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Inclusive scattering from nuclei at x > 1 is sensitive to the distribution of high momentum nucleons
at low Q? values, and high momentum quarks at large Q? values. Large x data at 4 and 6 GeV are
dominated by quasielastic and resonance production from high-momentum nucleons. With the 11
GeV beam, we propose to make measurements in the DIS region ad provide clean measurements of
the quark distributions in light and heavy nuclei for x> 1. The distribution of these superfast quarks
(quarks carrying a momentum greater than that of a nucleon) i s connected to the short distance
structure of nuclei, and this is a promising region to examin e for the importance of the underlying
quark degrees of freedom in nuclear structure. In addition, data in the quasielastic region at very
large x values, up to and exceedingx = 3, will extend previous studies of short range correlation s
in few-body and heavy nuclei.

Ratios of the structure functions at large x are are sensitive to both the distribution of high
momentum nucleons and possible medium modi cation. The pre vious 4 and 6 GeV measurements
and the extremely large x (x > 2) QE measurements included here will constrain the high momentum
nucleons and allow a study of the quark distributions in the k inematic region dominated by scattering
from SRCs, which is expected to be very sensitive to modi cat ion to the nucleon structure. Note that
both absolute quark distributions and EMC-style ratios for x > 1 will be useful in understanding
the EMC e ect. While focussed on mapping out the distributio ns of superfast quarks and high
momentum nucleons, these data also provide the largex data necessary to extract the QCD moments
in nuclei at moderate to large Q? values.



I.  INTRODUCTION

Previous measurements of inclusive scattering from nucleave been made for a range of targets
at SLACJ[1, 2] and at 4 and 6 GeV at JLAB [3{5]. These data have e important sources of infor-
mation on the momentum distribution of nucleons in nuclei, wh an emphasis on high-momentum
nucleons andy-scaling studies that are sensitive to the reaction mecham and have allowed for
tests of various theoretical models of inclusive scatteign

This proposal requests time to make inclusive electron s¢ating measurements with both few-
body nuclei and heavy nuclei at high momentum transfers. Mearements at the largestx values
are sensitive to high momentum nucleons in the nucleus (monta in excess of 1000 MeV/c for the
kinematics of this proposal), and provide clean informatimon the high momentum components of the
spectral function. The measurements with few-body nucleilaw comparisons with essentially exact
calculations of nuclear wave functions and provide an impi@ant complement to the coincidence
A(e; €p) and A(e; ENN) measurements already completed or approved. The measuests with
heavy nuclei should allow extrapolation to nuclear matter Wwere again rigorous calculations can be
performed and compared to the data. In addition to using theata to directly constrain the spectral
function at very high momenta, we will use the nuclear depemdice of the cross section to study the
nature of the short{range correlations that are the main sawe of the high momentum nucleons. By
comparing the distribution of high momentum nucleons in heg nuclei to those measured ifH we
can look for signatures of NN short range correlations. Maagments on®He and“*He will provide
signi cantly improved information on contributions from multi{nucleon short range correlations.
Absolute cross section measurements in this kinematic regiwill be important in constraining nal
state interactions which can interfere with the interpretdion of the cross section ratios in terms of
short range correlations.

In addition to extending studies of high momentum nucleonsral short range correlations in nuclei,
this data will allow us to extract the nuclear structure fundions at large x values. The quark distri-
butions in nuclei at largex are poorly understood, and this will provide the rst clean high-precision
measurement of the distribution of so-called \superfast” warks. These quark distributions provide
an additional way to look for the e ect of short range correltions, but also provide high sensitivity
to non-hadronic components of nuclear structure in these gt density, short range con gurations
within nuclei.

Finally, these data will allow us to extend measurements ofudlity and scaling in nuclei, which
are related to the connection between the quark and hadrongictures of nuclear structure, and will
provide the data necessary to make precision measurementsQeCD moments in nuclei.

Il.  TECHNICAL PARTICIPATION OF RESEARCH GROUPS

This lead institutions for this proposal are Argonne Natioal Lab and the University of Virginia.
The Medium Energy Physics group at Argonne has responsilylifor the initial optics design of the
SHMS, eld maps and veri cation of the optics of the SHMS. TheUniversity of Virginia nuclear
physics group plans to design, build, and commission the atspheric gaLerenkov for the SHMS.

I.  HIGH MOMENTUM COMPONENTS AND SHORT RANGE CORRELATIONS

High energy electron scattering from nuclei can provide ingotant information on the wave function
of nucleons in the nucleus. With simple assumptions aboutéreaction mechanism, scaling functions
can be deduced that should scala.¢. become independent of length scale or momentum transfer)
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and which are directly related to the momentum distribution of nucleons in a nucleus. Several
theoretical studies [6{9] have indicated that such measuments may provide direct access to short
range nucleon-nucleon correlations.

The simple impulse approximation picture breaks down wherhe nal-state interactions (FSI) of
the struck nucleon with the rest of the nucleus are includedPrevious calculations [10{18] suggest
that the contributions from nal state interactions should vanish at su ciently high Q2. Figure 1
shows theQ? dependence of the scaling functioR (y). The data show a clear approach to a scaling
limit for both deuterium and heavy nuclei at large y values forQ? > 3 Ge\?, wherey corresponds
to the initial momentum of the struck nucleon along the diretton of the virtual photon.
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FIG. 1: Scaling function F(y;Q?) as a function of Q2 for xed y values. There is a clear onset of scaling forQ? 3 GeV?2.
Data are from [2] and [3].

While the observation of ay-scaling limit and the plateaus in the ratios of heavy nucldb deuterium
and 3He is suggestive of an approach to the impulse approximatidimit, it is not de nitive. Even
if scaling is observed, that does not insure that the scalinfyunction is directly connected to the
momentum distribution. Some calculations [8, 19] have pdid out that while the FSI of a struck
nucleon with the mean eld of the rest of the nucleus is a raplg decreasing function ofQ?, the FSI of
the struck nucleon with a correlated, high-momentum nucleomay show a very weakQ?-dependence.

One approach to this issue has been to focus on cross sectiatios in the region where the
scattering is expected to be dominated by short range coraglons [20]. In the largex region where
correlations should dominate,

X
Aj:_Lai (A) ;(xQ)

j=1

%az(A) 2(%; Q%) + %as(A) 3(x; Q%) +

(x; Q%)

where the constantsa; (A) are proportional to the probability of nding a nucleon in a j-nucleon
correlation, which should fall rapidly with j as nuclei are dilute. The cross section; is the cross
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section for scattering from aj -nucleon correlation, so »(x;Q?) = ep(a;Q?) and ;(x;Q?) =0
for x > j . Even if there are Q?-independent nal state interactions coming from rescatteng
between nucleons in a short range correlation, this e ect shld be essentially identical for short
range con gurations in heavy and light nuclei. Thus, the nd state interactions should cancel in
the cross section ratio in the region dominated by SRCs, proing a test of SRC dominance, and
a measure of the relative contribution from SRCs in di erentnuclei. So if the o shell e ects and
FSI largely cancel in the ratio as suggested by the Generaa Eikonal Approximation [21], one can
take cross section ratios in kinematics wheljenucleon correlations dominate to extract the relative
probability of nding a j-nucleon correlation in the two nuclei. Neglecting motionfahe correlations
in the nucleus, this implies:

2 A(x;Q?

K S(X;Qz) ) aZ(A) I<x 2
3 A(%QY) _

K A=3 (X, Qz) B a3(A) 2<x 3

Because of motion of the nucleons in the nucleus, a single lman will contribute some strength
abovex =1, and a 2-nucleon correlation will have a small contributn for x > 2. Thus, one needs
to avoid the region very close tax = (j 1) when trying to isolate scattering from aj -nucleon
correlation.

A combined analysis of several SLAC measurements xat> 1 showed that in the region where
two-nucleon SRCs were expected to dominate;51< x < 2, the ratio of the cross section of heavier
nuclei to deuterium was independent of x in this region and siwed little Q? dependence [22] as
shown in Figure 2. This is consistent with the impulse appramation expectation if the scattering
is dominated from short range correlations which are esséity identical in heavy nuclei and deu-
terium. Ref. [22] presented the extracted ratios to deutexim for *He, “He, 12C, 2’Al, *°Fe, and!®’Au
for a Q? values up to 2{3 GeV, depending on the target.
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FIG. 2: Cross section (A/ 2H) ratios at large x for Fe [22].
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Measurements by the CLAS collaboration at Je erson Lab [23]erformed a similar analysis, taking
ratios of “He, *>C, and *°Fe to 3He (°H data were not available at these kinematics) in the regionfo
2N SRC dominance. The ratios were consistent with the SLAC salts, and expanded theQ? range,
showing the e ect of nal state interactions at lower Q? values (down to 0.6 GeY¥), and providing
measurements of the AfHe ratios up to 2-2.5 GeV. The data from E89-008 [24] also examined
these ratios, providing measurements of the AH ratios at much larger Q? (Fig. 3, but with quite
limited x coverage for the deuterium target, extending only a small rge into the plateau region.
Unfortunately, none of these extractions is ideal for a prese understanding of the contribution of
SRCs. The SLAC result combined data from multiple experimés, which had to be interpolated
to form the ratios at xed Q2. The CLAS results are obtained from a ratio ta®He, combined with
the 3He/?H ratios from SLAC, and is limited to relatively low Q2. The Hall C data go to largeQ?
and provide absolute cross sections in addition to the rato but have very limited coverage at the
largestx values.
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FIG. 3: Cross section (A/ 2H) ratios at large x from SLAC (blue), and CLAS (green) measur ements, averaged over the Q2
range of the measurements, and the ratio from the Hall C measurements (red) shown as a function of Q2.

This procedure was extended to the three-nucleon SRC regiby a later CLAS measurement [25],
which took an expanded data set and examined the AHe ratios up tox 3. Figure 4 shows the
ratios for this measurement, where one can observe that thatios arex-independent in the regions
of L5<x < 2 and 225< x < 3, consistent with the model of scattering from 2N and 3N SRCs
Data at large x was statistics limited, and the extracted ratios in the 3N SR region are dominated
by data with 1:4 < Q2 < 1:6 Ge\?, under the assumption that the onset of scaling for the 3N SRC
region is consistent with the onset of scaling for 2N, wher&e data was su cient to map out the
Q? dependence in detail. Because of this, there is no direct tes the Q? independence of the ratio,
and the extracted *Fe/3He ratio changes by 20% as one varies tig? range included, as shown in
Fig. 18 of Ref. [26].

The measurements proposed here will have several advanw@eer the previous data. In the 2N
SRC region, we will take ratios of heavier nuclei directly taleuterium, rather than taking ratios to
3He as was done in CLAS, and then using the SLAC global analysit§®He and?H measurements to
extract a,. For 3He, we will make measurements at largep? to test the Q? independence of the cross
section ratio forx > 2:25, as well as providing higher statistics and measuremeritsa larger range
of heavy nuclei. Finally, the previous measurements rely arancellation of nal state interactions
between di erent nuclei in the plateau regions. One would @ect only small di erences in the nal
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FIG. 4: Cross section (A/ *He) ratios at large x as measured in CLAS.

state interactions, due to the di erent mix of nn, np, and pp correlations in non-isoscalar nuclei.
However, there are calculations indicating that there areigni cant nal state interactions that do
not vanish rapidly asQ? increases, and which do not cancel in the target ratios [19]€. do not come
from short range con gurations that are identical in all nudei). This calculation indicates that the
FSI (when including inelastic channels) has a very wea®? dependence and will persist, challenging
our interpretation of the impulse approximation analysis.In addition, it predicts that the FSI e ects
will increase thex > 1.5 cross section in iron by approximately a factor of ten, andhat even in the
ratio of iron to deuterium, there is a factor of ve e ect from these FSIs. An important portion of
the proposed measurement is the ability to test these premss of FSIs by extracting absolute cross
sections forx > 1.5 on a variety of few-body (and heavy) nuclei over a range Gf.

For the deuteron, which is dominated by the simple two-body feakup assumed in an impulse
approximation analysis, we can extract the nucleon momemu distribution from the inclusive data
without the complications caused by neglecting the sepaianh energy of the full spectral function.
The momentum distribution for the deuteron as extracted from experiment E89-008 is shown in
Fig. 5 [3]. The normalization of the extracted momentum distbution is consistent with unity,
and the high momentum components are in good agreement witlalculations based on modern
two-body nucleon{nucleon potentials. This sets limits onhe impact of FSI, even in the region
dominated by short range correlations, indicating that thescattering is consistent with the impulse
approximation and that nal state interactions much smalleg than those observed in coincidence
A(e,e'p) measurements, or those predicted in some calcutats. In the proposed measurements, we
will extract absolute cross sections fofH, 3He, and*He, not available for the CLAS results, which
will allow us to set limits on the size (and A dependence) of al state interactions.

The extension of these ratio measurements to high@? will allow us to better test the x and Q?
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independence of the ratios in the 2N and 3N correlation regis. In addition, the extraction of the
absolute cross sections for few body nuclei in this regionlirovide a direct constraint on nal state
interactions. Previous data forx ! 2 in deuterium already constrains the absolute size of the ai
state interactions, meaning that one does not have to rely orancellation between FSI e ects that
could be several times larger than the impulse approximatiocross section. The cross sections on
3He will provide a similar test in the region of three-nucleoworrelations. In addition, we will be able
to use the data to directly extract the size of 2N and 3N corrations in nuclei, rather than relying on
a combination of calculations of correlations in few-bodyutlei, combined with ratios of AZH for 2N
SRC, or A/3He measurements from CLAS along witAHe/?H ratios from SLAC. Finally, we will be
able to make comparisons of heavy nuclei tiHe, to look for signatures of four-nucleon correlations,
or alpha-clusters in nuclei. While we do not have measurentsrthat can be used to predict exactly
what to expect for the cross sections at > 3, one expects that the larger correlations should have
a smaller contribution, but also a slower fallo inx making it likely that we will be able to make
precise measurements in this region.

For the 2N SRC region, data from the recent E02-019 should imgve the situation, providing
better absolute cross section measurements at largethan the lower energy Hall C measurement,
and covering a largerQ? range than the CLAS data. It will also allow us to start constaining the
size of nal state interactions in the few-body nuclei, but$ limited in the x and Q? range compared
to what can be accomplished with the proposed measurementsld GeV.

The question of the nature of the short range correlations naalso be examined without relying on
an impulse approximation based analysis, by directly examing the structure functions. Fig. 6 shows
a calculation of the structure function per nucleon for ironincluding just two nucleon correlations
(solid line - from [22]), and including multinucleon corredtions (dotted line - from [7]). The current
data [2, 3] are consistent with the calculations includingwo-nucleon SRCs, and indicate that the
e ect of multinucleon correlations is signi cantly smalle than estimated in the calculation. The
calculation for the two nucleon SRC contributions does noinclude corrections for the EMC e ect,
but such a calculation should be available very soon [27]. €hinclusion of the EMC e ect will
lower the calculations somewhat, making it di cult to use this data to set a strong upper limit



on multinucleon components. The proposed measurements &t GeV will allow us to reachQ?
13(20) GeV? at x = 1:5(1.3), where the calculation shows a dramatically greatesensitivity to
multinucleon correlations. In addition, with data on ?H, 3He, and “He, it should be possible to
disentangle the EMC e ect from 3N correlations [27, 28]. Tlsi will allow us to either obtain a
clear signal of multinucleon correlations or set signi canlimits on their contributions. We can also
directly compare the structure function for heavy nuclei tdew body nuclei in the region where the
structure function is dominated by SRCs. This will provide a(model-dependent) measure of the
absolute size of the contribution from correlations, as ogsed to the relative contributions that can
be measured in the cross section ratios. In addition, by compng heavy nuclei to deuterium, we
can look for deviations from the two nucleon SRCs, and by corapng to *He where the two nucleon
correlations are small forx > 2, we can look for signatures of three nucleon correlationghis type of
comparison is more direct than comparisons of the extractadomentum distribution from a scaling
analysis.
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FIG. 6: Structure function per nucleon for iron from E89-008 compared to calculations without correlations (dotted lin es),
including two nucleon SRCs (solid lines) and multinucleon S RCs (dashed line). The upper set of data and calculations is for
x = 1, while the lower are for x = 1:5. The proposed measurements will extend the data at x = 1:5(1.3) to Q?  13(20) GeV?

IV.  DEEP INELASTIC SCATTERING AT x> 1

While previous measurements on electron-nucleus scattegiat x > 1 have focussed on quasielastic
scattering, and avoided regions where inelastic contribioins have any signi cant contribution. The
increase in energy to 11 GeV will allow us to make measuremgmt x > 1 that are dominated
by deeply inelastic scattering and map out the distributionof extremely high momentum nucleons
in nuclei. The response of the nucleus in the range > 1 is expected to be composed of both
deep-inelastic scattering from quarks in the nucleus andastic scattering from the bound nucleons
(quasielastic scattering). For both the bound quark and bawd nucleon cases it is the non-zero
momentum of the bound nucleons that permits scattering int@ kinematic region that is forbidden
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for the free nucleon. Regions dominated by scattering fronmé quarks should exhibit scaling in the
Bjorken x variable (experimentally veried for x < 1), while the quasielastic scattering from the
nucleons exhibitsy scaling [6, 29].
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FIG. 7: Structure function per nucleon for !2C vs. the Bjorken scaling variable x (left) and the Nachtmann scaling variable
from Je erson Lab E02-019. The Q? values are given for Bjorken x = 1. Data are preliminary and errors shown are statistical
only.

Deviations from scaling in DIS come from the running of the sbng coupling constant, target
mass corrections, and higher twist contributions. Target @ss corrections are important at lowef?
values, especially at large values, as their contribution is roughly proportional tox?=Q?. This can
be seen clearly from the previous SLAC and JLab results [4,]3@s well as the recent E02-019 data.
A common prescription for treating target mass correctionss to study the Q? dependence of, as
a function of the Nachtmann variable ,

= 2x=(1 + Y Ieam 22=(R) (1)

rather than Bjorken x (note that ! x for Q2! 1 ). Figure 7 showsF, for carbon as a function
of x and for a variety of Q? values from E02-019. When taken as a function af there are clear
scaling violations at largex, even forx < 1. When taken vs , the scaling violations at smaller

values are consistent with the QCD evolution of the structur function. However, the remaining
quasi-elastic contribution in theQ? range of this data is still large enough to provide introducelear
scaling violations at the larger values; the quasielastic peak is visible at  0:8 for the smallestQ?
values, but decreases in size and moves towards 1 as Q? increases. This can be seen more clearly
in deuterium (see Figure 8) where the quasielastic peak is moclearly visible due to the smaller
Fermi motion. Note that even for deuterium, the Delta contrbution does not yield appreciable
scaling violations, even for the lowes? values shown, while the scaling violations on the top of the
quasielastic peak decrease dramatically over ti@? range of the measurement.

The structure function measured in E02-019 shows scaling the Nachtmann variable , even
at large values of , where the scattering has very large resonance or even geésstic scattering
contributions. This can be understood in terms of local dudy, which leads to scalingon averageof
the proton structure function, and which leads directly to saling for the nuclear structure function
(the necessary averaging coming from the Fermi motion of theicleons). This can also be viewed in
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terms of a near complete cancellation of the large higher tsticontributions in the resonance region.
In retrospect, it is not surprising that the nuclear structue function shows -scaling in the resonance
region, given the quantitative success of local duality inhie proton structure function. This duality
is seen if one averages over the entire resonance region @neW one averages in the region of a
single resonance. In the nucleus, the Fermi motion of the Heons performs this averaging and
duality yields true scaling, rather than scaling on averagan regions where the intrinsic averaging
IS su cient.
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FIG. 8: Structure function per nucleon for deuterium vs. the Nachtmann scaling variable from Je erson Lab E02-019. The Q?
values are given for Bjorken x = 1. Data are preliminary and errors shown are statistical on ly.

At 11 GeV, we can reachQ? values large enough that even the cross sectionxat 1 is dominated
by DIS scattering (scattering with W2 > 4 in the electron-nucleon system). Figure 9 shows the
breakdown of the cross section for scattering at 2and 55, based on the convolution model described
in [31]. At 22, the data is dominated by DIS scattering only forx < 0:7, and is dominated by
guasielastic and resonance contributions at largevalues. This corresponds to our lowest scattering
angle for the highQ? studies, but the section is at signi cantly largerQ? than any of the 6 GeV
data from E02-019. Nonetheless, the data from E02-019 shom®cise scaling of the structure
function up to 0:8, with relatively small scaling violations even in the regin dominated by
the quasielastic peak (see Fig. 8). While the cross section2? is dominated by quasielastic and
resonance contributions, with the DIS contributing<20% forx > 1:2, the situation is di erent at
larger Q? values. For scattering at 55, the quasielastic contributes<10% over the fullx range
shown, while the resonance and DIS provides80% of the cross section up to x=1.3. Given the
guality of the scaling observed in E02-019, it seems likelfydt the resonance contributions to the
cross section at the much large®? values of this proposal will yield extremely small deviatios from
the scaling limit structure functions. We will be able to veify this over a good part of thex range
by combining the Q? dependence from this and previous measurements.

While there will always be some contribution from lower lyig resonances and quasielastic scat-
tering, this contribution becomes small at the largeQ? values accessible in this measurement. In
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11 GeV, 55 Degrees

11 GeV, 22 Degrees -

Cross Section
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FIG. 9: Breakdown of the contributions to the inclusive cros s section as a function of x for scattering at 11 GeV and 22
(left) and 55 (right) with and 11 GeV beam calculated in a convolution mode [[31]. The red diamonds indicate quasielastic
contribution, the blue boxes show the contribution from the resonance region (V* < 4 GeV?), and the green stars indicate the
contribution from DIS scattering ( W2 > 4 GeV? in the photon-nucleon system).

addition, the E02-019 data, taken at much loweR? values Q? < 7 Ge\? for x = 1), shows approx-
imate scaling even in the regions dominated by scattering &/? < 4 Ge\2. So not only is the size
of the contribution from lower W? scattering quite small, it appears to be consistent with thé®IS
contribution, yielding very small scaling violations at laver Q?, and presumably extremely small
scaling violations at theQ? where it provides a very small contribution to the cross seicin. We will
take data to map out the Q? dependence, as a check that the scaling violations continteedecrease
as one goes to higher and high&? values.

A. Distribution of superfast quarks

This extended scaling for nuclei also means that the nucleatructure function as measured in the
DIS region is the same as the structure measured at lower vakiofW?. This scaling may allow
measurements of the quark distributions in nuclei at lowe@? (or equivalently lower Q? for xed

) than accessible if one requiregV? > 4 Ge\2. This will allow us to examine the -dependence
of the structure function for large values of . The structure functions have been measured at
extremely highQ? values (100 GeV?) in C scattering [32] and -Fe scattering [33]. Near =1,
these experiments obtained signi cantly di erent results The neutrino experiment (CCFR) found
Ffe/ exp( 8:3x) (at these Q?, the di erence between and x is relatively small), consistent with
a signi cant contribution from superfast quarks in the nucekus. The CCFR data is shown Figure 10.

The muon experiment (BCDMS) found a much di erent behavior ér the structure function with
FS /1 exp( 16:5x) (Figure 11), which is a dramatically faster fallo than obtained from the CCFR
data. The BCDMS data has much lower statistics, while the CCR experiment has a much poorer
resolution in x, and both experiments have limiteck coverage, making it di cult to directly compare
the results (especially since the CCFR measurement does rettract the structure function, but
instead compares the measured yield to the yield as calcwgdtin their simulation for a given input
structure function). While the measurements were taken oni@rent nuclei, one would expect the
carbon and iron structure functions to be very similar, and darger contribution from superfast
quarks for iron, due to the small increase in Fermi momentum.

This dependence was measured for C, Fe, and Au targets by E83, and for all targets the



12

%)
c F 1 ]
o Fe- Data ] — Buras-Gaemer$
[ - ] ---- Cteq 4
S 3 ++ 3
S 10% ., 105 s
8 s - T ]
E [ * ]
S r * e |
=z 102:_ - |
= @ | N
o I I I I I I I I I I
E — Fermi gas 7. — Exponential
[ ---- Quasi-Deuteron s=8.3
10% 103
102 -
= © dq © _
| | | | | | | | | |
0.6 070809 1 106070809 1 1112

X
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FIG. 11: BCDMS 200 GeV muon data from C. An exponential tof F3' / exp( sx)) agrees with the JLAB 89-008 data with
an exponents' 16 when tin

dependence was in general agreement with the BCDMS measuestwith F2* / exp( s ) with
s' 16. However, there are signi cant contributions from the gasielastic peak in the vicinity of
= 1 at these kinematics, and there is still som&)? variation to the structure function fall o at
the largestQ? values from E89-008. With the proposed measurements, we aaachQ? values of 20
GeV? for 1, where quasielastic scattering is only a small contribuin to the total cross section
and scaling violations should be much smaller than those absed in previous measurements.

B. Sensitivity to Quark Degrees of Freedom in Nuclei

The EMC e ect provides clear evidence that the quark distrilntion in nuclei is not a simple sum
of the quark distributions of it's constituent protons and reutrons. Many explanations of the EMC
e ect were proposed which involved non-hadronic degreesfededom in the nucleus. Many were ruled
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out as source of the EMC e ect, because they would require yefarge non-hadronic components
which were often excluded by other measurements. Figure 1Bpides a simple example: It shows
the nuclear structure function for deuterium, as calculatg from a convolution of neutron and proton
structure functions (red), and compares it to the structurefunction obtained by assuming that 5%
of the deuteron wave function is described by a 6-quark bagsing the model of Mulders and
Thomas [34] for the quark distribution for the 6-g bag. The derence is at most 2% throughout
the region of large EMC e ect (03 < x < 0:8), and so one would need an extremely large exotic
component in nuclei to explain the EMC e ect in terms of this knd of non-hadronic contribution in
nuclei.
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FIG. 12: The left gure shows the Deuteron valence quark dist ribution from a convolution of proton and neutron quark
distributions (dashed red), and with the inclusions of a 5% 6 -quark bag component (blue). The dotted green line shows the
contribution from the 6-quark bag component. The right gur e shows the ratio of F, with the 6-quark bag contribution to F»
with no 6-quark contribution.

Many of these early models attempted to explain the entire EM e ect in terms of exotic expla-
nations, while we now know that much (if not all) of the e ect & large x is due to binding. While
there is insu cient data at present to make precise comparians between calculations of binding
e ects and the data, it is clear that non-hadronic degrees dfeedom do not need to be large enough
to explain the 10-20% modi cations to the quark distributians in nuclei.

One can gain orders of magnitude more sensitivity to such cguarrations by examining the struc-
ture function at x > 1. A six-quark bag contribution breaks down the individual dentities of the
two nucleons, allowing a greater sharing of momentum betwe¢he quarks in the two nucleons and
enhancing the distribution of high-momentum quarks. Whilehis has a small impact in the region of
the EMC e ect, it has a much larger e ect at x > 1, where the quark distributions fall o extremely
rapidly. Figure 13 shows the same models of the quark disttibons in deuterium as Fig. 12: A
convolution of proton and neutron quark distributions, anda mix of 95% proton plus neutron, and
5% contribution from a 6-quark bag. In this case, the quark dtribution for the simple convolu-
tion model dies o rapidly above x = 1, and so the contribution from the 6-quark bag can lead to
enhancements of 100's of percent in the structure functiomompared to the percent level e ects
observed forx < 1. While we show here the example of a 6-quark bag, any con @iion in which
there is direct sharing of the momentum between the quarks ithe two nucleons will lead to an
enhancement of this kind, with a similar increase in sensiity in these large x structure functions.
Larger e ects might be observed in heavier nuclei, but one eds a quantitative understanding of the
distribution of high momentum nucleons to provide a reliald \baseline" calculation for the purely
hadronic picture. Measurements of quasielastic scattegrat large missing momentum, planned for 6
and 12 GeV, combined with the large ratios proposed here, should provide signi cant informadtin
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on the short range correlations that provide the high-moméam part of the spectral function, and
allow us to separate the contribution of superfast quarks #t come from high-momentum nucleons
and those that come from other con gurations in nuclei.
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FIG. 13: Same as Fig. 12, but showing the e ect of a small 6-quark bag component in the large x region. The blue circles
indicated the projected measurements, with uncertainties smaller than the points shown.

Here we will be DIS dominated at least up tox = 1:3; however, for higherx values, the quality of
scaling at lowerQ? indicates that deviations from the scaling limit should be elatively small even
for x = 1:4 1.5 . Our measurements of the&Q?-dependence for selected targets will allow us to
investigate this.

We can see from Fig. 6 that for largex and Q?, the scattering is dominated by scattering from
the short range correlations in nuclei. This makes it clearh&t it will still be important to have
guantitative measurements of the contributions of short nage correlations, although any uncertainty
in our knowledge of the strength and detailed structure of thse contributions will partially cancel
in the ratio. It also provides another way to view the sensttity to these non-hadronic components.
The cross section is dominated by scattering from these shoange correlations, which represent
two or more nucleons in very close proximity, and thereforeepresents scattering from a high density
con guration in the nucleus. It is then natural that one would have much greater sensitivity to
modi cation of the nucleon structure when using the scatteng kinematics to isolate scattering from
high density con gurations, thus probing the quark structue as a function of local density, rather
than average nuclear density.

V. OTHER TOPICS OF INTEREST

In addition to providing information about short range corelations and parton distributions at
x> 1, these measurements will provide data that can be used tausly duality and to make precise
measurements of the nuclear dependence of QCD moments. @umtrmoment analyses are limited
at moderate to high Q? values by the knowledge of the structure function ak > 1, especially for
the higher moments [35]. Combining this data with lowex measurements from duality studies of
hydrogen and deuterium will allow a more precise determinian of the rst several moments of the
nuclear structure function. A comparison of the moments ofalterium and hydrogen may allow a
determination of the moments for the neutron without some ahe theoretical ambiguities that arise
when attempting to directly extract the neutron structure function from data on nuclei.

This data will also provide new ways to probe the details of dlity in nuclei [4, 30, 36, 37]. Studies
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of duality in the proton have shown that the resonance regiostructure function is consistent with
the scaling limit, when averaged over an the resonances [38, 39]. This duality has been observed
for both the global average over the resonance region and fibre local average in the vicinity
of the prominent resonances. However, the duality breaks o if one takes only a very narrow
region, for example, if one take a narrow region on top of a pronent resonance, then the structure
function will be larger than the scaling limit structure function. In nuclei, Fermi motion provides
an averaging of the structure function, thus providing an gxanation of the observed scaling as a
direct consequence of duality in the proton and neutron. Haaver, at larger values, in particular
for > 1, it is not clear that this connection should hold [31]. At lav Q?, scattering at > 1 is
dominated by the low-energy transfer side of the quasielastpeak, and so it is not clear that the
averaging provided by Fermi motion will sample a large enobigregion to yield scaling, as duality
does not hold if one looks at too narrow a region &2, for example, looking only in region of the
tail of a resonance (or in this case, the quasielastic peakdt larger Q?, however, the cross section
has signi cant quasielastic, resonance, and DIS contribwains, as seen in Fig. 9, and so it may well
be that at su cient Q?, duality in the nucleon structure function may be su cient t o explain scaling
of the nuclear structure function even forx > 1. This data will allow for a careful examination of
both the and Q? dependence, and map out the onset of scaling.

VI. DETAILS OF THE 11 GEV PROPOSED MEASUREMENTS

A. Backgrounds and Systematic Errors

While probing di erent physics than previous measuremenishis experiment is, from a technical
point of view, a relatively straightforward extension of tle lower energy measurements of inclusive
scattering from nuclei. The dominant sources of backgroundre the pion contamination of the
electron distribution and charge symmetric background. Irthe previous runs, this contamination
was always less than 1% in the HMS when using the calorimetarchCerenkov information for particle
identi cation. While the pion background will be somewhat vorse at these larger energies, the main
limitation at lower energies was the pion rejection in the darimeter when the scattered electron was
at low momentum. In this proposal, the minimum scattered eldron energy is signi cantly higher;
1.5 GeV for the HMS, and 4 GeV for the SHMS, and the pion rejectn should be su cient for the
proposed kinematics.

Of greater concern was the background from secondary elexts produced in the target. The main
source likely comes from electro-production and photo-pdaction of neutral pions. These pions then
decay into photons which can produce position-electron pai This background is charge-symmetric,
and can be measured directly by changing the spectrometer pmsitive polarity and detecting the
produced positrons. For the largest angles measured in EB98 (55 and 74), this background was
signi cant and required a t to our positron measurements ad subtraction from our electron data
(see Ref. [24] for more details). The data from E02-109, taket 5.8 GeV, show charge symmetric
backgrounds of 10% for the largest angle, decreasing rapidly as the scaitey angle is decreased.
This background is sensitive to the radiation length and gevetry of the target, and will have to be
measured and subtracted for the large scattering angle datés a result, we will limit our running
55, and have included time in our beamtime request to measureighbackground.

The combined systematic uncertainties from the E89-008 rutotaled 3.2 to 4.7% for the HMS
data with the primary contributors being knowledge of the aceptance, radiative corrections, target
thickness,and bin centering (correcting an integral numbreof counts within a momentum/angle
bin to the measured cross section at the center of the bin). Ela of these four items ranged from
approximately 1% to 2%, depending on the scattering angle. able 1 summarizes the systematic
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TABLE |: Systematic uncertainties in the extraction of the ¢ ross section for 4 GeV running. Entries with an asterisk indi cate
that a correction was made directly to the cross section which had the listed uncertainty. Entries without an asterisk in dicate
no correction to the cross section, just a contribution to th e overall uncertainty.

Systematic HMS
Acceptance Correction 1.0-2.2%
Radiative Correction 2.5%
Target Track Cuts 0.5%
Bin Centering Correction 1.0-2.2%
PID E ciency 0.5%
Charge Measurement 1.0%
Target Thickness 0.5-2.0%
Target/Beam Position O set 0.25%
Tracking E ciency 0.5%
Trigger E ciency 0.05%
Normalization 0.0%

COMBINED UNCERTAINTY 3.2-4.7%

uncertainties during the 4 GeV running. Preliminary resuls on the E02-019 indicate that we should
achieve similar uncertainties.

There is an additional uncertainty in the extraction of F, from the cross section due to the un-
certainty in R = | = 1. This was generally negligible, except at the largest and Q? values
measured.We will take a small amount of data with 4 GeV beam, both as a cross calibration with
the previous measurement and also to provide a rough detemation of R. In the E89-008 analysis, a
value of R = 0:32=Q? was assumed, with a 100% uncertainty in this value. For the pposed 11 GeV
measurements, these uncertainties are smaller than in theepious measurements, and contribute
at most 1-1.5% to the uncertainty.

B. Proposed Kinematics with 11 GeV Beam

Fig. 14 shows the kinematic range ix and Q2. The region below the dashed (solid) curve is what
is accessible with 4 (6) GeV beam at JLab ( 60 in both cases). Experiments E89-008 and EO1-
019 did not cover the fullQ? range for very largex values, so the existing data fox > 2:2 is limited
to Q2 < 5 Ge\2. Previous SLAC measurements of inclusive electron scatiigg from nuclei [2] were
limitedto x 3 andQ? 3 Ge\?. As with E02-019 we have includedHe and*He cryogenic targets.

The increase in beam energy to 11 GeV will have the greatestpact on the Q? range for kinematic
points with 1:0 < x < 1:5. This extendedQ? data is critical to studies of the extremely largex
quark distributions. At larger values ofx, the Q? increase is smaller but is crucial for studies of
the nature of the short range correlations. The increase i®? is enough to allow us to reach well
into the scaling region Q? > 3 Ge\?) out to extremely large x values. This will allow us to verify
that the cross section ratios forx > 2:25 are independent ofQ?, and provide direct extractions of
the relative strength of 3N correlations in a variety of nudi. In addition, the measurements of the
absolute cross sections at large from few-body nuclei up to A=4 will provide tests of nal state
interactions, which would interfere with the interpretation of these ratios in terms of multi-nucleon
correlations. The existing data from the E02-019 measurenteat 6 GeV will provide high quality
measurements of the ratios and absolute cross sections i tlegion up tox = 2, and provide a rst
look at the Q? dependence and absolute cross sections for the region upxte 3. The proposed
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FIG. 14: The kinematic range in Q? and the Bjorken x variable. The black symbols indicated the range with a 6 GeV f rom
E02-019, the red re ect that obtained in the CLAS ratio measu rements. The blue symbols and line de ne the region accessille
at 11 GeV. The solid (dashed) blue curve indicates the region where the projected statistical uncertainties are 10% (5%) for
an x bin of 0.05.

measurements at 11 GeV will be able to make signi cantly impved measurements up tx = 3,
and provide a rst look at larger x, where one might observe the dominance of scattering from
alpha-clusters (four-nucleon correlations) in nuclei.

C. Experimental Equipment

The experimental set-up for measurements with a 11 GeV beanowd be performed using the
existing HMS and new SHMS which is part of the base equipmenagkage for the 12 GeV upgrade.
The HMS would be used for the highes? measurements at large angles and the SHMS would be
used for the intermediate angles< 30 providing the intermediate Q> measurements foix < 1.5,
and the modestQ? but very large x measurements. Data would be taken in the HMS spectrometer
using the existing detector package which includes a thresld gas Cerenkov counter and a lead
glass shower counter for rejection of pion background. TheH®IS will have a similar package of
nearly identical performance. Several nuclear targets (BE, Cu, and Au) would be used as well as
cryogenic targets. We will run at beam currents between 20 dr80 A.

A cryogenic hydrogen target is necessary for calibration dna cryogenic deuterium target for
production data. These are currently part of the standard Hk C cryotarget system. *He and
“He cells have been used in E02-019, and we found that thesdscperformed extremely well at
currents up to 80 A. In addition to the cryotargets, we will take data on severhsolid targets, Be,
C, Cu, and Au, which will allow us to measure theA dependence of the contributions from short
range correlations, the A dependence of the quark distribigins atx > 1, as well as allowing for an
extrapolation to nuclear matter. The measurements would bdone at several angles to cover the
full kinematic range, as shown in Fig. 14 and listed in Tablel.l

We assume an acceptance of 6.8msr for the HMS, and 3.8msr foe ISHMS, and will take data
independently with both spectrometers throughout the run.The SHMS will make all of the mea-
surements for the very largex, where we are focussed on the short range correlations. Fhetdata
focussed on extracting the distribution of superfast quagk the HMS will take the largestQ? mea-
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E Osettings  x Q2 time(hrs) |Notes
(deg) (GeV) GeV? Cu
8.0 10.6 0.7-4.0 2.1-23 10 [SHMS (17 hrs. for cryotargets)
10.0 104 0.7-3.0 3.0-35 10 |SHMS (17 hrs. for cryotargets)
12.0 9.8 0.7-2.6 4.0-5.0 10 [SHMS (17 hrs. for cryotargets)
220 57,70 0.7-1.55 8.1-12 3+8=11|SHMS
26.0 48,6.0 0.7-1.45 9.5-14 3+8=11|SHMS (use HMS for cryotargets)
32.0 3.3,39/4.6 0.7-1.35 11-17 (1+5+10)HMS
40.0 2.4,2.8,3.3 0.7-1.25 12-18 (1+5+10)HMS
55.0 1.5,1.7,2.0 0.7-1.20 13-20 (2+8+10)HMS

12 e" data
6 overhead
6 dummy targets (cryotargets only)

70 (87) |Total time for Cu (LD2)

TABLE II: Kinematics and runtimes for the Cu running. Data ta  king with the HMS is simultaneous with SHMS running, and
so the times in parenthesis are not included in the total. For the cryogenic targets, data taking at 26 degrees, will be taken with
the HMS to allow extra SHMS running time for the very large x data on the cryotargets. In addition, extra time is required
for measurements on a \dummy" target, used to measure the contribution from the target endcaps.

surements, which require scattering angles beyond 30 dezgeand the SHMS will take some of the
lower Q? measurements. We will also take data for deuterium and carbowith both spectrometers
at the same kinematics, to perform a cross check on the exttad cross sections.

VIl.  REQUEST TO LABORATORY

The kinematics and runtimes for the Cu data taking are listedn Table II, assuming 80 A running
on a 6% radiation length target. The total runtime for Cu is 70hours, including over head and
positive polarity measurements of the charge-symmetric blground. Including Be, C, and Au
(scaling run times by the target nucleon densities) yields #tal runtime of 259 hours for the solid
targets.

The deuterium target has roughly the same nucleon arial deitys as the copper target, so the
runtime for deuterium is essentially the same as given in Téb Il. However, for the cryogenic
targets, more time is required at the smaller angles which wer the extremely largex values, as
the subtraction of the aluminum endcap contributions are irportant, and the cross section in the
correlation dominated regions are a few times smaller thaarfthe solid targets. For these kinematics,
we will take the data at 26 with the HMS (using three momentum settings), bringing the S
runtime (neglecting positron running and overhead) from 58 63 hours, and allowing us to roughly
double the running time for the small angle data on the cryotgets. This brings the runtime for
deuterium up from the 70 hours given in table Il to 81 hours, pis an additional six hours of running
on the dummy target, for 87 total hours on deuterium. While tke deuterium data is only measured
up to x = 2, the entire largex region is covered in a single setting of the SHMS, so the kinatits
are the same for’He and“He. Scaling the runtime by e ective thickness of theéHe and “He, we
require a total running time of 383 hours.

The total beam time request is summarized in Table I1l. Thisncludes time for cross-calibrations
of the HMS and SHMS at 26 degrees for deuterium and carbon, ¢gt heating studies, BCM cali-
brations and beam spot size monitoring, hydrogen elasticgidies, and checkout and commissioning
time. Because the Helium targets and hydrogen/deuterium tgets can not run at the same time,
we also include time for a changeover between the hydrogendamelium targets. The sum time for
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Activity Time
(hours)

Solid target running 259

Cryotarget running 383
HMS/SHS cross calibration 16
Hydrogen elastics 24
Target Boiling Studies 16
Target Changeover 24
BCM calibrations 8
Beam spot monitoring 4
checkout/calibration 24

Total 758

(32 days)

TABLE IlI: Beam time request for the proposed experiment. Th e time shown is for SHMS running; HMS running is parasitic.

checkout, calibration and beam studies is 116 hours, makitige total beamtime request 758 hours,
or 32 days.

Vill.  SUMMARY

We propose to measure inclusive scattering at> 1 on several light and heavy nuclei. The data is
broken into two kinematic regions. Data taken at moderate&)? values for extremely largex, where
the cross section ratios are sensitive to the presence of tmacleon and multi-nucleon correlations.
The cross section ratios at very largex will allow us to study in detail the A dependence of the
strength of 2N and 3N SRCs. The large@? values of the proposed measurements, along with the
ability to make absolute cross section measurements willlav us to verify the assumptions made
in previous studies. The coverage should also allow for rdtudies of the size and importance of

-clusters in nuclei.

This data will complement the many completed and upcoming @acidenceA (e; €p) and A(e; ENN)
measurements attempting to probe the high momentum compoms of the spectral function and
short range correlations [40{42]. The inclusive measurentecan reach much larger values of the
missing momentum, where the coincidence measurements bmeocross section (or background)
limited. The inclusive measurements are also cleaner,bgisigni cantly less sensitive to nal state
interactions, meson exchange currents, and other processehich must be modeled in the analysis of
the coincidence measurements. In the inclusive measurermy@me does not reconstruct the excitation
energy of the nal system (the missing energy of the struck mleon), and so is sensitive to the entire
missing energy distribution of the spectral function. Bothinclusive and coincidence experiments are
important in these studies, as inclusive measurements camogide fairly clean information on the
very high momentum components of the spectral function, wie the coincidence experiments can
provide detailed information on the missing energy distriltion (and momentum distributions for
the individual shells) at lower momentum values.

The second physics goal is the extraction of the structure fiations, and thus the unseparated
quark distributions, at x > 1. The existing measurements from neutrino and muon scatteg are
of limited statistical precision and kinematic coverage, rad yield contradictory results. Nuclear
dependence of the structure functions ak > 1 can provide new insight into the origin of the
EMC e ect [43], and the distribution of these superfast qudds in nuclei is extremely sensitive to
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non-hadronic components, providing orders of magnitude me sensitivity to con gurations such as
6-quark bags.

In addition to the main goals of studying short range correldons and parton distributions at
x > 1, this data will also allow several other studies. It will dbw us to extended measurements of
duality and scaling in nuclei, especially for > 1 where it is not clear whether or not -scaling is
a natural consequence of local duality [31]. In addition, nasurements of the structure function in
nuclei at large values ok are important in the extraction of QCD moment in nuclei, espeially for
the higher moments which are extremely sensitive to the cawibutions at large x.
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