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Abstract. First results on quark-hadron duality in the spin sector from the HERMES experiment are
reported in the range 1.2 < Q% < 12 GeV? and 1 < W? < 4 GeV?. A complete set of measurements of the
generalised GDH integrals for the deuteron, proton and neutron is also shown in the same Q2 range and

in the full W? range.

PACS. 13.60.Hb Total and inclusive cross-sections (including deep-inelastic processes) — 12.38.Qk Exper-
imental tests — 13.88.4e Polarization in interactions and scattering — 25.20.Dc Photon absorption and

scattering

1 Introduction

The Bloom-Gilman duality [1] is a relation between the
deep inelastic scattering (DIS) region and the resonance
region in lepton hadron scattering. It states that the
smooth scaling curve seen at high momentum transfer
is an accurate average over the resonance bumps seen
at lower momentum transfer, but at the same values of
the Bjorken scaling variable x. This is a manifestation
of the fact that the single-quark reaction rate determines
the scale of the reaction rate for the entire process down
to remarkably low energies and momentum transfers. An
analysis of the resonance region in terms of QCD, which
describes in a rigorous way the Q%-dependence of the un-
polarised proton structure function F5 at large photon-
nucleon invariant mass squared W and Q2, was presented
for the first time in [2]. The conclusion was that changes
in the lower moments of the Fy structure function due
to higher-twist effects are small, so that averages of this
function over a sufficent range in x at moderate and high
values of the transfered momentum squared @Q? are ap-
proximately the same. A recent discussion of the dual-
ity concept can be found in [3], where the term dual-
ity is used to describe the rare cases where the average
of hadronic observables is described by a perturbative
QCD (pQCD) calculation. In inelastic electron scatter-
ing as Q2 — 0 pQCD must fail. In fact, the breakdown
in duality as Q? — 0 can be seen from the impossiblity
of reproducing the neutron form factor at Q> = 0, i.e.,
zero, from the sum of squares of the quark charges. Re-
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cent results from JLab [4] have shown that duality in the
unpolarised structure function F5 for proton holds for in-
dividual resonance contribution as well as for the entire
resonance region 1 < W2 < 4 GeV?, starting from values
of Q2 > 1.5 GeVZ2.

In contrast to the extensive study of duality for the
unpolarised, i.e. spin-averaged, photo-absorption cross-
section, the validity of duality has not been investi-
gated for the spin-dependent scattering processes, which
are related to the spin-dependent photo-absorption cross-
section. Even though duality was observed for the un-
polarised structure functions, there is no a priori reason
to believe that duality also holds for polarised structure
functions. In fact, duality is expected to fail for polarised
structure functions at low @2, since for the proton the
Ellis-Jaffe sum rule and the Gerasimov-Drell-Hearn sum
rule (at Q% = 0) are positive and negative, respectively [5].
The interest for the duality in the polarised case started
recently [6]. At the moment, no information is available
on the possible quark-hadron duality in the spin sector.
Results on the proton target are shown in sect. 2.2.

Data obtained in the resonance region have been used
in combination with the analysis at higher W2 to provide
the Q2 evolution of the Gerasimov-Drell-Hearn (GDH) in-
tegral for the proton, neutron and deuteron. The GDH
sum rule [7] is derived starting from a general disper-
sive relation for the forward Compton scattering, which
follows causality, crossing symmetry and unitarity prin-
ciples. It relates the anomalous contribution in the nu-
cleon magnetic moment k to an energy-weighted inte-
gral of the difference of the nucleon’s total spin-dependent
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photo-absorption cross-section:

* dv 2m2a
[ o) —ua] =,

0

where v is the photon energy, vy is the photo-absorption
threshold, M is the nucleon mass and o/, and o3/, are
the absorption cross-sections for total helicity 1/2 and 3/2.
The sum rule defined is based on the additional assump-
tions of the low-energy theorems and the no-subtraction
hypothesis for the spin-flip part of the Compton scatter-
ing amplitude. It provides an interesting link between the
helicity-dependent dynamics and a static ground property
of the target nucleus and it holds for any type of target.
The previous expression is valid for nucleon target (spin
1/2) and will be slightly modified for nuclear target. The
GDH integral can be generalised to the case of absorption
of polarised transverse virtual photons,

(@) = [ [rpn@) = a2

Q2/2M
_ 8ria [0 gi(x, Q%) —V’ga(z, Q?) dz
M) K v’

where g1 and go are the polarised structure functions of the
nucleon, xg = Q%/2Muvy and K is the flux factor of virtual
photons, defined as v4/1 4+ 2 in the Gilman notation [8],
with v2 = Q2 /v2. For the real-photon case, when Q% = 0
(GDH value), the integral reduces to the GDH sum rule,
while for the high-energy limit (DIS), when v < 1, the
integral becomes

1672 [*0 1672
Q%) = 7/0 g1(z)dz = 711

where I' is the first momentum of ¢;(z). Thus the gen-
eralised GDH integral provides a way to study the tran-
sition from polarised real-photon absorption (Q? = 0) on
the nucleon to polarised deep inelastic scattering, that is
the transition from non-perturbative regime at low Q2 to
the perturbative regime at high Q2. Results on the proton,
neutron and deuteron targets are shown in sect. 3.

2 Duality: analysis procedure

The data were collected by the HERMES experiment in
1997 with 27.56 GeV longitudinally polarised positron
beam incident on a longitudinally polarised 'H gas tar-
get internal to the HERA storage ring at DESY. Scattered
positrons were detected by the HERMES spectrometer [9].
The kinematic requirements on the scattered positrons
for the analysis in the nucleon resonance region were
1< W?<4GeV?and 1.2 < Q? < 12 GeV?, with the cor-
responding z in the range 0.34 < z < 0.98. After applying
data quality criteria, about 120000 events remained.

The evaluation of the measured longitudinal asymme-
try A) is based on the ratio of weighted count rates ac-
cording to the formula Ay = (N"L* - NTL™)/(N"Lf +
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Fig. 1. Spin asymmetry A; as a function of x. The curve
represents a fit to DIS data at large x.

N +L; ), where N is the number of detected scattered
positrons, L is the integrated luminosity corrected for
dead time, L, is the integrated luminosity corrected for
dead time and weighted by the product of the beam and
target polarisations. The superscript + (—) refers to the
situation where the target spin axis was oriented parallel
(anti-parallel) to that of the positron beam.

The limited W resolution in the resonance region
(6W = 240 MeV) does not allow individual nucleon res-
onances to be distinguished or the DIS and resonance re-
gions to be completely separated. To evaluate the smear-
ing correction and the contaminations in the resonance
region from the elastic and deep inelastic regions, these ef-
fects were studied using a simulation of events from elastic,
resonance and deep inelastic processes. The parameterisa-
tions of these contributions were taken from refs. [10-12].
The “true” value of Aﬂes is obtained from the relation

ﬂneas = Aﬂesfres + Ah)ISfDIS + A(ﬁlfel; where fel,res,DIS de-
note the contaminations from corresponding kinematic re-
gions to the resonance one. The contamination from elas-
tic and DIS events in the resonance region varies from 9%
to 3.8% and from 10% to 18.5%, respectively, with Q2
ranging from 1.2 to 12 GeV2.

2.1 The spin asymmetry A,

The virtual photo-absorption asymmetry A; was ex-
tracted from the measured longitudinal asymmetry A us-
ing the relation A; = A/D —nA,, where D is the virtual
photon depolarisation factor and 7 is a kinematic factor.
The contribution of the asymmetry A, is taken into ac-
count as Ay = 0.06 & 0.16 as obtained from SLAC [13]
at Q? = 3 GeV2. In fig. 1 the spin asymmetry in the nu-
cleon resonance region A}* is shown as a function of z. For
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each value of x the quantity A}° has been averaged over
Q2. The total systematic uncertainty of the data is about
16% with the dominant contribution originating from As
amounting to 14%. The extracted spin asymmetry A} in-
creases with z. The data indicate that A}*® may exceed the
SU(6) prediction of 5/9 at = 1. As is seen, the A; mea-
sured in the resonance region is in agreement within the
experimental error with previous DIS data at higher Q2
and W?2. The curve is a fit on world DIS data at = > 0.3,
A, = 2068 This parameterisation of A; is constraint to
1 at z = 1 and does not depend on Q2. The average ratio
of the measured A}* to the DIS fit is 1.15 £ 0.16 + 0.18.
This suggests that the description of the spin asymmetry
in terms of quark degrees of freedom is also valid in the
nucleon resonance region for the Q2 range explored by the
present experiment [14].

2.2 Q2-dependence of duality in the structure function g;

The verification of the quark-hadron duality can be ob-
tained comparing the integrals of the polarised struc-
ture function g; in the resonance and DIS region in the
same x interval. The integrals I = [ gi(z)dz have
been evaluated separately for the resonance and DIS do-
mains. For each Q2 bin the integral I'T® has been cal-
culated using the relation gi(x) = A}* - Fi(z) to ac-
count for the z-dependence of the integrand F; within
the individual z bins. The unpolarised structure func-
tion F1 = F»(1 +~?)/(22(1 + R)) was calculated from
a modification of the parameterisation [11] of F, that
accounts for nucleon resonance excitation and assuming
R = 0.18 in the whole W? region considered. The lim-
its of integration Tmax and xmin were calculated in each
Q? bin from the W2. and W2, , respectively. The in-
tegral I'P™S was calculated in the same z range and at
the same Q2 values as for I'7®. The value of AP™S was
taken from the @Q?-independent fit to DIS data at large
x, the unpolarised structure function F» was taken from
ref. [12], and the value of R from ref. [15]. The ratio
Ires /TP for several Q? values is shown in fig. 2, to-
gether with the values from SLAC, evaluated by divid-
ing the measured value of 17 [13] by I'P™ calculated
in the same way as for the present data. The Bjorken
variable x is sometimes replaced by the Nachtmann vari-
able £ =2z /(14 +/1 + ~2) [16], which includes the target
mass corrections. For high @2, & approaches x, which is
the scaling variable at large Q2. The ratio I'T*/I'P'S us-
ing the Nachtmann variable £ as integration variable is
also shown in fig. 2. No large effects due to target mass
corrections are observed.

3 The generalised GDH integral

The kinematic of the HERMES experiment allows to
study the Q?-dependence of the generalised GDH inte-

gral simultaneously in the nucleon resonance and DIS re-
gion. The full range in W2 (1.0 < W2 < 45 GeV?) was
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Fig. 2. Ratio between I in the resonance region and I in
the DIS region as a function of Q2. The data are shown using
2 (full circles) or & (full triangles) as integration parameter.
Points in £ are slightly shifted to make them more visible.

separated into nucleon resonance region (1.0 < W? <
4.2 GeV?) and DIS region (4.2 < W2 < 45.0 GeV?). The
Q? range 1.2 < Q2 < 12.0 GeV? was divided into six bins.
Results are shown for proton, neutron and deuteron tar-
gets. HERMES data on the deuteron target were taken
in 1998 to 2000. After applying data quality criteria, 0.55
(0.13) million events on the deuteron (proton) in the nu-
cleon resonance region and 8.3 (1.4) million events in the
DIS region were selected.

The analysis procedure for the resonance region is the
same as in sect. 2.2, while the analysis for the DIS re-
gion has been described in [17]. Results on the generalised
GDH integral for the proton dave have been published
previously [18]. Proton data have been used together with
deuteron data to obtain the neutron data. In fact, the
integral Iy for the neutron was calculated from the re-
sults Iy on the deuteron and those on the proton IZ .
following the relation Iy = I&py/(1 — 1.5wq) — I&py.
where wq [19] is the probability of the deuteron to be in a
D-state.

The results of I&Ry for the p, n and d targets are pre-
sented in fig. 3. The integrals strongly decrease (in abso-
lute value) with Q% and become negligible for Q > 3 GeV?.
The integrals are compared to a model [20] which describes
the resonance excitation in the approximation of infinitely
narrow resonances and includes a contribution from one-
pion exchange in the near-threshold region. This model is
not sufficient to well reproduce the experimental results
for Q < 2 GeVZ2. In the plot, statistical and systematic
uncertainties are shown together.

The results of IDy for the three targets are pre-
sented in fig. 4. The integrals decrease with Q2 and remain
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Fig. 3. Results for the generalised GDH integrals in the reso-
nance region.

DIS
lopy [ubl
[ w>4.2 (GeV')
25 L ® - HERMES PRELIMINARY (DEUTERON)
E ® - HERMES PRELIMINARY (NEUTRON)
20 [ f A - HERMES (PROTON), PLB 494,1 (2000)
[ ? Phys.Lett.B450 439 (1999)
15 [ %
r % .
0 i A .
F s ii
5
oL
S T ;
5 F
—10 |
_15 | an /(1= 1.5Wo) =i +lon , W =0.058 |
:\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\
1 2 3 4 5 6 7
Q* [GeVA]

Fig. 4. Results for the generalised GDH integrals in the DIS
region.

sizeable even at the lowest measured Q2. Data with Q2 >
3 GeV? are in agreement with the multiple-Reggeon ex-
change parameterisation [21] for the cross-section differ-
ence used for the extrapolation into the unmeasured re-
gion for W2 > 45 GeV?2.

The results of the total Igpy integrals in the full W2
range are presented in fig. 5. Data are compared to a
model based [22] on the leading-twist Q? evolution of the
first moments of the two polarised structure functions g;
and go, without considering any explicit nucleon resonance
contribution. The statistical and systematic uncertainties
of the full Igpy are clearly dominated by the uncertain-
ties in the nucleon resonance region. They are particularly
large due to the smallness of D and the large size of n ac-

The European Physical Journal A

low [ubl
50 - W2 > 1.0 [GeVa
r ® - HERMES PRELIMINARY (DEUTERON)
0L B - HERMES PRELIMINARY (NEUTRON)
r 4 - HERMES (PROTON), PLB 494,1 (2000)
F Phys. Rev. D 51, 25 (1995)
30 [
r 4
i f? :
20 -
F ol .
: !
10 | $

[P L g

T

0
: E i @ L -
_1o;i
T Cow /(1= 1.5wp) =1 +Fss, Wo=0.058
2000
1 2 3 4 5 6 7

Q* [GeVA)
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centuating the uncertainties in A4, which amounts to 30%
of the nucleon resonance contribution. The systematic un-
certainty on A in the DIS region does not contribute sig-
nificantly. The systematic uncertainty for the extrapola-
tion to the unmeasured region at high W?2 of 5% has been
taken into account. The experimental data are consistent
with the naive expectation that the 1/Q? expansion is a
good approximation down to Q? ~ 2 GeV?2. In principle,
the elastic part at x = 1 has to be included for a complete
comparison to a twist expansion of I'7; however, this is not
a relevant contribution in the kinematic range considered.
There is no observed sign change in the measured range
that would be required for the generalised GDH integral
on the proton or the deuteron to meet the negative GDH
sum rule predictions at Q2 = 0.

4 Summary

In conclusion, the first experimental evidence of quark-
hadron duality for the polarised structure function g; on
the proton has been presented for Q? values larger than
1.7 GeVZ2. The spin asymmetries measured in the nucleon
resonance region have been found to be in agreement with
the spin asymmetries measured in the DIS region at larger
W?2. This experimental finding indicates that the descrip-
tion of the spin asymmetry in terms of quark degrees
of freedom is valid also in the nucleon resonance region
within the kinematic range probed by the present exper-
iment. The quark-hadron duality for the polarised struc-
ture function g; has been found satisfied at a similar Q>
as for the unpolarised structure function F5.

The Q?-dependence of the GDH integral for the pro-
ton, neutron and deuteron is also given, evaluating sep-
arately the contributions of the nucleon resonance and
deep inelastic regions: the latter has been found to be
dominant for Q? > 3 GeV?, while both contributions are
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important at low Q2. The total integrals show no signif-
icant deviation from the 1/Q? behavior in the measured
Q? range, and thus no sign of large effect due to either
nucleon resonance excitations or non-leading twists. The
strong turn-down of generalised GDH integrals for proton
and deuteron towards the real-photon prediction should
occur at Q? lower than 1.2 GeV?.
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