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ABSTRACT

The SMC collaboration has measured for the first time the spin-

dependent structure function g( of the deuteron in the deep inelas-

tic scattering of polarized muons on polarized deuterons in the kine-

matic range Q2 > 1 GeV3, 0.006 < x < 0.6. The first moment

Ti = /o g(dx = 0.023 ± 0.020 (stat.) ± 0.015 {syst.) is smaller than

the prediction of the Ellis-Jaffe sum rules. We find that the fraction of

the nucléon spin carried by strange quarks As is appreciable and nega-

tive. Using earlier measurements of g\, we infer the first moment of the

spin-dependent neutron structure function g". Our combined analysis

of all the available data on the spin-dependent structure functions of

the nucléon shows an excellent agreement among the data sets. We

do not find significant deviations from the prediction of the Bjorken

sum-rule.



1 INTRODUCTION

Experiments with high energy accelerators have established the validity of QCD

in the perturbative regime. Understanding the quark structure of hadrons, i.e.

solving QCD in the non-perturbative regime, is now the outstanding challenge

in strong interaction physics. The constituent quark model provides a reason-

able description of several properties of nucléon structure, but obviously this is a

somewhat naïve picture. We must now understand the structure of the nucléon

in terms of the elementary fields of QCD, quarks and gluons. To reach this goal,

we need precise data that have a clear cut interpretation.

Nearly all existing data on quark distributions in hadrons were obtained by

inclusive scattering of high energy particles. In such reactions, quarks are struck

with considerable energy and momentum and their distributions are reconstructed

from scattering data. These experiments revealed that gluons and sea quarks carry

a large fraction of the nucleon's momentum (~ 50%). The strange sea measured

by deep inelastic is small, but a clear determination of the strangeness content

of the nucléon will require more experimental information before reaching firm

conclusions. However, these experiments only give access to an average over all

the possible quark orientations in the nucléon or nucleus. To get more detailed

information on the quark structure of the nucléon, one needs different kind of

data. The study of the spin-dependent structure function gi(x) of the nucléon by

polarized deep inelastic lepton scattering is an experimental approach of special

interest.1 One measures a well defined matrix element that reveals the structure

of the nucléon in terms of the elementary fields of QCD. The success of the con-

stituent quark model suggests that the spin of the nucléon is mostly built up by

the spins of the valence quarks. A central issue is to find what fraction of the

nucléon spin is carried Ly quarks and in particular by strange quarks.

Another remarkable feature of polarized deep inelastic lepton scattering is the

existence of relations to nucléon /?-decay by sum-rules and thus to fundamental

static properties of the nucléon. The différence of the first moments of the proton

and neutron spin dependent structure functions are related to the ratio of the

axial and vector coupling constants, by a sum-rule originally derived in 1966 by

Bjorken.3"5 This sum-rule turned out a few years later to be a rigorous prediction

ofQCD.

the first stage of the muon spectrometer, charged particles are momentum ana-

lyzed with a conventional large aperture dipole magnet and several sets of pro-

portional and drift chambers. Hadrons are absorbed in an iron wall. Downstream

of this wall streamer tubes, drift tubes and scintillator hodoscopes are used for

muon identification and triggering.
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A significant disagreement with the predictions of QCD would imply a break-

down of the foundations of QCD. Graphically, the Bjorken rule is represented in

Fig. 1.
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Figure 1: The theoretical prediction for the Bjorken sum rule.

Ellis-Jaffe have derived sum-rules for g[{x) and g"(x) separately under the

assumption that the strange sea is not polarized i.e. As = 0. For Q2 —* oo,

(3)

where F and D are universal weak decay constants (g& = F + D). In the naive

quark parton model, each point of the line describing the Bjorken sum on Figure 1

an accuracy better than 5%. Two methods are used to achieve this goal. The

first one determines the beam polarization from the energy spectrum of positrons

from miion decay.27 A complementary method which has different systematic

uncertainties is based on measuring the asymmetry in polarized muon-electron

scattering.-8 Here. I will present onl the deca method.



corresponds to a value of As. The assumption of Ellis and Jaffe corresponds to

choosing one point on this cui've. If experiments yield results that differ from this

assumption, we can draw the conclusion that As jt 0. Should the experimental

result confirm this assumption, then the fraction of the proton carried by quarks

would be about 60% (Au ~ 0.92, Ad ~ -0.34, As = 0).

The spin-dependent structure function g\(x) of the nucléon is determined by

measuring cross section asymmetries in deep inelastic scattering of longitudinally

polarized leptons by longitudinally polarized nucléons. At this session of the

SLAC Summer Institute, an extensive re"iew of the spin structure of the nucléon

is presented by Emlyn Hughes, while Stanley Brodsky discusses the theoretical

interest of probing the spin structure of the nucléon with polarized electrons and

muons. I refer the reader to their lectures as a natural introduction to define

the framework of polarized deep inelastic scattering. Few data were available ten

years ago. When Hughes and Kuti1 reviewed the results from the first experiments

performed at SLAC on the proton,6 the experimental data seemed to confirm the

naïve ideas of the quark-parton picture of the nucléon. These experiments6 used

polarized electrons with energies between 6 and 21 GeV and covered the kinematic

range 0.1 < x < 0.7, where x is the Bjorken scaling variable. Five years later,

an experiment at CERN caused a major surprise.7 This experiment probed a

lower x range 0.01 < x < 0.7 using polarized muons of 100 and 200 GeV energy.

The muoQ data suggested that, in the quark-parton model, quarks and antiquarks

contribute little to the spin of the proton and that strange quarks in the sea have

a substantial negative polarization. These results caused quite a stir and raised

considerable interest. In many papers, a variety of theoretical ideas have been

proposed to explain these unexpected results.8

It became clear that the study of spin structure of the nucléon might reveal

a fundamental break down of theory. Therefore, an extensive experimental pro-

gram was immediately proposed to test the validity of the Bjorken sum-rule and

to measure the contribution of strange quarks to the nucléon spin. Several exper-

iments are presently being carried out or prepared at CERN,9'10 SLAC,11'12 and

DESY13 to measure the spin structure function of the neutron and to repeat the

proton measurement with improved accuracy. Recently the SMC and the E142

collaborations published the first data on the spin dependent structure functions

of the deuteron9 g{ and of the neutron11 g". Figure 2 is a summary of the avail-

able experimental results. The results of the E142 experiment are presented at
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Figure 2: Summary of the available data on the proton, neutron and

deuteron spin dependent structure functions j i( i) . '1 1 '9



this meeting by Zein-Eddine Meziani. Therefore, my contribution to the SLAC

Summer Institute will be focused on the results of the SMC experiment and on

the conclusions that one can draw from a combined analysis of all the available

results. I will conclude by a brief overview of SMC future plans.

Our collaboration has measured the cross section asymmetry for the deuteron:

=

In this expression, crn (<rtT) are the cross sections for inclusive deep inelastic

scattering of longitudinally polarized muons on longitudinally polarized deuterons,

for antiparallel (parallel) orientation of beam and target polarizations. From this

asymmetry, we evaluate the spin-dependent structure function gi(x) which we

then use to test the prediction of the Ellis-Jaffe sum rules.14 In combination with

the earlier results from measurements with proton targets, our data allow us to

evaluate the first moment of the structure function g"{x) of the neutron and to

test the Bjorken sum rule.3

The NA47 experiment at CERN is carried out by the Spin Muon Collab-

oration (SMC) to measure the spin structure functions of the proton and the

deuteron. This experiment uses a polarized muon beam, a polarized deuterium

target, a spectrometer to measure the scattered muon, and a beam polarimeter.

The target and the spectrometer are based on the apparatus built by the EMC

collaboration,715 but have been upgraded for this experiment to reduce system-

atic uncertainties.10'18 VVe have built a polarimeter to measure the muon beam

polarization.

2 POLARIZED TARGETS

The polarized deuteron target uses the same cryogenic components as the EMC

targetT'17>18(Fig. 3). A superconducting solenoid provides a magnetic field of 2.5 T

parallel to the beam direction, with a uniformity of 10~4 in the target volume. A

dilution refrigerator with a cooling power of up to 2 W at 0.9 K, cools the target

at a typical temperature of 0.2 - 0.5 K during polarization and at 50 tnK during

frozen spin operation. The residual heat load to the target chamber has been

reduced by improvements in the target holder, so that a base temperature of less

than 50 mK could be reached, enabling field rotation at 0.2 T field value.

The polarimeter is located downstream of the SMC main spectrometer. The

last dipole magnet of the beam transport system, located 10 m upstream of the

beginning of the decay path, sweeps away most of the positrons which otherwise

would contaminate the muon beam. A 33 m long decay path starts at the shower
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Figure 3: The EMC polarized target.
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The deuteron polarized target is divided in two halves, each 40 cm long and

•5 cm in diameter, separated by 20 cm. The longitudinal polarizations in the two

halves are opposite in sign to record data with both polarization directions simul-

taneously. This technique, introduced by EMC, enables the accurate measurement

of inclusive spin asymmetries without relying on the absolute normalization of in-

tense beams. The material of the target is 99.5% perdeuterated 1-butanol with

about 5% by weight of deuterium oxide to promote glass formation and stabil-

ity, in which paramagnetic [EDBA- Cr(V)-d20 D2O]-Na+ molecules are dissolved

uniformly. After dissolving the paramagnetic dopant at room temperature the

material is formed into beads of about 1.5 mm diameter, by letting drops of the

solution freeze on the meniscus of liquid nitrogen. The concentration of the un-

paired electrons is 6.4 x 1019 cm"3.

Dynamic nuclear polarization (DNP) in our polarized target is obtained by

applying saturating microwave power near the resonance at 69.3 GHz of the para-

magnetic molecules. The maximum deuteron polarization values were +0.25 and

—0.36 before it was discovered that a substantial increase in the polarization value

and speed can be obtained by modulating the microwave frequency over the range

of about 30 MHz;.19 this enabled us to run during the last three months of 1992 at

the averaged target polarizations of \Pp\ > 0.40 . The polarization of the deuteron

nuclear spins is measured using continuous-wave nuclear magnetic resonance NMR

with series Q-meter. The measurement is performed simultaneously in 10 coils

sampling the material almost uniformly along the target volume. The polarization

is determined from the integrated NMR absorption signals; the reproducibility of

this procedure in each channel is better than A f = 10"3 with 25 s signal averag-

ing time. The relati .e accuracy of the polarization measurement is determined by

the calibration procedure and the estimated inhomogeneity of the target polar-

ization itself. The NMR method of polarization measurement was calibrated by

measuring the integrated NMR signals accurately at c; 1 K temperature, where

spin-lattice relaxation ensures good equilibrium between the temperatures of the

spins, the lattice, and the superfluid helium coolant. The top part of Fig. 4 shows

the NMR signals of coils 4 and 8 located in the upstream and downstream targets

corresponding to a polarization of 43.3% and -48.7% respectively. The bottom

part of Fig. 4 shows the very small NMR signals at thermal equilibrium corre-

sponding to a polarization of PJE — 5 x 10~4. The remarkable quality of these

signals was achieved by the development of improved electromagnetic interference

5.2 Determination of P11

The response function A of the spectrometer is computed from a Monte Carlo

simulation that also includes first order QED corrections to muon decay.34 The

beam polarization is then determined using Eq. (9), after correcting the measured

energy spectrum of the positrons for the simulated response function. The propa-
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control, by thermal stabilization of electronics circuit and signal cables. Pj-g is

known accurately from the Curie law, and depends only on the values of the spin

and magnetic moment, the helium temperature and the magnetic field value, all of

which are accurately known or measured. This provides a calibration to measure

the polarization of the deuteron target to an accuracy of about 0.02.

False asymmetries may arise if the ratio of the spectrometer acceptances for

the upstream and downstream halves of the target varies with time. To minimize

the effect of such systematic uncertainties we reverse the spin directions of the

target halves frequently in comparison with the characteristic frequencies of the

variation of the acceptance ratio. Two methods are used in the deuteron target

for this purpose:

• reversal of the sign of the polarization by the microwave dynamic nuclear

polarization. This reversal took about three hours in 1992 and was performed

once per day.

• Rotation of the magnetic field to opposite direction. This method uses a

0.2 T superconducting dipole coil wound on the microwave cavity of the

target, with field perpendicular to the solenoid field. The currents in the

solenoid and dipole coils are ramped in a correlated sequence to rotate the

magnetic field. With this technique, nucléon spins follow adiabatically the

direction of the magnetic field with a polarization loss less than 1% of the

original value. The field rotation takes about thirty minutes. It allowed

reversing the direction of the target spin every eight hours during the last

three months of operation of the 1992 run.

Before introducing the field rotation in routine operation, only the microwave

DNP reversal was used. For comparison, in the EMC experiment European Muon

Collaboration (EMC), the target polarization was reversed only once a week, using

microwave dynamic nuclear polarization only.

A new polarized proton and deuteron target specially built for the SMC exper-

iment has been installed in the winter of 1992 during the SPS shutdown. The new

magnet system20 has a 2.5 T field with an homogeneity of 2 x 10"5. The solenoid

field is superimposed by a dipole coil which enables running in transverse holding

field mode during frozen spin operation, besides field rotation. The magnet sys-

tem is shown in Fig. 5. It consists in three concentric coil systems, a main inner

solenoid with compensation coils at the end, 2 x 8 correction windings distributed

6
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Figure 5: TAe SStC magnet.
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6 DEUTERON CROSS SECTION
ASYMMETRIES

We report here on data taken in 1992, covering the kinematic range 1 GeV2 <

Q2 < 60 GeV2 and 0.006 < x < 0.6. Cuts were applied on kinematic variables

minimize smearin effects, to limit the size of radiative corrections



along the solenoid and an outer saddle coil type dipole.

The target represented in Fig. 6 is 50% longer and is cooled by a dilution

refrigerator with considerably higher cooling power. This target will allow us to

measure the transverse spin structure function for the proton. The field rotation

is now performed every five hours in a sequence optimized by computer.

3 THE CERN SPS MUON BEAM

The high energy muon beam at the CERN SPS proton accelerator is produced by

pion decay in flight. Due to the parity violating nature of the weak decay ir —* \iv,

this beam is naturally polarized.

For this experiment, we have used a beam of positive muons with an average

energy of 100 GeV,21 a spill length of 2.4 s and a repetition rate of 14.4 s. The

beam intensity was 4 x 107 particles per spill. The incident muon momentum is

measured on an event-by-event basis.

The CERN M2 muon ^eam used for the SMC experiment2"3 is produced by

bombarding a Beryllium production target with the 450 GeV SPS proton beam.

The secondary hadrons produced are mostly pions, with a kaon admixture that is

smaller than 3% for muon beams of 100 GeV energy. Pions and kaons are momen-

tum selected and transported in a 500 m long decay channel; a fraction of about

10% decays into muons. A 7.7 m long beryllium absorber removes the remaining

hadrons. The muon momentum band is defined and the beam halo is eliminated

using a system of magnetized iron collimators (scrapers). The maximum muon

beam energy is 225 GeV. The SMC experiment operates at a typical intensity of

4 x 107/i+/pulse at 100 and 200 GeV. The muon beam pulse has a duration of

2.4 s with a period of 14.4 s. This beam has a circular spot size of about 2 cm

FWHM at all critical locations in the experiment.

The polarization of a muon beam is determined by the momentum bands

of both the parent pions and the decay muons accepted by the beam transport

system. The measured longitudinal polarization of the muon beam P11 is the mean

value of P11(O") over the accepted phase space.

A value of P11 ~ —1 is obtained by «electing decay muons emitted at 0* ~ 0.

A positive value of P11 is obtained for backward muons. Beams of forward muons

have significantly higher intensity than those of backward muons. Thus, the SMC

experiment has chosen to use forward ft+ beams of 100 and 190 GeV obtained from

assumption that the acceptance ratio r = aJad remains constant. The radiative

corrections to Af have been evaluated from a detailed calculation of higher order

effects on spin dependent cross sections.36 Within the systematic uncertainty,

they are in agreement with the corrections obtained from the method described

in ref.r and are small with respect to the statistical errors. Af is evaluated in bins

of x and Q2: however, no Q2 dependence of Af is observed within the statistical
w
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Figure 6: The new SMC polarized proton and deuteron target.

were used to obtain an upper limit Ar/r = 2 x 10~3. Further sizable system-

atic errors arise from the uncertainties on the beam and target polarizations, the

dilution factor, the radiative corrections, the momentum measurement, the depo-



pion beams of 110 and 210 GeV respectively, both with a polarization Pu ~ -0.8.

The polarization measurements presented in this paper have been obtained with

100 GeV (I+ from the decay of 110 GeV T+. A ^+ beam of 100 GeV from the

decay of 165 GeV n+, with a polarization Pu ~ -1-0.6, has also been studied.

A Monte Carlo program has been written to model in detail the phase space

of parent hadrons and decay muons, and their propagation through th*î beam

transport system.22"24 The uncertainty in the beam polarization obtained from

this simulation is difficult to estimate. This is due largely to a lack of precise

knowledge of the secondary pion spectrum, which must be input to the Monte

Carlo. Additional uncertainties are due to kaoa background in the pion beam,

the shape of magnetic fields, the description of all the materials present along the

muon beam line, and radiative energy losses of muons in the hadron absorber.

3.1 Muon Momentum Determination

The beam momentum station (BMS) measures the momentum of incident muons

upstream of the SMC experimental hall. It consists of the last set of vertical bend-

ing magnets of the beam line and four planes of fast scintillator hodoscopes. Two

planes are located upstream of the bending magnets and two planes downstream.

Each hodoscope plane consists of 64 scintillators 5 mm wide and 20 mm thick.

The resolution of the momentum measurement is 3 x 10~3.

3 . 2 B e a m P h a s e S p a c e

To sample the beam phase space beam hodoscopes upstream of the SMC polarized

target are read out by the data acquisition system. These hodoscopes consist of

16 planes of scintillation counters. There are 4 planes with counters oriented in

the horizontal direction, 4 planes of vertical counters, and 2 x 4 planes oriented at

± 45° with respect to the horizontal counters. Each plane consists of 20 elements

which are 4 mm wide, 4 mm thick and 9 cm long. The angular resolution is 0.1

mrad and the reconstruction efficiency is higher than 90%.

4 MUON SPECTROMETER

The muon spectrometer (Fig. 7), was originally designed and built by the EMC7

collaboration and has been upgraded by the NMC18 and SMC collaborations. In
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assuming a scaling behavior of A\:
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the first stage of the muon spectrometer, charged particles are momentum ana-

lyzed with a conventional large aperture dipole magnet and several sets of pro-

portional and drift chambers. Hadrons are absorbed in an iron wall. Downstream

of this wall streamer tubes, drift tubes and scintillator hodoscopes are used for

muon identification and triggering.

Off-line event reconstruction programs determine the kinematics of the inci-

dent and scattered muon and the vertex position. Starting from the scattered

muon identified oownstream of the absorber wall in the muon spectrometer, the

upstream trajectory is reconstructed up to the interaction point. The average

vertex resolution is 3 cm in the direction of the beam and 0.3 mm in the trans-

verse plane. This permits a good identification of the events originating from the

upstream and downstream target cells.

A Monte Carlo simulation was developed for our experimental set-up using the

GEANT program.25 A detailed description of the apparatus is included as well as

the resolution and efficiency of ail detectors. The simulation uses the distribution

of incident muons recorded during the data taking. The Monte Carlo program has

been used to test the event reconstruction, to determine resolution smearing and

to estimate systematic errors due to efficiency variations of the various detectors.

5 MEASUREMENT OF THE MUON BEAM

POLARIZATION

The pc'irization of the CERN SPS muon beam was first determined by Bollini et

al..26 lhey measured the momentum spectrum of the decay positrons produced

along a 300 m decay path. A bending magnet of the muon beam transport system

was used to analyze the momentum of the positrons which were identified in a

single lead-glass counter. A large error was due to a 10% uncertainty in the muon

flux normalization. The overall error on the polarization was estimated to range

from 10 to 15%. Within this uncertainty, the measured polarization agreed with

a Monte Carlo simulation of the beam phase space and transport system.

In the first measurement of the proton spin dependent structure function g\(x)

with a muon beam, the value of the beam polarization was determined by a Monte

Carlo simulation with an estimated accuracy of 7.5%.7 To reach the goals of

the SMC experiment, it is necessary to measure the muon beam polarization to

predict the first moments of the proton and neutron spin structure functions to
be r? + H1 = 0.137 ±0.010. respectively. This is more than 2 standard deviations
above the measured value.

The value of V can be ex ressed in terms of the matrix elem t



an accuracy better than 5%. Two methods are used to achieve this goal. The

first one determines the beam polarization from the energy spectrum of positrons

from muon decay.27 A complementary method which has different systematic

uncertainties is based on measuring the asymmetry in polarized muon-electron

scattering.28 Here. I will present only the decay method.

In the Monte-Carlo method, we calculate the longitudinal polarization of a

positive muon emitted in the JT rest frame at an angle d' relative to the momentum

of the T in the laboratory frame from:

where Pu is defined in the muon rest frame and all other variables are expressed

in the pion rest frame29; p" and E' are the muon momentum and energy. In terms

of kinematic variables measured in the laboratory frame, this formula becomes in

the relativistic limit:

The measurement of the energy spectrum of positrons from muon decay in

flight. n+ —* e+i>ei>u, provides a method to measure the muon beam polarization.

In the rest frame of a positive muon, the decay positron is preferentially emitted in

the muon spin direction. The positron energy distribution is known as the Michel

spectrum.30 The Lorentz boost produces an energy distribution in the laboratory

system which is sensitive to the polarization of the muon beam. It is given by the

expression31-32

£ [ ! 4 £ ! ) ]
The variable y = E1./E1x is the ratio of positron and muon energies. At our

energies, y is equivalent to the ratio of the momenta of the two particles. .V

is the number of muon decays. The determination of the spectrum requires the

measurement of both the muon and electron momenta.

Figure 8 shows the positron spectrum for different values of the muon polar-

ization Pu. It is particularly sensitive to P11 at large y, but this region is hard

7 COMBINED ANALYSIS OF PROTON,
NEUTRON AND DEUTERON DATA

The conclusions from the SMC experiment on the deuteron9 agree with those of



Figure 8: Energy spectrum of positions from muon decay, for iongitu-

d'mai muon polarizations P11 = —1, 0, +1 .

to measure, because the decay positrons are difficult to separate from the high

flux region of the muon beam. The central part of the spectrum is more easily

accessible with a standard magnetic spectrometer. Radiative corrections modify

the shape of the spectrum given by Eq. (9). The polarization extracted without

these corrections would be different by m —0.07.

5.1 The SMC Muon Beam Polarhneter

The measurement of the polarization of the CERN SPS 100 GeV ^ + beam used for

the SMC experiment is achieved with a statistical accuracy better than 5% in 10

hours of data acquisition. The total systematic uncertainty is Cs 3%. Fig. 9 shows

the experimental set-up. This polarimeter has the following characteristics27:

• The parent muon is identified upstream of a field-free decay region.

• The decay positron momentum is measured by a large acceptance magnetic

spectrometer.

• The decay positron is identified in a lead glass calorimeter.

. Q2) via:

2*(1 (25)

Thus, the Q1 dependence of g^x.Q2) is determined by the ones of .4i(x.Ç2), of



Shower
Veto

Vacuum Pipe

MNP26
Magnet

beam

I Hodoscope I Chamber

PPC4

LG

Figure 9: The SMC Muon Polàrimeter.27



The polarimeter is located downstream of the SMC main spectrometer. The

last dipole magnet of the beam transport system, located 10 m upstream of the

beginning of the decay path, sweeps away most of the positrons which otherwise

would contaminate the muon beam. A 33 m long decay path starts at the shower

veto hodoscope (SV) and extends to the analyzing magnet (MNP26). Along this

decay path a telescope of three multiwire proportional chambers (MVVPC), labeled

PBCs, measures particle tracks before the analyzing magnet. Vacuum pipes are

installed along the decay path between the chambers of this telescope to reduce

bremsstrahlung of the decay positrons. Downstream of the analyzing magnet, a

second telescope of three MWPCs, called PPCs, tracks the deflected particles

over a distance of 10 meters before they reach the lead-glass calorimeter (LG). The

positron momentum pe* is determined from the deflection in the MNP26 magnet

as measured by the two MWPC telescopes. The lead-glass calorimeter measures

the positron energy Et*. The positron identification and the background rejection

are based on the comparison of the positron energy deposited in the lead glass

calorimeter and the momentum measured by the magnetic spectrometer.

In the reconstruction of decay events, the muon entering the decay region is

correlated with a positron signal in the lead glass calorimeter. This is done by

applying timing cuts which require the lead glass and shower veto hits to be in

time within ±3 ns. In addition, the summed pulse height in each shower veto

plane has to be smaller than 1.6 times the average pulse height of a minimum

ionizing particle.

We require a single reconstructed track in both the downstream and upstream

telescopes. In fitting the upstream track, we take into account that the positron

is emitted with an angle smaller than 2 mrad with respect to the muon direction.

Three of four planes are required in each PBC beam chamber and two of three

planes are required in each downstream PPC chamber. The positron momentum

is determined using the magnetic field map of the MNP26 analyzing magnet and

is compared to the energy of the shower in the lead glass calorimeter. A very

efficient method of eliminating this background is to require that the upstream

and downstream tracks intersect at the center of MNP26. Fig. 10 shows the y

spectrum obtained in 10 hours of data-taking.

0.6
^ p (EMC + E80 + E130) + n(E142)

0 .4 <j> d (SMC)
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To determine the background from radiative energy losses in the material up-

stream of the polarimeter or in the decay region, we have measured the positron

spectrum from a negative muon beam. An incident p~ beam produces a rate of

background positrons identical to that produced by a n+ beam. However for our

experimental set-up, most of the /i+ 's which produce background positrons also

fall within the polarimeter acceptance. Two charged particle tracks are detected

and the event is rejected in the analysis. This is different for negative muons that

are bent in opposite direction to e+. Double tracks corresponding to a correlated

H~ — e+ pair do not fall within the polarimeter acceptance and are not observed.

The positron spectrum created by a \i~ beam is therefore an overestimate of the

corresponding background for a n+ beam. A Monte Carlo study of this difference

shows that for our experimental conditions, the background of positrons from a

P+ beam is three times smaller than the background measured with a ft~ beam.

Taking into account this correction, and the difference in the y dependence be-

tween the fi+ and n~ background as given by the eimulation, leads to a positron

background of 0.8% shown in Fig. 10.

VVe calculate the structure functions <h(i) and their first moments Fi at a

common value of Q2 = 5 GeV2. We calculate F" by using all the experimental

results presently available. In addition to the data from 3He,11 the neutron struc-

ture function can be determined from the deuteron and the proton data using



5.2 Determination of P1,

The response function .4 of lhe spectrometer is computed from a Monte Carlo

simulation that also includes first order QED corrections to muon decay.34 The

beam polarization is then determined using Eq. (9), after correcting the measured

energy spectrum of the positrons for the simulated response function. The propa-

gation of all particles is simulated using the GEANT program25 and the measured

field map. The output from this Monte Carlo program is processed by the same

analysis program as that used for the experimental data. The reconstructed spec-

trum is compared to the prediction of Eq. (9) to determine A(y) (Figs 11 and

12). The dashed lines in Fig. 12 indicate the region of acceptance used for the

determination of P11, from a fit to Eq.9. Correcting for this response function one

obtains the decay spectrum shown in Fig. 13.
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Figure 11: Monte Cario simulation of the /J+ — e + f 0 spectrum.

The shaded histogram represents the events reconstructed by the

analysis program.

The muon polarization P11 is determined by fitting Eq. (9) to the spectrum

shown in Fig. 13 allowing P and N to vary freely. The fit is restricted to the region

of *he response function A(y) 0.34 < y < 0.6 for which positrons trajectories are

sutiiciently far away from detector edges. (Fig. 12). A polarization of -0.820 ±

2= 5 GeV2



0.035 (stat.) is obtained from the corrected spectrum shown in Fig. 13.

Figure 12: Response function A(y) as determined from the ratio of

the two histograms in figure I i . It includes geometrical acceptance,

detectors efficiencies and QED corrections.

We have evaluated the systematic error on our measurement coming from the

uncertainties in pe/pu, positron background, energy loss, radiative corrections and

geometrical acceptance by Monte Carlo simulation.

• The uncertainty in the determination of the ptIPn ratio of 2 x LO"3 dis-

cussed in section 2.1 leads to a systematic uncertainty in the polarization of

<T(PU)P,/PU - 0.01. For the 1991 run, this error turned out to be 0.03 due to

a surveying ambiguity.

• The positron background shown in Fig. 10 increases the measured polariza-

tion by SPf1 = +0.01. This correction is based on a combination of experi-

mental measurements and a Monte Carlo simulation and has an uncertainty

of the same order Cr(P1,),.+ — 0.01.

• We assumed a muon beam polarization of P11 = —0.8 to calculate radiative

corrections in the case of a negatively polarized muon beam and P11. = +0.5

for a positively polarized beam. In the region of our measurement radiative

Where the higher order terms C2 = -3.25. and Cs = -13.85 have been determined

in Ref..3.51 At Q2 = 5 GeV2 the higher order corrections amount to 3 %, while

at Q2 = 2 GeV2 they increase to 5 %. We have taken a,(\Iz) = 0.1.13 ± 0.004.

Higher twist effects have also been estimated and they may contribute especially
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Figure 13: Corrected decay spectrum.

corrections are essentially independent of the precise value of the beam po-

larization. We estimate the contribution to the uncertainty due to radiative

corrections to be (T[P^)Rad.Corr. = 0.008.

• Energy losses of the muons and decay positrons can lead to an error in the

determination of y = E^E11. Ignoring this effect would shift the measured

polarization by 6PU = —0.05. We estimate that we can account for these

effects to within 10% with our Monte Carlo simulation. Thus, we assume a

contribution of 0(P11)EmW £OJJ = 0.005 to the systematic error.

• The contribution to the systematic error due to the Monte Carlo calculated

geometrical acceptance which includes detector efficiencies is minimized by

restricting the fit to the spectrum to the region of A(y) 0.34 < y < 0.6. A

systematic error of tT{Pli)aea.ptance = 0.01 is estimated for this calculation.

Adding these contributions in quadrature, we find (P11) = -0.82±0.03(stat.)±

0.03(sj/sr.). This measurement agrees with the result of the Monte-Carlo calcula-

tion (P11) = -0.83 ± 0.05.

fundamental Bjorken sum rule.

• The fraction of the nucléon spin carried by strange q u a r k s A, is appreciable
and negative. The SMC results confirm the EMC conclusions. It should be
noted that the EMC and the SMC results for AS and A, are independent
and thus can be statistically averaged.
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6 DEUTERON CROSS SECTION
ASYMMETRIES

We report here on data taken in 1992, covering the kinematic range 1 GeV2 <

Q2 < 60 GeV2 and 0.006 < x < 0.6. Cuts were applied on kinematic variables

in order to minimize smearing effects, to limit the size of radiative corrections

and to reject muons originating from the decay of pions produced in the target.

After cuts, the data sample amounts to 3.2 x 106 events with an average target

polarization PT = 0.35.

The measured event yields from the two target cells can be expressed in terms

of the cross section asymmetry Ad:

/P^uA d ) (10)

Nd = ni*ada0[l - /PuPdAd), (11)

where the subscripts u and d refer to the upstream and downstream target cells, n

is the number of target nucléons, $ the beam flux, a the apparatus acceptance, cr0

the unpolarized cross section, / the fraction of the event yield from the deuterons

in the polarized target material (dilution factor), and PM and Pu,<i are the beam

and target polarizations. The sign of the polarization of both the target and the

incident muon is defined to be positive when parallel to the beam direction. VViih

this definition, Pw is negative for a ^ + beam and Pu and Pj are of opposite sigr..

Cuts are applied to ensure that the beam flux $ is the same for both target cells.

The dilution factor is / ~ 0.19 and the raw asymmetry }PuP-rAi is of order 10~3.

The virtual photon asymmetry Af is related to the muon-deuteron asymmetry

Ad by

D

where D is the depolarization factor that depends on the event kinematics.' A

possible contribution from the transverse asymmetry A2 is constrained by a pos-

itivity limit which is included in the systematic error. The contribution from the

quadrupole structure function 6i(x) of the deuteron is expected to be smail in the

kinematic range of our data35 and has been neglected.

The combination of two data sets taken before and after a polarization reversal

provides four equations for the yields, from which A, can be extracted under the

on the deuteron in 1994 with the expectation of reducing the error in the present

deuteron data by a factor of 2. E143 is scheduled to run at SLAC in 1993-1994

with both a proton and a deuteron polarized ammonia target with a primary

electron beam energy as high as 30 GeV and hence could cover the x range down

to 0.02 with Q* > 1 GeV2. There are also proposals to use the SLAC beam



assumption that the acceptance ratio r = a^/dd remains constant. The radiative

corrections to Af have been evaluated from a detailed calculation of higher order

effects on spin dependent cross sections.36 Within the systematic uncertainty,

they are in agreement with the corrections obtained from the method described

in ref.7 and are small with respect to the statistical errors. Af is evaluated in bins

of x and Q2; however, no Q2 dependence of Aj is observed within the statistical

errors and we therefore present the average Af in each bin of x (Fig. H).
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Figure 14: Tie virtual photon-deuteron cross section asymmetry Af as

a function of the Bjorken scaling variable x. The error bars are statistical

only. The shaded area indicates the size of systematic uncertainties.

The dominant systematic uncertainty is a time variation of the acceptance ratio

r. If a variation Ar occurs between two polarization reversals, the systematic error

on Af is

1 Ar
(13)

ifP.PrD r •

To estimate this uncertainty, we have carefully studied the time dependence of all

detector efficiencies. The largest variations observed were used in the Monte Carlo

simulation. The same variations were applied to the experimental data. The ac-

ceptance variations estimated with these two methods agree with each other and

[2] J.D. Bjorken, Phys. Rev. 148 (1966) 1467; Phys. Rev. Dl (1970) 465; Phys.

Rev. Dl (1970) 1376.

[3] J. Kodaira et al., Phys. Rev. D20 (1979) 627: > odaira et al., Nucl. Phys.

B159 (1979) 99; J. Kodaira, Nucl. Phys. B165 (1*80) 129:

4 S.A. Larin and J.A.M. Vermaseren Phvs. Lett. B2 *



were used to obtJn an upper limit Ar/r = 2 x 10~3. Further sizable system-

atic errors arise from the uncertainties on the beam and target polarizations, the

dilution factor, the radiative corrections, the momentum measurement, the depo-

larization factor D, and from a small contamination of protons in the target. The

individual systematic errors are combined in quadrature.

The longitudinal spin structure function gf (x) is obtained from the asymmetry

.A[ by the relation:

J ^ 2
S l ( x ) " 2x[l + R(x,Q2)\

We adopt here the convention that jf and F* are the average structure functions

of the nucléon in the deuterium nucleus. We have taken F$[x,Q2) and R[x, Q2)

at Q2 = 4.6 GeV2, which is the average Q2 of the data. The values of F$(x,Q2)

were obtained from the NMC parametrization37 and those of R from a global fit

of the SLAC data.38 Results for g* are shown in Fig. 15. Uncertainties on Ft and
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Figure 15: The spin-dependent structure function xji(x) as a function
of the Bjorkea scaling variable x. The error bars are statisticai only.

R are included in the systematic error of g*.

The integral of gf over the measured range of i was calculated from the data,

[20] L. Gatignon, M2 Handbook, CERN, March 1991 (unpublished); L. Gatignon
et al. Nucl. Instr. and Meth. (to be published).



Origin of the error

Momentum measurement

Beam polarization

Target polarization

Background polarization

Dilution factor

Radiative corrections

Smearing

R

F2

Neglect of A2

Extrapolation at low-x

Extrapolation at high-x

Acceptance variation

Total systematic error

Statistics

ATf
0.0005

0.0015

0.0010

0.0005

0.0010

0.0009

0.0015

0.0009

0.0012

0.0082

0.0030

0.0040

0.0120

0.0135

0.0220

Table 1: Contributions to the error on

[40] L.L. Frankfurt and M.I. Strikman, Nucl.Phys. A405 (1983) 557.



assuming a scaling behavior of A1 :

/0.6

/ gt(x)dx = 0.024 ±0.020 (stat.) ± 0.013 (syst.). (15)
Jo.ooe

We have also calculated the integral assuming a scaling behavior of ^i ; this changes

the result by 5% only. To estimate the integral in the unmeasured region at small

j , we fit the four lowest data points in x assuming a behavior g{(x) ex i 3 , with

-0.5 < a < 0.39 This contribution amounts to -0.003 ± 0.003. To estimate

the integral at i > 0.6, we use a phenomenological fit which is constrained to

g{(x) = 0 at x = 1. To estimate the uncertainty on this extrapolation, we use the

bound A; < 1. This contribution amounts to 0.002 ± 0.004. The result for the

first moment of gi(x) is thus Fig. 16:

rf = r 9Î(x)dx = 0.023 ± 0.020 (stat.) ± 0.015 (syst.). (16)
Jo

The systematic errors on Ff are detailed in Table 1.

0.08

0.04

0

a) As = 0
b) Thisexp.

(• •
<

I
I

I> ( I

< I
I

I 1 1 1 1 1 _

0.01 0.1 1

Figure 16: Tie intégrai $lmgf(x)dx as a function of the lower inte-

gration limit xm. The error bars are statistical only. The open point

represents the extrapolation to large x.

Assuming a 5.8% probability of the deuteron to be in a D-state,40'41 we find

T\ + F? = 0.049 ± 0.044 (stat.) ± 0.032 (syst). The Ellis-Jaffe sum rules14



predict the first moments of the proton and neutron spin structure functions to

be Fj -i- F" = 0.187 ±0.010, respectively. This is more than 2 standard deviations

above the measured value.

The value of Ff can be expressed in terms of the matrix elements a8 and a0 of

the axial vector currents.7 Using as = 0.397±0.020 derived from hyperon decay,42

we obtain:

a0 = 0.05 ± 0.16 (stat.) ± 0.12 (syst.), (17)

in agreement with the result from the measurement of F*7:

ao = 0.098 ± 0.076 (stat.) ± 0.113 (syst.) (18)

In the quark-parton model, a0 is proportional to the sum of the quark contribu-

tions AS = Au + Ad + As to the nucléon spin. We find,

AS = 0.06 ± 0.25 (total) (19)

Aa = -0.21 ± 0.08 (total) (20)

Combining our result on F, with Fj from EMC,7 we can determine the first

moment of the neutron spin structure function:

F? = -0.08 ± 0.04 (stat.) ± 0.04 (syst.). (21 )

This allows us to test the Bj or ken sum rule,3'4 which predicts

r? - ry = \gA [i - — 1 = 0.191 ± 0.002 (22)
6 L TT J

at the Q2 of our experiment. From this experiment, we find:

F? - FJ = 0.203 ± 0.047 (stat.) ± 0.043 [syst.), (23)

in agreement "ith the prediction of Bjorken sum rule.



7 COMBINED ANALYSIS OF PROTON,
NEUTRON AND DEUTERON DATA

The conclusions from the SMC experiment on the deuteron9 agree with those of

the earlier proton experiments.6-7

• The first moment T^ = Z0
1 gfdx is smaller than the prediction of the Ellis-Jaffe

sum rule.14

• The fraction of spin carried by quark spins AE is small.

• The fraction of the nucléon spin carried by strange quarks As is appreciable

and negative.

Recently, data on the neutron have been published by the E142 collaboration.

This experiment used polarized electrons with energies between 19 and 26 GeV

and a polarized 3He target for the measurement of the neutron structure function.

Different conclusions have been reached from the analysis of the deuteron and 3He

data. The results of the 3He data analysis11 reports agreement with the prediction

of the Ellis-Jaffe sum rule, find AL large and Aa consistent with zero (Table 2).

The results from the SMC analysis9 confirms the validity of the Bjorken sum

rule, while E14211 reports a two standard deviation difference.

These result- have been reanalyzed in refs.,43"45 where Q2 dependence of the

sum-rules, target mass and higher order corrections have been taken into account.

Thus, our collaboration has focused on the comparison of the measured structure

functions and their consistency. We have examined the effect of the choice of the

extrapolation to the unmeasured region of x and the effect of using the SMC and

EMC low x measurements to extrapolate the E142 data.

The polarized structure functions of the proton, neutron and the deuteron are

related by the following expression41:

gf(x,Q2) ~ \{g\{x,Q2) + <tf(z,Ç2))(l - ^n) (24)

where ujp accounts for the D-state admixture40 in the deuteron wave function.

The data for g\(i), gf{x) and g"(x) partially overlap in x but for each x bin their

average values of Q2 are different. Therefore, to test the consistency of the different

experiments, data have to be evolved to a common value of Q2. Experimentally,

the structure function g\(x, Q2) is determined from the virtual photon asymmetry



2 _ . 1 U J , y )I2[J-.Q2

Aid. Q2) via:

<7i(*,Q2) =

Thus, the Q2 dependence of gi[x,Q2) is determined by the ones of Ai(x,Q2), of

the spin independent structure function F2 and of the ratio R of the longitudinal

to the transverse virtual photon absorption cross sections.

The measurements on the proton showed that A\(x) are compatible with Q2

independence within the experimental errors. The same conclusion can be drawn

for .4f(x.Q2), using both the SMC (deuteron) data and also the combination of

the E142 (neutron) and the E130 (proton) data using Eq.(24). For all the bins in

x. we find no evidence for a Q2 dependence of the experimental asymmetries.

Theoretically, polarized structure functions can be calculated by leading order

perturbative QCD46-47 using parton distributions as input. The mode! distribu-

tions of ref.48 allow to make predictions for g\{x) and g"{i) that are in good

agreement with experiment. We have used the resulting evolutions of g\{x,Q2)

and g?(x. Q2), together with the parametrizations of F1(X, Q2)37 and R(x, Q2)38 to

evolve the experimental asymmetries A\{x) and A"(x) from their average values

to the mean Q2-xz\\xe of the SMC data in each bin of x. The QCD-corrected val-

ues of .4i(x) differ from those obtained assuming no Q2 dependence by an amount

which is always smaller than the experimental errors.

In the following discussion we assume A\(x) to be independent of Q2 for all

targets.

The relation between the asymmetries for the proton, neutron and deuteron

can be derived from Eq. (24) and (25):

f , A^/m ( i - §wD)(i + # )
I + RP+ 1 + R" I (1 + FVF") ( '

where the x-dependence has been omitted for clarity. VVe evaluate this expression,

taking the values for F2"/F* from the NMC parametrization16 evaluated at Q2 — 5

GeV2. The difference of Rd - R" is small49 and we further assume Rd = RF = Rn.

A \ 2 test on the consistency of the three data sets in the eight common x-bins

yields a value of 5.4 for 3 degrees of freedom which corresponds to a probability

of 71%. This is shown in Fig. 17 where the A{(x) data points from SMC are

compared to the combination of the proton and neutron measurements using



Data

x-range

(Q2) (GeV)
Q2 range (GeV2)

r,(exp.)
AE
As

proton6'7

0.01-5-0.64

10.7

1-5-70

0.126 ±0.018

0.12 ±0.17

-0.19 ±0.06

neutron11

0.03 + 0.6

2.0

1-7-7

-0.022 ±0.011

0.57 ±0.11

-0.01 ±0.06

deuteron9

0.006-r 0.6

4.6

1-5-30

0.023 ± 0.025

0.06 ± 0.25

-0.21 ± 0.08

Table 2: Published results from experiments on polarized deep inelastic lepton

scattering. For the experimental results, statistical and systematic errors have

been added in quadrature.
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Figure 17: A* as a function ofx. The open circles are SMC values. The

full circles are obtained ûom EMC+E80+E130 and E142 data combined

using Eq. 26.

Eq.(26). Although the number of bins is small, the data satisfy the Kolmogorov

test of compatibility at a confidence level of 75%.

We conclude that the three data sets are consistent. This observation implies

that the different physics conclusions derived by SMC and by E142 are not due to

incompatibilities in the measured asymmetries.

The first moments of the spin structure functions, needed to test the sum-

rules are obtained by integrating the gi(x) in the x range from 0 to 1. This

range includes unmeasured regions both at low and high x. The extrapolation

of g\ to high x is if Ai = 1 at x = 1 and uses the bound | A\(x) |< 1 for the

error calculation. For low x, following the standard practice we extrapolate the

spin structure functions with a Regge type functional form, gi(x) <x x~a. The x

value at which this parametrization becomes valid50'39 is not explicitly given by

the Regge theory, a is expected to be in the range -0.5 < a < 0. The errors

given below include the uncertainty in a. Because of the uncertainties associated

with this procedure, the extrapolation should be done from the lowest available

x -region.



We calculate the structure functions ^i(x) and their first moments Tj at a

common value of Q2 = 5 GeV2. We calculate F" by using all the experimental

results presently available. In addition to the data from 3He,11 the neutron struc-

ture function can be determined from the deuteron and the proton data using

Eq. (24). Fig. 18 shows the plot of xgî(x) for both the E142 data and the com-
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n(E142)

-0.10 U $ d (SMC)-p(EMC+E80+E 130)
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Figure 18: The spin dependent structure function of the neutron
ig^(x). Tie E142 results nave been evolved to Q2 = 5 GeV2.

bined SMC+EMC data at Q2 = 5 GeV2. The dashed and the solid curves show

the extrapolations to low x using the E142 data and using the combined data,

respectively.

8 THE BJORKEN SUM-RULE

The theoretical value of the Bjorken sum rule is given up to the third order in O9

by the expression:

1 ; - I l - T fl - — + C 2 ( - ) 2 + C3(-)3] = 0.185 ± 0.004 (27)
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Figure 19: Data for the moments TJ, TJ and Tf. The hatched areas
represent the experimental uncertainties. The neutron first moment ry
was calculated using only the E142 data evolved at Q2 = 5 GeV2 .
Also shown is tn-, theoretical prediction for the Bjorken sum rule at
Q2 = 5 GeV2.



Where the higher order terms C2 = -3.25, and Cz = -13.85 have been determined

in Ref..s.sl At Q2 = 5 GeV2 the higher order corrections amount to 3 %, while

at Q2 = 2 GeV2 they increase to 5 %. VVe have taken a,(M2) = 0.1.13 ± 0.004.

Higher twist effects have also been estimated and they may contribute especially

at low Q2.52'53 Due to the size of theoretical uncertainties they are not included

in our analysis.

In Fig. 19 the value of the Bjorken sum is compared to the experimental data.

The corresponding curve is very close to the region where the three results overlap.

At Q2 = 2 GeV2 the experimental value is about one standard deviation below

the theoretical prediction, at 5 GeV2 the agreement is better.

The quark spin contribution AE to the nucléon spin can be determined from

a combined analysis of all available data. In contrast to the Bjorken sum rule,

perturbative QCD contributions of higher order in a, have not been calculated for

the proton and neutron first moments separately. At low Q2 the values expected

for F, and F" are also sensitive to the amount of higher twist effects. These

corrections have been evaluated52'53 and were found43 to modify the magnitude of

the first moments and, accordingly, the value of AS. The recent work of refs.43"45

contains a detailed discussion of this topic that would be beyond the scope of this

contribution to the SLAC Summer Institute.

9 OUTLOOK

For the first time the spin dependent structure functions of the deuteron and 3He

have been determined over a wide z-range. These data are a precious source of

information on the spin structure of the nucléon.

The Spin Muon Collaboration has measured this year the spin-dependent

structure function g( of the deuteron. At small x < 0.04, g( is found to be

negative. The first moment of g((x) is smaller than the prediction of the Ellis-

Jaffe sum rules and indicates that the contribution of quarks to the nucléon spin

is compatible with zero. This is similar to the observation made by the EMC with

a proton target. Using the existing EMC/SLAC proton data, we have inferred

the integral of the structure function y"(z) of the neutron.

• The difference of the first moments of the spin structure functions g\ of

the proton and the neutron is in good agreement with the prediction of the



fundamental Bjorken sum rule.

• The fraction of the nucléon spin carried by strange quarks As is appreciable

and negative. The SMC results confirm the EMC conclusions. It should be

noted that the EMC and the SMC results for AS and As are independent

and thus can be statistically averaged.

• The experimental asymmetries from all the available data on the spin struc-

ture of the nucléon are in good agreement.

The analysis presented here has determined the proton, deuteron and neutron

first moments at a common Q2 = 5 GeV2. When evolving the values of g*(x)

from 2 to 5 GeV2 and adding the information from the muon data at low x,

the first moment of the neutron changes by more than one standard deviation

compared to the reported result.11 The combined result from all experiments is

in good agreement with the Bjorken sum rule, corrected for higher order QCD

contributions. The apparent discrepancy between the conclusions drawn by the

SMC and by E142 experiments is to a large extent the combined effect of the

sensitivity to the extrapolation at low x and higher order QCD corrections. Given

the precision of the available experimental information, we now need an accurate

determination of thec. ;tical corrections.

We find no indication of significant discrepancy among the proton, deuteron

and neutron data, either from electron or muon experiments. Electron data have

high accuracy in a limited x-range, muon data have limited accuracy but extend

to significantly lower x values and their average Q2 is higher. A combined analysis

of electron and muon data should provide convincing conclusions.

One eagerly awaits more precise experimental data to clarify the issues raised

by the SMC and E142 experiments, in particular concerning the extrapolations

in the low-x region and the Q2 dependence. The compatibility of the CERN

and SLAC data is encouraging. The complementary targets chosen by the SMC

and E142 collaborations are of particular interest. From the point of view of the

nucléon spin structure, the deuteron is not very different from an average nucléon

while 3He is almost a pure neutron target.

Two experiments are scheduled to take data this year. The SMC experiment

at CERN is now taking proton data with a new polarized target and will cover the

x range from x = 0.003 to x = 0.6 with the aim of significantly reducing the error

in present proton data. This experiment will continue with further measurements



on the deuteron in 1994 with the expectation of reducing the error in the present

deuteron data by a factor of 2. E143 is scheduled to run at SLAC in 1993-1994

with both a proton and a deuteron polarized ammonia target with a primary

electron beam energy as high as 30 GeV and hence could cover the x range down

to 0.02 with Q2 > 1 GeV2. There are also proposals to use the SLAC beam at

50 GeV.

The new SMC target was commissioned successfully on May 29, and proton

data taking started immediately at 190 GeV beam energy with good efficiency.

Systematic uncertainties have been decreased, target spin is reversed every five

hours and feedback loops have been installed for controlling the stability of several

detectors. Improvements and refinements of the NMR polarization measurement

will reduce the uncertainty of the target polarization below 2% in the near future.

A new muon polarimeter based on muon scattering from the polarized electrons

of magnetized iron target, has been installed to reduce systematic uncertainties

in the measurement of the muon beam polarization. These improvements will

allow us to verify the EMC proton results with significantly improved systematic

precision at the end of 1993. We also plan to measure the transverse asymmetry

At the next session of this Summer Institute, in 1994, new results from CERN

and SLAC should provide a clear measurement of the strange quark contribution

to the nucléon soin.
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