
Measurements of Charge Symmetry Violating QuarkDistributionsJ. Arrington, A. El Alaoui, L. El Fassi, D. F. Geesaman, K. Ha�di(Co-Spokesperson),R. J. Holt, H. E. Ja
kson, D. Potterveld, B. Mustapha(Co-Spokesperson), P. E. Reimer,E. C. S
hulte, X. ZhengArgonne National LaboratoryC. Keppel, M. ChristyHampton UniversityA. Ahmidou
h, S. DanagoulianNorth Carolina A&T State UniversityP. Bosted, V. Dharmawardane, R. Ent, D. Gaskell, M. JonesThomas Je�erson National A

elerator Fa
ilityE. J. Beise, J. J. KellyUniversity of MarylandR. Asaturyan, H. Mkrt
hyan, T. Navasardyan, V. TadevosyanYerevan Physi
s Institute, Yerevan, ArmeniaDe
ember 6th, 2004
1



Abstra
tWe propose to measure semi-in
lusive 
harged pion ele
troprodu
tion on deu-terium in the deep inelasti
 s
attering region. These measurements use 6 GeV ele
-tron beam and will be performed for two x bins 
entered respe
tively around 0.35and 0.45 for four z bins 
orresponding to 0.5, 0.55, 0.6 and 0.65. The goal of thisexperiment is to extra
t the 
harge symmetry violating 
ontributions in the valen
equark distribution fun
tions. No dire
t measurements exist to date; however theyare possible now be
ause of the high luminosity available at Je�erson Lab. Thesedata are of great importan
e and 
an shed light on various ex
iting subje
ts su
h asthe NuTeV anomaly. Several theoreti
al works suggested that valen
e quark 
hargesymmetry violation is the most likely 
andidate to 
ure this anomaly.1 Introdu
tionEverybody agrees on the importan
e of testing fundamental symmetries, even approxi-mate ones. In this proposal we are interested in measuring 
harge symmetry violation invalen
e quark distributions. In parton distribution fun
tions, it is routinely assumed that
harge symmetry is valid. Surprisingly enough, there are no dire
t measurements of su
h a
ontribution, and this makes these measurements even more important. Measurement of anonzero e�e
t would be extremely interesting and will have various important impli
ationson re
ent topi
s su
h as the measurement of Weinberg angle using neutrino deep inelasti
s
attering. Semi-in
lusive deep inelasti
 s
attering on deuterium 
an be used to probe
harge symmetry violation e�e
ts. Charged pions will be dete
ted in 
oin
iden
e with thes
attered ele
trons. E�
ient dete
tion of both signs of 
harged pions is important, butabsolute yields are not required as overall normalizations 
an
el out in the measured ratio.The organization of this proposal is as follows. In se
tion 2, we dis
uss the physi
s mo-tivation and the important impli
ations of these measurements. Se
tion 3 dis
usses thevalidity of fa
torization assumption for JLab energies. In se
tion 4, we review the formal-ism for semi-in
lusive pion produ
tion on deuterium. The experimental details and ratesare given in se
tion 5. Se
tion 6 gives the beam time request. Di�erent 
orre
tions and
orresponding systemati
al errors are dis
ussed in se
tion 7. Finally, expe
ted pre
isionis presented in se
tion 8.2 Physi
s MotivationSymmetries are the key to understanding and 
lassifying the stru
ture of matter andthe fundamental for
es and their study leads to better understanding of the underlyingphysi
s. With the advan
es in experimental and theoreti
al tools, symmetries other thanthose of spa
e-time were introdu
ed in physi
s. Isospin (IS) and 
harge (CS) symmetries2



are examples. They are not exa
t symmetries in nu
lear systems. While IS requiresinvarian
e under all rotations in isospin spa
e su
h that the Hamiltonian of the system
ommutes with the isospin operator (T), i.e.
[H, T ] = [H, T 2] = 0,CS is related to only one rotation. It requires invarian
e with respe
t to rotations of

180o about the T2 axis, where the 
harge 
orresponds to the third axis. If CS is a validsymmetry the Hamiltonian has to 
ommute with the 
harge symmetry operator PCS, i.e.[H, PCS ℄ = 0, where PCS = exp(iπT2),Consequently, IS implies CS but not the 
onverse. CS is used to understand many re-lations between strong intera
tion pro
esses. For details we refer the reader to 
ompre-hensive reviews by Miller, Nefkens and Slaus [1℄, and Henley and Miller [2℄. For nu
lei,the CS operator inter
hanges neutrons and protons. Thus, CS implies the equality of theneutron-neutron and proton-proton intera
tion. Also, it requires that two mirror rea
tionsin isospin spa
e have the same 
ross se
tion, e.g., σ(n,3He) = σ(p,3H). Furthermore, CSpredi
ts the equality of mirror nu
lear masses, e.g., m(3He) = m(3H), and it establishesrelationships between spin and polarization observables.At the quark level, PCS a
ts only on the two light quark �avors:PCS |d〉 = |u〉 and PCS |u〉 = - |d〉,CS implies the invarian
e of a system under the inter
hange of up and down quarks whilesimultaneously inter
hanging protons and neutrons, i.e.
up(x, Q2) = dn(x, Q2)

dp(x, Q2) = un(x, Q2)Quantum Chromo-Dynami
s (QCD) provides a 
lear formulation of the origin of 
hargesymmetry violation (CSV). In QCD, the only sour
es of CSV are ele
tromagneti
 intera
-tions and the mass di�eren
e δm = md − mu between down and up quarks. Ele
tromag-neti
 intera
tions should play a minor role at high energies. Thus, the light quark massdi�eren
e is the interesting feature of the QCD view of CSV [3℄.CS is a more restri
ted symmetry than IS; therefore it is generally 
onserved in strongintera
tions to a greater degree than IS. Isospin violating for
es produ
e large di�eren
esbetwen nn and np s
attering lengths and e�e
tive ranges in the 1S0 state. The e�e
tof isospin violating for
es is large at low energies be
ause the 1S0 state is almost bound.Charge symmetry appears to be more respe
ted than isospin symmetry [2℄. The di�eren
e3



between nn and pp (after 
orre
tion for dire
t ele
tromagneti
 e�e
ts) s
attering lengthsis small or zero; the di�eren
e in the 
orresponding e�e
tive ranges is hard to determine.Thus, while in many nu
lear rea
tions IS is violated at the few per
ent level, in most
ases CS is obeyed to better than one per
ent: the proton and neutron masses are equalto about 1%; the binding energies of tritium and 3He are equal to 1%, after Coulomb
orre
tions. By 
omparing energy levels in mirror nu
lei, one generally �nds agreementto better than 1%, after 
orre
ting for ele
tromagneti
 intera
tions. At the parton level,one would naively expe
t CSV to be of the order of the up-down 
urrent quark mass dif-feren
e divided by some average mass expe
tation value of the strong Hamiltonian, i.e.,
(md − mu)/ < M >, where <M> has a value roughly 0.5-1.0 GeV. This would put CSVe�e
ts at a level of 1% or smaller [4℄.From our experien
e with CS in nu
lear systems, and be
ause of the order of magnitudesestimates of CSV in parton systems, CS has been universally assumed in quark distri-bution fun
tions. It is so 
ommon in quark-parton phenomenology that it is frequentlynot even mentioned as an assumption. CS redu
es by a fa
tor of two the number of in-dependent quark distributions ne
essary to des
ribe high energy data, and until re
entlythere has been no 
ompelling reason to suggest CSV. On the other hand, there were nopre
ise tests of 
harge symmetry in parton distributions. Re
ently mu
h attention hasbeen fo
used on the apparent violation of what is 
alled SU(2) �avor symmetry in thenu
leon. This was suggested by New Muon Collaboration (NMC) [5℄ and later supportedby results from NA51 group at CERN [6℄ and E866 Drell-Yan experiment [7℄ at FNAL.Experimental results from these 
ollaborations seem to show a large �avor symmetry vio-lation in the proton sea quark distributions (i.e. ūp(x) 6= d̄p(x)). However this 
ould alsoin prin
iple be explained even if �avor symmetry were 
onserved, if we assume CSV inthe nu
leon sea. The valen
e quark CSV is also a very important issue be
ause it makesa substantially larger 
ontribution than the sea quark CSV to the extra
tion of the Wein-berg angle from neutrino Deep Inelasti
 S
attering (DIS). The three standard deviationresult from the Standard Model predi
tion reported by NuTeV 
ollaboration [8℄ or theso 
alled �NuTeV anomaly� 
ould be 
ompletely removed by assuming valen
e quark CSV.In this proposal, we are interested in CSV in valen
e quark distributions. At present,there are no dire
t measurements that reveal the presen
e of CSV in parton distribu-tion fun
tions. We have only upper limits on the magnitude of CSV. These limits arisefrom 
omparing the stru
ture fun
tion F ν

2 measured in neutrino indu
ed 
harged 
urrentrea
tions, and the stru
ture fun
tion F γ
2 for 
harged lepton DIS, both measurements onisos
alar targets [9℄. The most pre
ise neutrino measurements were obtained by the CCFR
ollaboration [13℄, who extra
ted the F ν

2 stru
ture fun
tion for neutrino and anti-neutrinointera
tions on iron at FNAL. The NMC 
ollaboration performed the most pre
ise mea-surements of F γ
2 stru
ture fun
tions using muon intera
tion on deuterium at Eµ = 90 and280 GeV. In the region of 0.1 ≤ x ≤ 0.4, an upper limit of 9% was set for CSV e�e
ts.4



Several theoreti
al investigations of CSV in valen
e quark distributions have been 
ar-ried out initially by Sather [14℄ and by Rodionov et al [15℄. They 
al
ulated valen
equark distributions for the proton and neutron in a quark model and in the MIT bagmodel, respe
tively. In both models, up(x) and dn(x) satis�ed CS to within 1% while
dp(x) and un(x) were predi
ted to violate 
harge symmetry by 5% or more at large xvalues. In addition, both 
al
ulations predi
t opposite signs for δuv = up

v(x) − dn
v (x) and

δdv = dp
v(x) − un

v (x) in the valen
e region.Be
ause theoreti
al estimates put parton CSV at the per
ent level and be
ause of the la
kof dire
t eviden
e for violation of parton 
harge symmetry, all previous phenomenologi-
al parton distribution fun
tions have assumed the validity of parton 
harge symmetry.However, MRST group [16℄ have re
ently studied the un
ertainties in parton distributionfun
tions (PDFs) arising from a number of fa
tors, in
luding 
harge symmetry violation.They 
onstru
ted a fun
tional form for CSV 
omponent that automati
ally satis�ed thequark normalization 
ondition:
∫

1

0

dxδdv(x) =
∫

1

0

dxδuv(x) = 0where δuv(x) = −δdv(x) = κf(x). This fun
tion has the following form:
f(x) = (1 − x)4x−0.5(x − 0.0909)The fun
tion f(x) was 
hosen so that at both small and large x, f(x) has the sameform as the MRST valen
e quark distributions and the �rst moment of f(x) is zero.The fun
tional form of the valen
e CSV distributions guaranteed that δuv and δdv wouldhave opposite signs at large x, in agreement with the theoreti
al 
al
ulations mentionedpreviously. The overall 
oe�
ient κ was then varied in a global �t to a wide range of highenergy data. The value of κ whi
h minimized χ2 was κ = −0.2. The MRST distributionof χ2 vs. κ has a shallow minimum with 90% 
on�den
e level obtained for the range

−0.8 ≤ κ ≤ +0.65. In 
on
lusion, CSV e�e
ts that are in reasonably good agreementwith high energy data are substantially larger than predi
ted by theory; valen
e CSVe�e
ts 
ould be four times as large as predi
ted by Sather and Rodionov or three times aslarge with opposite sign. For NuTeV measurements, the value κ = −0.6 would 
ompletelyremove the anomaly, while the value κ = +0.6 would double the dis
repan
y. Note thatthese two values are within the 90% 
on�den
e level limit found by MRST. A re
ent workby J. T Londergan and A. W. Thomas [9℄ taking into a

ount the MRST phenomenologi
alanalysis showed that the CSV e�e
ts are one viable explanation of the anomalous valueof the Weinberg angle obtained in the NuTeV experiment. They strongly en
ouragedexperimental investigations to dire
tly measure CSV whi
h 
an be surprisingly as largeas the values obtained by MRST phenomenologi
al �t.5



3 Fa
torization at JLab energiesAs all semi-in
lusive analyses, the formalism used to extra
t 
harge symmetry violatingquark distributions involves the assumption of fa
torization. This assumption impliesthat the s
attering and produ
tion me
hanisms fa
torize. To demonstrate fa
torization,HERMES used the �avor asymmetry ratio (d̄− ū)/(u−d) for �ve x bins as a fun
tion of z.No strong indi
ation of z dependen
e was observed [10℄. Re
ently, more pre
ise HERMESdata showed no z dependen
e of dv/uv over a large range for 0.02 < x < 0.6 to an a
-
ura
y better than 5% [11℄. More eviden
e 
omes from re
ent measurements by E00-108experiment [18℄ in Hall C. Preliminary results showed that the data are 
onsistent withfa
torization for JLab energies in optimized kinemati
s. Figure 1 shows the semi-in
lusive
π− produ
tion 
ross se
tion in ex
ellent agreement with a Monte Carlo simulation usingCTEQ5 NLO parton distribution fun
tions and the fragmentation fun
tion parameteriza-tion from Binnewies et al. [12℄. Ex
eption 
an be made for z > 0.7 where the dis
repan
yis believed to re�e
t the 1H(e,e'π−)∆ region.
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Figure 1: The 1H(e,e'π−)X 
ross se
tion at x=0.32 as a fun
tion of z (solid 
ir
les) in
omparison with a Monte Carlo simulation (solid 
urve) starting from a fragmentationansatz (see text). The s
atter of the data is due to having performed only a rudimentarybin 
entering.4 FormalismSemi-in
lusive pion produ
tion from lepton deep inelasti
 s
attering on nu
lear targetswas suggested [4, 17℄ as a sensitive probe of CSV e�e
ts in nu
leon valen
e distributions.The authors proposed measuring the quantity RD
meas(x, z) de�ned by:6



RD
meas(x, z) =

4NDπ−

(x, z) − NDπ+

(x, z)

NDπ+(x, z) − NDπ−(x, z)
, (1)where NDπ+ (NDπ−) is the yield of π+ (π−) produ
ed in 
oin
iden
e with the s
atteredele
tron from deuterium.In the quark-parton formalism, the semi-in
lusive produ
tion of hadrons in DIS from anu
leon is given by:

1

σN (x)

dσh
N(x, z)

dz
=

∑

i e
2
i q

N
i (x)Dh

i (z)
∑

i e
2
i q

N
i (x)

(2)
qN
i (x) is the distribution fun
tion for quarks of �avor i, and 
harge ei, in the hadron N asa fun
tion of Bjorken x. Dh

i (z) is the fragmentation fun
tion for a quark of �avor i intohadron h. The fragmentation fun
tion depends on the quark longitudinal momentumfra
tion z = Eh/ν, where Eh is the energy of the hadron and ν is the energy of thevirtual photon. The yield of hadron h per s
attering from nu
leon N 
an be written as
NNh =

∑

i e
2
i q

N
i (x)Dh

i (z). In terms of these quantities, semi-in
lusive produ
tion of a
harged pion from a proton (neutron) 
an be des
ribed by
Np±(x, z) =

4

9
up(x)D±

u (z) +
4

9
ūp(x)D±

ū (z)

+
1

9
dp(x)D±

d (z) +
1

9
d̄p(x)D±

d̄
(z)

+
1

9
sp(x)D±

s (z) +
1

9
s̄p(x)D±

s̄ (z), (3)
Nn±(x, z) =

4

9
un(x)D±

u (z) +
4

9
ūn(x)D±

ū (z)

+
1

9
dn(x)D±

d (z) +
1

9
d̄n(x)D±

d̄
(z)

+
1

9
sn(x)D±

s (z) +
1

9
s̄n(x)D±

s̄ (z) (4)Charge Conjugation invarian
e implies that D±
u = D∓

ū and D±
d = D∓

d̄
. By making theadditional assumption of 
harge symmetry, the fragmentation fun
tions will obey therelations:

Dπ−

d (z) = Dπ+

u (z)

Dπ+

d (z) = Dπ−

u (z), (5)7



and the parton distribution fun
tions will satistfy the relations:
up(x) = dn(x)

dp(x) = un(x) (6)Using Eqs (3), (4), (5) and (6), one 
an derive the expression for RD
meas

RD
meas(x, z) =

5∆(z)

1 − ∆(z)
+ 5

[

1 + ∆(z)

1 − ∆(z)

]

×
[ūp(x) + d̄p(x)]

[up
v(x) + dp

v(x)]

+

[

∆s(z)

1 − ∆(z)

]

[s(x) + s̄(x)]

[up
v(x) + dp

v(x)]
, (7)where

∆(z) =
Dπ−

u (z)

Dπ+

u (z)
, (8)and the strange-favored ratio of the quark fragmentation fun
tions

∆s(z) =
Dπ+

s (z) + Dπ−

s (z)

Dπ+

u (z)
(9)In Eq. (7), we assume the validity of the impulse approximation, i.e.,

NDπ±

(x, z) = Npπ±

(x, z) + Nnπ±

(x, z) (10)In Eq. (7), 
harge symmetry was also assumed in PDFs and fragmentation fun
tions.Keeping 
harge-symmetry-violating fun
tions, the RD
meas(x, z) ratio be
omes:

RD
meas(x, z) =

5∆(z)

1 − ∆(z)
−

[4 + ∆(z)]δD(z)

3[1 − ∆(z)]2

+

[

1 + ∆(z)

1 − ∆(z)

]

×

[

4[δd(x) − δu(x)] + 15[ūp(x) + d̄p(x)]

3[up
v(x) + dp

v(x)]

]

+

[

∆s(z)

1 − ∆(z)

]

[s(x) + s̄(x)]

[up
v(x) + dp

v(x)]
(11)The quantity RD

meas in Eq. (11) 
ontains the 
harge-symmetry-violating quark distributionfun
tions
δd(x) = dp(x) − un(x)

δu(x) = up(x) − dn(x), (12)8



and the 
harge symmetry-breaking fragmentation fun
tions
δD(z) =

Dπ+

u (z) − Dπ−

d (z)

Dπ+

u (z)
(13)A more 
lean separation of the x and z dependen
e 
an be obtained by multiplying RD
measby a z-dependent fa
tor, e.g.

R̃D(x, z) = RD
f (z) + RD

CSV (x) + RD
sea(x, z) (14)where

R̃D(x, z) =
1 − ∆(z)

1 + ∆(z)
RD

meas(x, z),

RD
f (z) =

5∆(z)

1 + ∆(z)
−

[4 + ∆(z)]δD(z)

3[1 − ∆2(z)]
,

RD
CSV (x) =

4[δd(x) − δu(x)]

3[up
v(x) + dp

v(x)]
,

RD
sea(x, z) =

5[ūp(x) + d̄p(x)] + ∆s(z)[s(x) + s̄(x)]/[1 + ∆(z)]

[up
v(x) + dp

v(x)]
(15)Equation (11) was obtained by expanding to �rst order the small quantities whi
h are

δd(x), δu(x), δD(z) and the sea quark distribution. Therefore we need to be in the high xregion where the ratio of sea to valen
e quark distributions is small. The quantity R̃D(x, z)separates into three pie
es. The �rst pie
e RD
f (z) depends only on z. It 
ontains a smallpart whi
h is proportional to the CSV part of the fragmentation fun
tion. The dominantpie
e of RD

f (z) has the form 5∆(z)/(1 + ∆(z)). The se
ond term RD
CSV (x) depends onlyon x, and is proportional to the nu
leon CSV term. RD

sea(x, z) is proportional to the seaquark distributions and 
an be written as a sum of a strange sea term RD
sea_S and a nonstrange sea term RD

sea_NS , where
RD

sea_S(x, z) =
∆s(z)[s(x) + s̄(x)]/[1 + ∆(z)]

[up
v(x) + dp

v(x)]
(16)

RD
sea_NS(x) =

5[ūp(x) + d̄p(x)]

[up
v(x) + dp

v(x)]
(17)Experimentally, one needs to measure a

urately the x dependen
e of R̃D(x, z) for �xed

z values. The sea quark distribution should fall o� monotoni
ally and rapidly with x. So,if one goes to su�
iently large x, the sea quark 
ontribution will be negligible relative tothe CSV term. The CSV 
ontribution of the fragmentation fun
tion to the z-dependentterm RD
f (z) was estimated [17℄ to be 1%. Therefore it 
an be negle
ted in the expressionof RD

f (z) whi
h be
omes 9



RD
f (z) ∼=

5∆(z)

1 + ∆(z)
(18)By rearranging eq. (14), one obtains the following equation:

D(z) R(x, z) + CSV (x) = B(x, z) (19)where
D(z) =

1 − ∆(z)

1 + ∆(z)
,

R(x, z) =
5

2
+ RD

meas,

CSV (x) =
−4(δd − δu)

3(uv + dv)
,

B(x, z) =
5

2
+ RD

sea_S(x, z) + RD
sea_NS(x) (20)In the proposed measurements, we would like to measure RD

meas(x, z) (see Eq. (1)) andthus R(x, z) for seven bins in x and z. We will end up with seven equations similarto Eq. (13) and six unknowns, whi
h are CSV(x1), CSV(x2), D(z1), D(z2), D(z3) andD(z4). B(x, z) will be obtained from phenomenologi
al PDFs. The 
hosen x values forthe measurements will be in the region where RD
sea_S be
omes small.For a better idea about di�erent 
ontributions, we will use phenomenologi
al PDFs fromCTEQ and MRST to evaluate the B(x, z) term, fragmentation fun
tions from a parame-terization by Kretzer [19℄ and the MRST parameterization for CSV term. Figure 2 showsthe 
ontributions of di�erent sea terms using the MRST2004 NLO parameterization. Thenon strange sea term of Eq. (17) is large 
ompared to the strange term. By 
hoosing an

x value above 0.35, the strange 
ontribution be
omes negligible. The RD
sea_NS term 
anbe obtained from the parton distribution fun
tion. The un
ertainties on this non strangesea term represent the main theoreti
al systemati
al un
ertainties on the extra
ted CSVterm.Figure 3 shows the non strange sea term given by two parton distribution fun
tions, MRST2004 NLO and CTEQ6 NLO. The di�eren
e between the two 
urves is not large and iswithin the un
ertainties given by ea
h parameterization. Figure 4 shows the strange seaterm for di�erent z values. Note that the s
ale is small 
ompared to the previous �gures.The RD

sea_S term is redu
ed when the z value in
reases. Therefore the measurementsare somewhat favored at high z. Figure 5 shows the 
ontributions of all x dependentterms. The previously mentioned sea 
ontributions and the CSV 
ontribution given byMRST phenomenologi
al �t of high energy data. The 
urve 
orresponding to κ = −0.8is 
onsidered as the upper limit by MRST �t and the one with κ = +0.65 is the lower10
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Figure 2: Solid 
urve 
orresponds to non strange sea term RD
sea_NS(x). The dotted 
urveis the strange sea term RD

sea_S(x, z).limit. The CSV term begins to be
ome dominant at x around 0.35. Both x of 0.35 and0.45 were 
hosen for our measurements.5 ExperimentIn this experiment we propose to measure the ratio of the π− to π+ produ
tion yields ondeuterium for di�erent x and z bins:
RY (x, z) =

Y π−(x, z)

Y π+(x, z)

x is the Bjorken variable and z is the fra
tion of the ex
hanged virtual photon energy
arried by the pion. The rea
tion is shown in Fig 6.The s
attered ele
tron and the pion will be dete
ted in 
oin
iden
e. We de�ne E as thein
ident ele
tron energy and E ′ and θe the energy and angle of the s
attered ele
tron.
Pπ, Eπ and θπ are the momentum, energy and angle of the dete
ted pion, all in the Labframe. W ′ is the mass of the �nal state without the dete
ted pion playing the role of Win the semi-in
lusive 
ase. It is given by:

W ′2 = W 2 + Mπ
2 − 2 (ν + M) Eπ + |~q| | ~Pπ| cos θ(γ∗, π)11
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Figure 3: Solid 
urve 
orresponds to the non strange sea 
ontribution using MRST PDF.The dotted 
urve is the same term using CTEQ-6M PDF.where M and Mπ are the nu
leon and pion mass, respe
tively. ν = E − E ′ and ~q are theenergy and momentum of the ex
hanged virtual photon. θ(γ∗, π) is the angle between thevirtual photon and the pion. If we 
onsider only pions 
ollinear with the virtual photonand negle
t the pion mass, the expression of W ′ simpli�es to:
W ′2 = W 2 − 2 (ν + M − |~q|) Eπ

W has the usual expression W 2 = −Q2 + 2Mν + M2 where Q2 is the square of the fourmomentum transfer given by Q2 = 4EE ′sin2(θe/2).We propose to use a 6 GeV ele
tron beam on a liquid deuterium target and the standardHall C equipments. The SOS will be used to dete
t the s
attered ele
trons and the HMSto dete
t the produ
ed pions. The installation of a small pro�le beam pipe downstreamof the target will be needed to allow HMS to operate at angles below 12.5 degrees.The experiment needs to 
leanly identify ele
trons and pions. The SOS will be used asthe ele
tron arm. The 
ombination of the lead glass shower 
ounter and the gas Cerenkovprovides pion reje
tion at 104 : 1 for momenta above 1.5 GeV/
. The HMS will be used asthe hadron arm. It will operate at both polarities. The gas Cerenkov and the lead glass
alorimeter will be used for π/e separation. The time of �ight is very e�e
tive in separating12
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Figure 4: Strange sea term RD
sea_S(x, z) for di�erent z values as a fun
tion of x Bjorken.

π/K/p for parti
le momentum below 3 GeV whi
h is our highest pion momentum. Theaddition of the aerogel dete
tor re
ently developed and 
ommissioned by the E00-108
ollaboration enhan
es the 
apabilities of the spe
trometer in distinguishing protons frompions on the level of 2.8-1.1 10−3 (for aerogel with n=1.03). The pion dete
tion e�
ien
yis better than 99% in the 1-4 GeV/
 momentum range.5.1 Kinemati
sIn addition to the event rates two major limits played an important role in the 
hoi
eof the kinemati
s. The �rst limit is the pion momentum whi
h needs to be larger than2 GeV to avoid 
ompli
ations from πN �nal state intera
tions. Above this limit, thedi�eren
e in the absorption of π+ and π− would not ex
eed the 1% [18℄. The se
ond limitis on W' whi
h is the mass of the �nal state without the dete
ted pion repla
ing W inthe semi-in
lusive 
ase. As shown in the re
ent results by the E00-108 
ollaboration theratio of the π+ to π− yields be
omes �at for W ′ > 1.6 GeV suggesting the validity of thefa
torization hypothesis. The 
hoi
e of the x and z bins should then respe
t these limits.Another important 
onsideration is to point the hadron arm (HMS) into the dire
tion ofthe ex
hanged virtual photon to ensure a symmetri
 
overage in the azimuthal angle ofpions 
oming from fragmentation. Table 1 presents the 
entral kinemati
s proposed forthis experiment. 13
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Figure 5: Contibutions of all x-dependent terms: solid 
urve is the non strange sea term,the dashed 
urve is the strange sea term, the dotted 
urve is the CSV term with κ = −0.8and the dotted-dashed 
urve is the CSV 
ontribution for κ = +0.6The high s
attered ele
tron energy is di
tated by both the event rates and the lowest HMSangle of 10.5 degrees (after installing the additional beam pipe). Two x bins are 
onsidered
x=0.35 and 0.45. For x=0.35 the maximum z value keeping W ′ > 1.6 GeV to avoid theresonan
e stru
tures is 0.66 . For x=0.45, the highest z possible de
reases to 0.6. Thelower limit in z is 0.5 to ensure that the pion is produ
ed by the fragmentation pro
ess.The x=0.55 bin was ex
luded from these measurements be
ause of the signi�
antly lowrate whi
h would require double or even triple the beam time. The only allowed z with
W ′ > 1.6 GeV in this 
ase is 0.5. Four z values (z=0.5, 0.55, 0.60 and 0.65) will bemeasured for x=0.35 and three z values (z=0.5, 0.55, 0.60) for x=0.45.5.2 Count rate estimateTo estimate 
oin
ident (e, e′π±) event rates, we used the 
ode PYTHIA (version 6.222)with the CTEQ-5M parameterization of the parton distribution fun
tions (PDF) to gen-erate DIS events with Q2 > 1 and W > 2. The 
ross se
tion of the generated sample was
he
ked against the 
ode LEPTO (version 6.5.1) and found to agree well. The Monte-Carlo simulation 
ode SIMC was used to �nd the optimum spe
trometer settings for thesemeasurements and determine realisti
 
oin
ident (e, e′π±) event rates from the sample of14
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Figure 6: Semi-in
lusive deep inelasti
 s
attering pro
essgenerated events.Sin
e the HMS will be used at forward angles (10.5-12.5 degrees), the maximum luminos-ity will be limited by the rate of parti
les rea
hing its �rst hodos
ope plane whi
h shouldremain below 600-700 kHz. For this reason, we propose to use a 50 µA beam 
urrent on a4 
m deuterium target. In this 
ase, the highest parti
le rates, 
orresponding to the mostforward angle (10.96 degree) and the lowest hadron momentum (2.13 GeV/
), are about500 kHz for the positive polarity and 600 kHz for the negative polarity. Table 2 gives the
oin
ident (e,e'π) event rates and the required beam time for ea
h spe
trometer settingand for both π+ and π−. Based on re
ent experimental data from E00-108 experiment[18℄ whi
h were taken at similar 
onditions [20℄, the a

idental-to-true 
oin
iden
e ratiowas found to be 1:4 in the worst 
ase.The beam time is estimated to have ∼ 2 % �nal statisti
al error (after 
ombining thedi�erent z bins for a given x bin) on the ratio RD
meas:

RD
meas =

4Nπ−

− Nπ+

Nπ+ − Nπ−
=

4Y π−

− Y π+

Y π+ − Y π−
=

4RY − 1

1 − RY15



E' θe ν Q2 x W θγ∗ θh z Ph W'GeV deg GeV GeV 2 GeV deg deg GeV/
 GeV1.74 30.0 4.26 2.80 0.35 2.46 10.96 10.96 0.50 2.13 1.840.55 2.34 1.770.60 2.56 1.700.65 2.77 1.621.74 34.1 4.26 3.60 0.45 2.30 12.09 12.09 0.50 2.13 1.720.55 2.34 1.660.60 2.56 1.591.74 37.9 4.26 4.40 0.55 2.12 13.00 13.00 0.50 2.13 1.59Table 1: Proposed (e,e'π±) kinemati
s on deuterium. The last setting 
orresponds to
x=0.55 and is ex
luded from these measurements (see text or table 2 for details)

E' θe θh Ph π+ 
oin
 rate π− 
oin
 rate π+ time π− timeGeV deg deg GeV/
 Hz Hz hours hours1.74 30.0 10.96 2.13 0.96 0.62 12 182.34 0.89 0.56 12 182.56 0.82 0.50 12 182.77 0.76 0.45 12 181.74 34.1 12.09 2.13 0.27 0.21 66 882.34 0.24 0.19 66 882.56 0.25 0.18 66 881.74 37.9 13.00 2.13 0.071 0.057 384 480Table 2: Count rates and beam time for ea
h spe
trometer setting and both π+ and π−.This 
al
ulation assumes a 50 µA ele
tron beam on a 4 
m long deuterium target. Thelast setting 
orresponds to x=0.55 and is ex
luded from these measurements, it is onlyadded to illustrate the beam time limitation of this kind of measurement.
16



x 0.35 0.45
∆(Y )/Y (π±) 0.77 % 0.55 %
∆(RY )/RY 1.1 % 0.78 %

∆(RD
meas)/R

D
meas (1 z bin) 4.0 % 3.5 %Nb. of z bins 4 3

∆(RD
meas)/R

D
meas (all z bins) ∼ 2 % ∼ 2 %Table 3: Statisti
al errors as fun
tion of x based on the estimated beam time.where RY is the ratio of π− to π+ produ
tion yields de�ned above. The 
orrespondingerror is expressed as follow:

∆(RD
meas)

RD
meas

=
3 RY

(4RY − 1)(1 − RY )

∆(RY )

RYBoth the value and the error on RY are needed to determine the error on RD
meas. For

x=0.35 PYTHIA gives a ratio RY of about 0.65 whi
h is pra
ti
ally independent of z.This value is in good agreement with the 0.67 value measured by the E00-108 experi-ment for deuterium and for x=0.32. The z-independen
e was also 
on�rmed. For x=0.45PYTHIA gives a value of RY ∼ 0.75. The details of statisti
al errors assuming the beamtime of table 2 are given in table 3 for the yields Y π± , the yields ratio RY and the ratio
RD

meas. The statisti
al errors take into a

ount the subtra
tion of a

idental 
oin
iden
es.6 Beam time requestTable 4 gives the requested beam time for these measurements. The time on the Aldummy target simulating the 
ryogeni
 target windows is taken to be 20% of the time onthe deuterium target. We assumed 30-40 minutes per momentum 
hange and 2 hours perpolarity 
hange of the HMS spe
trometer.7 Corre
tions and systemati
 errorsBe
ause we are measuring the π− to π+ produ
tion yield ratio on a deuterium target,most sour
es of un
ertainty will 
an
el out redu
ing to either a negligible or very smallsystemati
 errors. We may 
lassify the sour
es of error into two 
ategories: the errorsindependent of the nature of the dete
ted pion like the general experimental 
onditions(�u
tuations in beam 
urrent, target boiling, dead time, ...) and the ones dependent on17



A
tivity TimehoursData a
quisition (LD2 target) 582Data a
quisition (Al dummy target) 120Polarity 
hanges (7) 14Momentum 
hanges (6) 4Total 72030 daysTable 4: Beam time request for the proposed measurements.the nature of the dete
ted pion (π+ or π−) su
h as the di�eren
e in a

eptan
e due topolarity 
hange, the di�eren
e in PID, ba
kground subtra
tion and target window sub-tra
tion.Sin
e we are using a deuterium target and dete
ting high pion momenta, we expe
t pionabsorption due to πN �nal state intera
tions to be the same for π+ and π− and 
an
el outwhen taking the yields ratio. Pion absorption in the target, target windows and dete
torswas also found to be small and similar for π+ and π−. Radiative 
orre
tions are also in-dependent from the dete
ted pion and would not 
ontribute to the error on the yields ratio.Table 5 summarizes the possible sour
es of errors and their 
ontributions to the system-ati
 error on the yields ratio RY . The systemati
 error attributed to the luminosity 
ouldeasily be redu
ed to 0.3% be
ause we will be using the same beam 
urrent for both π+and π− settings. Other sour
es of systemati
s in
lude deadtime and end
ap subtra
tion.Be
ause we are interested in π+ to π− ratios, we have to make sure that systemati
 e�e
tsthat 
an vary di�erently for π+ and π− are small and under 
ontrol. No e�e
ts were seenrelated to the polarity 
hange in HMS. An error of 0.1% [21℄ was attributed to eventualresulting di�eren
e in the a

eptan
e. Systemati
 un
ertainty of 0.2% was given to thedete
tion e�
ien
y. Finally, an error of 0.2% was added to eventual di�eren
e in tra
kinge�
ien
y due to the di�eren
e in π+ and π− rates. We expe
t the error from targetdensity 
hanges due to target boiling to be negligible espe
ially if the beam spot size onthe target is kept larger than 100 mi
ron and the rastering is implemented [22℄. We willmake regular 
he
ks of the beam size to ensure that it does not vary signi�
antly.The 0.6 % total systemati
 error on ∆(RY )/RY will result into a ∼ 2-3 % systemati
 erroron the ratio RD
meas whi
h is 
omparable to the statisti
al error.

18



Error ∆(RY )/RYLuminosity 0.5 %Dead time < 0.1 %End
ap subtra
tion 0.1 %Di�eren
e in a

eptan
e: π+ vs. π− 0.1 %Dete
tion e�
ien
y 0.2 %Tra
king e�
ien
y 0.2 %Total error for a single (x,z) bin 0.6 %Table 5: Sour
es and estimate of systemati
 errors on the yield ratio RY8 Expe
ted resultsFigure 7 shows the expe
ted un
ertainties for our measurements of the CSV term. Bothstatisti
al and systemati
al errors are in
luded. The yellow band shows the systemati
error related to our present knowledge of parton distribution fun
tions; espe
ially the nonstrange sea 
ontribution. The expe
ted pre
ision is quite good for the �rst exploration ofthe CSV term and will provide the most pre
ise measurements of valen
e CSV 
ontribu-tions. Higher x measurements are very time 
onsuming as we have shown in se
tion 5.The systemati
 errors related to the PDFs 
an be redu
ed with additional measurementssu
h as the approved Drell-Yan experiment E906 [23℄.Using the method des
ribed in the formalism se
tion, we will extra
t simultaneously the x-dependent term related to CSV and the z-dependent term 
onne
ted to the fragmentationfun
tions. Figure 8 shows the expe
ted un
ertainties on this term for di�erent z values.The solid 
urve is a predi
tion by Feynman and Field. They suggested that ∆(z) =
(1 − z)/(1 + z). Therefore D(z) would behave like z.From CSV term, on 
an extra
t (δd − δu) 
ontribution. Figure 9 shows the expe
tedun
ertainties; both statisti
al and systemati
al. The yellow band is the systemati
al errorrelated to PDFs. The two 
urves are the predi
tion by MRST phenomenologi
al �t.9 SummaryWe request 30 days in Hall C to measure semi-in
lusive pion produ
tion on deuteriumin the deep inelasti
 regime for Q2 > 1.0 GeV2. The measurements will be done for four
z bins; 0.5, 0.55, 0.6, 0.65 and for two x bins; 0.35 and 0.45. For the �rst time 
hargesymmetry violation valen
e quark distribution will be dire
tly extra
ted. These measure-ments were strongly re
ommended by theorists due to their very important impli
ationson various subje
ts that use the phenomenologi
al PDFs. In 
ase the CSV is large, oneshould probably re-evaluate all phenomenologi
al PDFs, introdu
e some expli
it 
harge19
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Figure 7: The two 
urves are the upper and lower limit of CSV 
ontribution given byMRST parameterization. The two points 
orrespond to the expe
ted un
ertainties. Bothstatisti
al and systemati
al errors are in
luded. The yellow band 
orresponds to thesystemati
 error related to our present knowledge of PDFs.symmetry violation, and re-�t existing 
ross-se
tions. One should also review the appli
a-tion of DIS to extra
t parameters of the Standard Model, sin
e the impli
it assumption of
harge symmetry in PDFs will introdu
e problems as suspe
ted for the 
ase of the NuTeVmeasurements.Referen
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