
PH YSICAL REVIEW D VOLUME 20, NUMBER 9 1 NOVEMBER 1979

Quantum-chromodynamic corrections to parity-violating
asymmetries in ep reactions at high Q

Thomas G. Rizzo
Department of Physics, Brookhauen National Laboratory, Upton, ¹mYork 11973

(Received 19 March 1979; revised manuscript received 4 May 1979)

We examine quantum-chromodynamic (QCD} corrections to the Q' and y dependence of various

asymmetries in ep deep-inelastic scattering produced by the parity-violating weak neutral currents of the
Weinberg-Salam model. We find, for Q' in the range 10 & Q & 10 (GeV/c), that a small change in the
value of sin'8~ can mask the small (- 5-10%) QCD corrections even if. data are taken over the entire range
of y. We conclude that QCD does not produce significantly large modifications to the weak asymmetries
considered for the above range of Q'.

INTRODUCTION

Since the recent observation at SLAC (Ref. 1)
of apparent parity violation in inelastic scattering
of polarized electrons off hydrogen and deuterium
targets, there has been much theoretical interest
in extracting the constraints these new data im-
pose on models of the weak and electromagnetic
interaction Ispecifically, models based on the
SU(2) SU(1) gauge group'j. The calculation of the
asymmetry measured by this experiment, i.e.,

(rr(e„) —&r(e, )

&, &r(e&I)+ &&(eL)

was done by Cahn and Gilman' and by Marciano
and Sanda using the scaling parton model. ' The
results of the SLAC experiment were, however,
obtained at low Q' and some doubt has been raised
as to the validity of a direct, quantitative corn
parison of the experimental results and the pre-
dictions of the scaling parton model' due to quan-
tum-chromodynamics (QCD) and other correc-
tions. '

In this paper we would like to examine various
weak asymmetries of the kind (1) at higher values
of Q' where the parton model with QCD correc-
tions should give good quantitative results. In
particular, we are interested in the effects QCD
has on the values of the various weak asymmetries
for various values of x and y (the well-known scal-
ing variables) and Q'. We will consider the scat-
tering of polarized electrons and positrons from
unpolarized protons only for Q'» 10 (GeV/c)'.
We use the results of Ref. 3 together with the pa-
rametrizations of the Q'-dependent structure func-
tions given by Buras and Gaemers. ' Below, we
also consider the 'asymmetry" parameters

(2)

&r(e'L)

&i(e'n)

&r(ee) + &r(eL)
X=-
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wk+em

(4)

with the obvious requirement QL/
——Q«r

——Q/. We
then obtain the following cross sections:

RR cci QR, Qn& ~ g
Q

y y

do & Q&&eQL&
RI,

Qs

(e ) (ot )
Qa&

Qs+ M Z (~)

Qz «&Qz
«&

Li

Q +Mz, ,

(1-y)',

do'~~ .
QLeQL&

a

Q'L, Qn& +
Q a

Q +MZ (I)

( ) (I) 2

QLg Q &&& (1 )s

Q +M S (~)

wher«o L, (R»(» represents the cross section fori

scattering left- (right-) handed electrons on ]eft-
(right-) handed quarks of type i. The total con-
tribution is obtained by multiplying each do' by
the corresponding "weight" factors given by the
quark-antiquark distribution functions obtained
from deep-inelastic scattering. Hence,

in addition to A defined above.
Our procedure is as follows. We follow the work

of Cahn and Gilman. ' (We consider first the case
of n Z bosons. } We denote the coupling of a fer-
mion (f) to the photon and Z ' ' bosons by (&r

= 1, . . . , n)
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Once the q, (x) are known, we can immediately
calculate the various asymmetries. To this end,
and to include the QCD corrections, we choose the
qi(x, Q') to be those of Buras and Gaemers' which
should be valid for 2 s Q' ~15000 (GeV/o)', it
should be noted that these distributions contain
only the leading-logarithmic QCD corrections.
Instead of expanding the various cross sections in
powers of Q'/Mx' we have kept the full expressions
given above; our Q' dependence is thus a combina-
tion of the effects and of the Z-boson propagator
and the Q'-dependent distribution functions.

The relevant cross sections for positron scat-
tering can easily be obtained from those of the
electron.

FIG. 1. Q2 dependence of —A /Q for deep-inelastic
ep scattering.

. doer —Q (dvaL+dvaa)ql(x)

dvL= Q (dvLL+dvL„)q, (x),

where i runs over both quarks and antiquarks.
Within the Weinberg-Salam model, n= 1 and

the QL „are well-known functions of the weakB]
isospins and the Weinberg angle given by' (x
—= sin'O~)

z e r
QLI [ (1 )]1/2 ( 3Li Qi

ez 'T "xQai [x(1 x)]1/2 ( 3RI

I I I I I I I I I I

(a)

RESULTS

(I}Let us first turn our attention to the asym
metry measured by parameter A. . Figure 1 shows
the Q' dependence of A /Q' for Q2» 10 (GeV/o)2;
the decrease at large Q' is due to the suppression
of the Z-boson propagator. Note that the QCD
result is -5-10/o smaller in magnitude than the
prediction without QCD; this is a general result
for all values of y and Q' in the range 10 ~ Q'
~ 10' (GeV/c)' with x ~ 0.2. We would expect,
however, that these results would also apply for
values of Q' outside the range. examined so long
as lowest-order QCD is valid.

The y dependence of A /Q' is shown in Fig. 2

for two very different values of Q'. Note, how-
ever, that the QCD prediction is not significantly
different from that of the non-QCD prediction.
The effect of QCD is merely to shift the non-QCD
prediction downwards without changing the y dis-
tribution significantly. Note that at both values of
Q', the small changes produced by QCD can be
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FIG. 2. (a) y dependence of -A /Q for Q =10 (GeVfc) . (b) y dependence of -A /Q for Q =5000 (Geg/g) .
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FIG. 3. (a) Q dependenceof R(eI. z) for ep scattering. (b) Q dependence of cr~ and y for ep scattering.

simulated by a small change in x~, i.e., if one
compares the scaling parton model with experi-
ments, the values of x~ so obtained will be larger
by a few percent. (Note that this argument only
holds for x2, ~ e for which -A /Q' has a positive
slope. )

Thus we see that at both low and high Q', QCD
has very little effect on the y dependence of A /Q',
i.e., most of the QCD correction is y independent
over the Q' range studied here. (The small x~
shift mentioned above, however, is only signifi-
cant if a, highly accurate measurement of this var-
iable is made before the asymmetry measurements
we are discussing. )

We have also examined the x dependence of
A /Q' at both low and high energies; we find that

is quite insensitive to x (at the 10% level) for
large x (i.e., x ~ 0.2) at both high and low Q'.
For fixed large x, the Q' dependence of the x dis-
tributions is not significantly modified by more
than -10% by QCD. The x' dependence will not be
discussed further here and we will take x= 0. 3
in what follows.

(II) We now turn to the other parameters defined
in Eqs. (2)-(4). The deviation of any of these pa-
rameters from unity may be very difficult to ob-
serve for Q' & 2-200 (GeV/c}' but at much larger
values of Q' [~ 10' (GeV/c)'] the deviation is sig-
nificant. Figures 3 and 4 show the Q' behavior of
these quantities (without QCD corrections) and
their y dependence at Q'= 5000 (GeV/c)' respec-
tively. (We have not shown the QCD-corrected
predictions for these quantities since they are
very small compared with the scale of the figure. )
As can be seen in Fig. 4, the QCD corrections
are almost insignificant (&5/p) for R(e~) and p,
small (-5/p) for R(e~) and R(e}(},and somewhat
larger (-5-10'%%up) for y and v' independent of y.

Several authors have considered combinations
of the R's defined above which do measure true

asymmetries, i.e., both parity and charge-con-
jugation violations by weak neutral currents. Con-
sider the following pa.rameters:

p (e}'2) —p(e~ )

(T(e'„)+ a(e~)
wk+em

p(e'„) —c(eJ )

p(e'„) + p(e~) uk+ em

(5)

(6)

J 8 p('„)+ (e „)

Our results for A'/Q can be found in Figs. 5(a)
and 5(b). Here we again see that at both low and
high Q' the QCD corrections essentially scale the
curve downwards (by -10/p) with little or no effect
on the general shape of the y distribution. As in
the case of A. this mould tend to give values of x~
which were slightly low by -10/p at both low and
high Q'. Note that the QCD correction to the shape
of the y distribution is more pronounced at the
higher Q' value.

Figures 6(a) and 6(b) show the y dependence of
B' and Cz }e at low and high Q' respectively. As
expected, the QCD corrections are again quite
small (-5-10%) for B'/Q' and Cz/Q', somewhat
larger corrections (-10-15/p) are obtained for
Cz/Q . These corrections can again be mimicked
by a small change in the value of x~; note that the
corrections are such that the small shift in x~ is
in the same direction for each of the parameters
and in rough agreement with that obtained for
Ae /Q2

We have not shown the Q' behavior of A', B', or
CL since they are similar to that of A .

At this point we should say something about the
so-called hybrid model where the right-handed
electron transforms as the lower member of a
right-handed doublet, i.e., t2(eR) = =', . Although
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FIG. 5. (3.) y dependence of A+/Q for Q =10 (Gev/c) . (b) y dependence of A+/Q for Q =5000 (GeV/e) .

where

g' -=(T~e ~ '+ ~e2g —2Q"' sin'~~),

g A'=('2R —T2g ),

l —(l -y)2
(y)-

( ), ,

(A3)

(A4)

(A5)

G,q P,q, f, (x)

(pq2 ()) (+gAg'v gv'gAFIy)]'

(A6}

O'Q' Z(qifi(x) g'(g'+g')F(y)], (AT

Q, =- charge of the ith quark with distribution func-
tion f, (x). For dv(e' „)we simply let g'„--g'„
in Eqs. (Al) and (A2). Thus, we find

GFQ ~4qifS() 8 C 0CIz ~2 pq2f()l+gA VggAgAF(y)].

(AB)
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In the limit where we can neglect sea quarks and
@CD corrections we find for ep deep-inelastic
scattering with f„(x)=2fc(x):
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Q 2

[+(1+2T;~)(-', -2x~)
+ ' (1-2r;, -4x )Z(y)],

-1+2x~ (+),
(A9)

(A 10)

G 2

C~ „= ~ (1+2T3's)[+(-', -2x~)+ -', E(y)].

(A 11)
We do not give expressions for R(e~ „), o', or y
here since they are quite complex.

~C. Prescott et al. , Phys. Lett. 778, 347 (1978).
~S. Weinberg, Phys. Rev. Lett. 19, 1364 (1967); Phys.

Rev. D 5, 1412 (1972); A. Salam, in Elementary I'ar-
ticle Theory: Relativistic Grolps and Analyt~iity (No-
bel SgmPos jum No. 8), edited by N. Svartholm (Alm-
qvist and Wiksell, Stockholm, 1968), p. 367.

H. N. Cahn and F. J. Gilman, Phys. Rev. D 17, 1313
(1978) and references therein; see also S. M. Berman
and J. R. Primack, ibid. 9, 2171 (1974); 10, 3895(E)
(1974).

%'. J.Marciano and A. I. Sanda, Phys. Rev. D 18, 4341
(1978).

See R. P. Feynman, in Photon-Hadron Interactions
(Benjamin, New York, 1972) and also J.D. Bjorken
and E. A. Passos, Phys. Rev. 185, 1975 (1969).

H. D. Politzer, Phys. Rev. Lett. 30, 1346 {1973);
D. Gross and F. Wilczek, Phys. Rev. D 8, 3633 (1973);
T. Appelquist and H. D. Politzer, Phys. Rev. Lett. 34,
43 (1975).

VL. Wolfenstein, Nucl. Phys. 8146, 477 (1978); E. Der-
man, Phys. Rev. D 19, 133 (1979); H. Fritzsch, CERN
Report No. TH.2607, 1978 (unpublished); J.D. Bjorken,
Phys. Rev. D 18, 3239 (1978).

8A. J. Buras and K. J.K. Gaemers, Nucl. Phys. 8132,
249 (1978).

~See, for example, A. Love, G. G. Ross, and D. V. Nano-
poulos, Nucl. Phys. 849, 513 (1972); M. Suzuki, Nucl.
Phys. 870, 154 {1974);S. M. Berman and J. R. Pri-
mack, Phys. Rev. D 9, 2171 (1974); 10, 3895 {E)
(1974); W. J.Wilson, ibid. 10, 218 (1974); C. D. Kor-
thals-Altes et al. , Nucl. Phys. B76, 549 (1974); C. H.
Llewellyn Smith and D. V. Nanopoulos, ibid. 878, 205
(1974); 883, 544 (E) (1974); M. A. B. Beg and G. Fein-
berg, Phys. Rev. Lett. 33, 606 (1974).

~ CERN yellow Report No. 78-02, 1978 (unpublished).
See, for example, R. Wilson, in Proceedings of the
1977 Isabelle Summer Workshop [BNL Report No. BNL-
50721, 1977 (unpublished)], p. 399.


