for the 1*T=0 state of 12C com-
pared with several calculations duscribud in detail in Ref. 15,



Fig. 3. Polarization minus analyzing power data. The solid and dot-
dashed curves are Dirac modcl calculaticns. The dashed curve
uses 8 Schroedinger equation-based model. The curves are
described in detail in Ref. 15.

It is much too early to say which (if any) calculation is favored by the
data. It does seenm clecar, however, that more and much better data are re-
quired for observables which are particularly sensitive to spin-current cou-
plings. In the confrontation of such hypothetical data with calculation it
is unlikely that both the Dirac— and Schroedinger-based approaches will
survive.

3. THE EMC EFFECT AND POLARIZATION TRANSFER

In this section I will give a brief introduction to the EMC effect16 and
its interpretation in terms of excess nucleal pions.l =20 This model estab-
lishes & connection between the vastly different scales of the EMC experiment
(~200 Ge¢V devp~inei.astic muon scattering) and the Los Alamos experiment (500
MeV polarized-proton quasifree scattering). Following this I will describe
the Los Alamos expariment and ite inteurpretation in terms of excess nuclear
pions. Finally I will indulge in some spuculation about quark cffects in nu-
clei based on the EMC and Los Alamos experimuntal results.

Figure 4 shows the EMC results in terms of the ratio of the F, structure
functions of iron and deutsrium (assumed to represent a free neutron and pro-
ton targut) as a function of the scaling variable, x.2l If nucleons in a nu-
clear target buhaved as an assembly of A free nucleons, this ratio would be
unity over the entire range of X (neglecting small Fermi motion effects). It
is obviously not; thus the EMC result is telling us, viewed even at these ul-
tra high enurgius, that nuclei have some very inceresting structure.

Attumpts to understand this structure have inspired mors than 20 thuoretical
papers in the past twu years. These theoretical effurts may be classified
roughly in two different catugories: those which invoke some new quark-level
physics in nuclei, and thnse vhich attribute the EMC effect to excess nuclear
pions=-a "conventional" many-body enhancemunt «mploying meson, nucleon, and
isobar degrees-of-fruedom, and hence not requiring new quark effuects in
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Fig. 4. Deep-inelastic lepton scattering from the EMC group and older
SLAC data.

nuclei. Models of the first type typically contain parameters which allow
one to obtain the EMC effect through quark-level mechanisms--the magnitude of
this mechanism usually remains to be explained. The enhanced pion field cal-
culation, on the other hand, can be done with no free parameters.

Figur« 5 summarizes the idecas underlying the pionic enhancement model.
Briefly, deep-inelastic lepton scattering (DILS) at very high energies is de-
scribed in turms of the slectromagnetic interaction between leptons and
qunrkl.z These may be valence quarks, those determining the charge, baryon
number, etc., of the nucleon, or sea quarks, arising from symmutric q exci-
tations. As an example of swa-quark scettering (Fig. 5b), a photon can
interact with the q or @ of a virtual pion, This cen happen in free~nucleon
DILS mince the experiment is inclusive with no observation of the final nu-
clear state. In nuclear matter, the NN vertex has the possibility of being
enhanced by the process shown in Fig. 5c. Such an enhancement, resulting
from an attractive NN interaction in the pionic or isovector spin-longitudi-
nal channel, would yield excess pions from which high-enurgy lsptons could
acattur. Viewing the nucleus as an assembly of nucleons and pions, a pion
uxcess leads naturally to enhanced scattering in the region x = o /my (the
kinematic point vhere elastic muon-pion lcatttilng would take place). In the
original pion~excuss model of Llewsllyn—-Smith'’ it is shown that the EMC
effuct wxtrapolated to x = 0 is roughly they fractional pion excess in iron

r%ron(!.o)
F?(x-u)

giron 1 .

Thus the original EMC data imply firom a g 15,
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Fig. 5. Diagrams for deep-inelastic lepton scatt.ring (a and b). Possi-
ble enhancement of the 7NN vertex is shown in c.

The Pion Excess Modei and 500 MeV Proton Scattering

The relation between the EMC experiment and the Los Alamos experiment is
shown schematically in Fig. 6. In both reactions one seceks evidence of a
meny~body enhancement at 7NN vertex. The experiments are cbviously unrelated
except through a common interpretation in terms of the enhanccd pion field
model. In the former case the model provides excess qq pairs from which
high-energy lepton can scatter; in the latter, it provides pions which can be
more readily exchanged between an incoming nucleon and the nucleons of the
nucleus. To make clear the role of the isovector spin-longitudinal response
function in the description of both experiments we summarize the appropriate
equations below (#8s given by Ericson and Thomas, Ref. 18, for the EMC
effect). For DILS one calculates the plonic contribution to the F, structure
function of iron by folding the pion intensity function h(y) with the pion
structure function, F;. viz.,

1
8Fp00) = [h(y) F3(Z)dy (5)

with
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382 - q-myy qZ'F(qz)IZRL(Qs”)

h(y) = [. 42 [ dq%dw (6)
16n2 Bf fé; é (q2 - w? + n2)?

where g 18 the coupling constant and F(q2) the form factor at the ¥NN vertex.

In the description of the isovector spin-longitudinal (pion-exchange)
scattering of nucleons by nuclel one has

OEA - OEN Ne R (q,w) (7)

where ag: and UEN are respectively the spin-longitudinul cross sections for

NA and ecattering, N_ 1s an effective number of nucleons, and RL(q.w), the
isovector spin-longitudtnal response function which also appears in Eq. 6.

More detail about Eq. 7 and the experimental determination of o; is given
below. '

Inclusive Quasifree Scattering and R, (q,w)

There are two features which get our experiment apart from others which
have used the nucleon ac a probe of pionic effects.



First, as in the EMC experiment, our point of reference is deuterium.
We compare the spin-dependent response functions for a heavy target (Pb in
our case) and 2H using identical experimental techniques. If the predicted
many-body effects are present in Pb even at a very small level, they should
be detectable in a precise ratio experiment.

Second, we use the technique of complete polarization transfer23 to .
separate the spin-longitudinal (&+3) and spin-transverse (&xq) response in
the continuum as a function of w (across the entire quasielastic peak, w = 20
to 100 MeV). The responses are measured at a momentum transfer q = 1.75 fm
which corresponds co the maximum predicted enhancement of RL(q,m) in most
mocels.

The experiment consists of precise determinations of the polarization
transfer coefficients L® s® and D§N for 500 MeV protons inelastically
scattered from Pb and 2 at q S. 1.75 « The experiment utilized longitu-
dinal (L), sideways {S), and normal (N) polarized beams from LAMPF in con-
junction with final polarization analysis from the focal-plane polarimeter of
the high-resolution gpectrometer. The quantities constructed from the above
daty are the longitudinal and transverse spin-flip probabilities'defined by

1
S, = (1 - Dyy + (Dgg = Dypleeclyy)

Sp = g (1 = Dyy - (Dgg - Dypdsectyyy)

The free NN scattering amplitude 18 written as in Sec. 1 as

M(q) = A + Boln°2n + C(qln + °2n) + Eolq°2q + Folp°2p ’

where the 078 are projections of the Pauli spinors along nekx k-,

q = %- -k, and p - q x f; K(K") 1s the incident (outgoing) nucleon momentum
direction. The spin-longitudinal and transverse cross sections can be formed
by

NN = [NNGNN _ p2
ofN = [NNgIN o g2 |
ofV = (NN o g2 | (8)

with

INN = A2 4 B2 4+ 2¢2 + E2 + F2 ,

Here INN {g the differential cross section. Obviously for NN scattering the



combinatiors for o), and op isolate pure spin-longitudinal and spin-transverse
couplings of the two-nucleon interaction.

For medium-energy nucleon-nucleus interactions we take the following
ansatz .

15, = 1"NsMWNR, (q,0)N,
15y = 1NNsMVR (g, w)N, (9)
I = INNR(q,w)N_

with the spin-longitudinal, transverse, and total response functions defined
as

R (q,0) = |<q,u|8§ 18" F|0>|2

>
Rp(q,0) = |<q,w|3xq ctittg2

c2 + B2 + F2 E2 AZ + c?
R(q,w) = 4+ —— Ry ¥+ Z——_ 2 R
» L 0 »
INN INN INN
where

+.
Ro = I<q,0| & 18"F|0>|2

N, 1s the effigtive number of participating nucleons as defined by Bertsch
and Scholten. The approximations implied in Eqs. 8 and 9 are well
satisfied for forward-angle scattering of 500 MeV protons.za'

With the assumption that scattering from ueuterium represents free pp
plus pn scatftering, we have sD SNN. and from Eqs. 8 and 9 one finds

SPP/sD = Ry(a,w)/R(q,0) (10)

sEP/sP = Rp(q,w)/R(q,0) (1)

and



L /°L
F57D = R (q,w)/Ry(q,w) . _ (12)
T /5T

Thus the simple ratios (Eqs. 10 and 11) depend only on ratios of response
functions for Pb. The super ratio of Eq. 12 can be used to contrast the two
spindependent response functions of Pb.

The experimental spin-flip probabilities for Pb and 2H are shown in
Fig. 7. It is clear that there is no evidence of many-body enhancement in
the spin-longitudianal channel (Fig. 7a) since there is no significant differ-
ence between Pb and 4. Likewise in the transverse channel we see no evi-
dence of collective behavior. This is consistent with what 1s known of the
transverse response function in th%a range of momentum transfer ae derived
from inclusive (e,e”) experiments.

The question that remains to be settled is, what is the sensitivity of
the present experiment to excess pions or equivdlently to collectivity in the
isovector spin-lcongitudinal response.
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Pig. 7. Longitudinal and transverse spin-flip prubabilities for Pb and 2H
at q = 1.75 fml.



Spin-Isospin Response Functions

Calculation of the spin-isospin reoponses in this gof} follows the:
methods used by Alberico, Ericson, and Molinari (AEM).2 ’ Even though our
primary interest ls in the spin-longitudinal response we consider the trans-
verse as well since, as suggested by AEM, much of the theoretical uncertainty
assoclated with the use of infinite nuclear matter should disappear if one
analyzes the ratio Ry/Rn. The response functions are calculated in infinite
nuclear matter using the random—phaz« approximation (RPA). The NN interac-
tion in the longitudinal channel is taken to be a mixture of one-pion-
exchange plus a repulsive short-range repulsion represented by the usual
Fermi liquid parameter 36. The transvers: force is a combination of rho-
meson exchange and gj. With a "reasonatble"” value of gj = 0.7, the hehavior
of the NN interactions and the assocliated response functiors in the range
q = 1.78 fo~! arc shown in Fig. 8. The (proposed) attractive behavior of VEh
at q ~ 2 fm~! results in an enhancement and a softeninﬁ (shift to lowur ener-
gi28) of R;. In contrast the repulsive behavior of V? leads to a quenching
and hardenkng of with respect to the free Fermi-Gas response., An alterna-
tive interaction favored by the Jiilich/Stony Brook/Saclay school- ' would not
produce an enhancement in R; and consequently no excees pions for the EMC
effect.
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Fig. 8. (a) Longitudinal and transverae particle-hvle interactions {n the
model d:scribed in the text. (b) Response functions at
q= 1.75 tm~! from the interactions shown above. (c) Rativ of
longitudinal tu transversu responsu functions.



Calculation of R, ,Ry for 500 MeV Protons

To compare the results of the infinite nuclear matter calculations of
the resgznse functions to experiment one uses the local-density approxi-
mation. This 18 accomplished in a somewhat different fashion for pro-
tons than for weakly interacting leptons which see the entire nuclear volume.
The method we employ is to generate a sensitivity profile--an interaction
probability versus radius for 100-MeV protoms interacting with Pb and pro-
ducing outgoing protons at the appropriate ecatSering angle. This is accom-
plished via an intranuclear cascade calculation®! the results of which are
shown in Fig. 9. For comparison we also show the sensitivity profile,
r2p(r), for a weakly interacting probe. The profile for protons is then
folded together with RPA calculations performed at the appropriate nuclear
density. The resulting response functions are similar to those obtained by a
fzoton sampling the nucleus at an average density p = 0.45p,. Further de-
tails of the averaging procedure, including the method of handling Sge nNeu-
tron excess for Pb, will be described in a forthcoming publication.

The mixed isospin nature of the (p,p”) reaction must also be accounted
for iB comparing to theoretical models of the pure spin-isospin respon-
868, This is accomplished by analyzing the 500-MeV NN phase-shift solu-
tions”” in terms of isospin components. The results at q = 1.75 fm ' are

ol /o) = 3.62 for longitudinal
o¥§1/a¥§o = 1,15 for transverse
Calculation of the isoscalar responses rely on the reasonably well-establish::

«d obsurvation that thz ruesidual spin~dependent force in the nucleus in this
channql is very weak. 3%  The correspcr.iing response functious, RE'O, R%'o,

P .Y}
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Fig. 9. Sunsitivity profile of 500 MeV protons interacting with 208pp and
pruducing protons at 18.5° in the lab systen (hiotogram with as-
sociated points). Also shown are r2p(r) and p(r) for 208pp,



are hence taken to be those of a free Fermi Gas. The quantities compared
with experiment are then:

1 4 gI=0
K + Rp )

1 -
L" m (3.62 RL

By = o (115 RE7L 4 R]70)

The results of these calculatione with the values of Fermi parameter
gy = 0.10 and 0.9 are shown in Fig. 10 (dashed and dot-dashed cur¥§s
Included in the data set are the five points published previously“” and a new
point at w = 19 MeV (this is not included in Fig. 10a where the data are
averaged over w)., Although the predicted enhancement in K /R is oY&y modent
with the original parameters (30 = 0.7) used by Ericson an Thomas.
still seces no evidence for it in our data. When g1 is raised to 0.9
virtually all collectivity in R; disappears reoult?ng in bettuT agreement
with our data but virtually no excess pions for this model of the EMC effect.

Objections have been raised3’ about the validity of the infinite nuclear
matter--local Fermi-Gas calculations in the range w < 40 MeV, precisely where
the deviation of theory from experiment is greatest. We beliuve these objec—
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Fig. 10. Comparison of theory and experiment for the ratio Ry /Ry (inte-
grated over ®w in (a)). The calculations aru for vnkuus of
Bo = 0.55 (solid), gg = 0.7 (dashed), and 8g = 0.9 (dotted).



tions are unfounded for the following reasons. First, there is conzinging
experimental evidence that even the simplest Fermi-Gas calculation?4,2
accounts reasonably well for continuum (p,p°) cross sections (roughly the
spin independent response, ) down to the region of otrogs !%ant resonances
(w < 20 MeV). A more sophisticated version of the model,<™» the semi-
infinite slab approximation, quantitatively reproduces the shape and cross
section of the continuum in this region. Second, because we analyze only
ratioa of response functions, even the remaining zhortcomings of the Fermi-
Gas model are unimportant. Eabensen and Bertlch3 have shown that tke local
Fermi-Gas treatment of R; /Ry accurately follows a more sophisticated calcula-
tion where binding energy e?facts are included--even in the range w ~ 20 MeV.

Further evidence against pions as the dominant source of the low-x EMC
°ff°f§ comes from more recent calgglations by Berger et al., Stump et
al., and by Ericson and Thonas. These calculations take more careful
account of the momentum balance in the pion excess model of deep-inelastic
lepton scattering. The result is that even the modest value of g7 = 0.7
gives insufficient enhancement at small x (x < 0.3) to reproduce the EMC
effect. Stump et al. favor a value in the range 80 = 0.55 in order to obtain
the magnitude of the low-x EMC effact. As i8 obvious from Fig. 10 (solid
curve) such an enhanceuent in R; is completely inconsistent with our data.

Summary and Conclusions

We find no evidence for collectivity in the isovector spin-longitudinal
ruesponse function from a comparison of 500-MeV proton scatterir:, from Pb and
2H (F1g. 7). On the basis of our best analysis of the 500-MeV protun scat-
tering data, excess nuclear plons are unlikely to be the dominant source of
the low-x EMC effect. To be semi-quantitative, our experiment is consistent
with no more than 0.05 excess pions as the source of the EMC e«ffect in iron.
Recalling that the inteccept (1 - F1'°“/F?)x. is roughly this fraction, one
must look elsewhere tc understand tﬁe low-x EMC enhancement. This, of
course, leaves_a variasty of quark-level nuclear structure uxplanatiorns of the
EMC experiment3 —-a 2ore exclting prompect 1f one is after real avidunce of
quark physics in nuclear structure.

To close, allow me to use a rather simple-minded fipgure (Fig. 11) to
illustrate the complementarity of our experiment and that of the EMC. It is
a complementarity that may need to be brought to bear for future expurimental
swarches for quark effects in nuclear structure. High-energy expuriments
certainly probe quarks (and gluons) in nuclei. But the traditional degrees
of freedom of nuclei, nucleons and musons, may also be relevant to the de-
scription of even these vury high-energy processus. Only by combining the
views of nuclei provided by vury short and relatively longer wavelength will
Wy bu able to choose the most appropriate dugrees of frewdom for describing
nuclear structure.



Fig.

l11. Schematic reprusentation of high—energy scattering probing the
distributions of quarks and antiquarks (top) and medium—energy
scattering probing the distributions of mesons and nucleons (bot-
tom).
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