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Abstract

We proposeto measureinclusive electron scattering from ?H and seweral nuclei spanning the
mass range from ‘Li to 1%’Au at high x (0:5 < x < 0:9) and at large Q2 (¥4 4| 7 GeV?). In
the large x region, the rising EMC ratio as x approaces 1.0 is typically attributed to binding
and Fermi motion e®ects.Mean{ eld calculationsin this region, while often failing quartitativ ely,
describe the qualitativ e behavior rather well. Thesecalculations predict little A-dependenceto the
cross{over wherethe EMC ratio risesabove unity at x ¥ 0:8. There is a dearth of data in the high
X region due to the typical requiremerts that measuremeis be made at W > 2 GeV, and hence
extremely large Q2, to ensurethat oneis in the deepinelastic regime. However, recert results
show that the high x cross{over has signi cant A-dependence,even for rather heavy nuclei. This
experiment will take advantage of the recertly obsened scaling of the EMC ratios in the resonance
region to make precision measuremets of the EMC ratios for a variety of nuclei at high x. We
will place particular emphasison the A-dependenceof the high x cross{over.



I. INTR ODUCTION AND MOTIV ATION
A. The EMC E®ect

Since the original obsenation of the modi cation of structure functions in nuclei by
the European Muon Collaboration [1], there has beenintensetheoretical and experimertal
activity aimed at understanding nuclear e®ectsin parton distribution functions. Twerty
yearslater, thesenuclear e®ectsare still not fully understood. Seeral reviewsof the EMC
e®ecthave appearedin the literature (for example,see[2] and [3]), sowe will not focuson a
detailed description here,but review someof the main features,in particular asthey pertain
to this proposal.

Figure 1 shows the ratio of the inclusive lepton Deep Inelastic crosssection from iron
to that from deuterium as measuredby the EMC collaboration [1], the BCDMS collabora-
tion [4], and SLAC experimerts E87 [5] and E139[6]. The x-dependenceof the crosssection
ratio is typically brokendown into three regions:the regionx < 0:1, wherethe nuclearcross
sectionis suppressedthe shadaving region), the small enhancemenat 0:1 < x < 0:3, and
the large suppressionat x > 0:3. There is, in addition, a fourth region at x > 0:7 where
the EMC ratio increasesand becomedarger than 1.0 at x % 0:8. This latter regionis often
ignoredfor two reasons.First, thereis alack of high precisiondata in this regiondueto the
kinematic constrairts employed (W? > 4 GeV?, requiresextremely large Q? valuesat large
X) to ensurethat oneis in the Deep Inelastic Scattering (DIS) regime. At high x, these
constrairts are dixcult to ful'll, requiring very high energiesand long experimerts. The
secondreasonfor the lack of interestin the high x regionis that it is assumedo be easily
describedin terms of nuclear Fermi motion and binding e®ectsyequiring little exotic or new
physics. Howeer, it is important to note that these\conventional nuclear physics" e®ects
are, in fact, important throughout the full x range of the EMC e®ect. Precision data at
high x can sere as a strict constraint on modelsthat attempt to include standard nuclear
e®ectdn other x regions.

It is alsoworth noting that there is a signi cant A-dependencein the size of the EMC
e®ecin the rst threeregionsdescribedabove (x < 0:7). Howeer, the shae of the structure
function ratio as a function of x in those regionschangesvery little: the points wherethe
ratio crosseaunity at x ¥ 0:1 and x ¥ 0:3 and the position of the minimum at x ¥ 0:7 are
virtually the samefor all nuclei. This hasleadto a situation wherecalculationsof the EMC
e®ectoften treat nuclei as nuclear matter which is then scaledto lower density. We will
shaw later that this approad, which seemswell motivated at x < 0:7 may be inadequate
when one examinesthe high x regionin more detail.

The large x region can be intuitiv ely understood in terms of a simple x rescalingdue
to Fermi motion of the bound nucleon. For a stationary nucleon, Bjorken x = Q2=(2p ¢q)
reducesto Q?=(2my°). Howewer, a nucleonbound in the nucleushas an e®ectie x given

by, ,
o Q° .
X 2o0eq” @

wherep®is the 4{momertum of the bound nucleonand p® 6 mZ . In this case,for a given
X = Q%=(2my°), x%is shifted lower by an amourt rti=my, wherel?i is the meanvalue of
the nucleon separation energy[3]. The shift of x° to smaller values, where the structure
function is larger, implies that the structure function ratio shouldincrease.In this model,
the A-dependenceat large x is largely determinedby the separationenergy 2, which canbe
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FIG. 1. (¥a=%y ) ratios as a function of x from EMC (hollow circles), SLAC (crossesand solid
circles), and BCDMS (squares). The data have beenaveragedover Q2 and corrected for neutron
excess.The SLAC and BCDMS points show (¥ ¢=%y ) while the EMC points show (Yeu=%)

related to the averagemomertum of the bound nucleonvia the Koltun sumrule,
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where? is the chemical potential of -8 MeV/n ucleon[7]. Sincethe Fermi momertum of the
bound nucleonis taken to scaleas the nuclear density, it (and hencethe high x behavior
of the structure function ratio) should changevery little for heary (A, 12) nuclei. Initial
calculations of the nuclear dependenceof electron scattering crosssections(beforethe ex-
perimertal obsenation of the EMC e®ect)were donein a similar (although not idertical)
context [8, 9], and while they predict the wrong behavior at low x, correctly predict the
steeprise in the structure function ratios at x > 0:7.

The above simple picture is useful to gain an intuitiv e understanding of the high x
behavior of the EMC ratio, but it should be noted that more sophisticatedcalculationsalso
predict similar features. For example,Marco et al. [1(] calculate the EMC e®ectin terms
of an interacting Fermi seaand include the e®ectsof extra Y2and Yamesoncortributions to
the structure functions. Their approad starts from relativistic nucleon spectral functions
in an attempt to avoid the somewhatad hoc correctionsthat often are necessaryin non{
relativistic mean"eld calculations. The results of their calculationsfor °Li, 2C, 4°Ca, and
6Fe are shawn in Fig. 2 wherethe ratio of F,=A to F, for the isospinaveragedfree nucleon
(ignoring Fermi motion in deuterium) is plotted. Clearly, the expectations from the simple
Fermi{motion argumerts above appear to be born out. The EMC ratio rises rapidly for
x > 0.7, and the high x cross{over changesvery little as A increasesfrom 6 to 56. Any
changein the high x cross{orer one can discernis a trend for the cross{over to move to
smaller x for large A. The agreemeh with the data is rather poor at large x, but this can
be attributed to the fact that calculationsin this regimeare quite sensitive to the structure
function of deuterium in the denominator, and the results shovn ignore the Fermi motion
of the nucleonsin the deuteron. Nonethelessjncluding deuteron Fermi{motion e®ectswill
improve the quartitativ e agreemen with the data, but will not changethe trend, since
at eat x, the correction will be commonto all heavier nuclei. It is worth noting that
this calculation also underscoresthe fact that these standard nuclear physics e®ectsare
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FIG. 2: Calculation of the EMC e®ectfrom Marco et al. [10]. The calculation wasdonein terms of
a relativistic, mean{ eld model. The solid line is the full calculation which includes cortributions

from pions and rhos in the nucleus, while the dashedline is the cortribution from the nucleons
only (the dot{dashed line in >®Fe includes cortributions from nucleonsand pions). The calculations
are comparedto data from SLAC experiment E139 (circles), BCDMS (squaresfor °°Fe) and NMC

(squares®Li, 12Ca, and “°Ca). Note that R(x) is the ratio of nuclearto nucleon structure functions,
i.e., ignoring Fermi motion e®ectsin deuterium.

important not just at very large x, but throughout the EMC e®ectregion. There is a clear
modi cation of the structure function ratio down to x = 0:1.

Another fully relativistic calculation of the EMC e®ectby Grossand Liuti [11], howeer,
predictsarather di®erern behavior at largex. In this case the cross{overis predictedto shift
to higher x for large A. The position of the high x cross@er for the calculationsof Marco et
al. and Grossand Liuti are showvn in Fig. 3. The absoluteposition of the high x cross{over
is somewhatdi®eren, but the important feature of this plot is that, for A , 12, the two
calculationsdo not even agreeon the trend in terms of the x position of the cross{oser with
increasingA. Both Grossand Liuti and Marco et al. usefully relativistic nucleonspectral
functions, and furthermore include binding e®ectsthrough an explicit dependenceof the
nucleon structure function on the nucleonmomertum. While the calculations of Marco et
al. include additional contributions from pions and rhos, this haslittle or no apparen e®ect
in the high x (x > 0:6) region. The fact that thesetwo calculationswhich seemto start with
similar approatescan result in strikingly di®eren qualitative behavior at high x is a clear
indication of the utilit y of high precisiondata in this regionto test and constrain models
of the nuclear dependenceof Deep Inelastic Scattering. This becomesespecially important
in light of recen results that obsene an A-dependenceto the high x behavior of the EMC
e®ect.



1
— L ® Marco et al
2 B Gross and Liuti
8 L ¥ SLAC E139
g 0.9 i
© ]
x
e
2 08 -
T °
°
| o0
0.7 -
r 4He 6Li 12C 4OCa SGFe 197Au
| L | | |
2
1 10 10

FIG. 3: Position of the high x cross{over as a function A from the calculations of Marco et
al. [10] and Grossand Liuti [11]. The cross{over estimated from SLAC E139data [6] is also shown
for comparison. Despite the fact that the calculations include Fermi motion and binding as the
dominant cortributions at large x, they predict di®eren trends for the position of the cross{over
as A increases.

B. Existing Data at Large x

The most complete measuremets of the EMC e®ectcome from SLAC experimert
E139[6]. They measuredratios to deuterium for “He, °Be, *2C, ?’Al, 4°Ca, *°Fe, 1%Ag,
and '%’Au targets for three Q? bins (Q?=2 and 5 GeV? for x < 0:3; Q?=2, 5, and 10 for
0:3 - x - 0:5; Q?=5 and 10 for x > 0:5). In addition to measuringthe x-dependence,
E139 examinedthe Q?-dependenceand A-dependenceof the e®ect. They found no signif-
icant Q?-dependencein the measuredcrosssection ratios. The ratio does have a strong
target dependencewhich, at xed x, can be well described as a function of massnumber
(¥a=%y = C(X)A®X), wheretheir T yields C(x) ¥ 1) or asa function of the averagenu-
clear density, %2(3a=%y = D(X)[1+ (X)X4A)], with —(x) ¥ 1). For the SLAC analysis
Yis taken to be the nuclear density (nucleons/fm?®) determinedassuminga uniform sphere
with a radius equalto the RMS electron scattering chargeradius [6, 12]. As seenin Fig. 4,
despitethe signi cant A-dependenceat xed x, there s little apparert changein the shag
of the crosssection ratios as a function of x. More speci cally, it can be seenthat the
secondcross{over point at low x (near 0.3) is constan, though poorly determined,while the
position of the minimum at x %2 0:7 changesvery little.

A morerecern extraction of the EMC ratio is shovn in Fig. 5[13]. In this gure, the cross
sectionratio hasbeenextracted usingdata takenin the resonanceegionduring JLab exper-
iment E89-008. Also shovn are SLAC E139data for comparison. Note t@at in this gure,

the ratios are plotted asa function of the Nachtmann variable» = 2x=(1+ 1+ 4M 2x2=Q®).

At largeQ?, » ! X, soin the Bjorkenlimit sharesthe interpretation of the momenum frac-
tion carried by the struck quark. However, at nite Q?, using » reducesthe e®ectwf scaling
violations assaiated with target masscorrections[14].
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FIG. 4: (¥a=% ) ratios asa function of x from SLAC E139for seweral nuclei. The data have been
averagedover Q2 and corrected for neutron excess.

The rst important feature of Fig. 5 is that, wherethe resonancelata overlapsthe SLAC
DIS data, the agreemehn is excellett for all nuclei shovn. This result in and of itself is
interesting in that it demonstratesthat nuclear e®ectdn the resonanceegion are idertical
to thosein the Deeplnelastic regime. The secondand perhapsmore important point is that
the improved coverageat large » allows oneto seethat that the shape of the EMC ratio for
»> 0.7 is A-dependen, even for rather heavy nuclei. Looking at the cross{over at large »,
onecanseethat for *®Feand 1%’Au it shifts to larger » whencomparedto *2C. This behavior
is in stark cortrast to the naive expectation as outlined in Eq. 1. In that simple picture,
x%is shifted by an amourt r?i=my. Sincewe expect the magnitude of the mean separation
energyto, if anything, increasefor larger A, we might naively expect the cross{over to shift
to lower x. It is perhapsnot surprising that this simple picture fails quartitativ ely, but as
we have seenthis is alsoa feature of other more sophisticated,mean{ eld calculations. This
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indicatesthat the EMC ratio at large » is quite sensitive to the details of nuclear structure
and binding models and precision measuremets of sud a quartity would undoubtedly
constrain and test state{of{the{art models of nuclei.
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FIG. 5: (¥a=%y) ratios as a function of » (= x at large Q) from JLab Experiment E89-009for
carbon, iron, and gold (closed circles). Also shonn are data from SLAC E139 (open diamonds)
and BCDMS (open squares),plotted as a function of » instead of x, and with coulomb corrections
applied. The E89-009EMC ratio has beenformed using resonanceregion data (1:2 < W? < 3:0,
Q? Y4 4:0 GeV?). The solid line is a t that assumesa constart shape in », but allows for A-
dependencein the size of the crosssectionratio. Clearly, such a t is inadequatefor the 2C data
at high ».

II. KINEMA TIC COVERA GE, SCALING, AND DUALITY

This experimert will measurethe EMC e®ectfor nuclei from ‘Li to *’Au, for x > 05
and Q? > 4 GeV2. In addition, the structure functions and EMC ratios for a subsetof the
targets will be taken asa function of Q2 to measureany deviations of the structure function
from pQCD ewlution at low Q? values. Figure 6 shavs the proposedkinematic coverageat 6
GeV (u- 45Y) asafunction of x and Q2. The dark (blue) points denotethe x{Q? regionfor
which we will take data for all nucleartargets and for which we will measurethe EMC e®ect.
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FIG. 6: Overview of the proposedkinematics. The dark (blue) linesindicate the kinematic coverage
for all targets. The solid red lines correspond to W2=1.3, 2.0, and 4.0 GeV? for a 6 GeV beam.
Also shown are the kinematics for the JLab EMC e®ectmeasuremei shown in Fig. 5 (small, yellow
symbols). The SLAC E139 kinematics for x , 0:5 are also shown (solid, magerta squares). The
greenlines indicate kinematics for which we will take data with a subsetof targets to examinethe
QZ?-dependenceof the structure functions and target ratios.

The dark (red) lines mark the W? = 4 GeV?, W? = 2 GeV?, and W2 = 1:3 GeV? limits.
Clearly, a signi cant portion of the data will be at W? < 4 GeV?, belov what is typically
consideredhe DIS regime. Howewer, this constraint needno longerbe sostringertly applied
with the obsenation, shown in Fig. 5, that the nuclear dependenceof the crosssectionsas
measuredin the DIS regionis identical to that measuredin the resonanceegion.

The agreemenh between DIS and resonanceregion measuremets of the EMC e®ectis
perhapsnot sosurprisingin light of measuremets of scalingof the structure functionsin the
resonanceegion. Figure 7 shaws the resonanceegionstructure functions for hydrogen[15],
deuterium [16], and iron [17]. Each data symbol correspndsto a di®eren range of Q?
(higher Q? rangesat higher »). Also showvn are parameterizationsof the structure functions
from MRST [18 and NMC [19]. In the proton case,one can seescaling of the structure
functions if one averagesover the resonancestructure. In the deuterium case,one can see
better local agreemeh with scalingsincemost of the resonancestructure, asidefrom the ¢,
is washedout by the Fermi motion of the bound nucleons. The iron data showns even better
agreemenh with scalingwith all signsof the ¢ resonancealmost completely eliminated.

The previous data on duality in the proton (and nuclear) structure functions indicate
that any deviations from perturbative behavior of the structure function should be small
over most of the kinematics of this measuremen Extensive studiesof duality in the proton
(unpolarized)structure functions shaw that deviationsfrom pQCD behavior are< 10%down
to Q? ¥4 0:5 GeV? when averagedover individual resonance$15, 21]. There are indications



that duality holds even better for nuclei, as the structure function momerts deviate from
perturbative behavior at Q2 ¥4 2 GeV? for the proton [22], but Q% < 1 GeV? for nuclei [23).
In addition, for nuclei the structure function neednot be averagedover a resonanceregion
to reproducethe perturbative behavior (Fig. 7 and Refs.[13, 17, 24)).
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FIG. 7: Resonanceregion structure functions for hydrogen, deuterium, and iron. For hydrogen,
the elastic peak is excluded, for deuterium the quasielasticpeak is subtracted from the data, and
for iron there is a cut (W? > 1:3) to excludethe quasielastic cortributions.

Figure 8 shows the Q?-dependenceof the structure function for deuterium at “xed val-
uesof » from JLab experimernt E89-008[17] and SLAC measuremets [20]. The data at
W2 > 4 Ge\? arein the DIS region and shov no deviations from logarithmic scaling. The
data in the resonanceregion at Q% > 3 GeV? deviate from logarithmic QCD scaling by
< 10%for all » measured. Thesedeviations decreasewith increasingQ? and the structure
functions evertually becomeconsisten with logarithmic pQCD scaling, even though W?2 is
smallerthan the value typically assaiated with the DIS regime. The succes®f »-scalingin
deuterium at extremely low valuesof W (above the QE peak) and relatively low momertum
transfersleadsus to beliewe that the very precisescalingobsened in the DIS region should
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extend belov W? = 4 GeV?, especially for the larger Q? valuesof this measuremen
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FIG. 8: Structure function for deuterium as a function of Q2 at xed » values. The solid lines
indicate W2 > 2 and W2 > 4 GeV2. Dashedlines shaw the logarithmic Q2-dependenceextracted
from SLAC data at large Q2.

The deviationsfrom the pQCD ewlution asdeterminedby the E89-008data are not pre-
ciselymapped out, but are largestfor the lowest W? valueswherethe quasielasticcortribu-
tions dominate the higher twist cortributions. At Q? ¥4 3 GeV?, the deviationsfrom pQCD
were found to be ¥410%. For E89-008,the EMC ratios were extracted above Q? = 3 GeV?
so higher twist e®ectsshould be somewhatsmaller. In addition, any A-independen higher
twist e®ectswill cancelin the EMC ratio. Becauseof the higher Q2 and partial cancellation
betweentargets, we beliewve that the uncertainties in the EMC ratio will be reducedby at
least a factor of two. Therefore,we expect the higher twist cortributions in the EMC ratio
from E89-008to be lessthan 5%. In the region where precisedata exist from SLAC, the
data setsagreewithin their uncertainties, indicating that the deviations are 3% or less.

For the proposedmeasuremenat 6 GeV beamenergy the data at a xed » value will be
taken at larger Q? values(4{7 GeV?), and larger W2, both of which should reducethe e®ect
of higher twist cortributions as comparedto the E89-008data. We canread » = 0:78 if
we stay above W? = 2:0 GeV?, wherewe expect that the higher twist cortributions will be
extremely small. We can extend this to » = 0:86 by using data at lower W?2 values: down
to 1.3 GeV?, the lowest W2 value for which the ratio was extracted by E89-008. While
the higher twist cortributions may be larger there, they should still be lessthan they were
for the 4 GeV E89-008data, where we estimated an e®ectof lessthan 5%. Even a 5%
e®ecton the EMC ratio would be negligiblecomparedto the § 20%statistical uncertainties
on the existing data at large x. So for the kinematics proposedhere, the extensionof the
measuremets to W2 < 4 should have a very small cortribution to the uncertainties in the
regionwherehigh-precisiondata already exists,and still be much smallerthan the statistical
uncertainties of the existing data at larger » values.

Finally, we will take a small amount of data so that we can map out the higher twist
e®ectsin the nuclear structure functions. This will lend further con dencethat our data
can be interpreted in a DIS{lik e framework. At large » values,we will make a quartitativ e
determination of the higher twist cortributions on the individual structure functions, and
their A-dependence,which will allow us to make more preciseestimatesof their e®ectson
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u EC X Q? W2 | time
(deg)| (GeV) (GeV?) [(GeV?)|(hours)
45 1.3-2.1 |0.5-1.04.4-7.3/0.9-5.3| 112
(3 settings)
20 3.4-43 |0.5-1.02.5-3.1/0.9-3.3] 4
(2 settings)
25 2.7-3.8 |0.5-1.03.1-4.2/0.9-3.9] 4
(2 settings)
30 2.2-3.2 |0.5-1.03.6-5.2|0.9-4.4| 7
(3 settings)
35 1.8-2.8 |0.5-1.03.9-6.0/0.9-4.8)] 9
(3 settings)

TABLE I. Kinematics for the proposed measuremets. All data will be taken at 6 GeV beam
energy The run time includestime for all nine targets at 45 degreesand three targets at 20, 25,
30, and 35 degrees.Additional time for dummy running and overheadfor target and momertum
changesis alsoincluded.

the EMC ratio. As noted above, at 4 GeV, we obsene that the scaling violations in the
structure functions are < 10%for Q? > 3 GeV?, and that sinceit is likely that the violations
are similar regardlessof target, they will be < 5% in the EMC ratio. Howe\er, theseare
consenative estimates,and we expect that the scalingviolations will likely be smaller. For
the 6 GeV measuremets proposedhere, we will take data at both higher Q2 and higher
W2, further decreasinghe higher twist cortributions.

I1l.  EXPERIMENT AL REQUIREMENTS

We proposea measuremen of inclusive electron scattering from deuterium and se\eral
nuclei spanning ‘Li to %’Au. Scattered electronswill be measuredin the HMS and SOS
spectrometers, which will run independerlly. The majority of the data will be taken in
the HMS, while the SOSwill be usedto make measuremets of electronsfrom badkground
(charge symmetric) processesnd to take additional data at the largestQ? values. All data
will betakenat the highestbeamenergyavailable (6 GeV hasbeenassumedor the proposed
kinematics, howewver we do have a certain degreeof °exibilit y regarding the exact beam
energy). We will take data at 45 degreespver a rangeof scatteredelectronenergiescovering
05 < x < 1.0in 20 bins. Data will be taken on deuterium, lithium, beryllium, carbon,
aluminum, calcium, copper, silver, and gold, aswell asa separate,dummy aluminum target
(for subtraction of the target endcapcortributions). Data will be taken at four additional
anglesfor a subsetof targets (deuterium, 12C, and %3Cu) to ched the Q?-dependenceof the
extracted EMC ratio. We will alsotake hydrogenelastic data for calibration at eat angle
setting. This measuremen usesthe standard Hall C spectrometersand detector padages.
The hydrogenand deuterium cryotargets are standard Hall C equipmert.

Tablel lists the kinematicswe proposeto measure correspndingto the kinematicsshavn
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Activit y Time
(hours)
Production Running 136
Target Boiling Studies] 4
Angle Changes(4) 4
e" measuremets 8
BCM calibrations 8
Beam spot monitoring 4
chedkout/calibration 24
Total 188
(8 days)

TABLE I|I: Beam time request for the proposedexperiment. The time shown is for HMS run-
ning. The SOSwill be usedfor more extensive measuremeis of the pion and charge symmetric
badckgrounds at lower momerta, where they are most likely to be a non-negligible cortribution.

The SOSwill also be usedfor parasitic data taking at larger angles(Q?), if the badkgrounds are
tolerable at these kinematics.

in Fig. 6. Target and momertum changesare included in the total time at ead scattering
angle. In all casesdata will be obtained utilizing 4 cm deuterium, an aluminum “dummny’
target and se\eral solid targets. Most of the solid targets that will be usedhave beenused
in previous Hall C experimerts. One notable exceptionis the ’Li target. For this target
only, we will requirethat the target bein thermal cortact with the cryotarget ladder, rather
than be placedon a separatesolid target ladder asis commonly donein Hall C. This will
allow usto run higher currents without undo heating of the lithium target material. Even
so, we estimate that we will be ableto run at most 251 A on a rather thin (100 mg/cm?)
target.

We will run at currents between25 and 100 A with 6 GeV beamenergy Tablell is a
summary of the beamtime required for the measuremet Run times have beenestimated
assumingat least 1% statistics in ead x bin for eat target (double statistics for deuterium,
which generally has a shorter run time). In addition to the data acquisition time, we have
allocatedtime for chedkout and badkground measuremets, and spectrometeranglechanges.

One of the possiblebadkgrounds for the measuremenh is electronscoming from charge
symmetric processesud as the decg of neutral pions or pair production. We will make
measuremets of positrons in order to subtract the charge symmetric background. JLab
experimernt E89-008wasrun at 4 GeV over a similar rangeof angles. For a scattering angle
of 55%, they sav a maximum €*/ei ratio of 15%. Howe\er, this was for x > 1 and a thick,
high Z target. At lower x values,the e"/ei ratio was typically at or belov 10% for the
thick target. SLAC experimert E139 ran at higher energies(8-25 GeV) and found that
the charge symmetric badkground was negligible for most of their kinematics, and largest
(¥410%on deuterium) at their lowestx and Q? values(x < 0:1). We do not expect signi cant
badkgrounds except possibly at the lowest electron momertum settings and largest angle.
Even for these kinematics, the corrections are likely to be small except for the heaviest
targets, where a subtraction of the charge-symmetricbadkground will sutce. Data will be

12



Source Absolute Relative |+¥#%%)| +R=R(%) |tR=R(%)|tR=R (%)
Uncertainty |Uncertainty point-to-p oint| scale |Statistical

HMS Momentum <0.1% 0.01% 0.2 - -

Beam Energy <0.1% <0.02% 0.2 - -

K 0.5mr 0.2mr 0.1 - -

Beam angle 0.5mr 0.1mr 0.1 - -

tp 0.5% 0.5 - 0.5

ta 0.5{2.0% 0.5{2.0 - 0.5{2.0

Charge 0.4% 0.2% 0.5 0.2 0.2

Target Boiling <0.5% 0.2% <05 0.1 0.2

Endcap Subtraction <1.0% 0.2% <1.0 0.1 0.1

Acceptance 1.0-2.0% 0.2% 1.0-2.0 0.2 0.2

Radiative Corrections 2.0% 0.5% 2.0 0.2{0.4 04

Detector Exciency 0.5% 0.2% 0.5 0.2 -

Deadtime Correction <0.5% 0.2% <0.5 0.1 0.2

Positron Background 0.2% 0.2% 0.2 0.1{0.3 0.2

Total 2.5-3.2 0.5{0.6 0.9{2.2 | 0.3-1.2

E139 2.4-3.7 0.3-1.3 1.0-2.5 | 0.5-11.0

TABLE I1l: Systematic uncertainties in the ratio ¥a=%,, comparedto E139 uncertainties. For

X < 0:9, the statistical uncertainties will be 0.3{1.2%. The point{to{p oint systematic error in the
target ratios will be 0.5{0.6% and the overall systematic error will rangefrom 0.9{2.2%, depending
on the target.

takenin the SOSto determinethe charge-symmetricbadkgroundsat thesekinematics.

Pions are the other main sourceof badkground for the measuremet For the E89-008
experimert, the combination of the lead glassshowver courter and the gasCerenlov detector
in the HMS (and SOS) provides pion rejection at %215,000:1for a pion momertum of 1.0
GeV/c, and almost 100,000:1for momerta above 1.5 GeV/c. For the high momertum
settings, this should be more than adequateto remove any pion cortamination from the
measuremen  We will also have direct measuremets of the pion badkgrounds and can
make correctionsfor pion cortamination if there are kinematics where there is somesmall
cortamination left after the PID cuts.

We estimate a systematicuncertainty of 2.5-3.2%in the measuredcrosssectionsfor most
of the kinematics. To correct for density changesdue to localized heating in the deuterium
target, we will measurerate as a function of current. Many sourcesof uncertainty will
cancelin the crosssectionratios for di®eren targets, and we estimatea nal point{to{p oint
systematicuncertainty in the ratios of appraximately 0.6% and an overall scalesystematic
uncertainty of 0:9j 2:2%. TableIll shows the cortributions to the systematicuncertainties
in the target ratios. The solid targets will be measuredat the sametime asthe deuterium
target, and so will not have uncertainties in the EMC ratios due to uncertainties in the
kinematics. Howewer, they will have someuncertainty in the acceptancedueto the di®erence
in the target length. Note that the uncertainty in the thicknessof the deuterium target is a
commonuncertainty for the ¥, =% ratios for all targets.
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FIG. 9: Projected uncertainties for the °Be, 4°Ca, and 1®’Au EMC ratios (solid circles). The inner
error bars are statistical, while the outer errors are combined statistics and point{to{p oint errors.
Not shown is an overall Y21 2% systematic uncertainty. The dark red (light green) points denote
kinematics for which W? > 2 GeV? (W? < 2 GeV?). The projected data have been shown in
x{bins 0.0125wide for x > 0:75 (rather than the default 0.025)to elucidate our sensitivity to the
high x cross{over. Also shown are the data from SLAC E139 (open squares), along with their
parameterization of the x-dependence(solid line). Note that someof our projected data points
are o®the scaleat high x. The full data setwill alsoinclude the EMC ratios from ‘Li, *2C, ?’Al,

63Cu, and 1%8Ag with similar errors.

IV. SUMMAR Y

We request8 days in Hall C to measureinclusive scattering from deuterium, ’Li, °Be,
12¢C, 27Al, 4°Ca, %3Cu, 1%8Ag, 9’Au for x> 0.5and Q%> 4.0 GeV?. We will take additional
data on a subsetof thesetargets (deuterium, *?C, and ®3Cu) to examinethe Q?-dependence
of the nuclear structure functions and the EMC ratio. This measuremeh takes advantage
of the obsened equivalenceof the EMC e®ectas measuredin the canonicalDIS regimeand
as measuredin the resonanceregion. We will measurethe EMC e®ectwith high precision
at high x, placing rigorous constrairts on calculationsof the EMC e®ectwhich must include
binding and nuclear wave{function e®ectsdbeforebeing able to make any statemerts about
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more exotic physics,sud as multiquark clustersor rescalingof nucleonstructure functions
in nuclei. The high x regionis particularly interestingin light of recert resultsthat indicate
that the high x cross{orer increasesas A increaseswhich cortradicts the simple picture in
which the rise of the EMC ratio at high x is simply due to Fermi motion and binding.

V. RELA TION TO OTHER EXPERIMENTS

This proposalis complememary to approved experimert EO3{103,\A PreciseMeasure-
ment of the Nuclear Dependenceof Structure Functions in Light Nuclei" [25. The focus
of that proposal is on measuringthe EMC e®ectin *He and “He over a broad range of
X. The main goal of E03{103 is to extend measuremets of the EMC e®ect(and nuclear
structure functions) to few-body nuclei, wheremore advanced,few-body calculationscanbe
performed. The goal of this proposalis to extend measuremets of the EMC e®ectto larger
x valuesthan existing data, to study the A-dependenceof the shape of the EMC e®ect,
and to provide better data for evaluating and constraining models of the binding and Fermi
motion componerts of the EMC e®ect,which are important over a wide range of x. Thus,
this proposalis focusedon high-x, and on covering a rangeof nuclei. This proposaldoesnot
include *He and “He, as high-x data for thesenuclei will be obtained aspart of the E03{103
measuremen

This proposalis alsosimilar to PR94-105,which was proposedto PAC 9. That proposal
included both 3He, “He, and a range of heavier nuclei. The goal was to improve on the
existing measuremets of the EMC e®ectby making precisemeasuremets on *He and “He,
and by measuringboth F, and R = 3 =3%. Howewer, there is very little overlap with the
kinematics of this proposal, becausePR94-105was focusedon measuremets in the DIS
region, and so covered 0:1 < x < 0:6, while this proposal focuseson the high-x region,
x > 0:5.
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