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SUMMARY

In this thesis deep inelastic scattering (DIS) data on hydrogen and deuterium,
obtained by the HERMES experiment at DESY, are presented. Two anal-
yses are described. First, a high statistics study of deuteron - proton DIS
cross section ratios yielding information on possible higher twist effects was
discussed. Second, an exploratory study of the spectator proton mechanism
in DIS, based on a newly constructed prototype silicon recoil-detector was
presented. The study of deep inelastic scattering described in this thesis has
yielded several results. One of the goals was to search for higher-twist effects
at low and high x. This was accomplished by selecting 25 million events on
hydrogen and deuterium from the HERMES run-I data and extracting the
cross-section ratio of deuterium to hydrogen. The comparison of the cross-
section ratios measured by HERMES showed a good agreement with data
previously obtained at CERN and SLAC, both as a function of x and Q2. In
these comparisons it is clear that at similar values for x a region of lower Q2 is
probed at HERMES. As the cross section consists of two parts, namely a lon-
gitudinal and a transverse part, we studied besides the total cross section also
the ratio of the two parts, R. The HERMES and NMC data are combined
in a Rosenbluth-like fitting procedure to study the ratio, R, for deuterium
relative to hydrogen. The extracted ratios are in good agreement with ex-
isting results and extend towards lower Q2 at low x. Despite this extended
kinematic domain, no evidence was found for higher-twist effects, which are
different for the deuteron relative to the proton. To study a possible quark
flavour dependence of higher-twist effects at high x, the cross-section ratio
data of HERMES and NMC were again combined and compared to per-
turbative quantum chromodynamics (pQCD) next-to-leading-order (NLO)
calculations, which are based on a recent parameterisation of parton distri-
bution functions (PDFs). The obtained results were compared with earlier
studies performed by NMC on the combined data of the BCDMS, SLAC and
NMC experiments, using leading-order pQCD calculations based on older
parton distribution functions. It can be concluded that both analyses are in
agreement, but neither can provide unambiguous evidence for higher twist
effects at high x due to the large uncertainties.

The inclusive DIS data on the proton and the neutron are also used
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to determine the exhaustion of the Gottfried sum rule, which relates the
difference between DIS off protons and neutrons to flavour asymmetries of
the sea quarks. The present results are found to be in agreement with the only
previous determination of the Gottfried sum rule by NMC. The agreement
implies that the flavour asymmetry of the sea is not strongly dependent on
Q2.

The second (related) subject described in this thesis is an investigation of
the possibility of recoil detection at HERMES. A prototype recoil detector,
based on the use of silicon strip detectors, was built and installed underneath
the internal target cell through which the HERA electron beam passes. It was
operated successfully, thus proving that one can operate silicon detectors near
a high intensity electron beam in ultra-high vacuum provided that proper
precautions such as a Faraday cage, cooling and a radiation-hard readout
chip are implemented. As it was a prototype with a limited acceptance
rather few events were collected for physics analysis.

The data taken with the silicon test counter on both deuterium and hy-
drogen targets were used to extract the nucleon momentum distribution in
the deuteron. This is the first time that such a measurement is reported, as
previous neutrino experiments did not include an explicit momentum deter-
mination. Considering the uncertainties involved, the obtained distribution
compares well with both the relativistic calculations and precise data ob-
tained from quasi-elastic electron scattering (QES) experiments. This is a
very interesting result as the processes in quasi-elastic scattering differ fun-
damentally from those in deep inelastic scattering. These results prove that
the spectator mechanism is at work in DIS and that the final-state interac-
tions are small and also that differences in final-state interactions between
DIS and QES are relatively minor.

The measurement of the nucleon momentum distribution in DIS implies
that it is possible to study tagged structure functions in DIS as well. For low
spectator momenta the ratio F n

2 � tag /F p
2 was found to agree within large

uncertainties with those obtained from the inclusive analysis. Moreover,
these data enabled a search for a possible momentum dependence of the
structure function ratio F n

2 /F p
2 . The ratio F n

2 /F p
2 for two different nucleon

momentum regions was evaluated as a function of x. The ratio F n
2 /F p

2 for
fast over slow spectator protons deviates from unity for x around 0.4, which
can be interpreted as an indication of a nucleon momentum dependence of
the structure function F2. However, the present low statistics data do not
enable us to draw definite conclusions. Nevertheless, the analysis shows the
potential of a large-solid-angle recoil detector, which is under development
at HERMES.




