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ABSTRACT 

HERMES, m Measurement of Spin, is an experiment to study the spin 
structure of the nucleon. The experiment was installed and commissioned 
in 1995 in the HERA storage ring at the DESY laboratory in Hamburg, 
Germany. Inclusive and semi-inclusive spin-dependent deep inelastic scat- 
tering on polarized internal gas targets are measured simultaneously. Data 
were taken on polarized 3He and lH targets as well as on unpolarized tar- 
gets of hydrogen, deuterium, 3He, and nitrogen. The experiment is de- 
scribed briefly and some recent results from the 1995 to 1997 running pe- 
riods are presented. 
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unpolarized data. The maximum target thickness is determined by the impact on the sition radiation detector (TRD), hodoscope (Hl), and calorimeter are used for particle 
stored electron lifetime. identification, and the magnet and calorimeter for momentum and energy analysis. 

gas injection 
tl 

target 
vacuum chamber 3 The Spin Structure of the Nucleon 
wake field 

Figure 2. Schematic of the HERMES target region. See text for more explanation 

Figure 3. Schematic side view of the HERMES spectrometer. 

The HERMES spectrometer, as shown in Fig. 3, was designed3x7 to detect scattered 
electrons and hadrons from deep inelastic scattering. The spectrometer consists of two 
identical halves above and below the electron ring plane. This provides two indepen- 
dent measurements of observables and thus, a cross check on systematic uncertainties. 
The HERMES spectrometer contains a bending magnet to measure particle momenta 
and to reject background. Tracking chambers before the magnet, inside the magnetic 
field, and behind the magnet provide charged particle tracking. The Cherenkov, tran- 

Experimentally, the spin structure function g1 is extracted from the measured asym- 
metry, Ali, of the scattering cross section as the beam or target spin is flipped. These 
asymmetries are measured with longitudinally polarized beams and longitudinally po- 
larized targets. Ignoring contributions from transverse asymmetries for the purpose of 
simplicity here, this can be written as Ai, z D(x, g)A1, where D(z, y) is the virtual 
photon depolarization factor and Al the longitudinal virtual photon asymmetry. Finally, 
g1 is determined using 

All F2(x, &‘I 
gl(x’ Q2) = 772x(1 + R(x,Q2)) ’ 

with parametrizations of the unpolarized structure function9 F,(z, Q”) and R(z, Q2) 
(Ref. lo), the ratio of longitudinal to transverse virtual photon absorption cross sec- 
tions. 

The first HERMES results for the proton spin structure function” taken on po- 
larized lH in 1997 are presented in Fig. 4 and compared to the published data from 
SLAC” and SMC.8a13 The structure function ratio gy/ Fp, which is approximately equal 
to Al, is given for the measured Q* at each value of x. There is good agreement be- 
tween these three sets of data, although the Q2 values of E-143 and HERMES differ 
from those of SMC by a factor between five and ten. This demonstrates that there is 
no statistically significant Q2 dependence of the ratio gy/F,P in the Q* range of these 
experiments. 

In Fig. 5 the spin structure function gf on the proton is shown as a function of Z, 
evolved to a common Q2 of 2 and 10 GeV2 for comparison with the SLAC and SMC 
results. The evolution was done under the assumption that the ratio gf/F,P does not 
depend on Q*. The evolved HERMES data are in excellent agreement with both data 
sets. The apparent Q2 dependence of gf, seen when comparing the left and right plots, 
entirely originates from the Q* dependence of F,P and R. In summary, the HERMES 
results were obtained using an entirely different technique from that used in all previous 
experiments, indicating that the systematic uncertainties are well understood for both 
techniques over the entire measured x range. 
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quarks using flavor decomposition, needs to be measured; and a direct measurement of 
the gluon helicity distribution AG is important to make definitive statements about the 
nucleon’s spin structure. 

4 Semi-Inclusive Physics 

To this end, HERMES is currently running a broad scope of semi-inclusive measure- 
ments. This is done by measuring the hadronic reaction products in coincidence with 
the scattered lepton. As shown schematically in Fig. 6, it should be possible in appro- 
priate kinematics to tag the flavor of the struck quark” which is reflected by the type of 
hadron in the current jet. In this way the right hand side of Eq. (1) may be decomposed. 

1 

Current Fragments 

Figure 6. A  schematic illustration of the hadronization process. 

4.1 Flavor Tagging 

Assuming factorization between the hard scattering process and the hadronization of 
the struck quark, the hadron asymmetry can be expressed as 

(3) 

This equation differs from the inclusive formula by the factor Dtf (z), which represents 
the probability for a struck quark of flavor f to fragment into a hadron of type h with 

energy fraction of the virtual photon z = EJv. A measurement of the hadron asym- 
metry will then give access to new linear combinations of polarized quark distributions 

&. 
Of course, the hadronization is a statistical process, and a quark with flavor f may 

produce either a leading 7r+ or 7r-. However, because of the valence quark structure 
of mesons, the probabilities are not equal and one can define both favored and disfa- 
vored fragmentation functions, D+ and D-, respectively. These pion fragmentation 
functions, as extracted from the HERMES data using the EMC extraction method, are 
shown in Fig. 7. They are compared to the EMC data.” There is good agreement be- 
tween these two data sets. 

GlO r 
.I : D+‘-(z) . 

+a - 
Hermes (preliminary) 

80 0 E M C  Nucl.Phys. 8321 (1989) 541 
_ 

0 0 

-2 + 
10: ,/,I,, , 

0.4 
I I 

. Rel. Systematic Error 

0 0.2 0.4 0.6 0.6 1 
z 

Figure 7. Preliminary data on the favored D+ and disfavored D- pion fragmentation functions 
from HERMES are compared to data from EMC. They are shown in the top panel. The same 

extraction method has been used for both data sets. The relative systematic errors are displayed 

in the lower panel. 

Figure 8 displays the hadron asymmetries measured in 1995 on polarized 3He and 
in 1996 on polarized ‘H targets. In the top panel the inclusive asymmetry A:, and 
the semi-inclusive asymmetries for positive AT(h+) and negative Al;(k) hadrons on 
proton targets are shown. The corresponding asymmetries on 3He are shown in the 
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Note, that even though different sea quark assumptions are used for HERMES 
(equal polarizations) and SMC (SU(3) flavor symmetric sea), the results change by less 
than 10%. The SMC results, evolved to a fixed Q2 of 10 GeV2, are in rough agreement 
with the polarized quark distributions at HERMES, which are given at their measured 

Q2. 

4.2 Unpolarized Semi-Inclusive Results 

As with polarized scattering, flavor tagging with unpolarized targets allows flavor depen- 
dent separation of valence and sea quark probability densities. By forming the ratio of 
charged pion yields on ‘H and 2D targets, 

T(x z) = N;- (x> 2) - N,“- (x> 2) 
N;+(x,z) - N,“+(x,z)’ 

one can extract the flavor content of the nucleon sea. Here N”(z, a) is the yield of 
pions coming from deep inelastic scattering off nucleons. Until recently, there has been 
little experimental constraint on the flavor asymmetry in the distributions of the light 
sea quarks in the nucleon. The first one was an integral test, based on a comparison 
of inclusive deep inelastic scattering on the proton and the neutron to determine the 
Gottfried sum*’ defined as So = J,’ ~(F;(z) - F,“(Z)), where F;(Z) and F;(Z) 
are the structure functions of the proton and neutron, respectively. The assumption of 
isospin symmetry in the quark parton model allows the sum to be written as So = i - 
$&d(x) - c(x)) dx A flavor symmetric sea, d(x) = ii(z), leads to the Gottfried Sum 
Rule SC = l/3. A measurement by NMC23 resulted in SC = 0.235 f 0.026. If isospin 
symmetry holds, a global flavor asymmetry Jd((tcx) - fi(x))dx N 0.15 would account 
for the NMC result. Two methods have been proposed to measure its z dependence: 
The Drell-Yan process24 and semi-inclusive deep inelastic scattering.25 HERMES can 
measure the ratio (d - u)/(~L - d) f rom the ratio of charged pion yields defined in 
Eq. (7), in semi-inclusive DIS on ‘H and *D. 

Results26 are presented for the x dependence of (d - G)/(u - d) in Fig. 10. Within 
the measured x region, the values are nonzero and positive everywhere, clearly show- 
ing an excess of d quarks over E quarks in the proton. Note that no higher order QCD 
corrections have been made and so only leading order parametrizations should be com- 
pared to these results. At low Q2, only GRV 94 LO27 is available at leading order. The 
distribution d - ti as a function of x is thus derived from (d - U)/(u - d) using the 

GRV 94 LO parametrization of ‘ILL - d,(x). The alternative approach to the mea- 
surement of the flavor asymmetry is the comparison of the Drell-Yan process on protons 
and deuterons, which is sensitive to the quantity G/d. The ES66 collaboration at Fer- 
milab recently reported a measurement of the flavor asymmetry31 using the CTEQ 4M 
parametrization of ti + d to extract (d - ti) from the measured quantity a/l. These 
results at Q2 of 54 GeV2 are included in the lower plot. This figure demonstrates that 
the sea asymmetry measured in deep inelastic scattering and in Drell-Yan experiments 
agree, even though the Q2 of the two experiments differ by a factor of about 20. 

sO.6 
$0.5 
ISO. 16 
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'+ 1.2 
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0.6 
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0.2 + 

0t 

. HERMES <a’>=23 
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D, 
GeV’ 

10 - 10 - 1 
x 

Figure 10. In the top panel, (2 - a)/(~ - d) as a function of z is shown. Also included are 
GRV 94 LO (Ref. 27), CTEQ 41q (Ref. 28), MRS (A) low Q2 (Ref. 29). and MRST (98) (Ref. 
30) parametrizations calculated at the appropriate Q2 for each z-bin. In the bottom panel (d-11) 
as a function of z is shown. The curve is the GRV 94 LO parameterization. The E866 data 
determined from (2-G) are represented by open circles. 

5 Future 

At present, no direct measurement of the gluon contribution to the nucelon’s spin is 
available. While NLO analyses of the inclusive data suggest that the gluon carries a 
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