
H I ! ••• • • • " • " " • • • " —

FR9700826

UNIVERSITE BLAISE PASCAL IN2P3

LABORATOIRE DE PHYSIQUE CORPUSCULAIRE

63177 AUBIERECEDEX TELEPHONE : 73 40 72 80

TELECOPIE : 73 26 45 98

Gestion INIS
Doc. enreg. le \J^X
N° TRN :
pectination : I.H-D.P

Spin Structure Functions at SLAC
E142/E143 Experiments

V. BRETON, H. FONVIEILLE, Y. ROBLIN

Laboratoire de Physique Corpusculaire de Clermont-Ferrand
CNRS/IN2P3 - Universite Blaise Pascal
F-63177 AUBIERE CEDEX FRANCE

Invited Talks at

Few Body 94 (WiUiamsburlt VA, USA)
QCD94 (Montpellier, France)

Hadrons 94 (Uzhgorod, Ukraine)

PCCF RI 9406



Invited Talk at Few Body Conf., Williainsburg, Va (May 26-31, 1994)

Measurement of spin structure functions
at SLAC : a status report on

the E143 experiment

H. Fonvieille, LPC Clermont-Ferrand, France

for the E143 Collaboration, SLAC, Stanford, CA.

Abstract

A status report is given on a new experiment performed recently
at SLAC on polarized deep inelastic electron scattering. The
E143 experiment will provide a precise measurement of the nu-
cleon spin structure functions, allowing further tests of QCD
Sum Rules and of the quarks contribution to the spin of the
nucleon.

1 Physics Overview

Deep inelastic lepton scattering with polarized beam and target is a pow-
erful tool to study the spin structure of the nucleon by the determination
of the proton and neutron polarized structure functions gf and #2 •
From the integrals I^ n ' = JQ gl (x)dx of the gi structure function over
the Bjorken scaling variable x, one can test QCD Sum Rules as predicted
by Bjorken [1] :

yip T"*''* */^

and by Ellis-Jaffe [2] :

in the scaling limit. Here gA and gv are the nucleon axial and vector cou-
pling constants and F, D are the SU(3) constants measured in hyperon
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decay. QCD corrections and possibly higher-twist corrections must be ap-
plied to the above predictions before comparison to finite Q2 experiments.
The first order QCD correction is known to be equal to (1 — as(Q2)/^)-
In the framework of the quark-parton model one can also determine the
fraction of the nucleon spin carried by the quarks, from the measurement
of the I\ integrals combined to F and D. For a general review on these
topics, see e.g. ref.[3].

From the world data accumulated so far on g\ [4,5,6] and g™ [7,8] one
can say that : 1) the fundamental Bjorken Sum Rule is verified to within
db 10 % of its value, i.e. to db one experimental standard deviation. 2)
the Ellis-Jaffe Sum Rule turns out be violated for the proton [5,6] whereas
verified for the neutron [8]. 3) the quarks contribution to the nucleon spin
remains an open question, that fraction varying from ~ 20 % [6] to ~ 60
% [8] depending on the experiment, and thus leading to different values for
the strange sea polarization.

The E143 experiment will provide new data in view of better under-
standing the nucleon spin related problems. The polarized structure func-
tions <7i and g-i will be measured for proton and deuterium (and hence for
the neutron) in the x-range from 0.03 to 0.80.

2 The E143 experiment

The experiment was performed at SLAC from Nov.93 to Jan.94. The beam
delivered in End Station A had a longitudinal polarization of about 85 %
obtained by photoemission from strained GaAs. Beam helicity was reversed
randomly on a pulse-to-pulse basis. Each pulse contained 2 to 4 xlO9

electrons (duration: 2 /is, rep.rate 120 Hz). The beam polarization was
measured in the experimental hall by two Moller polarimeters, one single
arm and one double arm, to a ± 4 % relative precision.

The targets consisted of solid ammonia NH3 and deuterated ammonia
ND3 (see fig.l). These materials are known to have improved performances,
e.g. higher resistance to radiation damage. They were polarized using the
Dynamic Nuclear Polarization technique : operated at 1 Kelvin in a 5 T
magnetic field (oriented parallel or transverse to the beam) and supplied
with microwave power at 140 GHz. Target polarizations were measured by



a NMR system to a i 2.7 % relative precision; they amounted to 60-80 %
for NH3 and 20-40 % for ND3.

 15N was used instead of 14N to allow for a
more reliable correction to the proton polarization due to nitrogen. Target
thicknesses were about 2 g.cm~2 or 5 % radiation length, and required beam
rastering.

Scattered electrons were detected in two single arm spectrometers at
4.5° and 7° from the beam. These spectrometers are the ones used in the
previous SLAC fixed-target experiment [8], with only minor modifications.
Each arm includes two bending magnets, two threshold Cerenkov counters,
a set of scintillator hodoscope planes and a total absorption shower counter.
The detector provides a main trigger for electrons (by Cerenkov counters),
measures their momentum P (by scintillators used as tracking elements),
measures their energy E (by calorimetry) and can identify pions (by E/P).
The acceptance results in a coverage of 0.03-0.60 (0.07-0.80) in x for the
4.5° (7°) spectrometer, and a Q2-range of 1 to 10 (GeV/c)2 averaging at 3
(GeV/c)2.

The experiment ran at an luminosity of ~ 3 x 1034 nucleons.cm^.s""1.
High statistics of more than 107 events were recorded for various combina-
tions of : beam energy (9,16,29 GeV), target type (NH3, ND3) and beam-
to-target polarization configuration (longitudinal and transverse). Using
experimental possibilities such as the frequent target helicity reversal, sys-
tematic false asymmetries were found to be negligible. Dedicated runs with
spectrometers set for accepting positively charged particles allowed to de-
termine the pair-symmetric background and subtract it from the electron
counting rates.

Parallel and transverse raw asymmetries are derived for each data set
and corrected for all experimental "dilution effects", radiative corrections
and nuclear effects. From these physical asymmetries one then extracts
the structure functions gi and g2 using the complete formalism of polarized
lepton scattering [3], namely not neglecting transverse asymmetries. The
unpolarized structure function Fi, or equivalently F2 and R= a"£,/°"r, are
required as an input and are taken from existing parametrizations [9]. A
determination of the I \ integrals also requires an extrapolation outside the
measured x-range. The high-x part gives a small contribution (because
gi -* 0 as i -+ 1) and the low-x part is usually determined assuming a



Regge behaviour : gi(x) ~ xa .

For the E143 experiment the integrals Y\ and Y\ will be measured with
an unmatched statistical accuracy of ± 0.004 to ±0.005 (see fig.2) and a to-
tal systematic error < ± 0.012 . The experiment will also yield the first pre-
cise measurement of the gi structure function and study the Q2-dependence
of gi . An analysis of the E143 proton data at 29 GeV beam energy yields
the preliminary value for the integral : Y\{Q2 = 3(GeV/c)2) ~ 0.133.

3 Conclusion

In summary, the SLAC-E143 experiment will provide a new, coherent and
accurate set of data on polarized structure functions at moderate (Q2, which
should greatly contribute to improve our understanding of the spin struc-
ture of the nucleon.
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Fig.l : layout of the E143 polarized target.
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Fig.2 : E143 expected statistical error bar on the proton longitudinal
asymmetry Aj (the asymmetry itself is set to zero).
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The E143 collaboration measured the ratio g\/Ff over the range 0.029 < x < 0.8 using deep inelastic scattering
of polarized electrons from polarized ammonia. An evaluation of the integral JQ g\{x,Q2)dx at fixed Q2 =
3(GeV/c)2 yields 0.129 ±0.004(stat.) ±0.009(ayst.), in agreement with previous experiments, but well below the
Ellis-Jaffe sum rule prediction.

Deep inelastic lepton scattering with polarized
beam and target is a powerfool tool to study the
spin structure of the nucleon by the determina-
tion of the proton and neutron polarized struc-
ture functions g^ and g\ • From the integrals
r i ( n ) = Jo 9i{n){x)dx o f t h e structure function gx
over the Bjorken scaling variable x, one can test
QCD sum rules as predicted by Bjorken [1] :

and by Ellis and Jaffe [2] :

in the scaling limit. Here gA and gv are the nu-
cleon axial and vector coupling constants and F,
D are the SU(3) constants measured in hyperon
decay. QCD corrections and possibly higher twist
corrections must be applied to the above pre-
dictions before comparison to the finite Q2 ex-
periments. Previous measurements of g\ [3]-[4]
have found T\ to be below the Ellis-Jaffe sum
rule. This has been interpreted to mean that the
strange sea and/or the gluons may be significantly
polarized, and that the net quark helicity content
of the nucleon may be smaller than expected.

The E143 experiment [5] used the SLAC po-
larized electron beam with energies E of 9.7,
16.2 and 29.1 GeV scattering from polarized pro-

ton and deuteron targets in End Station A to
measure g\, g\, g\ and g\. This paper reports
only the g\ results at E = 29.1 GeV, covering
1.3 < Q2 < 10 (GeV/c)2 and 0.029 < x < 0.8.

The longitudinally polarized electron beam
was produced by photoemission from a strained-
lattice GaAs crystal illuminated by a flash-lamp-
jumped Ti-sapphire laser operated at 850nm [6].
Beam helicity was reversed randomly on a pulse-
to-pulse basis. Beam pulses were typically 2 fisec
long, contained 2 to 4.109 electrons, and were de-
livered at a rate of 120 Hz. Beam polarization was
measured by two Moller polarimeters to a ±4%
relative precision and averaged to 85 %.

The targets consisted of solid ammonia NH3
and deuterated ammonia ND3. These materials
are known to have high resistance to radiation
damage. They were polarized using the Dynamic
Nuclear Polarization technique : operated at 1
Kelvin in a 5 T magnetic field (oriented paral-
lel or transverse to the beam) and supplied with
microwave power at 140 GHz. Target polariza-
tion was measured using an NMR system to a
±2.7% relative precision and amounted to 60-80%
for NH3 and 20-40% for ND3.

Scattered electrons between 6 and 25 GeV were
detected in two independent magnetic spectrom-
eters [7] positioned at angles of 4.5° and 7° with
respect to the incident beam.

Electrons were distinguished from a back-



ground of pions in each spectrometer using
two threshold gas Cerenkov counters and a 24-
radiation-length shower counter array composed
of 200 lead-glass blocks. Seven planes of plastic
scintillator hodoscopes were used to measure par-
ticle momenta and scattering angles.

Parallel and transverse raw asymmetries are
derived for each data set and corrected for all
experimental "dilution effects", radiative correc-
tions and nuclear effects. From these physi-
cal asymmetries, one then extracts the structure
functions gi/Fi using the complete formalism of
polarized lepton scattering [8], namely not ne-
glecting transverse asymmetries. The values of
Sfi/F? from this experiment at E = 29.1 GeV
are displayed on Figure 1 along with results of
previous experiments (SLAC E130 [9] - SMC [4])
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Figure 1. Ratios g\/F\ from this experiment
(E143) as a function of x. The errors are sta-
tistical only. Systematic errors are indicated by
the lower band. The average Q2 varies from
1.3 (GeV/c)2 at low x to 10 (GeV/c)2 at high

Values of xgp at the average Q2 = 3(Gev/c)2 of
this experiment are shown on figure 2. We made
the assumption that g\jF\ depends only on x
[10]. For Ff - (1 + y2)F^/[2x(l + R)], we used
the NMC fit [11] to F\ and the SLAC fit [12] to
R.
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Figure 2. The structure function g% (scaled by
x) from this experiment evaluated at fixed Q2 =
3 (GeV/c)2. The systematic errors are indicated
by the lower band. The curve is given by g\ =
0.29, the value used for the low x extrapolation.

An extrapolation from z = 0.8 to 1 was done
assuming gi is proportionnal to (1 — z) 3 at high x.
At low x, we studied the z-dependence of g\ using
data combined with SMC and EMC data. We ob-
serve that, consistent with Regge theory [13], all
data for x < xmax = 0.1 are well-fit (x2/d-f\=0-9)
by a constant value of g^ = 0.29 ± 0.02 at Q2 = 3
(GeV/c)2.

Given the two assumptions that g\/F\ depends
only on x and that g^ is constant at low x, we
obtain the total integral Tp

x = 0.129 ± 0.004 ±



0.009. This is in good agreement with the value
from SMC [4] asymmetries, 1^ = 0.122 ± 0.011 ±
0.011, obtained at Q2 = 3 (GeV/c)2 assuming
gi/Fi % Ai is independent of Q2. Our result
is more than two standard deviations below the
Ellis-Jaffe sum rule prediction of 0.160 ± 0.006,
evaluated using the QCD corrections of Ref. [14]
with a. = 0.35 ± 0.05 at Q2 = 3 (GeV/c)2.

We can use the quark parton model and the
SU(3) coupling constants F+D = 1.2573±0.0028
and F/D = 0.575 ± 0.016 [17] to extract the
total quark contribution to the proton helicity
Aq - Au + Ad + As = 0.29 ± 0.10, which
is small compared to the Ellis-Jaffe prediction
3F - D « 0.58 for As = 0.

The combined analysis of all the existing pro-
ton and neutron data show that they are consis-
tent with each other and agree within 10% with
the Bjorken sum rule. Quark spins account for
only about 30% of the nucleon spin. To under-
stand' the spin structure of the proton, one has
to take into account an unexpectedly large effect
of either the gluon spins or the orbital angular
momentum of quarks and gluons.

At SLAC, two new experiments E154 and E155
are planned to measure the proton, deuteron and
Helium 3 spin structure functions with a 50 GeV
electron beam in fall 1995. By this time, SMC will
have additionnal data on proton and deuteron
and HERMES will be running on HERA ring.
These new results will allow a better knowledge
of the Q2 dependence of the structure functions.
The next major experimental step will be the
measurement of the gluon contribution AG to the
nucleon spin [15].

Recent papers [16] discuss the validity of the
assumption that g\ is approximately constant as
x —+ 0. The only experimental facility where
small x behavior of g\ could be tested is HERA
with polarized protons and electrons. Electron
polarization already available will be used by the
HERMES collaboration with a high purity po-
larized atomic gas target. If the protons can be
polarized too, a whole new field of experiments
will be open to study nucleon spin.

Acknowledgements : I would like to thank He-
lene Fonvieille for helpful discussions.
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1. Introduction

In 1988 EMC collaboration (CERN) reported
on an measurement for the proton spin struc-
ture function g\(x) [1]. This experiment gave
a new interest in the field of spin physics be-
cause the results were surprising. The disagree-
ment between the Ellis-Jaffe sum rule prediction

for / g\(x)dx, and the measurement was at the
Jo

level of 2.5 standard deviation. This implied that
the quark were carrying little or none of the spin
of the nucleon. This last point became known
as the spin crisis and generated a tremendous
amount of papers in the field.

A second generation of experiment was planned
(SMC at CERN, and E142.E143 at SLAC) to test
the Bjorken sum rule, and check EMC results.

2. experiment E142

E142 took place at Stanford Linear Accelator
(SLAC) in Automn 1992. It is an inclusive deep
inelastic experiment using a polarized electron
beam scattering off a polarized zHe target [2].

The principle consist in measuring the differ-
ence between the scattering cross sections for the
e~ helicity parallel and antiparallel to the target
helicity. Scattering off an He3 target is essentially
similar to scattering off a polarized neutron and
two unpolarized protons. Because of the Pauli
exclusion principle the two protons have opposite
spins and thus, cancel each other. In fact there is
more than this S state in the 3He wave function
and some peoples [3],[4] showed that, the neutron
carries about 87 % of the 3 / /e spin., thus an 3He

target can be viewed as a good polarized neutron
target.

The El42 spectrometer was built as two sin-
gle arms, one at scattering angle of 4.5°, and the
other at 7.0°. The two arms set-up gives a good
x and Q2 coverage, the small angles (4.5 and 7.0)
are necessary for providing the low x data and
sufficient statistics. The mean Q2 was 2 GeV2

while the x range was between 0.03 and 0.6.
The E142 polarized e~ source delivered a 40 %

polarized beam, and the target polarization was
about 38% during the course of the experiment.

In order to eliminate false asymetries, the he-
licity of the incoming beam was reversed pseudo-
randomly on a pulse by pulse basis whereas the
target helicity was reversed twice a day.

There is a direct relationship between the as-
symetry An defined as

An =
rTT _

= D.(Ai + qA2)

(1)

(2)

and gy(x) [5]. D and Tf are kinematical factors.
From the measurement of A\\, it is possible to ex-
tract the asymmetry A\{x), and then, get g\{x).

There is a term depending on A^{x) in (2).
A2{x) is the transverse spin asymmetry and it has
either been neglected (because j] is a very small
factor), or estimated with the positivity bound
|J42(X)| < \/R in previous experiments.

The determination of A± (target spin is per-
pendicular to the incoming e~), give access to
A2(x), ans so to the second structure function
92{x).

In E142, a value was obtained for ^ ( x ) . Even,



with this crude determination, it was possible to
see that the positivity constraint was respected.
The upper bound obtained on A2(x) was used in
(2) to extract Ai(x).

When extracting any structure function one
must take in account the following corrections :

• Nuclear effects, because the neutron is
bound into the He3 nucleus,

• QED radiative corrections,

• QCD radiatives corrections,

• Higher twist terms.

3. QED radiative corrections

The radiative corrections were calculated us-
ing [6]. It is a rather involved procedure because
one must either work iteratively or use a model
dependant polarized cross-section. Some general
comments about these corrections can be made.

Even if the correction is significant on the cross-
section, it is smaller on the asymmetries because
it cancels partially in the substraction.

The dominant contribution comes from brem-
sstrahlung diagrams. An accurate determination
of the elastic and resonances contributions is cru-
cial.

The statistical error on the asymmetry will be
changed by the correction. Specifically, it will in-
crease at low x, because the radiative corrections
move events from high x to low x. So when sub-
stracting radiative events from the low x bins the
error bar increases.

4. QCD radiative corrections

The deep inelastic scattering process, is de-
scribed by the hadronic tensor defined as

= / d4

JO
(3)

This tensor is also written covariantly in terms of
invariant 4-vectors p, q (for the proton and the
virtual photon respectively) and structure func-
tions.

Using standard techniques such as O.P.E. [7],
the matrix current element in (3), is expanded in

a sum of composite operators times Wilson coef-
ficients.

The Ellis-Jaffe sum rule can be derived from
this, and reads :

1 AV

g?(x)dx = - f 12 36
(4)

There are two parts in this expression. The
first one is the singlet part and contains the spin
dependance. The second one is the non-singlet
part and is expressed as a combination of current
matrix elements.

These matrix elements (03 and ag) are mea-
sured in other experiments like hyperons decays,
and are well known. Thus, measuring the first
moment of the gi{x) structure function, and
knowing the non-singlet part, one can extract the
singlet part and therefore the value AE for total
spin of the nucleon carried by the quarks.

The QCD radiative corrections were computed
up to the third order for the non-singlet part [8]
and second order for the singlet one [9].

QCD correction

Figure 1. QCD corrections on

Figure 4 shows the value of the AE, extracted
from available deep inelastic experiments. As we



can see, it is a very important effect and brings
every experiment in good agreement towards a
value of AE = 0.31 ± 0.10 (world average).

5. Higher twist

Higher twist terms are higher order corrections

to the cross-section behaving as powers of -r—.

They are suppressed at Q2 big enough, but in the
case of E142 this as been questionned (the mean
Q2 is only 2 Gel/2). Several groups [10],[ll],[12]
tried to estimate HT effects. It seems now that
they agree to say that HT is small on the neutron
and significant on the proton. For example, [10]
quotes:

i:g"{p\x)dx = LT +

an =

av =

Q2

0.000 ±0.030

-0.090 ±0.06

(5)

(6)

(7)

It is difficult to measure HT terms directly. Nev-
ertheless, one can estimate them indirectly by us-
ing together first and second moments of gi(x)
and g2(x) structure functions [13]. This approach
will be tried as soon as there will be accurate mea-
surement of g2(x).

6. conclusion

There is now a good agreement between exper-
iments regarding the value AE for the fraction
of the nucleon spin carried by the quarks. The
world average is AE = 0.31 ± 0.10, far from the
expected parton model value AE = 0.60. Thus,
there is still a spin crisis, also some people claim
that they have solved it [14]. In the future, two
important results are needed. Namely, an accu-
rate measurement of g2(x) which will allow the
study of higher twists and experiments probing
the gluon structure function going one step fur-
ther in this spin crisis problem.
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Abstract : Recent experiments have been performed to understand where the
spin of the proton and neutron comes from, they have tested a fundamental
prediction of Quantum Chromodynamics and shown that about 30 % of the
proton spin is carried by the quarks.

Deep inelastic lepton scattering (DIS) with polarized beam and target is a powerfool tool
to study the spin structure of the nucleon by the determination of the proton and neutrony p y p
polarized structure functions g^n ' and g\ . From the integrals Fj ' = JJJ gyn\x)dx of
the structure function g\ over the Bjorken scaling variable x, one can test QCD sum rules
as predicted by Bjorken [1] :

•pp pn UA
1 1 ~ fl

o gv
and by Ellis and Jaffe [2] :

= ^ [ 9(6)F -

in the scaling limit. Here g^ and gv are the nucleon axial and vector coupling constants
and F,D are the SU(3) constants measured in hyperon decay : F + D = (gA/gv) =
1.2573 ± 0.0028, F/D = 0.575 ± 0.016 [3].

As for every composite object the spin of the nucleon is made by adding its various
angular momentum components : from quarks (AS), gluons (AG), and orbital momentum
(AL). Combined to F and D and using the Quark-parton model, measurements in
polarized DIS give access to the quarks contributions : Au, Ad, As and their sum AS.

The first set of such experiments [4], [5] led to the surprising result that the quarks
seemed to carry almost none of the nucleon spin, i.e. AS ~ 0 . This started the so-called



"spin crisis" and raised a lot of theoretical questions. It was also found that F'' was below
the Ellis-Jaffe prediction (0.126 ± 0.010 ± 0.015 measured, for 0.170 theoretical at Q2 = 10
(GeV/C)2) and was interpreted to mean that the strange sea was significantly polarized.

A second generation of experiments started in the nineties at SLAC [6] and at CERN
[7]. Their aim was twofold : l ) test for the first time the Bjorken sum rule, by measuring
the structure function gt of the neutron; this was made possible by using nuclear targets
containing polarized neutrons (E142 and SMC, 1993). 2) re-measure the proton structure
function (SMC and E143, 1994) and improve the accuracy on the fraction of nucleon spin
carried by quarks.

1 SLAC experiments E142 and E143

In these experiments a high energy polarized electron beam is delivered in End Station
A and sent onto a polarized nuclear target. Scattered electrons between 6 and 25 GeV
are detected in two single arm magnetic spectrometers placed at 4.5 and 7 degrees from
the beam. Electrons are distinguished from a background of pions in each spectrometer
using two threshold gas Cerenkov counters and a 24-radiation-length shower counter array
composed of 200 lead-glass blocks. Seven planes of plastic scintillator hodoscopes are used
to measure particle momenta and scattering angles.

Beam and target parameters for both experiments are listed in Tables 1 and 2, and
kinematics in Table 3. It is worth noting that in SLAC experiments beam helicity is
reversed on a pulse-to-pulse basis, hereby eliminating false asymmetries due to acceptance
fluctuations. Target helicity is also reversed frequently, about once a day. Electron and
muon scattering experiments are complementary in the sense that SLAC electron data
have high statistics but go down to x = 0.03 only, while CERN muon data go down to
x = 0.006 but have much lower statistics.

2 Analysis

The raw measured quantities are parallel asymmetries A// and transverse A±. For
example A// = (N^ — N^)/(N-[i + iVjj) , where iVj j and N^ are the electron counting
rates for beam and target helicities antiparallel and parallel, per incident charge. They are
derived for each target type and corrected for all experimental "dilution effects", radiative
corrections and nuclear effects. From these physical asymmetries one then extracts the
structure function g\ (and g2) using the complete formalism of polarized lepton scattering
[8], namely not neglecting transverse asymmetries. The unpolarized structure function
Fi, or equivalently F2 and R = CTLI<TT are required as an input and taken from existing
parametrizations [9].

To determine experimentally the integral Tx one also needs to extrapolate g\ outside
the measured z-range. The high-a; part gives a small contribution, because gx —> 0 as



beam characteristics

polarized source

max. beam energy

current

beam polarization Pb

relative prec. APb/Pb

beam polarimetry

_pulse length, rep. rate

E142

AlGaAs (+ flash lamp
pumped dye laser)

22 GeV

0.5 to 2 xlO11 e~ per pulse

0.39

± 4 %

single-arm Moller

1.2 fis, 120 Hz

E143

strained GaAs (+ flash lamp
pumped Ti-Sapphire laser)

29 GeV

2 to 4 x 109 e~ per pulse

0.83 to 0.86

± 2.5 %

single and double-arm Moller

2 fis, 120 Hz

Table 1: Properties of the polarized beam for E142 and E143 experiments.

target characteristics

material

polarization technique

target polarization Pt

relative prec. APt/Pt

target polarimetry

E142

gaseous 3He at 10 atm.

spin-exchange with optically
pumped Rubidium vapor

0.30 to 0.40

± 7 %

NMR coil around the target

E143

solid NH3 (polarized protons)
solid ND3 (polarized p and n )

Dynamical Nuclear Polarization
(5 Teslas / 1 Kelvin / 150 GHz)

0.60 to 0.80 (NH3)
0.20 to 0.40 (ND3)

± 2.5 %

NMR coil inside ammonia

Table 2: Properties of the polarized targets for E142 and E143 experiments.



kinematical variable

Q2 range

average Q2

measured x-range

E142

1 to 5 GeV2

2 GeV2

0.03 to 0.60

E143

1 to 10 GeV2

3 GeV2

0.029 to 0.80

Table 3: Kinematical domain for E142 and E143 experiments.

x —> 1. The low-x part is usually determined assuming a Regge-like behaviour : g^ ~ xa.
E142 as well as E143 data have been extrapolated at low x by fitting gi as a constant,
using all points below x =0.1 . The last SMC measurement on the proton [7], although
not precise, could indicate a rise of g\ at low x, similar to what is observed for F2 at low
x-in HERA experiments [10].

3 Results

Figures 1,2,3 display the results of SLAC experiments on the gi structure function for
proton, neutron and deuteron, together with SMC data. All results are consistent and
lead to synthetic conclusions regarding the spin content of the nucleon.

In order to compare experimental values of T\ at finite Q2 with sum rules predicted
in the scaling limit, QCD corrections [11] and possibly higher twist corrections [12] are
applied to the theoretical predictions. Below is a summary of the obtained results.

1) The combined analysis of all the existing proton and neutron data shows good
agreement with the Bjorken sum rule, which is considered as a fundamental prediction
of QCD. The prediction is now verified to ±10% of its value, i.e. to ± one experimental
standard deviation (see fig-4).

2) the E143 result : T{ = 0.129 ± 0.004 ± 0.009 confirms the disagreement at the
two standard deviations level with the Ellis-Jaffe sum rule, which takes the value of
0.160 ± 0.006, evaluated using QCD corrections [11] with as = 0.35 ± 0.05 at Q2 = 3
(GeV/c)2.

3) Each experiment and each type of target can lead to a separate determination of the
quarks contribution to the nucleon spin AS . Fig.5 shows the various values obtained
by the experiments; one can see their evolution when correcting for higher order QCD
corrections (up to a,) and the convergence of all data to a value of (0.31 ±0.07) according



to ref. [13]. In parallel, the strange sea polarization As tends to a value of ( — 10 ± 0.03) .

So the smallness of the quarks contribution AE seems now established, and calls for
theoretical efforts to understand it. It also emphasizes the importance of measuring the
other contributions to the nucleon spin, namely the one from the gluons.

4 Future perspectives

The investigation of polarized structure functions is a very active research field. The high
quality results of the recent experiments has led to important findings, in particular the
validation of the Bjorken sum rule. Also, the models for nucleon structure will have to be
refined to take into account this new knowledge. It is typical of spin observables to put
the strongest constraints on the theory.

On the experimental side, the E143 experiment will be the first to provide accurate
data on the transverse structure functions g%, g% which yield new information on the
nucleon structure [14]. At SLAC, two experiments (E154/E155) are planned to measure
the proton, deuteron and 3He spin structure functions with a 50 GeV electron beam in
1995-96. This will allow to reach higher Q2 and lower x (xm,n = 0.015), thus investigating
the low-a: region with improved statistical accuracy. Also, the Q2-dependence of spin
asymmetries will be studied in a broad range of Q2 with all available data. In 1995
SMC will have additional data on proton and deuteron and the HERMES collaboration
at HERA will start a research program on semi-inclusive polarized structure functions.
These new results will improve substantially our knowledge of the spin of the nucleon.

Acknowledgements : I would like to thank Vincent Breton for helpful discussions.

Figure captions : (on figs. 1 to 3, error bars are statistical only).

Figure 1 : measurement of the proton structure function cfi(x)
E143 data (•) : F? (Q2 = 3.0 GeV2) = 0.129 ± 0.004 ± 0.009
SMC data (A): F? (Q2 = 10 GeV2) = 0.136 ± 0.011 ± 0.011

Figure 2 : measurement of the neutron structure function g"(x)
E143 data (•) : F? (Q2 = 3.0 GeV2) = -0.033 ± 0.004 ± 0.009
E142 data (o) : F? (Q2 = 2.0 GeV2) = -0.022 ± 0.007 ± 0.008
SMC data (A): F? (Q2 = 4.6 GeV2) = -0.080 ± 0.040 ± 0.040

Figure 3 : measurement of the deuteron structure function g*(x)
E143 data (•) : Tf (Q2 = 3.0 GeV2) = 0.044 ± 0.003 ± 0.004
SMC data (A): F? (Q2 = 4.6 GeV2) = 0.023 ± 0.020 ± 0.015

Figure 4 : Tests of the Bjorken sum rule with world data on F^, F", Tf.

Figure 5 : Present status of the quarks contribution AS (from ref. [13]).
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