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We calculate the quark distribution function féide/*H in a relativistic quark model of nuclear structure
which adequately reproduces the nucleon approximation, nuclear binding energies, and nuclear sizes for small
nuclei. The results show a clear distortion from the quark distribution function for individual nualEMG
effect) arising dominantly from a combination of recoil and quark tunneling effects. Antisymmetriz&tani
effects are found to be small due to limited spatial overlaps. We compare our predictions with a published
parametrization of the nuclear valence quark distributions and find significant agreement.
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I. INTRODUCTION naturally in the quark nuclear model used hgr@], and may
The validity of the nucleon approximation—the approxi- be compared with the work of othef1,13, who have con-
y pp PP 3idered the contributions to the EMC effect from quark Pauli

mation that atomic nuclei are accurately viewed as boun - : .
; : effects(the minimal, quantum mechanically required change
agglomerations of protons and neutrons—was recognized as

. ; : . in the structure of nucleons in the nuclear medium
essential to nuclear physics from its very beginnifhy The K .
; .. We have approached the problem from a different direc-
development of the meson-exchange picture of hadronic in- I o - .

. . . ) : e .., tion, building on a description of nuclei directly in terms of
teractions did not impact this question due to difficulties with L . .
field theory self-consistencige hysical interpretation of relativistic, four-component Dirac quark wave functions

y sefl- €8.9., physical interp [10]. The physics of that model provides an immediate,
off-shell quantitiey although the distortion in the nuclear

di £ th | X loud di qualitatively clear, justification of the nucleon approxima-
medium of the mesoror at least pioncloud surrounding a - jo The tendency for quark wave functions to reduce their
nucleon was also recogniz¢®|. The validity of the approxi-

) . kinetic energy by spreading out between nucleons in close
mation remained assumed after the advent of quantum chrosoyimity (delocalization is countered by a reduction, en-

modynamics(QCD) allowed dynamical examination of the gendered by this delocalization, in the amount of the attrac-
quark and gluon substructure of nucleons, despite the naturge interaction energy due to the color magnetic hyperfine
question as to why these strongly interacting, composite obinteraction between the correlated quarks in a nucld@n
jects do not distort each other’s internal structure beyondetailed quantitative calculation confirms this insight
recognition when brought into close proximit$,4], as in a  [10,14, and shows that the probability of finding a quark in
nucleus. a location other than what would be expected if its wave
It was therefore disturbing when the EMC Collaborationfunction were unaltered from that of an isolated nucleon is
first showed that the structure function of a nucleus containlimited to the level of a few percent.
ing A nucleons, as measured in deep inelastic lepton scatter- The results of the variational calculations in the model
ing is not a simple multipléA) of the corresponding struc- also reproduce qualitativelyfand systematically correct
ture function of a free nucleo®d], although it was clear that binding energies in thd=3 andA=4 systemd15], as well
recoil effects(as in a Fermi gas model, see RE8]) would  as overall matter distributions consistent with those experi-
produce nonzero response beyond the kinematic limit ofnentally inferred from low energy electron scattering and
Bjorkenx (xg;=1) for a nucleon with concomitant implica- other measuregl6]. To be explicit, we obtain a binding en-
tions for thexg;<1 region. The experimental result has be-ergy of (20+t4MeV and rms matternot chargg size of
come steadily clearer with timg7]. A number of heuristic 1.34 fm for“He [10] (cf. 1.42 fm in anab initio calculation
approachesgnucleon swelling, binding energy rescaling, and using a realistic nucleon-nucleon poten{ia¥]) and a bind-
meson convolution modelproduce reasonable agreementing energy of(4+2)MeV for 3He/*H [14] with a slightly
with some of the dat&8] without providing any deep, dy- smaller rms size. Although not comparable to shell model
namical understanding. Indeed, Mill§8] has recently re- accuracies, and still not as good as the results oathmitio
marked that the situation remains unresolved in terms of @&alculations using pairwise nucleon interaction potentials
satisfactory understanding of the phenomenon: Nothing shoftl8] noted above, these results are obtained with no free
of changing the structure of nucleons in the nuclear mediunparameters beyond those in the quark model used to fit the
seems to be called for. Such a change occurs completelyucleon andA-baryon masses, and represent a fraction of a
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percent accuracy in the energy calculated per quark. component do not markedly affect the value of the slope
All these features depend on the model introduction of aused here.
geometrically complex, mean field describing the overall The basic wave functionj(r) is found by solving the
confining potential encountered by a quark in a nucleus. Th®irac equation for the potential in Eql) for a massless
potential is composed of individual, linearly confining (negligible masgquark. The quarks are thus “currergtiot
(nucleonlikg potential wells, set out in a regular arrégqui-  constituentu andd quarks so that there are no complications
lateral triangle forA=3 and tetrahedron foh=4) in a body- in determining the photon coupling to them needed for our
fixed frame, separated by a variationally determined distancdeep inelastic scatterin@IS) calculations below.
scaled (common side lengthand truncated on the midplanes ~ The variational spatial wave functiog;(r,e) for each
between each pair of wells. The structure of this “egg-crate’juark in the nucleus is composed as
potential, if extended to largeA, may be relevant to the
observations of Cook and othek9]. .1 Lo L
The quark delocalization is described by the variationally ¥i(f, ) = W[%(r ~R)+ Eg ho(F =R, 2
determined paramete¢, which is, roughly speaking, the .
probability amplitude for a quark to appear in the interior of where the color and flavor indices have been suppressed

a nucleonlike well other than the one in which it originates. 5, N(e) is a normalization factor. The quantitiés de-
. _ 4 — 3 .
We find a value 0&=0.136 for‘He ande=0.104 for’HePH.  sirine the three origins of potentials, each of the form

The corresponding values of the distance scale dre V,(r), but truncated on the midplanes between efich

— 4 — 3
=1.75 fm for“He andd=1.80 fm for *HeFH. pair, corresponding to the average location of a nucleon in

Both these parameters are jointly determined variationally, body-fixed frame foPHePH. By symmetry, these aver-
by minimizing the overall(one-body kinetic and potential 546 |ocations define an equilateral triangle for the mini-
plus two-body color magnetic interactiprenergy of the  m energy configuration of the nucleus as a whole. The
quark nuclear configuration in each nucleus. Thus, this apscaie of this triangle is given by the variational parameter
proach allows for no new free parameters and predicts thg \hich has a value ofi=1.80 fm. while the other varia-
quark nuclear structure within the assumptions of the mOdeJizjnaI parameter attains the val,ug0.104 at thevaria-
and approximations made to carry out the calculations. tional minimum.

In the following section, we describe the structure of the The three quarks with spatial wave functiopsr, e) are
wave functions for the model as applied #defH. In Sec. antisymmetrized in color and appropriately coupled in spin
Il we describe the method used for calculating the quarkiayor to nucleon quantum numbers. These are, in turn, anti-
distribution functions from these wave functions, including symmetrized over the three well locations. Beyond this, the
the effects of Pauli antisymmetrization. \We present our refina| wave function includes all antisymmetrizatiogsair-
sults in _Sec.IV and discuss th.ese results in Sec. V, comparingise. triples, eto. between all nine quarkgNote that these
them with a phenomenological extraction of the valence, cieons armot sharply localized:; this is true only for the
quark distributions in nuclei from Ref20], and concluding  igins of the potentials, so that the geometrically complex,
with a review of additional elements not yet included in theconfining mean-field potential is well defingd.
model. In order to perform the calculations of quark distributions

that follow, the wave function is written in Foch space as
Il. WAVE FUNCTIONS

The variational wave functions of the model are built on |A>:NJ d*rem J dOx PN (RYNE(R)NI(R,) [EB(R}),
full, four-component, Dirac solutions of the quark wave
functions in an isolated, Lorentz scalar, confining potential €]
well [10]. The Lorentz character of confinement remains a o )
subject of disputd21], but there is little difference between With V" a normalization factor ang®° the nuclear spin-
the spatial wave functions found for linear confining poten-iSOSpin wave function. The effective creation operator for
tials of either scalar or vector character. If the absence oft hucleon of spin-isospia is given by
spin-orbit effects in the hadron spectryig®] does reflect the

character of the confining potentif23], then an equal ad- NI(R) = Te# ’béa(Fi)bSB(Fi)bEY(Fi), (4)
mixture is to be expected, further weakening the distinction .
with the scalar presumption. The potential used is whereb] (R) creates a quark of spin-isospin-colemwith
V(P = K(r - 1 wave functiongy(F-R;) centered on théh well, andT¢#”
o =k(r-ro), @) is the quark spin-isospin-color wave function for a

where k=0.9 GeV/fm is the conventional slope amg nucleon of spin-isospim. R

=0.57 fm hasbeen chosen to remain within the error band In |A), the integration oveFCM:%ERi, the center of the

of phenomenological fits to spectral ddi24]. The nega- triangle, projects onto a state of zero momentum, while the
tive region near the origin is expected to account, albeiintegration over the three Euler angles denoted dfy
crudely, for the(undoubtedly vectgrcolor Coulomb po- projects onto zero orbital angular momentum. Finally, for
tential at short distances. More modern analyses that exionzero values 0§, the individual quark creation operators
plicitly separate out the short-distance color Coulombare replaced by
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bL(Ri, €= bga(R,) + 62 bga(Rj)- (5) V:J d_sr[A(r)]SEB(r),
j#i 47
It is useful to note that the wave function contains no
D-wave components, and that the wave function is com-
pletely antisymmetrized at both the quark and nucleon to(k):f r2drjo(kru(r),
levels. As a result, quarks within a given quasinucleon are
indistinguishable from one another, and, as a result of the
summation over the well locations and integrations over
nuclear orientations, the individual nucleons are also in- tl(k):f r2drjy(kr)o(r),
distinguishable from one another.

IIl. CALCULATION

The calculation of valence quark distributions here paral- A(r) :J d3z¢//g(z— Mio(2), (8)
lels previous work on quark distributions in the nucld@s]
and for the color-hyperfine-induced flavor distortions be-;ii N; the number of valence quarks of flavrin the
tweenu andd valence distribution$26]. The valence distri- nucleon, ,(f) the ground state valence quark wave func-
butions are calculated at a low momentum scaleGeVe, jon of Eq.(2), with upper and lower componentr) and
but this scale is still sufficiently large so that it is reasonablq(;_ﬁj(r)/r (both times a fixed spingr respectively, and
to conceive of a nucleon/nucleus as a simple object that MaY, = »+Mx, with  the ground state struck quark energy
be described by a quark model. At this scale, the tvvist—tvv%}genvamg_ Here, and in the nucleusijs taken to be the
contribution to the structure functions of the target are PrOone-body quark energy.

jected out by taking the Bjorken limit on the momentum Also. EB(r)z(EB,RCM:HEB,I-‘:’CM:@ is the overlap

transfer. ) N ) . .
For unpolarized scattering, the relevant matrix elementguncnor? for two “empty bags (potentlal vv_eIIs withoult the
for a quark distributions in nucleus are given by[27] quarks in themseparated py_a distancewhich accounts for .
the dynamics of the confining degrees of freedom. In this
1 - paper, we assume that the functi&B(r) is a constant for
Ao(X) = i f d& € E (Al ()7 1, (0)|A) e, both the nucleon and the nuclefi8]. We will discuss below
m some effects of this assumption.
1 Note that the functionA(r) measures the overlap of two
— N T 97 /Al + (bra and ket quark wave functions centered in wells sepa-
AulX) = A7 J d&7e T (Alo(0) Y YalE)ANie.  (6) rated by a distancg and that the recoil functios(k) mea-
— . ] ] sures the probability of finding all the spectator degrees of
where q"=-Mx/\2 (with x=xg; is the Bjorken scaling freedom of the unprojected state carrying a net momentum
variable, ,(#,) are field operators for quarks of flavor opposite to that of the struck quark. It is also useful to note
a, ¥" is the light cone projected0+3 componentDirac  that G(k) is the Fourier transform, over the separation be-
gamma matrix, and the subscript LC indicates a light coneween the centers of the struck quark wave functions, of the

condition oné, namely,g":él:O. spatial overlap of the spectator degrees of freedom in the
The approach we adopt consists of a straightforwardinprojected state. o _ _ _
evaluation of the matrix elements of E¢6) in a Peierls- Remarkably, generalizing this expression to nuclei only

Yoccoz projected momentum eigenstate, assuming that th@duires modification oG(k) and the normalization volume
time dependence of the field operator is dominated by th&. To see this, recall, as we have already noted, that in the
lowest eigenvalue of the Dirac equation used to obtain thénomentum and angular momentum projected wave func-
wave functions of the struck quark. The details of this pro-tions of the nucleus, the individual nucleons are indistin-
cedure are described in RéR5], where the valence quark 9guishable, so that we may always consider the struck quark
distributions for flavori in a free nucleon are shown to be in the bra and the ket to originate in tisamewell. Conse-

given by quently, after a change of integration variables from the cen-
ter of mass position to the separation of the centers of the
i MxN * 5 5 struck wells, all of the complexity of the nuclear wave func-
X, (x) = Ry, . kdkGk){ to(k) + ti(k) tion, including exchange effects and tunneling, can be incor-
e porated into a redefinition of the recoil function and of the
N Z%to(k)tl(k))} Ak — k+]}, ) requisite normalization volume. Explicitly,
d3r . 18
where G(k € = f dQ’ J dQ f —e T [ X PF({nmpd)e™
RE 4T meo {Nmjid
roc .- - -
G(k) = f Eé“[A(r)]ZEB(r), x TI [AR - RYI™EBHR,, R;},Q,Q')),
jk=1..3
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o3 18 freedom allow thegbra and ket spectator wells to be closer
V(e) = f dQ’ J dﬂf 4—A(r)2 ( > PF({nmjid) €™ to each other than the struck quark wells are in some orien-
™m0 \{nyd tations of the system.

S - - , The integrations over orientations were calculated using
X kg 3[A(Ri - ROI"™EB({R,, Ry}, Q, Q ))' © Gauss-Laguerre quadrature over the five independent orien-
b tation (Eulen angles defined by the two planes of the equi-

lateral triangles for the bra and ket state nuclei, and over the

In this expression, the integerindicates the total number separation between tii, i.e., locations, of the origins of the
of quarks in the bra and ket that have tunneled. Sinceonfining potential wells for the struck quarks. Exchange
there are many possible configurations with the samé&  terms are calculated to all ordersAd) and tunneling terms

is necessary to characterize each configuration by a set @€ included to the order afA(d). _ _

nine integersn,; which indicates the number of quarks ~ We note in passing that tieleH calculation carried out

from well k in the ket. The factorPF({n,;J) is the lation to the case of a quasideuter@wo wells with their

nucleons coupled tb=0,J=1, with values fore andd similar

to those used foPHePH, even though these do not corre-
dspond to realistic values for the actual deutgrdine results
) ) - of our earlier calculatiofi29] of this case, which was carried
on the locations of the well centers in the H{&,}) and oyt with a completely independeriand differently struc-

permutation-flavor-color-spiriPerFlaC$ factor that goes
with the exchange/tunneling term associated Witk
Finally, the empty-bag overlaps will, in general, depen

ket ({ﬁg}) and on their relative orientations. tured code for the integrations, are accurately reproduced.
The calculation is simplified by the existence of two small
parameterse= A(d)=0.1, which allow for a consistent trun- IV. RESULTS

cation of the sums appearing (B(k,€). Since at least two

quarks must be exchanged between different wells, and each We show ourd-quark valence distributions in Fig. 1 for
such exchange requires an overlap between quarks in diffefl=1.8 fm and three values @f with and without the Pauli

ent wells, we expect Pauli effects are of the orden\dfd) ~ @ntisymmetrization corrections. As has been noted above, the
~0.01 or smaller. Further suppression of exchange effectsaul effects are negligible for these distributions. This con-
comes from the PerFlaCS factors, which are smaller for th&!usion differs from that derived in ReffL1], but is in agree-

exchange terms than for the direct term. Similarly, ifasinglement with Ref.[12]. In both instances, this is due to the

quark tunnels to a different well, it must overlap with a quarksmaller overlap we find between quarks from different quasi-

from the original well, so tunneling effects are of the order ofpucleons than IS the case for the nuclear wave functions used
in Ref.[11], which allow nucleons to come into closer prox-
eA(d)=0.01 or smaller.

L imity to one another than is the case for more conventional
In contrast to the exchange effects, tunneling is not sup

nuclear wave functiongl2].
pressed by a PerFlaCS factor, but rather tends to be enhanced,, r earlier quasid%uleron calculatio29], we also ob-

due to combinatorics. Our expectation, then, is that quarkyined results that showed a very small effect from Pauli
tunneling will play a larger role than exchange effects ingtatistics—the results fdr=0,J=1 andl=1,J=0 states were
modifying the shape of the valence distribution. In the fol-yery similar to each other. Here we understand the result as
lowing, we keep only the leading contributions from the lat- heing due to the fact that, in the absence of tunneling, at least
ter. two additional powers of the overlap(d), are required for
The dominant effect, analogous to Fermi motion, comesevery pairwise antisymmetrization of a ket wave function
from the modification of5(k). SinceG(k) measures the prob- relative to a bra wave function and vice versa. Since our
ability that the spectator quarks in the unprojected state havealculations find that\(d)~0.1 at best, this leads to, at a
a total momentum equal and opposite to that of the struckninimum, a two order of magnitude suppression of quark
quark, the naive expectation is that systems with more spedtatistics effects.
tators will tend to have larger contributions from large mo-  Furthermore, there is an additional suppression due to the
mentum states, resulting in an enhancement of the valena®mbination of spin, color, and isospin factors associated
distribution at largex. In the absence of the rotational pro- with the Pauli exchanges. Since the spin, color, and flavor
jection, one expects that the overlap functi@tk) falls off  factors do not change for the tunneling terms, and since it is
roughly as the Fourier transform df"s(r) whereng is the  possible for a quark to tunnel into the same well as the quark
number of spectator quarks. In the limit of a large number ofwith which it is being exchanged, the tunneling and ex-
spectatorsA™s(r) is very sharply peaked, so th&k) be- change terms may partially compensate for each other. Thus,
comes essentially constant and, as expected for a large syahce there are simply more possible tunnelings, we expect,
tem, the momentum projection is replaced by an incohererand find, very small effects from statistics alone, but signifi-
average over center of mass positions. When additional cokant effects from tunneling.
lective effects, such as rotations, are included, the correla- In Fig. 2, the isospin averaged ratio of the valence quark
tions between the motions of quarks in different wells isdistribution in®He to that in a free nucleon is shown fdr
weakened, yielding spectator overlap functions that approach1.8 fm and several values @f For comparison, we also
the limiting case more slowly, as the additional degrees ofhow a parametrization of this rat{@0] drawn from data.
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i PG — &=0.0Full Pauli |
g 3 -—- £=0.0No Pauli

------ e=0.1Full Pauli ||
€ =0.1 No Pauli

----- € =0.2 Full Pauli
€=0.2NoPauli | |

25

FIG. 1. (Color onling A=3 d-quark distribu-
tions with and without Pauli terms fore
=0.0,0.1, and 0.2 and=1.8 fm. See text for an
explanation of why the absence of discernable
differences due to the inclusion of the Pauli anti-
symmetrization is to be expected.

0.5

Even in the absence of tunneling, we obtain a qualitativelyproducing the correct binding in this model, is equally im-
correct EMC effect due to the modification Gfk) caused by  portant to the EMC ratio.
the larger number of spectators available to share momentum Even with the tunneling terms, however, the calculated
with. Such an effect is apparent in even semirealistic nuclearatio still rises too rapidly at large. We attribute this to the
models, such as a Fermi gas picture of a nucl@lsThe strong correlation between the well centers and consequently
large x behavior has been noted before, and, as has bedhe quarks within the wells. We have investigated the effect
argued by Wes30], the normalization constraint on the va- on the nuclear wave function of including additional, collec-
lence distribution then also requires the risexatear zero. tive oscillations/excitations of the well centers; in the case of
Since we have already shown that Pauli effects are neglithe deuteron with no tunneling, it can be shown analytically
gible, thee=0 distribution may be interpreted as being analo-that these collective motions tend to decrease the valence
gous to the effect of Fermi motion within the nucleus. ratio at largex until ultimately the free-nucleon response is
We note also that the=0 term significantly overpredicts restored in the limit of uncorrelated wells. We expect a simi-
the size of the effect, but that the ratio softens considerabljar softening in the’He ratio when collective effects are in-
when the tunneling corrections are included. Physically, thisluded, which will improve the agreement with data in both
is because the quark tunneling terms weaken the correlatiaie high and lowx regions.
between the motions of the quarks in the individual wells, In Fig. 3, the dependence of the ratio of valence distribu-
enhancing the probability of finding quarks with low mo- tions is shown as a function of the separation of the wells for
menta. We find this result to be extremely encouraging, as itixed e. In this case, the ratio is relatively insensitive to the
indicates that quark tunneling, which plays a critical role indistance between the wells. For large separations, we see an

1.3 I I
—-—— SagaParametrization
€=00
1.2 ———- =01 d=18fm
== £=02

11
< [ FIG. 2. (Color online The HefH EMC ratio
=t 7 for valence quarks for three values efat fixed
o (s a d=1.8 fm. The parametrization of the data in Ref.
L ' ) N [20] is also plotted for comparison.
09l ]
osl \ \ \ \ ]

0.8

o
o
)
o
~
o
o
[
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13 \ \
i — . — SagaParametrization
- —— d=20fm
12+ ——-d=18fm _
I —— d=15fm 701
r -—--- d=125fm

11

% FIG. 3. (Color onling The *He/nucleon va-
= lence ratio for five values af at fixede=0.1. The
‘= parametrization of the data in RgfR20] is also

=

plotted for comparison.

0.9

0.8

o
=

0.2 0.4 0.6 0.8
Bj

increase in the enhancement at largeAs the separation of how the ratio is expected to change as the separation be-

between the wells increases, the overlap of the bra and kétveen wells is varied, and, due to the slow motion of the well

decreases more rapidly as their relative orientations changeenters compared to quarks, it is also relevant for the con-

which in turn decreases the coherence of angular projectiorsideration of possible collective effects through a Born-

Since, as we have already noted, the coherent averaging ov@ppenheimer approximation.

relative orientations softens the valence distribution, the va-

lence distributions harden as the size of the system increases. V. DISCUSSION

For smallerd values, we also see an enhancement of the

valence distribution at sma¥ and a corresponding decrease  The qualitative agreement of these calculations with the

at largerx. expected ratio of valence distributions demonstrates that it is
Since the values ofl and e are strongly correlated in the possible to formulate a quark-based description of nuclei

quark nuclear modef14,10Q, the valence distribution ratio which correctly reproduces both their observed low energy

should not be viewed as a function of either variable aloneproperties(binding energy, rms sizeand, without introduc-

In Fig. 4, we show the valence distribution ratio for corre-ing any additional parameterslso produces a shift in quark

lated values ofd and e chosen to lie approximately on the distributions comparable, both systematically and in magni-

line of minimum energy in a plot of energy versdsaande  tude, to the EMC data. Compellingly, the delocalization of

obtained from the model. This plot gives a better descriptiorquarks produced by tunneling, which plays a crucial role in

Ratio of Vaence Distributions
(EMC + Isospin Correction)

i — . — SagaParametrization ]
- -—-- d=20fm €£=0.05 -
12— —— d=18fm =01 —
r --- d=15fm £€=0.2 b
11k~ h FIG. 4. (Color onling The 3He/nucleon va-
=z i lence ratio for correlated values dfande chosen
Qg 1 to minimize the energy of the nucleus. The pa-
Z i rametrization of the data in Ref20] is again
1 plotted for comparison.
09 —
08l \ \ \ \ |

o
=

0.2 04 0.6 0.8
B
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generating phenomenologically suitable binding energies, ign the QCD vacuum, whereas the perturbative vacuugatis
also critical for producing the right magnitude of changes inleast partially restored in the presence of a non-negligible
the valence distributions. quark matter density. In the tunneling regions between quasi-
It should be noted that it is precisely this delocalization ofnucleons, the density is somewhat higher than that near the
quarks which the model employs to provide for the physicgfuzzy) matter surface of an isolated nucleon, which will
conventionally described by meson exchanges betweeftrther reQuce resistance to tunneling. Still not in_vestigated is
nucleons, and that it does so without introducing any addithe question of whether iteration along these lines leads to
tional antiquark amplitude. The latter, predicted in pion ex-Convergence or to complete breakdown of the barrier. If the

cess model§31] that have attempted to account for the EMC latter were to oceur, the_ justificatior_l found in the model for
effect based on the meson-exchange picture of nuclear bind?€ nucleon approximation would disappear. _
ing, is inconsistent with experimental measurements, using A dynamically generated potential also allows relaxation
Drell-Yan technique$32], of the antiquark amplitude in nu- f the assumption that the functidB(r) is a constant. This

clei. We are, therefore, encouraged in the belief that quarN"i” in turn prod_uc_e softer free-nucleon quark distributions
tunneling plays an essential role in the modification of thethat would again improve agreement with those observed

structure of the nucleon within a nucleus and the concomi€XPerimentally. Additionally, such a model allows for calcu-

tant nuclear binding. lation of changes in the parton distribution due to changes in
Despite the qualitative success of the model as describd€ confining degrees of freedom.

here, there are a number of avenues for quantitative improve- Contributions to the binding from long range pion ex-
ments and extensions that should be pursued. change between quarkin a nonrelativistic version of this

Collective degrees of freedorin the current incarnation duark nuclear model, the introduction of pion exchange be-
of the model, the positions of the potential wells are dictatedVE€N pairs of quarks beyond a minimum separa(sjrort-
by a rigid geometrical structure which may be rotated and!iStance cutojf has only small effects on compact objects
translated, but neither the size nor the shape of this structu@d S only significant for the delicate binding of the deu-
varies. This strong correlation between the well positions!€0N[15]. Nonetheless, we expect inclusion of this physics
and consequently between the quark wave functions definég Nave some effect on the precise valueslaind e.
with respect to them, leads to strong enhancement of the Large A nuclei As the number of spectator degrees of
valence distribution at higk, overpredicting the data in that [r€€dom in the system grows, the number of wave function
region. Allowing the centers of the wells to oscillate around®Verlap factorsA(r), grows, so that the total overlap of the
their equilibrium positions decreases this correlation, whictSYStem becomes more sharply peaked in coordinate space.
leads to softer distributions more consistent with the data anffventually, this trend will *lock down” the center of mass
to an overall picture of the nucleus that is in better accord®"d rotational degrees of freedom due to increasingly strin-
with standard nuclear physicéin the case of the quasideu- gent alllgnment requirements on the brg and_ ket st_ates. A
teron, where the calculation is simpler, we have shown anacomparison of locked bra and ket configurations with the
lytically that allowing the wells to move relative to one an- calculated result would be of considerable interest. Such

other softens the quark distributions, ultimately recovering®cking would considerably simplify calculations for large
the free nucleon distribution in the free-particle limit. nuclei and invite consideration of the possibility of effects

Convergence of the-A expansionIn the present calcu- analogous to those in powd_er diffraction. X-ray experiments
lation, we have included only the leading contributionssin  ©" SOlids being observable in DIS.
Since e~0.1, and since most tunnelings produce additional While these items may well be significant amendments to
off-diagonal overlap factorfA(d)'s], our expectation is that the model and tht_e calculational result, they appear to us to b'e
the calculation converges rapidly. In the case of the quasi?Oth Of an offsetting character among themselves, and quali-

deuteron calculations, where it is possible to calculate alf2lively similar to the effects already examined. We are there-
fore strongly encouraged by the qualitative similarity to the

possible tunnelings, we have explicitly verified that this is a oo )
good approximation. Due to increasing combinatoric factorsOPserved EMC effect, in size and shape, already evidenced

the validity of this approximation is less certain here, and thdn ©ur model calculation.
question of higher order corrections should be explored.

Self-consistency of the confining potentidere, the con-
fining potential has been fixed by fiat, rather than determined This work was supported in part by the National Science
by a self-consistent generation due to the quark density disFoundation under Grant No. PHY0071658 and in part by the
tribution. We have in mind an analog of the view that con-US Department of Energy under Contract No. W-7405-ENG-
finement is related to the formation of a gluonic condensat&6.
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