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The study of the spin structure of the nucleon is the primary goal of the
HERMES experiment. In 1995, the first year of the experiment, the neutron
structure function g7 was measured using a polarised 3He target. Addition-
ally, semi-inclusive hadron and pion asymmetries were extracted from 3He.
In 1996/97 a polarised hydrogen target was employed and preliminary re-
sults of the inclusive asymmetry as well as semi-inclusive hadron and pion
asymmetries are presented. Preliminary results from the HERMES unpo-
larised physics program are shown including the valence quark distribution
ratio dy(z)/uy(x), the flavour asymmetry of the light quark sea, measure-
ments of fragmentation functions and the decay angular distributions of p°
mesons produced in exclusive deep inelastic electro-production.

PACS numbers: 14.20.Dh, 14.65.—q

1. Introduction

The total angular momentum of the nucleon can be written as the sum
of contributions from quarks, gluons and orbital angular momenta

1 1

where, neglecting heavy quarks,

AY = Au+ Ad+ As (2)

* Presented at the Cracow Epiphany Conference on Spin Effects in Particle Physics
and Tempus Workshop, Cracow, Poland, January 9-11, 1998.
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is the contribution from quark spins, Ag is the gluon contribution and
ALy, ALy are those from angular momenta carried by quarks and glu-
ons [33|. Here, each Agqy refers to the sum of quark and anti-quark distribu-
tions with flavour f. It has been shown [26] that £AX + AL, — ~ 1 and
Ag+ ALy — ~ % in the limit Q% — co.

Up to the present, essentially all experiments have focused on the mea-
surement of AXY. The current value from the combined world data is
AY =027 £0.04 at Q? = 3 GeV? [17] with the conclusion that the con-
tribution of quark spins to the nucleon spin amounts to about 40% of the
value expected from the relativistic quark model [33]. Furthermore, the con-
tributions of the individual quark flavours are found to be Au = 0.8240.03,
Ad = —0.44£0.03 and As = —0.1140.03 at Q? = 3 GeV? based on inclusive
structure function measurements in combination with the decay constants
F and D from weak decays [17]. More recently, the z—dependence of po-
larised valence and sea quark distributions has been extracted using semi-
inclusive measurements [9]. Until now, nothing is experimentally known
about Ag, AL, and AL,. Next-to-Leading Order (NLO) analyses based
on currently available inclusive and semi-inclusive polarised data still yield
a poorly constrained gluon distribution [19,23, 38].

HERMES has been designed to address many of the open questions con-
cerning the spin structure of the nucleon using a new experimental tech-
nique to measure spin—dependent deep inelastic scattering. Both, inclusive
and semi-inclusive processes are measured with clean positron hadron sep-
aration and additional pion identification. Different to other experiments,
HERMES makes use of polarised pure atomic gas targets of hydrogen, deu-
terium and *He. Hadron identification provides means of flavour tagging,
which allows for a direct measurement of the polarised quark distributions
dq¢(x) using semi-inclusive data. Additionally, the question of quark polar-
isations in the A-hyperon is being investigated, and, for the first time, the
question of the gluon polarisation will be addressed experimentally.

2. The HERMES experiment

The HERMES experiment [24] is located at the HERA positron—proton
collider at DESY in Hamburg, Germany. The experiment is arranged such
that the 27.5 GeV longitudinally polarised positron beam interacts with
internal polarised gas targets without interference from the proton beam.
The beam is self-polarised transverse to the beam plane by synchrotron
radiation (Sokolov—Ternov Effect) [36]. Spin rotators provide longitudinal
beam polarisation at the HERMES interaction region. Positron polarisations
exceeding 50% are routinely achieved and measured using two independent
Compton backscattering polarimeters.
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The HERMES target consists of an open ended thin walled storage cell
through which the circulating positron beam passes. Polarised pure atomic
gas is injected into the cell. In 1995 a polarised 3He target was used.
In 1996/97 the experiment was performed with a polarised hydrogen tar-
get. The target densities are about 7.5 x 10'® atoms/cm? for hydrogen and
3.5 x 10! atoms/cm? for He. The typical target polarisation is 90% (50%)
for the hydrogen (*He) source. The gas target allows for a fast spin reversal
on the time scale of 1 (10) minute(s) for hydrogen (*He). The luminosities
obtained are in the range of 4 — 30 x 103! nucleons/(cm?- sec). Addition-
ally, unpolarised targets of hydrogen, deuterium, *He and nitrogen with
thicknesses up to 10'® atoms/cm? have been used with the maximum target
thickness limited only by the impact on the lifetime of the stored positron
beam.

The HERMES spectrometer was designed for measuring both inclusive
and semi-inclusive processes. A schematic diagram of the apparatus is shown
in Fig. 1. The spectrometer is a large acceptance detector, which consists
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Fig. 1. Schematic diagram of the experimental apparatus (side view).

of two identical halves above and below the positron ring plane. It con-
tains a dipole magnet with a bending strength of 1.3 Tesla-m and tracking
chambers upstream the magnet, in the magnetic field and downstream the
magnet providing charged particle tracking and momentum reconstruction.
A positron momentum resolution of 1-2%, depending on the kinematics, and
an average angular resolution of 0.6 mrad are achieved. Particle identifica-
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tion is accomplished using a calorimeter, a preshower counter (a scintillator
hodoscope preceded by 2 radiation length of Pb), six transition radiation
detector modules and a No/Cy4Fjo threshold gas Cerenkov counter. This
system provides clean positron hadron separation and additional pion iden-
tification. In 1995 (96/97) the threshold for pions to trigger the gas Cerenkov
counter was 6 (4) GeV. The scattering angle acceptance of the spectrometer
is 40 < 0 < 220 mrad. The kinematic range accessible is 0.004 < x < 1 and
0.2 < Q? < 20 GeV2. The relative luminosity is measured detecting Bhabha
scattered target electrons in coincidence with the scattered positron.

3. Spin asymmetries and structure functions

3.1. Inclusive spin asymmetries

The basic features of the spin structure of the nucleon are characterised
by the structure functions gi(z, Q%) and gs(z, Q?). These structure func-
tions can be measured by deep inelastic scattering (DIS) of longitudinally
polarised leptons on polarised nucleons. In lowest order QED! the cross
section difference for opposite target polarisations is given by [25]

d®[o(a) — o(a + )]

dx dy do
= ﬁiﬂ {cosoz [a1g1 - %’)’292] — sina cos ¢ \/72as [% g1+ 92] }’(3)

where Q? is the negative square of the virtual photon invariant mass, v is the
energy of the virtual photon, y ab /E and FE is the energy of the incident

lepton, z lab Q?/2Mv is the Bjgrken scaling variable and M is the nucleon
mass. The quantity v is defined by v = \/@/1/, a1 =1—y/2 —y?*y?/4 and
as = 1 —y — y?*y2/4. For the definition of the angles & and ¢ see Fig. 2.
For a longitudinally polarised beam the structure functions g; and gs can
be extracted from the cross section asymmetry measured for the target spin
parallel and anti-parallel to the beam spin, A (, Q?), and the asymmetry

A (z,Q?), which corresponds to the target polarisation perpendicular to
the beam. The longitudinal polarisation asymmetry A is related to the

virtual photon asymmetries Aj(z,Q?) and Az (z, Q?) by [34]

A = D(A1 +nAs), (4)

! At HERMES energies the contributions from weak currents can be neglected.
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scattering plane

polarization plane

Fig. 2. Definition of scattering angles in polarised deep inelastic scattering. The
four vectors of the incident and scattered lepton are denoted by k = (E, k) and
kK = (F, K ). The lepton scattering angle is called 6. S gives the target polarisation
direction and ¢ is the angle between the polarisation plane (defined by k and S )
and the scattering plane (defined by k and K’ ). « is the angle between the beam
momentum k and the target polarisation S.

where the virtual photon depolarisation factor D and the kinematical factor
7 are given by

B 1—(1-y)e B 2M5\/@
b= 1+erR 77" s[l—e(1—y) (5)

The quantity R(x, Q%) = o1, /o is the ratio of longitudinal (o7,) to transverse
(o) virtual photon absorption cross section, s is the lepton—nucleon centre—
of-mass energy squared and e is the degree of longitudinal polarisation of
the virtual photon. The structure functions g; and g2 can be expressed in
terms of the asymmetries A; and As and the unpolarised structure function

Fl(x7 Q2):

Fy
n= 1 (A1 +7A2) , (6)
Fy As
_ (2 4).
e (7 ! 1> ™

The magnitude of As is constrained by the positivity limit As < +/R and
was measured to be consistent with zero for the neutron and small in case of
the proton [3,8,11]. Additionally, its contribution to g; and A; is suppressed
by the kinematical factors v and 7, which are small in the kinematical region
of our measurement. Neglecting yAs it follows from Eq. (6):

Fy

— 8
11_{_,)/2’ ()

g ~A

which relates the structure function g1 (x, Q?) to the virtual photon asymme-
try Ai(z,Q?). Furthermore, neglecting contributions from nAs, the asym-
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metry A; can be expressed in terms of A following Eq. (4):

Alzﬂ—nAQ ~ ﬂ (9)
D D

In the Quark Parton Model (QPM) the polarised structure functions
9172 (z) are related to the quark spin distributions through

n(e) = 5376 das(a). (10)
!

gala) = 0, (1)
where 0q¢(z) = q}(m) - q}(m) and q}(l)(x) refers to the sum of quark and
anti-quark distributions with flavour f and spin parallel (anti-parallel) to
the nucleon spin and e; is the quark charge in units of the elementary
charge e. With the QPM expression for the unpolarised structure function
Fi(z) = 1/2%; efc qf(x), where gf(x) = q}(x) + q]lc(x), it follows from
Egs. (6) and (7):

gi(z) _ dop €7 0qp(x)
Fi(x) Zfefv Qf(x) .

Whereas in leading order QCD the polarised structure function g; decou-
ples from the polarised gluon distribution, in NLO the polarised structure
function g¢; is given as a convolution of coefficient functions with the polarised
quark and gluon distributions. The calculation of the coefficient and split-
ting functions [29,31,32] (the latter needed to calculate the Q*-dependence
of the polarised parton distributions) during the last years has allowed a
NLO QCD analysis of the scaling violations of the spin-dependent structure
function g (z, Q?).

Al(x) =

(12)

8.2. Semi-inclusive spin asymmetries

In semi-inclusive measurements a final state hadron is detected in co-
incidence with the scattered lepton. In the v*N centre of mass system,
after the absorption of the virtual photon, the struck quark and the tar-
get remnant will move roughly back to back and due to the confinement
property of QCD will fragment into hadrons. The fragmentation process
can be parameterised with fragmentation functions D(’;f(z), which give the
probability that a hadron h with energy fraction z = Ej/v is produced
after a quark of flavour f has been struck. At sufficiently large values of
W hadrons associated with the struck quark (current fragmentation region)
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will be kinematically confined to the forward region (large z, zr > 0), while
hadrons associated with the target remnant will be predominantly found in
the backward region (small z, xp < 0) with xp = 2pr|/W, where pj is the
hadron momentum component parallel to the virtual photon direction in the
~*N centre of mass frame. Hence, in the current fragmentation region one
expects a large correlation between the flavour of the struck quark and the
type of hadron produced, which allows for a flavour decomposition of the
nucleon spin.

Provided factorisation of the scattering and the fragmentation process
holds, the cross section for the production of a particular hadron A can be

written
h 2 h
o ocZef qf(x)-qu(z). (13)
f
Defining the semi-inclusive structure functions

gi(r.2) = 3 36 das(e) - Dl (2) (14)
f

and F'(z,2) = 1/2 ¥ efc qr(x) -Dgf (2), the semi-inclusive asymmetries can
be expressed in the QPM in analogy to the inclusive one

[ dz gh(z,2) [ dz dof 6? 5Qf(x)'Dgf(Z)
Al@)| =4 =2 -
z ; dz Fl(z,z) ; dz Zf e% Qf(l")‘Dgf(Z)

(15)

The region Z, over which z is integrated, is determined by cuts on the hadron
kinematics to select hadrons from the current fragmentation region. For a
NLO QCD expression of the semi-inclusive structure function g/ see [18,19].

3.8. Extraction of inclusive and semi-inclusive spin asymmetries from data

The value of Ay ~ Aj/D is extracted from the measured count rates

using the formula
A1 NI o Nt
D D N-Lp+NtL,’

(16)

where N (N™) is the number of events for target spin parallel (anti-parallel)
to the beam spin, LT are the dead time corrected luminosities for each target
spin state, and ng are the dead time corrected luminosities weighted by
the product of beam and target polarisations for each spin state. In the
inclusive case the term event corresponds to the detection of a DIS lepton,
whereas in the semi-inclusive case it refers to the detection of a hadron
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from the current fragmentation region in coincidence with a DIS positron.
For the DIS positron standard kinematic cuts of the form Q% > 1 GeV?,
W2 >4 GeV? and y < 0.85 are imposed.

3.4. Results on inclusive asymmetries and structure functions

The inclusive asymmetry A; and structure function ¢; is extracted from
the measured asymmetry Aj/D using Egs. (8) and (9) with I} = Fp(1 +
7?)/[22(1 + R)]. In order to determine the neutron structure function g7
from the measured asymmetry AiHe corrections for nuclear effects and radia-
tive corrections were applied [5]. The parameterisations for the unpolarised
structure function Fy(z, Q?) and R(z, Q?) were taken from [13] and [39)].

The results for A? and ¢} [5] are shown in Fig. 3 compared to the
SLAC E154 experiment [4]. The dominant sources of the HERMES sys-
tematic error are the uncertainties in the polarisation measurements and
in the calculations of nuclear and radiative corrections. Furthermore, the
uncertainty on Ay was included into the systematic error of ¢gf'. The first
moment of g was evaluated at Q% = 2.5 GeV? assuming scaling behaviour
of AT. This assumption is consistent with existing data [2] and was checked
in NLO QCD calculations to be valid within 5% inside the measured Q>
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Fig.3. The HERMES neutron asymmetry A} and spin structure function g} of
the neutron compared to E154. The data are shown at the measured Q? of each
experiment. The error bars are statistical uncertainties. The error bands show the
systematic uncertainties.
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range. The Ellis—Jaffe sum over the measured range is foo_b623 g7 (z, Q%)dw =
—0.034 £ 0.013(stat.) £ 0.005(syst.) in agreement with the results from
SLAC [4,11] and SMC [§].

The extraction of the proton asymmetry A} was performed in the same
way as for AiHe. For the preliminary result shown in Fig. 4 it was assumed
that AY = 0. No background and radiative corrections have yet been applied.
Radiative corrections were calculated to be typically 2% of the observed
asymmetry. Note that the presented 1996 proton data have a relatively
large normalisation error due to uncertainties in the target polarisation but
represent only about 1/3 of the available proton data set.

o, 1
< i HERMES Statistical Uncertainties only ‘
08 [" ¢ HERMES Preliminary (1996 data)
| Ao SLACE-143 |
06 - T
oal KX
I A
i oi®
02 | bo s
o it
it
O [
| siAc
02 L E——
10 X

BJ

Fig.4. The preliminary proton asymmetry A} is shown at the measured Q% com-
pared to E143. The error bars are statistical uncertainties. The error band shows
the SLAC E143 systematic uncertainty.

3.5. Results on semi-inclusive asymmetries

Whereas in the inclusive case the count rate asymmetry of DIS positrons
is extracted, in the semi-inclusive case it is the count rate asymmetry of
hadrons measured in coincidence with a DIS positron. In addition a cut on
z and xp is imposed on the forwardness of the hadron.

The hadron asymmetries for both 3He and hydrogen are shown in Fig. 5.
For comparison also the inclusive asymmetries are shown. Fig. 6 shows
the asymmetries for identified pions with momenta above 4 (6) GeV for
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hydrogen (*He). The presented 1996 hydrogen data cover about 1/3 of the
available proton data set.
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Fig.5. The preliminary hadron asymmetries on the proton (top) and *He (bot-
tom) compared to the inclusive ones. The hadron asymmetries on the proton are
compared to SMC [9] in the HERMES kinematic range and the inclusive proton
asymmetry is compared to world data. For the hadron asymmetries on the proton
a cut of z > 0.2 and zr > 0.1 (assuming the pion mass for all hadrons) was im-
posed on the forwardness of the hadron. For the hadron asymmetries on 3He a cut
of z > 0.1 was used.The error bars are statistical uncertainties.

The extraction of the polarised parton distributions from the inclusive
and semi-inclusive asymmetries is currently being performed. Three differ-
ent approaches are being pursued. Based on Eq. (13) the first approach
uses the pion charge difference asymmetry measured on *He and hydrogen
to extract the polarised valence distributions duy(z) and ddy(z) [20]. This
method needs to make use of isospin and charge conjugation invariance to
reduce the number of independent fragmentation functions. The other two
approaches rely on models of the fragmentation process. The so called Pu-
rity method uses the Lund model to calculate the fragmentation functions.
The polarised quark distributions can then be unfolded from the measured
asymmetries following Eq. (15). A second Monte Carlo method uses a po-
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Fig.6. The preliminary HERMES pion asymmetries on the proton (top) and *He
(bottom) compared to the inclusive ones. The inclusive proton asymmetry is com-
pared to world data. For the pion asymmetries a cut of z > 0.2 and zp.0.1 was
imposed on the forwardness of the pion. The error bars are statistical uncertainties.

larised DIS generator in combination with fragmentation models to predict
the measured particle asymmetries. The shape of the polarised parton dis-
tributions incorporated into the DIS generator is then changed until the
generated asymmetries fit to the measured ones.

4. Unpolarised physics
4.1. The ratio dy(x)/uy(x)

An example of the flavour tagging method comes from the unpolarised
physics program with the measurement of the ratio of the unpolarised va-
lence quark distributions dy(z)/uy(z). Following Eq. (13) the cross section
for the production of a particular hadron h, normalised by the inclusive cross
section, oprs, can be written

1 do"(z,z) 1 dN"(z,z) > f e?v ar(x) 'Df}f(z)

opis(z)  dz Ne(z) dz N Zf e?f qf(x) ’

(17)
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where N¢ is the number of DIS events and N” the number of coincident
hadrons. With the measured yields of charged hadrons from a proton (p)
and a deuterium (d) target the valence quark distribution ratio

de(z)  4RMz) +[1 - A]

(@) I+ R(2)-[1= A (18)

can be extracted, where

_ NS @) =Ny (@) Np@) [ F@)]
N Ny’)1+ (x) — N;}f(m) N§(z) [1 + Fg’(x)]

RM(x)

The quantity A depends on the u and d quark fragmentation functions into
hadrons - .
| Di () = D} (2) d=

Z
B ACEAEr "
Z

and was estimated to be 0.3 & 0.2 based on Monte Carlo simulations.

1

>
=] L
% L HERMES PRELIMINARY

|

08|

06|

SR

0.2 B N

0 - ® HERMES (1996 hadrons) z>0.1
[ ¢ EMC (1991) z>0.1

-0.2 ———CGRrRv94 L0 STAT @ SYS

107 1
X

Fig.7. The preliminary HERMES result on dy(x)/uy(x) compared to the deep
inelastic muon experiment EMC [14], the neutrino experiment WA21 /25 [10,27] and
the GRV94 leading order parametrisation [22], which was evolved to the HERMES
mean Q? of 2.4 GeV?2.
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Fig. 7 shows preliminary data for dy(z)/uy(z) from the HERMES 1996
unpolarised running. The data points agree well with fits of d,(z)/u(z) to
inclusive data and with measurements by other experiments proving that
the flavour tagging method is applicable for the HERMES experimental
conditions.

4.2. Measurement of fragmentation functions

HERMES has performed measurements of fragmentation functions of u
and d quarks into pions [21]|. This section presents results on the ratio of the
unfavoured over the favoured pion fragmentation function D~ (z)/D"(z),
where detector and acceptance corrections mostly cancel and comparisons
with other experiments can be made.

The extraction of the fragmentation function ratio from the measured
pion spectra is based on Eq. (17) and makes use of parameterisations of un-
polarised parton distributions. Using isospin and charge conjugation invari-
ance one obtains the following relations for the favoured DT and unfavoured
fragmentation function D~:

Dt = DI =Dj =Df =D, (20)
D™ = Dj =DI =D =DI . (21)

Assuming additionally for the fragmentation of s and § quarks into pions

— ot T nt ™
D™ =D; =D; =D; =D , (22)

the following formulae can be derived for the normalised differential pion
rates for scattering off a proton target

1 dN™" T

— 2 = " [(4u+d)D" + (4u 5)D~ 2
NE ds 9F2p[(u+d) +(@u+d+s+35D], (23)
1dN;;7 T _

— = = [(4u DT + (4 5)D7] . 24
N; ds 9F2p[(u+d) + (du+d+s+35D | (24)

Analogous expressions can be given for deuterium and 3He targets. Solving
this system of equations for a particular target yields the fragmentation func-
tions D~ (z) and DT (z). For the unpolarised parton distributions the GRV
NLO parameterisation in the MS renormalisation scheme was used [22]. A
second extraction method has been performed with the results in agreement
to the method described above. This second method uses the fact that on
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an isoscalar target and neglecting sea quarks a simple expression for D and
D~ follows

D* =

(25)

3Ne dz  dz

1 [ AN™* dNﬁ]

4 .
However, gluons and sea quarks distort this simple picture and a Monte
Carlo correction has to be applied.

The result for D™ (z)/D"(z) obtained with the first method using data
on unpolarised proton, deuterium and *He targets is compared to the EMC
measurement [12] in Fig. 8 and is found to be in good agreement. As D™
and D~ are expected to evolve similarly with Q2 a direct comparison of the
measured ratios can be made.

1
- Hermes D/D*(z)

© EMC (89) D/D*(2)
0s [4% ¢

D/D*(z)

0.6 —
e '

0 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1 ‘ 1 1 1
0 0.2 0.4 0.6 0.8 1

Fig.8. Comparison of preliminary data on the ratio D™ (z)/D*(z) as measured
with HERMES to the results of EMC [12]. The error band shows the systematic
error of the HERMES measurement.

4.3. Flavour asymmetry of the light quark sea
The violation of the Gottfried Sum Rule measured by NMC [13]

1
E/f P D) ; g/dx[ () - J(m)]:o.235i0.0267é% (26)
0
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indicates an excess of d over % quarks in the proton. The HERMES mea-
surement of the light quark sea flavour asymmetry is based on Eq. (17).
Assuming @ = us and d = ds, the flavour asymmetry can be derived from
the following ratio of oppositely charged pions produced from hydrogen and
deuterium targets

gdz fE=r(z,2)] —[1+7r(x,z2)]

d(z) —a(z)
u(z) —d(z) gdz fER M =r(x2)]+[1+r(x2)]’ (27)
where
Ny (x,2) = Ny (z,2) 3 [1+D /D*(2)
R e e KA L - D—/D+<z>}

and N™ (z,z) are the measured pion count rates. The fragmentation func-
tion ratio D™ (z)/D™(z) was taken from the HERMES measurement.

Fig. 9 (top plot) shows the light quark sea asymmetry [J— ﬂ] / lu —d]
compared to the GRV94 leading order [22] and CTEQ4(LQ) [30] parameter-
isations evolved to the appropriate HERMES Q2. The only other published
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Fig.9. Top plot: The light quark sea asymmetry, [d(x)—u(xz)] /[u(z) — d(z)]
compared to the GRV94 leading order [22] and CTEQ4(LQ) [30] parameterisa-
tions. Bottom plot: The HERMES measurement converted to #/d and compared
to NAS51 [15]. The HERMES error bars give the statistical uncertainty.
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measurement comes from the NA51 experiment [15]|, which determined the
ratio @/d. In order to compare with this experiment the GRV94 parame-
terisation has been used to convert the ratio [d — @] / [u — d] into @/d. Fur-
thermore, the HERMES data points were evolved to the kinematics of the
NAS51 experiment, which operated at a centre of mass energy of 29 GeV. The
resulting @/d is compared to NA51 in the lower plot of Fig. 9. Both mea-
surements give a clear indication of the broken flavour symmetry of the light
quark sea. In the near future the E866 experiment will publish additional
data on the ratio %/d in the range 0.03 < z < 0.35.

4.4. Rho polarisation in exclusive 3He (e, e’ p°)

This section focuses on the decay angular distribution of p° mesons pro-
duced in diffractive, exclusive electroproduction on *He. A discussion of
the status of the p" production cross section and nuclear transparency mea-
surements can be found elsewhere [37].

The p°(770) — 777~ decay acts as an analyser of its spin state. Hence,
the analysis of the decay angular distribution can be used to study the spin—
dependent properties of the production process. Usually the p° decay angu-
lar distribution W (cos 6, ¢, ®) is studied in a frame where the p° direction
in the v*N centre of mass system is taken as the quantisation axis [28,35].
The angle 6 is defined as the polar angle and ¢ the azimuthal angle of the
7t in the p° centre of mass system. The angle @ is that between the p°
production plane and the lepton scattering plane.

After integrating W (cos 6, ¢, ®) over ¢ and @ the distribution depends
only on the density matrix element rgé , which gives the probability that the
p° has helicity 0:

W(cosf) = Z [1 — 7“861 + (37“861 — 1) cos? 9] . (28)
Fig. 10 shows preliminary HERMES data for the cos § distribution from p"
mesons produced in deep-inelastic electro-production from 3He. Exclusive
diffractive events were selected and an approximate acceptance correction
was made. The curve represents a fit of function (28) to the data, which
gives 4 = 0.63 £ 0.03 £ 0.09 at a mean Q2 of 2.1 GeV2. This value is
compared to measurements by other experiments in Fig. 10 (bottom plot).
An analysis for separate bins in Q2 is currently being performed.

If the hypothesis of s—channel helicity conservation (SCHC) is valid, i.e.
the assumption that the photon helicity is transfered to the vector meson,
the decay angular distribution reduces to W (cos,1), where ¢» = ¢ — @ is
the angle between the p® decay plane and the lepton scattering plane. After
integration over cos 6 the distribution is given by

W (2) E [14 2er{_y cos2y] , (29)

:271'
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where € refers to the degree of longitudinal polarisation of the virtual photon.
The parameter 7{_; is related to the probability that the p° has helicity +1.
If one makes the additional assumption that unnatural parity exchange in
the ¢-channel does not contribute [35], then r{_; = 3[1 —rJ3]. Fig. 10 shows
preliminary data on the v angular distribution using the same dataset as
for the cos @ distribution. The curve represents a fit according to Eq. (29),

which was obtained assuming SCHC.

pP>7¥m” Decay Angle pP»>m*m” Polarization Angle
1.4 4 — T
HERMES 3He
12 i HERMES (°He)
1ol PRELIMINARY 3 r PRELIMINARY -

0.2 h
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00 L P c o .0 L | L | L | L
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cos 6 v
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Fig. 10. Top plot: The decay angular distributions W (cos #) and W (1)) of p" mesons
produced in diffractive, exclusive electro-production. Bottom plot: The density
matrix element 793 compared to other experiments. All HERMES data shown are
preliminary. The HERMES error bars show the statistical uncertainties.
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5. Summary and outlook

The HERMES experiment has started data taking in 1995. The new
experimental technique to measure spin—dependent deep inelastic scattering
using an internal gas target with pure atomic species in the HERA stor-
age ring works successfully. The result for the neutron structure function
g% obtained with a polarised 3He target is consistent with data from other
experiments. The preliminary result for the proton asymmetry A} is also
in good agreement with existing data. Preliminary results on semi-inclusive
hadron and pion asymmetries were extracted from 3He and hydrogen. The
hadron asymmetries are in agreement with SMC, for the pion asymmetries
HERMES has contributed the world’s first measurement. The measurement
of the valence quark distribution ratio dy(x)/uy(z) from semi-inclusive data
shows that the flavour tagging method can be applied successfully. First
results on pion fragmentation functions measured at HERMES were pre-
sented and a measurement of the flavour asymmetry of the light quark sea
was performed in the range 0.05 < x < 0.2. The results are in agreement
with the only other published measurement of @/d at = 0.18.

In 1998 HERMES will run with a polarised deuterium target. Currently,
the threshold Cerenkov counter is converted to a Ring Imaging Cerenkov
counter, which will allow for a clean p/K/x identification over the full mo-
mentum range. Furthermore, new components are installed for detection
of D, D* and J/v¢ decay products to address the question of the gluon
polarisation.
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