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The yZ-box diagram for parity violating elasti p scattering has recently undergone a thorough analysis by
several research groups. Though all now agree on the andyth of the diagram, the numerical results differ

due to the treatment of the structure functi

dﬁgs(x, Q?). Currently,Flyés(x, @?) at low Q? andW? must be

approximated through the modification of exiéfing fits tacelemagnetic structure function data. We motivate
and describe the modification used to obtﬁj@(x, Q?) in our previous work. We also describe an alternative
modification and compare the result to our original caléarat Finally, we present a new modification proce-

dure to acquirdisyz(x Q?) in the resonance region and calculate the axial contributidheyZ-box diagram.
Details of these modifications will illuminate where digzaacies between the groups arise and where future

improvements can be made.

. INTRODUCTION

W2 = (M +my)?, my is the mass of the pion, an@Z,, =

(s— M?)(s—W?)/s. The fine structure constaatm(Q* = 0)

Parity violatinge-p scattering experiments performed at IS use2d because the integral receives most of its suppant fro
momentum transfers away from tifepole are used to test 0w Q7. The dispersion relation that relates(If}, to ReCly;

the Standard Model prediction of the running of 8.

The Queak €Xperiment at Jefferson Lab [1] aims to perform

a 0.3% measurement of iy at a momentum transfer of
Q? = 0.026 Ge\?. To obtain this desired precision, all radia-
tive corrections must be known to an even higher precision.
Up to one loop order, the weak charge of the proton at zerd'

momentum transfer is given by [2]

QR = (1+Dp+Ac) (1— 4sirf 6y /(0) +Ap)

-+ Oww +0Ozz + Relyz. Q)

Here,Ac andA; are electron vertex correction&p is the
W and Z mass renormalization, ane-# sir? 8y (0) is the one
loop value of the weak mixing angle evaluated@t= 0. The
WW andZZ box diagrams[ww andzz, are dominated by

IS

_2E [* dE/

Rey; (E) = = @lmm\;z(g) (4)

herevy = (W2 —M?)/2M.

The Queak €Xperiment ran at an incoming electron energy
of E = 1165 GeV. Table | shows the numerical [Béz re-
sults obtained by each group at this energy. The differences
occur because of the models used forlﬂl@ structure func-
tions. Currently, there are no data for these structure-func
tions at lowQ? andW? and each group performed calcula-
tions using their own modifications to electromagneticcstru
ture functions. The PVDIS experiment [8] at Jefferson Lab
has several data points for the deuterdﬁ’%3 in the reso-

large momentum exchange and can be calculated using pertytance region. These data will be insufficient to produce a

bative QCD. A different technique is required to calculéie t

model-independent fit, but provide a first step in testing the

yZ-box diagram due to lov@? contributions. Gorchtein and validity of the modifications [9].

Horowitz [3] used a dispersion relation to evaluatejebox

diagram at zero momentum transfer and obtained a result that

was larger than expected [2]. Sibirtsahal. [4] used the same

technique and found an analytic result that was greater by a

factor of 2. This discrepancy inspired a third calculatish [
that agreed with the Sibirtsest al. result. After reevaluating
their work, Gorchteiret al. [6] confirmed the factor of 2. All
three groups now agree on the analytic form of yiaebox.
The imaginary vector portion is

S
MY, (E) = ai/ dW?
W2

(2ME)2 .
Fax L FP(x, Q) + AR (x, Q?)
2'1 ) 2 3
></o aQ 1+Q?/M2 @
where
2 2_ M2 02 2092
A (ME)? - 2ME(W? — M+ Q?) —- M°Q” @)

PW? -+ Q)

In the above equationdl is the mass of the protork is
the lab energy of the incoming electroa,= M? + 2ME,

TABLE I: Re[Jy, x 10° evaluated at E =.165 GeV.

Sibirtsevet al. [4] 473
Rislow and Carlson [5] §+0.9
Gorchteinet al. [6] 5.4+20
Hall et al. [7] 5.60+0.36

The axial contribution to thgZ-box has also recently un-
dergone analysis. The axial contribution tollyy is

A 1 /S 2
IMT2(E) = e e W

.02 e 2 yZ 2
% /onadeZGem(QZ)g\/(Q ) BFS (XaQ )

g 1+QM2’ &

where

2ME 1

B= o —— .
W2-M24+Q? 2

(6)



each of the resonances,
TABLE II: Re[J}}, x 10° evaluated at E =.165 GeV.

F”
Blgndenet al.[10] 3.7+0.4 Cres = Fl—yy ) 9)
This Work 40+0.5 1 lres

We next converCe into a ratio of helicity amplitudes. Fol-

The weak couplings for the electron are givend§y= T3 lowing the normalization of the Particle Data Group [12k th

: 2 e T3 .y : _ resonant parts of these structure functions can be exprasse
2Qe5|n23N(Q ), andgi = Tg’. The axial mtegra_l receives sup- product of the polarization vecta® — 1/v/2(0, —1, —i,0),
port from highQ? and we allow bothey, and sn?é\,\, to run. + o

d hadronic t :
The dispersion relation that reIates[I]iﬁZ to Re(1%} vz 1S andhadronic tensors
FW(VZ)’ _ gH SVWW(VZ>

Re1’, (E) = 2 [Pqe_ B moA (E') (7) X
74 n), ~ E?_EZ yz\E ) _ 2)2/d4zeiqz<N’S’£i.Jy(z,vrr(z)‘r%’”

)

Blundenet al. [10] obtained axial results of the same order
of magnitude as \;z- Repeating a similar analysis we have

also calculated 'ﬁ‘ The two results for the axial contri- whereN is a nucleon) ands are the spin projections of the
bution at theQweak energy are reported in Table Il. As with resonance and nucleon, respectively, &d@,V) is the elec-
the ReY, calculation, differences between the axial resultstromagnetic (neutral vector) current. The factor of 2 isspret
occur because of the structure function treatment. in yZ-exchange to account for the different orderings.

The goal of our paper is to describe our modificationsto the The above amplitudes can be evaluated by considering
electromagnetic structure functions. In Section Il we prés €, -J as a quark operator embedded betw&er{6) wave
the steps taken to obtal?ly2 in the resonance region. We fo- function representations of the nucleon and resonancés [13
cus attention on this region since most of the support for thdhis operator ignores the spatial wave functiopsand acts
vectoryZ-box integral comes from lov@?. These steps were only on the flavorg, and spiny, wave functions. Because the
not described in detail in our previous work and will allow a colorless portion of the total hadronic wave function is sym
more thorough assessment of ou calculation. In Sec- metric, we are free to operate only on the third components of
tion 11l we describe an alternative modification for obtaigi @ and x and multiply the result by three. The amplitude can
FVZ in the resonance region. This modification is similar toPe expressed as
the one used by Gorchteah al. [6] and the close agreement
to our original R&1Y, result suggests both modifications are (res,A ‘€+ 'JV(Z’V)|N,S>
equally valid, at Ieast for Fh@we% I_<|nemat|cs. In Sectpn — 3(UresresX |e§13) (g\‘}@)ik/,,\,& . Wk,s’|l1UNqNXS>7
IV we present our calculation ¢%;~ in the resonance region (11)
that parallels the analysis of Section II. We comp@% and
Rel1}, values to those obtained by Blundetral. Concluding ~ wherek (k') ands' (A’) are the initial (final) momentum and
remarks are contained in Section V. spin projection for the struck quark. The superscript (Frov

the quark electromagnetic and weak vector coupliegand
gv, indicates that the operators are acting only on the third

x (res, A&, - JY(0)|N,s), (10)

II. MODIFICATION OF THE STRUCTURE FUNCTIONS quark.
FY%(x,Q2) — FY%(x,Q?) IN THE RESONANCE REGION. Using unit normalized quark spinors,
In our previous work we modified the Christy and Bosted Uoe — E+my Es (12)
fit to electromagnetic data [11] in the the resonance re@dn ps 2my Es

< 8 GeV? and W< 2.5 GeV. Their fits forFlw, oT, andop
account for the contributions of seven resonances as well asand choosing a frame where the gauge boson is propagating
smooth background. Their description and computer code fan the z-direction, the current reduces to
their fit allowed us to separately modify the resonances and
the background.

To obtain the resonance part Ef'y, Christy and Bosted
sum the contribution of each resonanEé,Vhes. The reso-

nance part oFl"Z can be calculated by modifying the summa-
tion by the insertion of corrective prefactors:

_ 2
Ug A/E4 - Yy = %5}1[& + .S ]¢y, (13)

wheremq is the constituent quark mad€3, = k; +iky, S; =
1/2(01+i02), gz is the momentum of the boson, aggare
the usual two spinors. The Wigner-Eckart Theorem allows
us to calculate a matrix element Bf as a constant times a
matrix element of_, .

After absorbing the spatial and momentum information, as
The prefactors are simply a ratio of structure functions forwell as the quark mass coefficient, into parameters A and B,

FlyZ = Zcres X F1W|r&;- (8)
e



Eq.(10) becomes

Flyy( yZ)

res

3(nanxs|ed (263%) (AL, +BS ]| grestreskn)

x 3(Yreses [ [ALy +BS/][ynnxs).  (14)
In terms of helicity amplitudes,
wz)|  _ z
FIE| = A 2aD)
< AL (15)

where the helicity amplitudes are given by

A (2A%) = 3(pnanxs| el (200 AL + BS+]T”~I’resq’res(X)\6>)v
1

andA is the spin projection of the resonance along the direc
tion of the gauge boson momentuy(Z) is the exchanged

boson.
The prefactor can now be expressed as

y
Cres = 2/\ AAA%

. 17
> (AY)? 80

3

The subscripts of\;g andBs g indicate the angular momentum
dependence of the resonance’s wave function.

ObtainingAjp and B1g without relying on hadronic wave
function requires additional phenomenological inforroati
Data for both of thd13(1520) andF;5(1680 resonances [14,
15] show that the polarization ratio

. |A{/2|2 - |A§/2|2
AL 5l + A% 5l

is close to—1 for photoproduction, and approaches
at higher@? as theA;’/2 amplitude dominates (in accord
with perturbative QCD). Looking at the expressions for the

D13(1520), we conclude that
A1o(Q? = 0) = —V/2B1o(Q* = 0) (23)

and expectingjq/2 to dominate by a power a®? at highQ?,

we choose a form with the correct limits

A10(Q%) V2 (O 1
=—\2f =V2—— .
We can now expres8,g in terms of f; andBig. Substitut-
ing this new value of\;¢ into Egs. (20) and (21) leads to the
prefactor 0fD;3(1520):

(22)

(24)

In general, to calculate these amplitudes we operated the

Hamiltonian on theSJ(6) spatial (), flavor (), and spin

(x) wave functions of protons and resonances described by
Close [13]. As examples, the proton abghs(1520) resonance

(3t ) + 367
(1— f1)2+3f2

Cpys = +Qhe, (25)

are members of thé28,56) and (28,70) multiplets respec- whereQf,"® = 1 4sirf 8y(0). A parallel analysis gives

tively and can be written as

1

|28,56) = \/éq"LS:O,LZ:O ((pM,SXSMZ,:Sil/2+(pM,A MA )

" Xsy—x1/2

(18)
128,70) = ; (3=3/2Jz|LLz,S)
Jz=5+L7
(o)) oo

Cr. — 21— 1) L qQpLo (26)
B (1 fp)2 4213 '
We usedA? = A3 = 0.2 Ge\ in [5]. As a check, we can
compare our fits constructed using Close’s analysis with am-
plitude fits from Mainz (MAID) [16]. Better agreement can be
obtained by settind\? = 0.256 Ge\f andA3 = 0.635 Ge\?,
but this more thorough analysis does not change the overall
ReDVZ result by more than half a percent.
Table Il summarizes the helicity amplitudes and prefactor
for each resonance in the Christy and Bosted fit. The Roper

M,(A)S indicates a wave function with two elements that areresonancepP;;(1440), belongs to the same multiplet as the

(anti)symmetric.
Inserting the Hamiltonian into the proton By 3(1520) he-
licity amplitudes gives

Ax(j)l/z =3x eés) (g\q/<3)) <‘-I-’res(l’re£X+l/2| [AL, +BS;] |‘-/-’N INXs)
1
= 5 (~ Ao [eu(el) — el
5 u 1 d
—V/2B1o [geu(gv) + éedgv)} ) (20)
and

A2 o= 3% e (6)%) (YresesX 22| [AL s +BS:]|Ynanxs)

= —TzAlo [eu(g\tj) - ed(g\(})} ) (21)

proton. AL, does not contribute to the amplitude since both
the Roper and proton have zero orbital angular momentum.
Consequently, the amplitude is only proportionaBig and

the Roper prefactor i§*-independent. For resonances with
non-zero orbital angular momentur@;es is Q-dependent.
The twoS;; states belong to the sar8 (6) multiplet as the
D13(1520), soAjp and By are the same for all three states,
for valid SU(6) symmetry. Th&;; states can mix. We have
written above the results for the unmixed case. The unmixed
yp amplitude for the5;1(1650) is zero when the values of the
quark charges are inserted; this is the Moorhouse selection
rule [17]. If we neglect this amplitude also for tiZeboson
case, the amplitude listed for ti%g; (1535 gives a ratio

14+2f

Csy = b
ST Quw

(27)



Electroproduction of th&;1(1650 occurs because of mixing and

with the bareS;1(1535), and the above ratio is the same for

:cth(t)It::]rlljfnsélrisc.a\l/\(/je;ﬁr;a:\éiggecked that including mixing makes <N;,‘|JK|n) = ey (N[ Tyu|n) + g (N: | dy,d]n). (32)
Cres for | = 3/2 resonances are calculated by considering ) o ) )

only theAl = 1 portion of the current. This term is propor- After performing an isopin rotation the neutron amplituee b

tional to (e, — €q). By substituting vector charge€es for ~ COMeES

| =3/2 resonances is found to &+ Q\’,J\}LO). _ B
The Christy-Bosted fit lies within 3% of nearly all electro- (N3 [38Im) = eu(Nj|dy,d| p) + eq (N5 |y ulp). (33)
magnetic data points. Our modification undoubtedly in@eas
the uncertainty. To be conservative we estimated our modifiyrther algebra on these amplitudes reveals
cations increased the uncertainty to 10%.

The Christy-Bosted fit also accounts for a smooth back- 1 1
ground. To model thgZ-box background we considered two (N;|Jﬁ’v|p) = 5(1_ 4sin29w(0))<N:§|JZ|p> - §<N§|Jﬂ|n).
limiting cases. In the low x limit, the light quark distribahs (34)

are expected to be equal and the corrective coefficientis ¢, can now be written as

_ ZQ:u,d,szqu\c} fq(x) 1 p,LO o8
B N % o B T

In the limit where there are only valence quarks

DAAT

o= QA

(35)

q Here,p andn identify the nucleon as a proton or neutron, re-
% q=uud 2€qQy fa(X) _ 2 + QF/J\}LO_ (29) spectively. Gorchteimt al. [6] constructed theiCes eXpres-
Ya—uud(€q)?fg(x) 3 sions using photoproduction amplitudes listed in the Blarti
Data Group [12]. Thus, their corrective prefactors lagk

We used these limits as error bounds and their average as tg@pendence. To account for the amplitud@é:dependence,
background correction. Approximately half of the total €on fits from MAID [16] can also be used.

tribution to Rd]\)fz from the Christy-Bosted fit is due to this
background modification.
F)is related to=)" by

Cbkgd |va|ence quarks=

Fig. 1 shows R&lY, calculated using both the quark model
and MAID treatments of the structure functions. Better agre
ment between MAID and the quark model was naively ex-
pected as the MAID fits were used to parametefizg. The

2 FVV
FY = < (1+ ﬂ) %' (30)  overall smaller value for \)fz calculated by MAID is al-
P-q or/ 1+ (pg)2 most entirely due to the Roper resonance. For the Roper, the

guark model calculates a constant corrective prefactoite wh

We substitutedzlyZ into the above expression to obtrﬁgfz. the MAID ratio rapidly approacheQ\R,’LO as Q? increases.
We also assumed the modifications were the same for both thEne differences in the Roper resonance corrective prafacto
transverse and longitudinal cross sections. were also the primary cause for the different deuteron asym-
Bosted and Christy [18] also have a fit for deuteron andmetry predictions in [9].
neutron electromagnetic data which we used to modify the Another notable feature of Fig. 1 is that RE, hardly
deuteron structure functions in [9]. The corrective rafs  changes when the corrective ratios are calculated using PDG
the deuteron resonances are listed in Table Ill. Followirgy t photoproduction amplitudes in place of ti@-dependent
above analysis for the proton background, the limits to theyuark model. R&Y, calculated using the quark model also
deuteron background areJrlQ\F,’\;"o and 45+ Q\R}"O. remains relatively unchanged when using different valoes f
A%, values. Both features are due to ¢ values domi-
nating the integral. Indeed, an analysis of the integraiind
[ll. ALTERNATIVE MODIFICATION OF cates that the med®? value is 0.4 GeV. In applications with
F15(x,Q%) — F{é(vaz) IN THE RESONANCE REGION higherQ?, such as the calculation of the deuteron asymmetry
in [9], the quark model and photoproduction corrective pref
The corrective prefactors for the Christy-Bosted fit can beactors give quite different values.
modeled using a different technique. The vector contriuti It is important to note that Gorchtegt al. [6] do not use
to the Z-boson transition amplitudes can be isospin rotatedhe Christy-Bosted background in their analysis. For ttekba
into a sum of electromagnetic transition amplitud®s;~ Ny ground they instead use the average of two Generalized Vecto
andny — N;. Neglecting strange quark contributions, theseDominance (GVD) models [19, 20], isospin rotated for appli-
amplitudes are cation to theyZ-box and extrapolated down to the resonance
_ region. This averaging is the largest source of uncertdarty
<N:§|J,‘f(z’v>|p> = ey(gy ) (Np|uyuulp) + ed(gS)<Ng|dy“d|p> the Gorchteiret al. calculation. Recently, it has been claimed
(31) thatthis background uncertainty has been overestimajed [7



TABLE llI: The seven Christy-Bosted resonances along wlitgirt electromagnetic helicity amplitudes along and cqoesling corrective
prefactors for both the proton and deuteron. ThE { Ny) helicity amplitudes are calculated by substitutig— g\‘} = Tq3 — Zeqsinza/\/.

The (iy — Nj;) and 6Z — Ny;) helicity amplitudes are calculated by exchangég— eq andgy « gﬂ, respectively, in the proton analysis.

The corrective prefactor for the background is also inotlide

resonance proton electroproduction amplitudes Chs d&;
P(1232 A}, O (eu—e) 14+QR° 14+QR°
1 1 1/34-2f p,LO 1+2f1)(1/3+2f1) p,LO
S11(1535 & (V2A(e—e) -Buo(Jau+der)) Aot +Qf 2y + QW
1 5 1
= (Azo(eu—eq) +V2B1o ( 3eu+ 3€q (1-f1)(1/3-1)+3f2 | Ap.LO 2(1-1,)(1/3~ 1) +6f7 pLO
D13(1520 Aij2= ‘/1— ( ( >) i-fmsr T FE Gy fl1 zrerz T QW
Ay = T3P0 (eu— &)
A/ Axo(2ey + Bzo(5eu— 3€q 2/3(1-f Lo 1-f LO
F15(1680 %,/2 \/> 20(28u &) + \/> 20(3%~ 3% (1:/ fi)2+§)fzf +Qly A3 fz)2+éf2+4/3 +Q
Ay = ﬁAzo(Zawed)
165 2 2 1/3+2f; p,LO o (1+2f1)(1/3+2f) p,LO
(1650 A, =~/ FBro(eu+2e) “rezr, QW Tt aaane W
y _ 4 1 p.LO p.LO
P11(144Q A1/2 = Boo (g&, — ged) 2/3+QN 12/13+QN
Fa7(1950 AL, D (eu—ey) 1+QR° 1+Q°
Background % +Q\5’\}LO % +Q\5’\}LO
0.007¢ IV. MODIFICATION OF STRUCTURE FUNCTION
FY/(x,Q2) — F¥*(x,Q2) AND THE CALCULATION OF
0.006¢ Rell},
~ 0.006C Blundenet al. [10] split their Re‘), analysis into elastic
©
T (W2 = M?), resonanceW? < W2 < 4 Ge\#), and deep in-
>~ 0.005% elastic scalingW/? > 4 Ge\?) regions. To allow for an easier
2 comparison between our analysis and theirs, we used the same
0.005(+ energy regions.
As previously mentioned, the avera@@ value within the
0.004:L Re[JY, integral is about 0.4 GV In contrast, the averagg?
value within the R&J); integral is about 80 Ge¥/ Thus, the
0.004( ‘ 1 axial contribution to the/Z-box diagram is less sensitive to
0.6 0.8 1.0 12 14 the modifications of the structure functions in the resoeanc
Elan (GeV) region. Because the axial box integral, Eq.(5), receivesgt

support from highQ?, we follow the example of Blundeet
FIG. 1: Rdj\)f as a function of incoming electron energy. The black al, and use one loop running Va|uegm‘Q2) and sirf ﬂ/\/(Qz)

curve is the result from our previous work and uses heliapl:  in its evaluation. Both running values are calculated ini&
tudes given by the quark model. The blue, dot dashed cunteeis t rengrmalization scheme.

result using corrective ratios from the PDG. The red, dadimedis In the scaling regiorh_-yz can be directly calculated using
the result from using corrective ratios constructed withIiAelic- parton distribution fun ct?ons

ity amplitudes. The dashed, vertical line indicates thegnef the
Queak experiment. All three models use the same modifications for FVZ X, Qz Z 2qu
isospin 32 resonances and the smooth background. A

ax Q@) -axQ)).  (36)
Blundenet al. use PDFs from [21]. We chose PDFs given by

CTEQ [22]. CTEQ’s uncertainty for the up quark is about 5%



and 10% for the down quark. To once again be conservative, 0.0007
we considered a 10% uncertainty for this fit.

ForQ? < 1 Ge\? andwW? > 4, we used the Model | modifi- .. 0-000€
cation to the PDFs discussed by Blunagal., with A2 = 0.7
GeV2 andQ3 = 1 Ge\2. Blundenet al. found an uncertainty
of 10% in this fit by varying\? within a reasonable range. For

o
o
S
S

n

o
o
o
o
N

Re sy (ELap) Contribution:

the elastic contribution, we also follow the technique ulsgd Black = Elastic

Blundenet al. [10]. 0.000%- Blue = Model | 1
The most significant departure from the Bluneeal. anal- Red= Resonanc

ysis is in the resonance region. In this region Bluneeal. 0.000Z- R ]

constructed:SVZ using axial current parameters of Lalakulich o000t N -

et al. [23]. Lalakulichet al. obtained their parameters through ' Tl

a PCAC analysis of pionic decays of baryons. Their fit ac- 000C ‘ ‘ ) : ‘

counts for four resonances but makes no attempt at estignatin 0.0 0.5 1.0 15 2.0 25 3.C

a smooth background, defering the determination of its form ELap (GEV)

to future experiments. As an aside, Lattice QCD calculation

have reached a sufficient level of accuracy to calculatd axigrIG. 2: Elastic (black, solid curve), resonance (red, ddsheve),

form factors [24, 25]. and model | (blue, dot dashed curve) contributions to theldodx.
Instead of repeating the Blundehal. resonance region

analysis, we constructelégyZ by once again modifying the

Christy-Bosted fit. Not only does this modification provide 0.012

a smooth background, it also accounts for three more reso-
nances. In our analysis of the resonance region we repeated
the technique outlined in Sec. Il. In the non-relativisimit, 0.01Cr A
|k| << my, the axial current becomes
3 000 Vector + Axial
[ . 4
UK, A e -yysu(k,s) = V2E],S, &. @7 u
<N
[}
Continuing the use of the parameters in Sechf% can be @ 0.00¢ 1
expressed as
y: _ 0.004f -
3 INores Axial
2v a3 [ 2My f 0.00z : L : :
3q—<¢'N¢NXs\ (29.7) q—BS+ | Wres@resXn) 60 05 10 15 20 25 3C
Z Z

3) ELap (GeV)
* 3(YrestresXn | €9 [AL+ +BS,]|UngnXs),  (38)
FIG. 3: The axial box. We also add the axial box to our previous

wherev is the energy of the exchanged boson. For our calvector calculation [5] to obtain the total box. The dasheettival
culation we took the mass of the struck quank to be 0.3  line indicates the energy of tf@eax €Xperiment.
GeV. Table IV summarizes the corrective prefactors to obtai

FJ%. As with the corrective prefactors 5, we estimate
the uncertainty of th§3yZ prefactors to be 10%.

, . . . 74 :
The smooth background is once again modified by taking We also calculate8) for the deuteron in [9]. The correc-
the low x and valence quark limits. For low x, a quark andtive ratios for the deuteron resonances are listed in Tahle |

anti-quark are equally likely to be struck. Thus, Following the above analysis for the proton background, the
limits to the deuteron background are 0 and3.8
_ Zq:u,d,szquifCI(X) - Figs. 2 and 3 display the results forez. As can be seen,
Coigd|x—0 = T > =0. (39) . . ,
5 Y q-ud,s(€)? fq(x) the scaling region dominates. At tieak energy, REJ), =
o ) 0.0040- 0.0005.
In the limit where valence quarks are equally likely to be
struck

Y g=uud Zqu,i fq(x) 10
Cogalvai ks= ~ == (40 V. CONCLUSIONS
gd |valence quarks= %Zq:u,u,d (eq)zfq(x) 3

These limits were taken as the uncertainty bounds and their Adding the axial box to our original vector box calcula-
average as the modification for the smooth background. tion [5], our constituent quark model yields a total-box




TABLE IV: The seven Christy-Bosted resonances along wittirthxial helicity amplitudes and corrective prefactorstfoth the proton and
deuteron. The neutron amplitude is calculated by exchargfin— gff\.

resonance proton axial current amplitudes Chs cdg
ZA d\ 4mgV AmgV M,V
P3(1232 A2 0 (Gh— o) =g 2= 27
ZA_ 1 5 1.d) 4mgv 1 1emgv (1+2f1)+(1/3+2f,) 16mgv
S11(1539 ATfa = JsBuo(30h+ 3l “§” D T 2h)7H (13207 3%
ZA _ /2 5,u 4 1.d) 4mgv
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ZA 4 1.d\ 4mgv 20mgv 100myv
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F37(1950 Al O (A —da—¢ 2= 2=
Background g g
value of plitudes from the Particle Data Group (as in [6]). Differ-

ences arise between [5] and [6] because of the treatments of
Relyz(E = 1.165 GeVjora = (9.7+£1.4) x 10 %, (41)  the resonance region background. We continue modifying the
Christy-Bosted background fit while Gorchtegnal. modify
&wo GVD fits to low Q?, highW? data and extrapolate them
down to the resonance region. We believe our modification is
more satsifactory since it does not involve any extrapofesti
We cannot comment on the vector calculation of [4] since they

ReCyz(E = 1.165 GeV|iota = (8.43%:(13) %1073 (42) provide few details of their model.

The errors from both the axial and vector calculations wer
added directly. If added in quadrature, the uncertaintyced
to 1x 1073,

The totalyZ-box value from Blundest al. [10] is

These two calculations are in agreement within uncertain-

ties. Each calculation also has error bounds below the error Acknowledgments
budget of theQ, ek €Xperiment.
The question remains which calculations @gqx collabo- We thank Peter Blunden and Wally Melnitchouk for useful

ration should use in their analysis. The disagreement mstwe conversations and the National Science Foundation for sup-
the various calculations is largely due to the treatmenhef t portunder Grant No. PHY-1205905.

yZ structure functions in the resonance region. We believe

the collaboration will be equally well-served by either[B%

calculation. RE/;Z is not very sensitive to the resonance re-
gion modifications since its integrals get much of their aurpp
from highQ?. F3VZ in the scaling region can be constructed us-
ing fits to parton distribution data.

Which ReD‘)fz calculation to use is more open to debate.
The vector integrals receive much of their support from the
resonance region and are thus sensitive to the modification
F/% — F/5. In Sec. Il we showed that there s little differ-
ence between modifying the Christy-Bosted resonance fits us
ing our constituent quark model [5] or photoproduction am-
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