
Chapter 7

Summary

In this thesis two subjects are discussed that are different but at the same time closely

related to each other. The first subject is the study of hyperons produced on a polarized
1,2H target using data taken in the HERMES experiment at DESY. The second subject

is the development of a tracking detector, i.e. the Lambda Wheels, that extends the

acceptance of the HERMES spectrometer in order to increase the detection probability

for Λ0 hyperons. Data taken with a prototype module of the Lambda Wheels have been

used to study the detector performance and to develop tracking software.

The key objective of this work is to obtain additional information on the spin struc-

ture of the nucleon. The focus of the analysis is to access the gluon spin contribution

to the nucleon spin. A theoretical motivation which starts from a short summary of

the Deep Inelastic Scattering framework, introduces the photon-gluon fusion process

as a means to access the gluon polarization. A number of background contribution

processes is discussed as well as they may also contribute to the results.

A short description of the HERMES experiment is given for a better understan-

ding of the analysis. Important parts of the HERMES experiment like the internal gas

target, which is special to the HERMES experiment as it provides a high undiluted

target polarization, the tracking chambers of the HERMES spectrometer, the particle

identification detectors, the luminosity detector and the trigger and data acquisition

systems are discussed.

The analysis involved a search for particles decaying into a Λ hyperon and a π

meson. This analysis has been performed on data taken in 1997 on a polarized proton

target and in 1998, 1999 and 2000 on a polarized deuterium target.

The production of Ξ and Σ? hyperons was identified for the first time at HERMES. A
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comparison of the yields with the PYTHIA Monte Carlo program shows that PYTHIA some-

times overestimates the data significantly. For the Σ?+ hyperon, which decays into a

Λ0 and π+ PYTHIA overestimates the data by a factor of 7.3. Double spin asymmetries

for the Ξ and Σ? hyperons are mostly zero, except for the Σ
?+

, for which a positive

asymmetry of 0.44 ± 0.19 is found.

The Λ+
c particle is observed through the Λ+

c → Λ0π+ decay channel. If this particle

is produced primarily by the photo-gluon fusion process, the double spin asymmetry

of identified Λ+
c baryons might give access to the contribution of gluons to the nucleon

spin. In the deuterium data (which correspond to an effective luminosity of 221.92 pb−1)

15.9 ± 7.0 Λ+
c events have been observed. Under the assumption that the observed

Λ+
c baryons are properly simulated with a PGF Monte Carlo this yield leads to an

electro-production cross section of

σlN→Λ+
c X = (14 ± 6 stat ± 5 syst) nb,

which has been translated into a photo-production cross section of

σγN → Λ+
c X = (538 ± 231stat ± 188syst) nb

at a mean photon energy of 15.5 GeV. A comparison of the Λ+
c photoproduction cross

section with existing total open charm cross sections at the same energy indicate that

the Λ+
c photoproduction cross section is considerably larger. This apparent inconsisten-

cy is probably caused by the fact that the existing total charm cross sections are not

directly measured but inferred from D-meson cross sections measurements using the

Lund fragmentation model which is not rigorously tested near the threshold for charm

production. The larger Λ+
c photoproduction cross section could, possibly, be due to an

underestimation of the fraction of c quarks that fragment into Λ+
c baryons.

The number of observed Λ+
c baryons, using the Λ+

c → Λ0π+ decay channel, is not

enough to extract a double spin asymmetry and therefore additional Λ+
c decay chan-

nels, i.e. Λ+
c → Λ0π+X were considered. This gives an increase in the Λ+

c branching

ratio of a factor of 15.

Non-zero asymmetries for partially reconstructed Λ+
c baryons are found if the trans-

verse momenta PT,Λ0 and PT,Λ+
c

are taken sufficiently high. Monte Carlo simulati-

ons have shown that the sensitivity to PGF increases in the region of (PT,Λ0 ,PT,Λ+
c
)-

space where an asymmetry is observed using the AROMA and PYTHIA programs.

If the AROMA Monte Carlo is normalized to the observed Λ+
c cross section and the

PYTHIA background Monte Carlo is normalized to the observed Σ?+ yield, the PGF pro-

cess is found to dominate the background processes in the high (PT,Λ0 , PT,Λ+
c
)-domain.
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For this reason, we can associate the observed asymmetry with the gluon polarization.

After proper normalization of the Monte Carlo programs a value for the gluon spin

contribution to the nucleon of

∆G

G
= 0.92 ± 0.38 stat ± 0.40 syst

at a mean Q2 of 0.31 GeV2 is obtained. This value is consistent with the value found in

the HERMES high-pT analysis. Despite remaining model uncertainties, which are hard

to estimate in these determinations of ∆G/G, it is striking that the values are consist-

ent. The value is also consistent with ∆G/G=0.63+0.20
−0.19 at Q2 = 1 GeV2 obtained from

a fit to the world data on inclusive spin-dependent scattering using the Altarelli-Parisi

equations.

As the margins of uncertainty are still very large, it is desirable to obtain higher

statistics data. For that reason, a wheel-shaped array of silicon detectors, known as

the Lambda Wheels, has been developed for the HERMES experiment. The main mo-

tivation for building the Lambda Wheels is to increase the angular acceptance of the

HERMES spectrometer for the detection of Λ0 hyperons. Moreover, in the determina-

tion of the Λ0 polarization a false asymmetry is introduced by the incomplete coverage

of the acceptance. The Lambda Wheels reduce this false asymmetry to the level of a

few percent. Also an extension of the kinematic domain for Λ0 detection into the target

fragmentation domain, i.e. xF < 0 is accessible with the Lambda Wheels.

The design considerations and chosen solutions have been presented and it was

found that it is possible to install and operate a system consisting of 12 modules,

each comprising two double-sided silicon counters inside the harsh environment of the

HERA lepton beam vacuum. Custom made front-end electronics, read-out boards and

analogue-to-digital converters were built and shown to be operational.

In the year 2000 the Lambda Wheel infrastructure was installed at the HERMES ex-

periment and a prototype module has been operated during part of that year. The

installation of the complete wheel took only place in 2002. Therefore, data taken with

the complete wheel installed in the HERMES spectrometer were not available for this

thesis.

The data taken with a Lambda Wheel prototype module did, however, make it possi-

ble to determine the signal-to-noise ratio of about 10, consistent with the specifications

was found. These data have also been used to develop an algorithm for the Lambda

Wheels tracking, which was incorporated in the eXtended Tracking Code (XTC). This

code is used for additional detectors at HERMES that have a relatively large acceptance,
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like the Drift Vertex Chambers (DVC). This code complements the HERMES Recon-

struction Code (HRC).

An estimate is given for the coordinate and angular resolutions of the Lambda

Wheel tracks under the assumption that only one strip per side has a signal above

threshold. Because each module is positioned differently, the x and y resolutions are

not constant and range from 46 to 122 µm. An average angular resolution of 2.1 mrad

has been determined for the Lambda Wheel tracks.

Using a method to determine the efficiency of the Lambda Wheels that makes use

of HRC tracks a single-plane efficiency of 97% has been determined. The dependence of

the efficiency on the applied bias voltage and the threshold settings has been measured

as well.

With the Lambda Wheels fully installed, the number of Λ0 hyperon events per unit

luminosity will increase by a factor four. This will make it possible to study the Λ+
c cross

section with a better significance, thereby, reducing the statistical and systematic error

given for the ∆G/G value determined from partially reconstructed Λ+
c baryons.


