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Abstract

We propose a new measurement of spin dependent asymmetries in the deep
inelastic scattering of polarized muons by polarized protons and deuterons.
A test of the fundamental Bjorken polarization sum rule at the 10% accuracy
level should be achieved. Also tests of the individual sum rules for the
proton and neutron and a determination of the contribution of quark spins
to the nucleon spin will be provided.
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1. INTRODUCTION

The spin dependent structure functions of the nucleon provide the basic
information about the spin composition of the proton and neutron and make
possible important tests of QCD and of our models of the nucleon. These spin-
dependent siructure functioms are quite independent of the exhaustively
studied spin-independent structure functions, and are determined from
measurements of spin-dependent asymmetries in the deep inelastic scattering
of polarized electrons and muons by polarized nucleons!.

Two major experiments have determined the spin-dependent Structure

function gh{x)of the proton. The first was an experiment with polarized

electrons at SLAC by a Yale-SLAC group? in the kinematic range x = 0.1 to x = 0.7
and the second was a recent experiment with polarized muons at CERN by the

EMC group? in the broader kinematic range x = 0.01 to x = 0.7. The quantity
measured in these experiments is A;(x] = Mﬂ, in which oy, (03/2), is the
TF1/2+ 0372

absorption cross section for polarized virtual photons by polarized protons
when the total component of angular momentum along the collision axis is
1/2 (3/2). The results of the two experiments are shown in Fignre 1. The
agreement is excellent in the region of overlap from x=0.1 to x = 0.7, and the
CERN results extend down to x = 0.01.

A fundamental sum rule, originally derived by Bjorkea* from current
algebra but now recognised to be based on QCD in the scaling limit, (a
modification calculated with perturbative QCD can also be included) relates the
spin-dependent structure functions of the nucleon to the weak interaction

coupling constants for neutron beta decay. It reads

1
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in which F5(x) and R(x) have their usual meanings.



In the quark parten model

Tl
g (x)= ?ef[fi(x)- F1(x)] (3)

S

| T
where 1 = quark type with charge e; and f; (x) = probability that quark of type

i has the fractional momentum x of the nucleon and has its spin parallel
(antiparallel) to the nucleon spin.

Auxiliary sum rules for the proton and uneutron separately, which
invoive nucleon model-dependent assumptions - principally that the strange
quark sca is unpolarized - have been given by Ellis and Jaffe® and by Belyaev
et al.,”’

dx gli(x)=9~:6?2 %3 | (1- %) =0.189 +0.005.. (4)

[+

axgi(r) =021 |§—: [(1-22) =-0.002+ 0.005. (5)

1]

Thus far experimental data are available only for the proton so that the
Bjorken sum rule cannot be tested, but the Ellis-Jaffe sum rule for the proton
given in eqn. (4) can be tested. From the CERN data alone we find

f dx gi(x)=0.114 + 0.012 (stat.) +(0.026) (syst.) (6)

0

We note that combination of the CERN and SLAC data® strengthens this result



fdxg'i(x)=0.ns £ 0.009 £0.019 (7)

[+]

This combined experimental result eqn. (7) disagrees with the theoretical value
of eqn. (6) by over three stardard deviations (combining statistical and

systematic errors).  Furthermore, assuming the Bjorken sum rule (1) and the

experimental result of eqns. (6), (7)., we conciude that J’ngl(X) for the

neutron is much larger than the predicted value by Ellis-Jaffe of eqn. (3).

Finally using the Bjorken polarization sum rule of eqn. (1), the
experimental result of eqn. (6), and the quark-parton model relation of eqn. (3),
we can deduce that the fraction of the proton spin carried by the u and d quarks
is 0.068 + 0.047 + 0.103, a surprisingly small value which implies that the spin of
the proton is carried by the gluons and/or orbital angular momentum, Further
discussion of this conclusion is given in ref. 3,

A number of recent theoretical papers?-12 have appeared discussing the
violation of the Ellis-Jaffe sum rule and the small spin component of the proton
carried by the quark spins.

2. MEASUREMENT OF THE SPIN DEPENDENT STRUCTURE
FUNCTIONS OF THE NEUTRON AND PROTON

In this letter of intent we propose the first measurement of the neutron
spin-dependent structure function and in the same experiment an improved
measurement of the proton spin-dependent structure function. The principal
motivation is to test the fundamental Bjorken polarization sum rule of eqn. (1).
Information on the mneutron and proton will, of course, allow testing of the
separate sum rules of eqns. (4) and (5), and also the determination of the
contribution of quark spins to the proton spin.

The method of the experiment will be the same as that of the recemt EMC
experiment3. The principal new feature will be a polarized deuteron target,
which in large measure utilises the instrumentation of the present proton
target. Some upgrading of the EMC apparatus, including the on-line computer
and data acquisition system and additional tracking chambers, has been done by

the NMC group. Further improvements are planned for the new experiment.



Figures 2 and 3 show the spectrometer and the polarized target!3 used in
the CERN EMC polarization experiment3. Table 1 lists the projected operating
conditions for the polarized proton and polarized deuteron target. The target

material will probably be butanol and deuterated butanol with a chemical
paramagnetic dopant, rather than irradiated NH3 and ND3, because no

irradiation of the target material with an energetic clectron beam is required.
Irradiated ammonia would, in principle, be more desirable since it has a higher
polarizable nucleon content than butanol, but the cffectiveness of the
irradiation of ammonia has been found to be temperature-dependent and with
ND3 in particular high polarization (> 40%) has so far only been attained with

material that received additional “"cold" irradiation in the target cryostat itself,
which 1is not easy to accomplish in our case.

We plan research and development to reverse the larget polarization
more often and with less downtime. We intend to pursue two new methods. (a)
reversal by field rotation with the target material in the frozen spin mode,
which requires an ad.ditional transverse dipole field. {(b) Reversal by adiabatic
fast passage induced by rf resonators. The conventional method of polarization
reversal by means of microwave frequency or field tuning would already be
considerably faster for chemically doped target materials (1-2 hours) than for
irradiated ammonia (~ !0 hours).

Table 2 shows the projected statistical errors for As ,A‘: and AT, using
butanol and deuterated butonal, with target polarizations of 80% in the first
case and 40% in the second. The statistical errors correspond to 2.2 x 101 3
muons at 100 GeV which, assuming similar target length and apparatus
acceptance as in the EMC experiment, should give 24 x 106 events after all cuts,
split into 8 x 108 events with the butonal target and 16 x 106 for the deuterated
butanol target. _

The projected statistical error to the Bjorken sum rule is about 0.015 or
8%. With a nominal beam intentsity of 3 x 107 muons per spill, the above
statistics can be accumulated in 220 days of running, assuming a 350% overall
efficiency, (a combination of accelerator and data acquisition efficiences).

The systematic error in the EMC experiment was dominated by the
uncertainty of changes in the apparatus acceptance with time on a scale
equivalent to the reversal period of about one week. This uncertainty can be
much reduced by reversing the polarization of the two target sections at the
rate of at least once per day (possibly more frequemtly). The most important of

the remaining systematic uncertainties are projected in Table 3.



3. REQUIRED RESOURCES, TIME SCALE AND FINANCING

1. Polarized Target

The principal new equipment development will be the polarized deuteron
target. A new superconducting solencid with a more homogeneous field and
also provision of an auxiliary dipole field are foreseen. NMR equipment for

deuteron resonance is also needed.

2, Muon Spectrometer

The muon spectrometer will be essentially that presently used by the
NMC collaboration. The muon chamber system behind the hadron absorber
however, has to be exchanged due to aging of its electromechanical
components. It is envisaged to transfer the drift chamber system W45 to the
W67 position. The W45 system has to be rebuilt introducing a shorter drift space
(1 c¢m) thereby increasing reconstruction efficiency. Using existing readout
components the cost will be of the order of 0.8 MSFr. To measure the beam
polarization 1o 5% a set-up measuring the energy distribution of decay
positrons over a well defined decay volume is needed. The space behind the
NA37 experiment, presently used for a beam calibration spectrometer, can be
used for the purpose. The investments will be of the order of 0.2 MSFr.

The target development program and the upgrading of the muon
spectrometer is estimated to require about 24 months. Therefore the
experiment could be ready for data-taking at the beginning of 1991.

The estimated total cost (including the polarized target and spectrometer
upgrade) is 2.5 MSFr. The collaborating institutions will share this cost
together with CERN. In particular, we would request support from CERN for the
polarized target development and operation, and a similar general support for

the experiment as currently given to the New Muon Collaboration.
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TABLE 1
QPERATING CONDITIONS FOR POLARIZED TARGET

Butanol and deutarated butanol

Target Material (Chemically doped)

- Magnet Field 25T

Temperature 0.5K far dynamic mpde
0.05K for frozen spin mode

Pglarization 0.8 for proton
0.4 for deuteron

TABLE 2
PROJECTED STATISTICAL ERRCRS

X-range AA}; AA? AAT
0.01 - 0.02 0.018 0.015 0.087
0.02 - 0.03 0.022 0.018 0.045
0.03 - 0.04 0.027 0.023 0.058
0.04 - 0.06 0.024 0.021 0.053
0.06 - 0.10 0.025 0.021 0.054
0.10 - 0.15 0.032 0.028 0.074
0.15 - 0.20 0.044 0.038 0.107
6.20 - 0.30 0.044 0.041 0.118
0.30 - 0.40 0.070 0.068 0.207
0.40 - 0.70 0.087 0.088 0314

TABLE 3

PRINCIPAL SOURCES CF SYSTEMATIC ERRORS

Source Uncertainty
Beam polarization 5%
Target polarization 3%

Fq normalization 5%
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ARSTRACT

The spin asymmetry in deep inelastic scattering of longitudinally
polarised muons by longitudinally polarised protons has been measured
over a large x range (.0l < x < 0.7). The spin dependent structure
function gl(x) for the proton has been determined and its integral
over x found to be 0.114 * 0.012 * 0.026, in disagreement with the
Ellis-Jaffe sum rule. Assuming the validity of the Bjorken sum rule,
this result implies a significant negative value for the integral of
3 for the neutron. These values for the integrals of 8, lead
to the conclusion that the total gquark spin constitutes a rather small

fraction of the spin of the nucleon.

For footnotes see next page.
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Deep inelastic scattering of polarised charged leptons from
polarised targets provides a method of studying the internal spin
structure of the nucleon [1-6]. The important quantity obtained
from the measurements is the virtual photon-nucleon spin dependent

asymmetry A from which the spin dependent nucleon structure function
1

51 can be derived. The asymmetry Az is (@

o {o
1/2 a/2
the total angular momentum of the virtual photon-nucleon system along the

/2 da/z),(cx/z M da/z) where

) is the photoabsorption cross section when the projection of

virtual photon direction is 1/2 (3/2). In the quark parton model the
structure function gl(x) is related to the difference of the quark
distributions for quarks with helicities parallel and antiparallel to

the nucleon spin.

The measured asymmetry (A) from'a'scattering longitudinally

polarised leptons by longitudinally polarised nucleons is defined as

A = daT¢ - doT¢ (1)
dc¢* + dc¢?
Mt .
where do is the cross section when the lepton and nucleon spins are
parallel (antiparallel). In the single photon exchange approximation,

A is related to the virtual photon-nucleon asymmetries A; and

A =06 /g b
2 - %% Y

A=D(A +n4d) (2)
1 2

L
T = 2% TL
the contribution to the cross section resulting from the interference

Here g_ = + os/z) is the total transverse cross section and a is

of the transverse and longitudinal amplitudes. D is the depolarisation
factor of the wvirtual photon given by y(2—y)/[y2+2(1-y)(1+R)] and
n is 2(1—y)¢Q=/[Ey(2—y)]. The standard kinematic wvariables of
deep inelastic scattering are used in these formulae. The incident

lepton energy is E; v and —Q2 are the energy transfer in the



laboratory frame and the four-momentum transfer, respectively, and
y = v/E. R = cL/oT is the ratioc of the longitudinal to
transverse virtual photoabsorption cross sections and is small in the
energy range of this experiment [8]. See references [5,7] for a review
of the notation. The asymmetries Al and Az are bounded by
positivity limits to be |A | <1 and |[A | < vR [9]. Since both R and n
are small in the kinematic r;nge of the e:periment, Al is the dominant

contributjon to the measured asymmetry A.

The asymmetries A and A are related to the spin dependent nucleon
1 2

structure functions gl(x.Qz) and gz(x.Qz).by

(3)

_ 2x(1+R) 2Mx %
2 Fz (Ey ) (51+32)

where M is the nucleon mass, x = szznv and F2 is the spin averaged
nucleon structure function (the explicit (x,Qz) dependence of the

structure functions has been omitted, for brevity). Hence g1 is given by

_ Fz 2mx. Y% . F2A1
1 2x{1+R)

[Al M (E;—) A:] T 2x%(1+R) (4)

In the quark parton model (in the scaling limit) gl is given by [2,10]

[

gl(x) = Ze; [q;(x) - q;(x)] (5}



(

_) . .
{x} is the distri-
bution funetion for a quark of momentum fracktion x having the same (+)

where e; is the charge of the quark flavour i and q;

or opposite (-) heliecity to that of the nucleon.

The Bjorken sum rule {1,111 relates the integral of g (x) to

1
the ratio of the axial and vector coupling constants G and G
measured in nucleon B decay. After correction for QCD radiative effects

(12], this fundamental sum rule is given by

%s
| (1——;) (6)

40 |=H'D

JT ax [gf(x) - g?(x)] =z |

T

= 0.19% & 0.002 for a, = 0.27 £ 0.02

-

Separate sum rules for the proton and neutron have been derived by Ellis

and Jaffe {1i3] using SU(3) current algebra with the assumption of an

unpolarised strange quark sea. These sum rules are given by

5 3F/D-1

3 F/D+11 7

G
it gf(“)(x) dx = %5 1541 [+(=)1 +
v

Again after correcting for QCD radiative effects [1l4] the integrals
have values 0.18%9 + 0,003 and -0.002 * 0.005 for the proton and
neutron respectively, using the current values of the ratio of the SU(3)
couplings F/D = 0.632 + 0.024 [15] and the value GA/GV = 1.254 ¥ .006,
Because of the x in the denominator of equation (4), the small x region

is expected to make a large contribution to the integrals.

This paper reports the results of an experiment in which Al
was measured using high energy polarised muons and a polarised proton
target, where the range of x extended from 0.01 to 0.7 and that of
Q2 from 1.5 to 70 Gev’. The experiment was performed in the M2

muon beam of the CERN SPS accelerator. The muon beam polarisation



can be chosen by selecting a specific ratio of the parent pion to decay
muon momenta. The polarisation was calculated wusing a Monte Carlo
simulation [l6] to be (82 * 6)% at 200 GeV where the error comes
mainly from the uncertainty in the pion beam phase space. This
calculation is in good agreement with a previous measurement [17] of the

polarisation of the same beam.

Data were collected in eleven separate experimental running
periods at beam energies of 100, 120 and 200 GeV. Scattered muons and
forward produced charged hadrons were detected and measured in the EMC
forward spectrometer (18], modified [19] to rum at the higher beam

intensities necessary for this experiment.

The polarised target has been describéé‘in detail elsewhere [20].
The target consisted of two sections, each of a length 360 mm, which
were polarised simultaneously in opposite directions. The two sections
were separated by a gap of length 220 mm, chosen such that reconstructed
vertices from each section could be clearly separated. The target
material was irradiated ammonia, chosen because of its relatively high
free proton content and its resistance to radiation damage. Peak proton
polarisations of more than 80% were obtained with typical values in the

range 75-80%, measured with an accuracy * 5%.

The asymmetry A, is obtained from the measured asymmetry A by

A = = P PB f A (8)

where N , N are the numbers of events from the two target
halves, ;T' ;B are the target and beam polarisations respectively,
and f is the fraction of the events originating from the polarised free
protons in the target. Here, f is a function of x since it depends on
the neutron to proton cross section ratic. The wvalue of A is less

than 2% over most of the kinematic range of the experiment, requiring



strict control of systematic effects to measure it. This was the reason

for having a split target which ensured identical beam fluxes and

apparatus conditions for both orientations of polarisation.

To compensate for the slightly differing geometric acceptances
of the two target halves, the polarisation directions were reversed
during each data taking period, and the values of A obtained for each
configuration were averaged. Hence the only systematic effects
remaining were due to possible changes in the ratio of the acceptances
of the two target halves before and after polarisation reversal. These
effects were studied by splitting the data in different ways into two
samples one of which was expected to suffer much more from acceptance
changes. The consistency of the results obtained from the two samples
showed no indication of residual sysféﬁ;tic effects beyond the

statistical errors.

The cuts applied to the data were similar to those used in
previcus EMC analyses [7). The muon scattering angle cut was inereased
to 1° to ensure good resolution of events coming from the two target

halves. A total of 1.2 x 10‘ events survived these cuts.

Corrections to the dilution factor f were applied for the smearing
of events into the target halves which originated in the unpolarised
material around the target (~ 6%) and kinematic smearing due to the
intrinsic resolution of the track measurements (< 3%}, using a Monte
Carlo simulation of the experiment. Corrections (~ 1.5%) were also
applied for the slight polarisation of the nitrogen nucleus [21], and
for higher order radiative effects [22,23] (2-20%). The contribution to
the asymmetry from electroweak interference was calculated and found to

be negligible.

The wvalues of A are given in table 1, where nA has
1 2
been neglected so that A = A/D. These values were obtained by
1
statistically combining the results from the 11 data taking periecds.

The consistency of the various periods 1is shown by the xz to the



mean value, given in table 1. These values of xz follow a reasonable
statistical distribution, showing that time dependent systematic effects
were well controlled. The systematic errors given in table 1 include
the uncertainties in the value of R (50% of its value) which was taken
to be the wvalue calculated from QCD [24,25], the uncertainty in
neglecting Az in equations (2) and {4) (taking Az = * JR), the
uncertainty in f arising from the error in the measured neutron to
proton cross section ratio and nuclear effects on the structure function
F2 in nitrogen, and the error due to radiative corrections. They also
include an estimate of the possible systematic error, as described

above, arising from time dependent acceptance changes.

The results for AE are plotted in fig. 1 together with
those of previous SLAC experiments [26,2?];‘$hich are in good agreement
with our results in the region of overlap. The prediction of the model
of Carlitz and Kaur {28] is also shown. This model gives a good
representation of the data at large x but fails to reproduce it for

X < 0.2, In fig., 2 values of AE

in several x bins are plotted
versus Q2 to search for scaling wviolations. These are expected to
be small [6,29], and we conclude that within the errors the data are
consistent with scaling. This justifies combining the data from periods
with different beam energies. A good fit to the data in fig. 1 is given

by

P 0.16
Al(x) = 1.04 x (1 - exp -2.9x%)

The spin dependent structure function gf(x) was obtained from
Af(x) using equation (4), setting R to the value calculated from QCD.
The values of Fg were taken from reference {7] but corrected from the
value R = 0 assumed in that paper to the QGCD value of R. Figure 3 shows
xgﬁ(x) as a function of x. The solid curve is derived from the fitted

function to Af(x). The integral of gf (x) over the measured region was
found to be
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Q.7
[ gf(x) dx = 0.111 * .012 (stat.) * .026 (syst.)

0.01

The convergence of this integral is also shown in fig. 3 where

2
Ix gf(x) dx is plotted as a function of X the value of x at the lower

m
edge of each ©bin. It can be seen that the integral converges well

towards x = 0. The dashed curve is the integral of the solid curve and
this was used to extrapolate to x = 0. The data covered 98% of the value

of the integral. The value obtained at a mean Q2 of 10.7 GeV" was

1

| gf (x) dx = 0.114 * 0.012 (stat.) * 0,026 (syst.)

Here the systematic error was obtained from the individual systematic
errors, added in quadrature and includes a further uncertainty of 10% on
the value of the integral to allow for poséfﬁle errors on the value of

F2 for the proton. The uncertainty due to the extrapolation outside

the measured range of x is small providing that xg (x) is well
behaved and approaches zero reasonably as x tends to Jiero. It is
expected from Regge theory ([37] that xg (x) approaches zero linearly
with x at small x and such behaviour is c;mpatible with the data in the
range 0.01 < x < 0.1. If, however, xgl(x) approaches zero as
(1/1nx)2 as predicted by an alternative Regge model [37] the value
of the integral increases by 0.018 which is within the quoted systematic
error. Such behaviour would imply that gl(x) tends to infinity as x
tends to zero i.e. the quarks become strongly polarised which seems
unreasonable. This also applies to any other functional form for

xgl(x) which tends to zero more slowly than linearly with x.

our value for the integral of gf(x) is compatible with the
previously measured value of 0.17 t 0.05 [27] where the uncertainty
is dominated by the extrapolation to low x. However, it is smaller
than the value 0.189 * 0.005 expected from the Ellis-Jaffe sum rule.
It is also smaller than the value (0.17 * 0.03) derived from a
calculation based on QCD sum rule methods [30] and that (0.205) expected
from the model [28] of the spin structure of the nucleon. As we show
later, the descrepancy with the Ellis-Jaffe sum rule could be due to a
polarisation of the strange sea antiparallel to that of the proton,
although a perturbative QCD calculation for the generation of the sea

{311 does not predict such an effect. Another possible explanation has
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recently been offered by Jaffe [32] in view of the non-conservation of
the U(1l) axial current in QCD, a consequence of the Adler-Bell-Jackiw
anomaly £33,34). Although the precise size of the effect is currently
uncalculable, Jaffe gives a lower limit for the proton sum rule of 0.113

which is compatible with the measurement presented here.

The integral of g?(x) was expected to be close to zero
according to the Ellis-Jaffe sum rule. Using our value for the integral
of gf(x), and assuming the wvalidity of the Bjorken sum rule, we
obtain a wvalue of - 0.077 * 0.012 (stat.) * 0.026 (syst.) for the
integral of g?(x). Hence polarised lepton-neutron scattering
should show a significant negative asymmetry over at least part of the x

range.
. i

Using the above values for the integrals of gf(n)(x). the

net spin carried by the quarks in the nucleon can be deduced.
Integrating the quark parton model expression for gl(x) (equation 5)

and including first order QCD radiative corrections, we obtain

[+ o
1P _4 _ .8 1 _ -8 _
2 ], gl(x)dx =5 8u (- o= (G + 1)+ 5 8d (1 . (2C; 10
1 as
+ ; As (1 - Y (ZCE - 1))

where Cf = (33-8f)/33-2f) with f the number of quark flavours and
and Au = I: q:(x) + qg(x) - q;(x) - q&(x) dx, ete. The corresponding
expression for g?(x) is obtained by interchanging Au and Ad. If we

assume an unpolarised strange quark sea (As = 0) these expressions become

2 Ii gf(x)dx

"
|~
c
+
-
="
1}

9 3 0.228 * 0.024 * 0.052

>
>
(=9
il

2 [L 8, (x)dx - 0.154 % 0.024 + 0.052

9 u + 9 =
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Hence the mean z component of the spin, Sz'

of the u flavoured quarks in

1.
t ith 8 =+ < is
a proton wi z 21
1
<8 > = _ M = 0.348 £ 0.023 * 0.051
z'u 2
and that of the d flavoured quarks is
1
<8 >, = . Ad = -0.,280 % 0.023 + 0.051
z°d 2
Thus the mean Sz of the quarks is
<S > = + 0.068 ¥ 0,047 * 0.103
z u+d
3
Hence (14 + 9 t+ 21)% of the proton s5pin is carried by the spin of
the quarks. The remaining spin must be carried by gluons or orbital

angular momentum [35,36].

If we assume the discrepancy between our result and the Ellis-

Jaffe sum rule prediction to be due to the

quark sea we obtain:

polarisation of the strange

<8 > = 0.373 £ 0.019 £ 0.039
zZu
<Sz>d = -0.254 £ 0.01% * 0.039
<Sz>s = -0.113 * 0.019 * 0.039
<8 > = 0,006 £ Q0,058 + 0,117
z u+d+s
indicating that the quark spins carry (1 * 12 * 24)% of the

proton spin.



- 12 -

In conclusion, measurements have been presented of the spin
asymmetries in deep inelastic scattering of polarised muons on polarised
protons. The spin dependent structure function gl of the the proton
has also been determined. The integral I:gf(x)dx = 0,114 * 0.012
+ 0.026 is significantly lower than the value expected from the Ellis—
Jaffe sum rule. Assuming the validity of the Bjorken sum rule this
result implies that the asymmetry measured from polarised neutrons
should be significantly negative over at least part of its X range. In
addition, the result implies that, in the scaling limit, a rather small

fraction of the spin of the proton is carried by the spin of the quarks.

TABLE 1

Results for A in x bins.
1
There is a further 9.6% normalisation error on Al due to

uncertainties in the beam and target polarisations

X Range <X> <Q2> Al * stat. * syst. ledof
(Gev/e)?®
0.01-0.02 0.015 3.5 0,021%+0.035+0.017 6.8/10
0.02-0.03 0.025 4.5 0.087%0.043%0.022 9.7/10
0.03-0.04 0.035 6.0 0.013+0.054+0.024 5.3/710
0.04-0.06 0.050 8.0 0.0%4%0,.048+0.028 4.0/10
0.06-0.10 0.078 10.3 0.139%0.04910,037 4.3/10
0.10-0.15 0.124 12.9 0.169+0.063%0.045 19.8/10
0.15-0.20 0.175 15.2 0.360+0.08710.057 14.9/10
0.20-0.30 0.248 18.0 0.469+0.08810.065 13.3/10
0.30-0.40 0.344 22.5 0.517%0.141+0.068 $.8/10
0.40-0.70 0.466 29.5 0.657+0.175%0.065 8.4/10
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FIGURE CAPTIONS

1. The asymmetry AE plotted versus x together with results from
previous experiment {26,27]. The curve is from the model of
ref. (281].
2
2. Af versus Q . The data in each X range have been corrected

to the same mean X using a fit to the data as a function of x.

3. The quantity ng(x) (right-hand axis and solid cirecles)
versus x. The left-hand axis and the crosses show the values

. of I; gf(x)dx where X is the valqe of x at each lower bin
edge. m The inner error bars are sté%istical and the outer

error bars are the total errors obtained by combining the
statistical and systematic errors (table 2) in quadrature.

The curves are gdescribed in the text.
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