
1 Inclusiv e Nucleon Structure Functions

1.1 Overview

Polarized and unpolarizedstructure functions of the nucleono�er an unique window on the
internal quark-structure of stable baryons. Both de�ning featuresof QCD, asymptotic free-
dom at largemomenta and small distancescales,aswell ascon�nement and non-perturbative
e�ects at the hadronic scale,can be studied. From measurements of structure functions, we
can infer the fraction of the nucleonmomentum and spin carried by quarksand (via pertur-
bative evolution) gluons.

After more than three decadesof measurements at many labs worldwide, a truly massive
amount of data hasbeencollected,covering several decadesin both kinematic variables(x,
the fraction of the nucleon momentum carried by the struck quark, and the momentum
transfer Q2). However, there are still regions of the kinematic phase spacewhere data
are scarceand have large errors, with large improvements possiblethrough experiments at
Je�erson Lab with an 11 GeV electron beam.

One of the most interesting open questionsis the behavior of the structure functions in
the extreme kinematic limit x ! 1, where nearly all of the nucleon momentum is carried
by a single quark. We want to understand the relative sizeof the contribution from both
u and d valencequarks as well as quarks with spin parallel and antiparallel to the nucleon
spin in this region. Simple phenomenologicalmodels like the (SU(6) { symmetric) quark
model predict signi�cantly di�erent behavior than perturbative QCD or a quark model with
improved hyper�ne interaction. One can study this region via the ratio of the neutron over
the proton structure function F n

2 =Fp
2 and the virtual photon asymmetry A1.

Other topics include a detailed study of the phenomenonof \dualit y", which is the
remarkable agreement between the averagedstructure functions in the region of dominant
resonant �nal states with those at much higher �nal state mass but similar momentum
fraction x. This agreement hassofar only beenshown to exist in the structure function F p

2 ,
but not for neutronsand not in the longitudinal structure function FL or the spin structure
functions g1 and g2. Finally, both unpolarizedand in particular polarizedstructure functions
are still lessthan well known at low to moderate Q2 and x. An improved data sample in
this region would allow us to study issueslike higher twist contributions to the structure
functions R and g2 and maybe also improve perturbative QCD analysesby increasingthe
Q2 rangecovered.

The luminosity-upgraded\CLAS++" will allow us to make signi�cant contributions to
thesestudies, in particular in two cases:

� Measurements of the neutron structure functions F n
2 in the region of very large x,

where we can employ a novel technique (recoil proton detection) to disentangle the
sought-after signal from nuclear e�ects, and

� Measurements of polarizedstructure functions of the proton and deuteronin the region
of moderate to high x.

In both cases,the possibleluminosity of the experiment is limited by other factors, so that
the relatively low luminosity of CLAS is not a disadvantage and can be largely compensated
by its very large acceptance.
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1.2 Neutron structure functions at large x

1.2.1 Theoretical background

While there exists a large body of data on nucleon structure functions over a wide range
of x and Q2, the region of large x (x > 0:6) is relatively poorly explored. At x � 0:4 the
contributions from the q�q seaare negligibly small, and the structure functions of the nucleon
are dominated by their valencequark content.

Knowledgeof the valencequark distributions of the nucleonat large x is vital for several
reasons.The simplestSU(6) symmetric quark model predicts that the ratio of d to u quark
distributions in the proton is 1/2, however, in nature the breaking of this symmetry results
in the d quark distributions beingconsiderablysmallerthan the u. Variousmechanismshave
been invoked to explain why the d quark distribution is softer than the u, giving di�erent
predictionsfor the behavior of the d=uratio asa function of x. For instance,if the interaction
betweenquarks that are spectators to the deepinelastic collision is dominated by one-gluon
exchange, then the d quark distribution will be suppressedand the d=u ratio tend to zero
in the limit x ! 1 [2]. On the other hand, if the dominant reaction mechanism is that
involving DIS from a quark with the samespin orientation as the nucleon,as predicted by
perturbative QCD, then the d=u ratio would tend to � 1=5 as x ! 1 [18]. Determining
this ratio experimentally would lead to important insights into the mechanismsresponsible
for spin-
avor symmetry breaking. In addition, quark distributions at large x are a crucial
input for estimating backgroundsin searchesfor new physicsbeyond the Standard Model at
high energycolliders [4].

Becauseof the 4:1 weighting of the squaredquark charges,data on the proton structure
function, F p

2 , provides strong constraints on the u quark distribution at large x,

F p
2 (x) = x

X

q
e2

q(q(x) + �q(x)) � x
� 4

9
u(x) +

1
9

d(x)
�

: (1)

The determination of the d quark distributions, on the other hand, requiresin addition the
measurement of the neutron structure function, F n

2 . In particular, the ratio d=u can be
determinedfrom the ratio F n

2 =Fp
2 ,

F n
2

F p
2

�
1 + 4d=u
4 + d=u

; (2)

provided x � 0:4 and seaquark contributions can be neglected.
Becauseof the absenceof freeneutron targets,deuteronsareusually employedase�ective

neutron targets. However, at large x theoretical uncertainties in the treatment of nuclear
corrections has led to ambiguities in the extracted F n

2 . In particular, inclusion of Fermi
motion and nucleono�-shell correctionsin the deuteroncan lead to valuesfor F n

2 =Fp
2 which

di�er by 50% already at x = 0:75 [5, 6]. The di�erences are even more dramatic if one
extracts F n

2 on the basisof the nuclear density model [7].
The measurement of the taggedstructure functions in semi-inclusiveDIS from the deuteron

with a slow recoil proton detected in the backward hemisphere,e + D ! e + p + X , may
allow a resolution of this ambiguity [8, 9, 10]. Within the nuclear impulse approximation,
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in which the deepinelastic scattering takesplaceincoherently from individual nucleons,the
di�erential semi-inclusive crosssectioncan be written as

d�
d3p

� S(y; p2) F n(ef f )
2

 
x
y

; p2; Q2

!

; (3)

wherep is the bound neutron momentum, S(y; p2) is the deuteron spectral function, which
is obtained from the deuteron wave function, and F n(ef f )

2 the e�ective (bound) neutron
structure function. The variable y, de�ned as

y =
p � q

pd � q=2
�

Md � Es + pz
s

Md=2
� 2 � � s ; (4)

whereps is the spectator proton momentum, givesthe light-conemomentum fraction carried
by neutron, and is related to the light-cone momentum fraction carried by the spectator
proton, � s = (Es � pz

s)=M , with Es =
p

M 2 + ~p2 and M and M d the nucleonand deuteron
masses,respectively. The e�ective neutron structure function F n(ef f )

2 is a function not only
of the Bjorken x variable, but alsoof the nucleonvirtualit y, p2,

p2 = �
p2

T

1 � y
�

y
1 � y

�
M 2 � M 2

d (1 � y)
�

: (5)

The p2 dependenceof the F n(ef f )
2 structure function dependsstrongly on the theoretical as-

sumptionsmadeabout the o�-shell behavior of the photon{bound nucleonscattering ampli-
tude. The ratio of the bound to freeneutron structure functions in the relativistic, covariant
spectator model of Ref.[11] is shown in Fig.1 for several valuesof x, as a function of the
momentum of the spectator, j~pj. While the e�ect at low j~pj is small, the deviation from
unity increasessharply with increasingmomentum, especially at larger valuesof x wherethe
EMC e�ect is morepronounced.A similar behavior is observed in the non-relativistic model
of Ref.[12],where the assumptionof weak binding in the deuteron allows one to calculate
the o�-shell dependenceup to order p2=M 2 [12].

On the other hand, modelssuch asthe color screeningmodel of suppressionof point-lik e
con�gurations (PLC) in bound nucleons[7], which attribute most or all of the EMC e�ect
to a medium modi�cation of the internal structure of the bound nucleon, would predict
signi�cantly larger (factor 2 or 3 [10]) deviations from unity than those in Fig. 1. It is
important, therefore,that the taggedstructure functions bemeasuredin kinematicsin which
the deviation of p2� M 2 from zerois assmallaspossible,to minimize theoreticaluncertainties
associated with extrapolation to the nucleonpole. Sincethe deviation of the bound to free
structure function ratio from the free limit is roughly proportional to p2, sampling the data
as a function of p2 should provide someguidancefor a smooth extrapolation to the pole.
In practice, consideringmomentum intervals of 100{200MeV/c and 200{350MeV/c would
allow the dependenceon p2 to be constrained.

Moreover, recent (~e;e0~p) polarization transfer experiments at Mainz and Je�erson Lab
on 4He nuclei indicate that the magnitude of the o�-shell deformation may be rather small
[13]. Theseexperiments measuredthe ratio of transverseto longitudinal polarization of the
ejected protons, which is related to the medium modi�cation of the electric to magnetic
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Figure 1: Bound to free neutron structure function ratio as a function of spectator proton
momentum (for pT =0), in the model of Ref.[11].

elastic form factor ratio. Using model independent relations derived from quark-hadron
duality, one can relate the small, but non-zeromedium modi�cation observed in the form
factors to a modi�cation at large x of the deep inelastic structure function of the bound
nucleon[14], which suggestsan e�ect of � 3% for x � 0:8.

Another possiblesourceof contamination of the signal is �nal state interactions (FSI),
or rescatteringof the spectator proton with the deep-inelasticremnants, X , of the scattered
neutron. Extraction of the free neutron structure function in this processis most reliable
in the kinematic region wherethe FSI e�ects are small, and wheredi�erent nuclear models
for the deuteron spectral function, S, lead to similar results. The choice of backward an-
gles is designedto minimize thesee�ects. Production of backward protons also suppresses
contributions from direct processes,where a nucleon is produced in the 
 � N interaction
vertex.

The magnitude of FSI e�ects has been estimated in Ref.[10] within the framework of
the distorted wave impulse approximation (DWIA) [15]. Although a direct calculation of
the FSI contribution to the crosssection requires knowledge of the full dynamics of the
spectator proton{ X system,which is currently unavailable, onecanestimatethe uncertainty
introduced through neglect of FSI by comparing with the calculation of FSI e�ects in the
high-energyd(e;e0p)n (break-up) reaction [15]. The e�ective p{ X interaction crosssection,
� ef f , can be approximated [16] by that extracted from soft neutron production in the high-
energyDIS of muonsfrom heavy nuclei [17]. The e�ects of the FSI is to modify the spectral
function S ! SD W I A [15], where

SD W I A (� s; pT � 0) � S(� s; pT � 0)

2

41 �
� ef f (Q2; x)
8� < r 2

pn >
j D (� s; < pT > ) D (� s; 0)j

S(� s; pT � 0)=
q

Es Es(< p2
T > )

3

5 :

(6)
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Here < r 2
pn > is the average separation of the nucleons within the deuteron, Es is the

spectator nucleonenergy, and Es(< p2
T > ) =

q
M 2 + ps 2

z + < p2
T > is the energyevaluatedat

the averagetransversemomentum < p2
T > 1=2� 200{300MeV/c transferred for the hadronic

soft interactions with e�ective crosssection � ef f . The steepmomentum dependenceof the
deuteron wave function, j D (� s; < pT > )j � j D (� s; pT � 0)j, ensuresthat FSI e�ects are
suppressedin the extremebackward kinematics.

The e�ects of FSI areillustrated in Fig.2, which showsthe ratio of the (light-cone)spectral
function including FSI e�ects within the DWIA to that without [10]. At extremebackward
kinematics (pT � 0) one seesthat FSI e�ects contribute less than � 5% to the overall
uncertainty of the d(e;e0n)X crosssection for � s � 1:5. This number can be consideredas
an upper limit on the uncertainties due to FSI. At larger pT (� 0:3 GeV/c), and small � s

(� 1), the double scattering contribution (which is not present for the extreme backward
case6) plays a more important role in FSI [15].

A further potential problemwith Eq.(3) is that at very largex (x � 0:7) the factorization
approximation itself breaksdown [11]andhigherordercorrectionsto Eq.(3) must beincluded
if onewants accuracyto within a few%. To avoid theoreticalambiguities oneshouldtherefore
restrict the analysisto spectator momenta below � 150� 200MeV/c.

Of course,in order to identify any residual nuclear e�ects, it would be ideal to repeat
this experiment by detecting spectator neutrons. Comparing the bound proton structure
function with the free proton structure function would then allow one to correct the bound
neutron structure function for any remaining nuclear e�ects.

In addition to determining the freeneutron structure function, taggedstructure function
measurements on the deuteroncould allow oneto discriminate betweendi�erent hypotheses
on the origin of the nuclear EMC e�ect [10]. In particular, one may be able to distinguish
between models in which the e�ect arises entirely from hadronic degreesof freedom |
nucleonsand pions, and models in which the e�ect is attributed to the explicit deformation
of the wave function of the bound nucleon itself. By comparing ratios of semi-inclusive
crosssectionsat di�erent valuesof x, which further reducesthe dependenceon the deuteron
spectral function [7], one can discriminate between models such as the PLC suppression
and Q2 rescalingmodels,which predict a fast drop with � s, and nuclear binding models, in
which the � s dependenceis quite weak [10]. Finally, thesestudieswould enableone to test
the validit y of factorization in nuclear DIS, and determinethe boundariesof the traditional
convolution approach to describingnuclear structure functions.
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Figure 2: Spectral function calculated with and without FSI e�ects within the DWIA [10].
The curvescorrespond to di�erent valuesof the spectator nucleontransversemomentum (in
GeV/c).

1.2.2 Recoil detector

Improvements in rate capability of vertex detectorsover the last decades,particularly pushed
by the high-energyphysicscommunity, enablesthe new neutron tagging technique we pro-
pose. We proposeto build a 30 cm long, 20 cm diameter, 5 atm target-detector gasvessel.
The inner 10 cm diameter will contain 5 atm deuterium gas that will act as target in the
CLAS detector. The surrounding cylindrical detector consistsof six layers of Gas Electron
Multiplier (GEM)/microstrip detectors, a technolgy developed by Fabio Sauli at CERN.
This detector will operate at a pressureof 5 atm argon gas. A thin aluminized mylar foil is
usedto separatethe 5 atm deuterium gasfrom the 5 atm argon gas,while an additional gas
vesselwill be usedto permanently maintain zerodi�erential gaspressure.Assuminga beam
current of 100 nA, a luminosity of 5 � 1033 electron-atoms/cm2/s is obtained. Pleasenote
that in the presented conceptonecould replacethe deuterium target gasby another target
gasof choice.

Basically, the GEM is a perforated foil of insulating material coatedon both sideswith
a thin metal layer. The GEM is usedas an internal charge preampli�cation device[34], to
overcomethe problemsencountered when using Micro Strip Gas Chambers (MSGC). With
suitable potential applied, the GEM acts as powerful preampli�er for electronsreleasedby
ionizing radiation in a gas, transferring most of the multiplied electron charge to a pickup
electrode or to another amplifying device. The structure has been the subject of studies
aimed at ascertainingits properties in the detection of soft X-rays and chargedparticles, in
the laboratory and in beamconditions [35, 36, 37, 38, 39, 40, 41, 42, 43, 44].

In the proposeddetector, each GEM detector hasthe samestandard structure. Primary
ionization is producedby radiation in a �rst drift region, ampli�ed by the GEM. A second,
induction, region is used to collect the ampli�ed electrons by the readout boards. Both
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drift and induction gasregion are a few millimeters thick, and �leld with Argon gas. The
GEM sheet consistsof 50 � m thin insulation foil, with 5 � m copper clad on both sides.
The thicknessesand materials we intend to usefor this composite detector are all relatively
standard, however we are at the limits of the technology in the timing performanceof this
detector. Decent timing (< 10 ns) is required to provide a real to accidental ratio of better
than oneto one in the tagging process.The outer areaof the 5 atm detector will consistof
one mm of Al to provide a safety factor of at least four, assumingthat we might want to
operate at a 10 atm pressureat a later date. Main Research and Development project will
be the construction of a high-pressurecylindrical GEM detector.

Realistic simulations indicate the possibility to detect spectator protons with momenta
between 70 and 200 MeV/c with this composite detector. The resolution in momentum
obtained is less than 7 MeV/c (RMS). The minimum neccessarygain for a 5 atm Argon
detector is � 20, whereasgains of over 100 at 7 atm operating pressurehave beenshown
in the laboratory [45]. This minimum necessarygain prescribes how many electronsneed
to be collectedduring an integration time to minimize electronicnoiserelated with modern
high-density fast electronics.

To suppresspossiblecontamination from protons originating from smaller spectator mo-
menta and transformedto thesemomenta by the production with slow pionsassociated with
the deepinelastic process,we intend to initially only usethe protons in the backward hemi-
sphere,i.e. on the opposite side of the momentum transfer given by the scatteredelectron
[46]. Calculations and analysisof older neutrino data show that this should suppressthese
reaction mechanism e�ects su�cien tly [47].

This target-detector system will be placed in the proposed CLAS++ solenoid. This
solenoid provides a longitudinal �eld far above the 10 kG longitudinal �eld we need to
protect the inner detectorsfrom low-energy(< 1 MeV) M�ller electrons.

1.2.3 Exp ected results

We have simulated the expected results from a 40 day (100% e�cien t) run at 11 GeV in
CLAS++ with the recoil detector as described above. We assumeda minimum momentum
of 70 MeV/c for proper detection of a proton going perpendicular to the detector axis, and
accordinglymore(due to energyloss)for protonsat di�erent angles.Weuseda simplemodel
of the acceptanceof both CLAS++ for the scatteredelectronsand of the recoil detector for
protons. To selectevents where the neutron is closeto on-shell, we require that the recoil
momentum is lessthan 180MeV/c. We alsorequire that the spectator makesan angleof at
least 110degreeswith the direction of the momentum transfer vector q.

Under theseconditions, we expect 1.7 M coincident events total, and 700k events with
recoil momentum below 100MeV/c. The averagespectator light conefraction will be � S =
1:1. We will cover a range in W from the elastic peak to about W = 4. Restricting the
kinematicsto W > 1:8 GeV (whereresonant �nal stateshave little in
uence), we will collect
data for x between0.1 and 0.85,with su�cien t statistics to bin in several Q2 bins from 1 to
13 GeV2/c 2 and to study the dependenceon the recoil momentum.

As an example we show in Fig. 3 the statistical precision we can achieve for the ra-
tio F n

2 =Fp
2 at high x. Clearly, the data will allow us (for the �rst time) to di�erentiate

unambiguously betweendi�erent expectations for this ratio.
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Figure 3: Ratio betweenthe neutron and proton structure functions F n
2 and F p

2 at high x.
The lines indicate di�erent possibleapproachesto the limit x ! 1 which cannot be excluded
by present-day data, due to the uncertainty of nuclear e�ects. The error bars indicate the
statistical precisionwe canachieve in a 40day run, with full reconstructionof the kinematics
via detection of a backwards moving spectator proton .
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1.3 Spin structure functions

1.3.1 Measuremen t goals

While the behavior of the spin-averagedquark distributions at large x still awaits de�nitiv e
resolution, our lack of understandingof the spin-dependent distributions at large x is even
more striking. For instance,there are a number of qualitativ ely di�erent predictions for the
polarization asymmetry A1;N , which (in lowest order in the quark-parton model) is given by
the ratio of the spin-dependent to spin-averagedquark distributions,

A1;N (x) =
P

q e2
q� q(x)

P
q e2

qq(x)
; (7)

where eq is the quark charge. Perturbative QCD predicts that this should approach unity
as x ! 1 for proton, neutron and (neglecting nuclear correction) deuteron targets [18].
In contrast, nonperturbative models such as those basedon SU(6) spin-
avor symmetry
predict that A1;p = 5/9, A1;n =0 and A1;d = 1=3 [19]. Presently, the world data set is unable
to determinethe veracity of thesepredictions.

Although SU(6) symmetry imposesstrict relations betweenthe individual quark distri-
butions, such as � u = � 4� d, in nature this symmetry is strongly broken. Nonperturbative
models which break SU(6) symmetry typically involve a hyper�ne interaction derived from
one-gluonexchangeor pion exchange,which hasthe e�ect of suppressingthe d quark distri-
bution relative to the u [?, 21,22,23]. If the u quark dominatesthe polarization asymmetries
asx ! 1, the asymmetriesA1;p, A1;n and A1;d (in the absenceof nucleare�ects) will all tend
to unity, and distinguishing betweenthe predictions derived from perturbative QCD will re-
quire very accuratedata at x � 0:6� 0:8. On the other hand, the one-gluonexchangemodel
predicts qualitativ ely di�erent behavior for the individual distributions � q=q, especially for
the d quark. While the asymptotic x ! 1 limit in perturbative QCD is � d=d! 1, one-gluon
exchangepredicts � d=d! � 1=3 as x ! 1, so that even the sign of the prediction di�ers.

The ratio � d=dcanbeextractedfrom semi-inclusivemeasurements of pionsin the current
fragmentation region (seesection on semi-inclusive processes).A program of inclusive and
semi-inclusive double spin asymmetry measurements using an energyupgradedCEBAF in
conjunction with polarizedproton and deuterontargets cansubstantially improve our abilit y
to distinguish betweenthe various descriptionsof the nucleon.

The large acceptancecoverageof CLAS combined with the high luminosity available at
an energyupgradedCEBAF will allow accessto a large rangeof x and Q2. This will enable
precisemeasurements to be made of moments, or integrals, of the g1 structure function,
and thereby tightly constrain theoretical descriptionsof the transition from low to high Q2.
Understanding this transition is vital for a number of reasons. Through the phenomenon
of quark-hadron duality, one can relate the physics of nucleon resonances,which can be
described by coherent scattering from constituent quarks at low energy, to the dynamicsof
singlequark scattering which governs the scalingstructure function at high energy.

Quark-hadron duality refers to the observation, �rst made by Bloom and Gilman [24],
that the structure function in the resonanceregion,whensuitably averagedover an appropri-
ate energyinterval, closelyfollows the scalingstructure function measuredat higher energies
wherethe interaction is dominatedby non-resonant processes.The duality betweendescrip-
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tions of a nucleon using either quark or hadronic degreesof freedom in di�erent physical
processesand under di�erent kinematical conditions is onekey to understandingthe

consequencesof QCD for hadronic structure.
While the phenomenonof quark-hadronduality hasbeenobservedin the spin-independent

F2 structure function [24, 25], it has not yet beenestablishedfor spin-dependent structure
functions. Becausethe g1 structure function is given by a di�erence of crosssections,which
neednot be positive, the workings of duality will necessarilybe more intricate for g1 than
for the spin-averagedF2 structure function. Unlike the unpolarized structure functions,
spin 1/2 and 3/2 resonancescontribute with opposite phase. For �xed Q2 valueslessthan
1 (GeV/c) 2 the �(1232) resonancepulls the g1 structure function below zero, in contrast
to the positive value observed in DIS. This is also related to the physics which drives the
dramatic variation of the integral of the g1 structure function from its large and negative
value at Q2 = 0 (where it is related to the Gerasimov-Drell-Hearn sum rule) to a positive
value at large Q2 (where it is related to deepinelastic sum rules such as the Bjorken sum
rule) [26]. Dualit y may be realized for polarized structure functions if one averagesover
a completeset of resonances[27]. To achieve a more completeunderstandingof duality it
is necessaryto determine the conditions under which duality occurs in both polarized and
unpolarized structure functions.

In the context of QCD, one can relate quark-hadron duality to an operator product
expansionof moments of structure functions [28]. Accordingto the twist expansion,moments
can be expressedin terms of a power seriesin 1=Q2, where the coe�cien ts of each of the
terms in the seriesare related to matrix elements of quark and gluon operators of a certain
twist (which is equal to the di�erence betweenthe massdimensionand spin of an operator)
[29, 30]. The leading, Q2-independent term is related to matrix elements of quark bilinear
operators, and gives rise to the scaling of the structure function. The higher order terms
involve matrix elements of mixed quark{gluon �eld operators,and characterizethe e�ect on
quarksof backgroundcolorelectricandmagnetic�elds [31]. Becauseof the 1=Q2 suppression,
extraction of the higher twist matrix elements, which re
ect the role played by quark-gluon
correlations in the nucleon, requiresstructure function moments over a large range of Q2,
from � 0:5 GeV2 to several GeV2. Measurement of moments of the gp

1 and gd
1 structure

functions using CLAS++ would therefore signi�cantly improve our understanding of the
workings of QCD at low energy.

Future installation of a transversely polarized target will, in addition, allow measure-
ments of the g2 structure function, which is the cleanestexample of a higher twist e�ect
in the nucleon. Although the g2 structure function does not have a simple parton model
interpretation, the x2 weighted integral of g2 is directly related to the color electric and
magnetic polarizabilities of the nucleon [31]. Furthermore, the large kinematic coverageof
CLAS++ (0:1 � x � 0:85) would allow hitherto unveri�ed sum rules involving g2 [32, 33]
to be accurately tested. A program of transversely polarized structure function measure-
ments would thus open up a whole additional avenue for exploring the transition between
asymptotic freedomand con�nement physics.
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1.3.2 Exp erimen tal parameters

For the measurements of spin structure functions in CLAS at 11GeV, we anticipate that two
dedicatedpolarized targets will be built (seecorresponding sectionsof the technical section
of the CDR). Both targets will contain dynamically polarized(DNP) solid ammonia(15NH3

and 15ND3) at about 1K temperature.
One target will be optimized for longitudinal running. It will be similar to the existing

EG1 target, exceptthe Helmholtz coilswill be replacedby the newCLAS shieldingsolenoid.
The solenoidwill run at its maximum �eld (5 T), with additional shim coils to createa region
of su�cien t homogeneity (of order 10� 4) over the target cell region. This �eld will both shield
CLAS from Moller electronsand at the sametime allow Dynamic Nuclear Polarization of
the target samples. The acceptanceof this target will fully match the acceptanceof the
upgradedCLAS.

For the transversetarget, we expect to usesimilar parameters.However, the holding �eld
of 5 Teslais now sideways (pointing horizontally) which requiresa newsetof coils,optimized
for maximum opening between the coils and closerto the target (to minimize interference
with the CLAS coils). We expect a maximum acceptanceof � 20 degreeshorizontally and
� 35 degreesvertically. The Moller electronswill be ejectedsideways, where they can be
contained in massive shielding plates. The electron beam will go through a chicane of one
upbendingand two downbendingmagnets,sothat it will enter the polarizedtarget pointing
down and then being bent into the normal beamline to the electron dump.

For the following rate estimates,we assume40 ideal runnning days (corresponding to 3
calendarmonths) for each target con�guration and both NH3 and ND3, and a beampolariza-
tion of 70%on average.We expect averagetarget polarizationsof 80%for NH3 and 40%for
ND3 targets, in agreement with recent experienceat JLab and SLAC. The overall dilution
factor (ratio of events from polarizednucleonsto all events) for thesetargets is about 0.13for
NH3 and 0.2 for ND3, due to the presenceof 15N in the ammoniaand liquid Helium coolant
as well as entrance and exit foils. We will run with about 20 nA beam current, rastered
over the surfaceof the targets of length 1 cm, yielding an overall luminosity of about 5� 1034

cm� 2s� 1, similar to the expectedunpolarized running conditions. Note that this luminosity
is only one order of magnitude lower than the optimum luminosity that can typically be
achieved for solid state polarized targets. This makesCLAS a superior choice for measure-
ments with thesetargets, sincethe large solid angle (about one steradian) compensatesfor
the limited luminosity and all kinematic points can be measuredsimultaneously.

1.3.3 Exp ected results

Text goeshere
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