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ABSTRACT
The twist-four, spin-two Quantum Chromodynamic corrections to the asymmetry
parameter in polarized electron deuteron scattering and their effect on sin2g,
have been calculated using the operator product expansion of the product of
the weak and electromagnetic currents. The coefficients in the expansian were
determined using perturbation theory technigues and the deuteron matrix
elements of the operators were evaluated using the MIT Bay Model. The higher
twist effects decrease the value of sin?e,, as determined from polarized
electron deuteron scattering, by about 1%, similar to the electroweak

radiative corrections.
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In the standard electroweak theoryl the fundamental parameter sin2e, is
of considerable interest and a great deal of effort has been devoted to its
precise determination?, The asymmetry in polarized electron deuteron
scattering, arising from the interference between electromagnetic and weak
interactions, depends on sin2g, and polarized electron scattering datas have
been used to measure sin28,. However, in extracting sing,, from these data
one must consider, in addition to the radiative electroweak corrections4, the
effects of Quantum Chromodynamics5 (QCD).

Wwe have calculated the nonperturbative twist-four, spin-two QCD
corrections to the asymmetry parameter and sinZe,, and have found their effect
is, typically, to decrease sinZg, by about 1%. After a brief review of the
asymmetry in polarized electron deuteron scattering we present our calculation
of the twist-four, spin-two QCD effects and finally compute the magnitude of
these QCD corrections to sin2g, for the present data.

The asymmetry parameter is defined in terms of the longitudinally
polarized electron scattering inclusive cross sections on deuteriumﬁ,
eR,L(k) + D (p) + e'(k') + anything:

dop - do|
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This parity nonconserving asymmetry arises in the standard electroweak theory
from the interference between the electromagnetic and weak neutral currents;
j.e., the y and 2° exchange diayrams.

The contribution coming from the axial vector coupling at the electron

vertex is of the form/
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A2, %, y,) o [el92 <D (M(2)9%(0) + M(2)3"(0)]1Dd", g,
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where J¥ and J¥ are the usual electromagnetic and vector weak neutral
currents, respectively, in the standard electroweak theory and
Ly = Tr (k'Y kY,}. The kinematical variables are defined as usual:
q=k-k', Q2 = - qz, v = pq, X = 02/2v and y = pg/pk = (E-E')/E. In the
quark parton model, direct calculations shows
Agy (0% ,x,y)
LA G 9 _ N a2
Ty = (20) [1 5 sin aw] (3)

Véna
Similarily, the contribution to the asymmetry parameter coming from the
vector coupling at the electron vertex is of the form

Aa(@,xy) el e u(z) dh(o)|Datz 2
QZ

[e' V2 Dlju(z) V(o) |Davz 2

Mo, . ,
where J5 is the axial vector weak neutral current in the standard electroweak

theory and g2 = Tr (k'Yu kY,Y5). In the quark parton model one can easily
ny

show that

A (stxay) ] - - z
VA = .. ?F (%U) (1 - 4sin2s,) [i . Ei ; igz] (%)
Vina

To calculate the twist-four, spin-two QCU corrections to the quark parton

model result for Ayy(Q2,x,y) we define the operator
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In the physical region

1 v
2 U .
AVV(Q Xoy) o = Im <D | Vuv | D> 2 : {7

that is, the numerator in Eq. (2) above. Using the Wilson operator product
expansion8 (OPE) for the bilocal four-quark operators, which are of the
typical form E}(z)yu q;(z) aj(o) Yy 4j{0), where i and j denote u and d
quarks, one obtains an expansion in terms of local operators with QZ-dependent
coefficients that obey the renormalization group equation. We shall choose
the renormalization point w2 at (2 in these equations for the coefficients in
the OPE, which amounts to negleyting their anomalous dimensions and allows the
coefficients to be calculated using perturbative QCD techniques. OUne finds
both diagonal contributions, involving two-quark-gluon operators, and
nondiagonal contributions, involving four-quark operators. These can both be
conveniently expressed in terms of the traceless, antisymmetric basis of

operators OMV, containing no contracted covariant derivatives, due to Jaffe and
i

Soldate?:

2 1 MHikH2 5 M1IH2 2
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{- 3 0, C (o) 0, (U)}] (8)

and

4q2 1Mz H1H2 L
v‘;‘(’mdiag = - JIOZ (V) =20, " (0) +u (o)} (9)



In Eqs. (8) and (9Y) we have defined

o, T Sp 8 - (s d rel ) A v ¢ q q (10)
and g2 = 41 ag (Q?) is the QCD running coupling constant. We have verified
that these results ayree with both the previous calculations of the higher
twist effects in e]ectroproduction9 and neutrino neutral current scatteringlo.

In the case of AVA(QZ,x,y) one can show there are no twist-four,
spin-two interference terms and, consequently, the quark-parton model result,
Eq. (5), is unaffacted.

The calculation is further simplyfied since the twist-four corrections to
electroproduction?, although model dependent, are nevertheless certainly
smal1ll (< 2%4). Therefore, these higher twist corrections to the denominator
of Eq. (2) can be neglected in comparison with the twist-four, spin-two
effects in the numerator.

To calculate the matrix element of V,, between deuteron states
(spin-averayed), we shall assume quark confinement models for which the quark
wave function is of the form

f{r)

Gt g{r)

where y is a two-component spinor; for example, the MIT Bagy Mode112,
Direct calculation shows that the spatial part of the matrix element
<D|V,,|U> can be expressed in terms of the two integrals:

JCIf(e)[2 + [g(r)|2]2 &3r (12)

I

and

Lp = [ if(r))2]y(r)|2 a*r (13)
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The matrix elements of the six different spin, color and flavor
dependent four-yuark local operators needed in the evaluation of <DV, |0>
are among the set of nine such matrix elements that have previously been given
in the calculations of the twist-four, spin-two corrections to the neutrino
neutral current cross sectionlV,

Matrix elements involving gluon fields will be neglected since they enter
the OPE with coefficients smaller by an order of magnitude and, in addition,
the gluon content of a nucleon (at rest) is also rather small,

Combining the above results one finds the total asymmetry A = Ayy + Ayp

to be
A 2,)(,)_ G 9 lﬂ(l'y)z
0 i (?ﬁ) [1+1+(1-y)2"
Y ena
ac (%) M 85 440 )
¥ qQ“ xLu(x)+d(x)}] ( -9 Lt b }
: 20 1-(1-y)2
+ sinZg,, [- g -4 T¢%T?§§T
(Q?) M 262
2 ooy (w it Izﬂ (14)

where u(x) and d(x) are the u and d {valence) quark distributions in nucleons
and M is the nucleon mass.

To investigate the effect on the determination of sinZe, of the
twist-four, spin-two corrections to the polarized electron deuteron asymmetry

parameter A(Q2,x,y), we have used Eq. (14) to calculate
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2 o . asl@?) " (&1, -2 )
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-1

262 . 20 1 - {(1-y)2 -
+(—-2—7 11 - 16 IZ)SHI Bw][ 3 + 41""%)_7] (1%)

The value sinZ8, = 0.224 + 0,020 has been determined from the polarized
electron deuteron datas taken typically in the kinematic region Q2 = 1.67 GeVZ,
x = 0.24 and y = 0.19 (E = 20 GeV}. In the this regimel3 x Lu(x) + d(x)] = 0,9,
Taking aS(QZ) = 0,27 and using the MIT Bay Model values Iy = 20.36 x 10-4 Gev3
and Iy = 3.21 x 10-4 Gev3 one then finds from Eq. (15) that §sin%g,, = -0.001.
That is, the twist-four, spin-two effects on the asymmetry in polarized
electron deuteron scattering result in a small decrease (< 1%) in the value of
sinZg,, similar to the electroweak corrections. It is interesting to note
that the higher twist corrections to sinZe,, as determined from neutrino
current scatteringlu, also decreased the value of sin?g, by about 1%.
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