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��� Hadron-Hadron Interactions

���� ���� Proton-proton elastic scattering cross section differential in � for
different proton momenta (from [Gou83]).
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� Theoretical Basis

P1

X
ξ

gap

P2 P2
′

���� ���� Single diffractive dissociation process �� � ��. One proton
remains intact, whereas the other proton dissociates into a system � . The
two final state systems are separated by a gap due to the colourless exchange
(denoted by the double line). � is the fractional longitudinal momentum loss
of the proton remaining intact.

���� ���� The invariant differential cross section ������ �G�
���H for

��� �� at � P �0	0'/ ��.� plotted versus  �
��� for various values

of � (from [Gou83]).
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���� ���� The total cross sections for a) �� and �@� scattering, b) #� scattering,
and c) �� scattering as functions of the centre-of-mass energy. The solid curves
are the Donnachie-Landshoff Regge theory fits (cf. Sec. 2.1.4) (from [New96]).
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���� ��	� Three Regge trajectories (from [Gou00]).
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Model. The virtual photon scatters off a parton in the pomeron with a pomeron
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a proton momentum fraction ��� . A gap is observed between the systems �
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��� Diffractive Deep Inelastic Scattering at HERA
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� Theoretical Basis

H1 1994

(a)  Q2=4.5 GeV2 Gluon, fit 3
Gluon, fit 2
Light Quarks, fit 3
Light Quarks, fit 2

(b)  Q2=12 GeV2

(c)  Q2=75 GeV2
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���� ���� Pomeron parton density functions obtained by H1 in a QCD analysis
of ,����

� . The distributions are shown as functions of the fractional parton
momentum � at three different scales ��. The functions are normalized to
represent the parton distributions multiplied by the flux factor at ��� P 0	00>
(from [Adl97]).
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��� Diffractive �@� Scattering at the Tevatron
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���� ���� DDIS dijet boson gluon fusion process viewed in terms of the
Resolved Pomeron Model. The virtual photon � � probes the gluon content of
the pomeron.
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� Theoretical Basis
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Jet1,2 > 7 GeV

0.035 < ξ < 0.095

| t | < 1.0 GeV2

H1 fit-2

H1 fit-3

( Q2= 75 GeV2 )
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���� ��� The diffractive structure function of the antiproton as measured by
the CDF Collaboration (from [Aff00]). The lower (upper) boundary of the
filled band represents the data distribution obtained using only the two leading
jets (up to four jets of.� 
 &��.) in evaluating (. The additional systematic
uncertainty of the data is �/& %. The straight line is a fit of the form (��.
The expectations from the H1 fits 2 (3) are the dashed (dotted) lines.
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��� Kinematics of Dijets in Diffractive Photoproduction
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���� ����� Diffractive dijet process in resolved photoproduction in terms of
the Resolved Pomeron Model.
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��� Kinematics of Dijets in Diffractive Photoproduction
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���� ���� The central H1 detector.
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� Experiment

H� Luminosity System

IP

���� ���� The H1 luminosity system. The small angle electron detector (ET)
is located upstream at � P �>> m. The photon detector (PD) is placed at
� P �(0> m
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��� H1 Detector

� � � � � � � � � � � �� � � � � � � � � � � �
� � � � � � � � � � � �� � � � � � � � � � � �

�

�

H
H
H
H
H
H
H
HHje

�X� VC PD

ET

���� ��	� Bethe Heitler Bremsstrahlung process as seen by the H1 luminosity
system. The electron and photon are detected in the small angle electron
detector ET and the photon detector PD, respectively. The PD is shielded from
synchrotron radiation by a lead filter of two radiation lengths and a water
Čerenkov counter.
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��� Correction of Detector Effects

���� ���� Event display of a diffractive dijet event. The H1 main detector is
shown on the left and in the lower right zone. The etagger is shown in the
upper right corner. Below the etagger, the proton remnant tagger scintillator
layers are depicted. In the middle, the forward muon detector is diagrammed.
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� Analysis

Selection Cuts on Detector Level

Name Description Reason
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��/� ���� Selection cuts imposed on the total 1996 H1 data sample to obtain
the events used in the cross section measurement. After the run selection the
amount of data corresponds to an integrated luminosity of 7.5 pb��. After all
cuts, 1310 events remain.
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��� Correction of Detector Effects

Cross Section Definition
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���� ���� Jet profiles of the jet with largest transverse momentum in (a) J�
and (b) JV. Shown is the mean transverse energy flow per event relative to
the jet axis. In (a), only the V hemisphere of the jet is considered. In (b), the
� region is limited to two units around the jet axis.
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���� ����� The efficiency correction factor -� for all cross section variables.
-� takes into account the trigger, etagger, and reconstruction efficiencies and
migrations into the detector level diffractive sample. The proton dissociation
correction and the correction for noise in the forward muon detector are not
included.
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���� ����� Resolutions and correlations in �� (top row), ��� (middle row), and
���� (bottom row). The left column shows the resolution in reconstructing the
hadron level quantity on detector level. In the middle, the correlation between
the quantity reconstructed on detector level and the quantity on hadron level
is shown. The right column shows the correlation between the hadron level
quantity and the true value of the quantity as it was generated. In the case of
jet quantities, the true value corresponds to the value for the partons.
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&'



��� Correction of Detector Effects

Constant   795.0

Mean  0.3271E-03

Sigma  0.2142E-01

yhad-ydet

∝
 e

ve
nt

s

yhad

yde
t

ytrue

yha
d

Constant   309.3

Mean   1.246

Sigma   2.998

MX
had-MX

det (GeV)

∝
 e

ve
nt

s

MX
had (GeV)

M
X

de
t  (

G
eV

)

MX
true (GeV)

M
X

ha
d  

(G
eV

)

Constant   242.5

Mean  0.3425E-02

Sigma  0.1107

Δηjet
had-Δηjet

det

∝
 e

ve
nt

s

Δηjet
had

Δη
je

tde
t

Δηjet
true

Δη
je

tha
d

0

250

500

750

1000

-0.2 -0.1 0 0.1 0.2
0.3

0.4

0.5

0.6

0.7

0.3 0.4 0.5 0.6 0.7
0.3

0.4

0.5

0.6

0.7

0.3 0.4 0.5 0.6 0.7

0

100

200

300

400

-20 0 20
10

20

30

40

50

10 20 30 40 50
10

20

30

40

50

10 20 30 40 50

0

100

200

300

-0.4 -0.2 0 0.2 0.4

-2

0

2

-2 0 2

-2

0

2

-2 0 2

���� ����� Resolutions and correlations for � (top row), � (middle row),
and J���� (bottom row). For an explanation see the caption of Fig. 4.11.

&&



� Analysis

�� �� ����� �� ��� �2�� ��� ���
��� ��
����3����� �� ��� 	
��� ��	����� ��� �� �� ����
���

�� � ��	��


-#$� P
(

(��
P (	0&D � 0	0(*	

��� ����
 �� ������ ���� �� �� ����� �� ��� �
���� 
������ �����
 �� 5���� �� ��

�����������

����+ ���
�	�� #� ����� �	���
	��	��

��� 	
��� ��	���� �� ����
�� ��
���
� � (	* ��.� ���� ������ ���� ��� �
���� �� �������

�� �����	���� ���� � ������ � � �
���� �����	������ �� ��� ��� � 
���� �� ��� ���	
����

�� ��� �C���! 2���� ?�
�� ����
���
� ��� �
�	��� �� �
���� �����	������ �� ������ ��

�� ����������� �
�� ��� 
��� �� ��� ����
�	����� ���� ��� �"�	� 	�� �� ������ ���� ���

��"
�	���� ��	��
 ����� ����
���
 ����.2� ���	� 	�� ������� �
���� �����	������� !

	�

�	���� ��	��
 �� ��
����� ���	� ���	
���� ��� �
�	���� �� ������ ���	� ���
��� ���� ���

����	��
 ������ �
�� ������ ������
� P (	* ��. �����
�� ��� ��	��
 �� ��� ����
�����

�� ���� ��������� �� ��-�� �
�� M9	�00N� ! ��
�� �

�
 �� (00 U �� ��� ��	��
 �		����

��
 ��� �	�
�������� 
������ �� ��� 	�

�	���� �
�	��
�� !		�
���� �� � 5���� �
�	����

�� � P *	&U� *	&U ������ ���
����� �
�� ��
��
 � ������ ���� ��� ����	��
 ������� ���

	
��� ��	���� ��� �� �� 
��	�� �� � ��	��


-�!�� P
(

( R�
P 0	)>) � 0	0&%	

����4 ��������	
 ���

��� ��������� �	�
�������� �
� 	������
�� �� 	���
������� �� ��� ���������	 �

�
 �� ���

����
�� 	
��� ��	������ ��� �

�
� �
� �������� �� !������+ ? ����������� ��
 ���
�

����
�� 	
��� ��	���� ����

� ��� ���
�� 	����
����� �� ��� :!
 ��� 9�!?!: 	���
�����
� ��
� ��
��� �� ' U


������� �� ��� 	�

��������� 2? ���
�� �	���� ��
 ��� :!
� ���� ����	���� �"�	��

��� 	
��� ��	����� �� ���� ���� /0 U ���� ���
���	 �+	�������� �� ��� 	��� �� ���

9�!?!:� ��� 	
��� ��	���� �� ��Q��	�� � �� > U�

� ��� �
�	���� �� ������ ���� �� �� ����� �� ��� �2� �� -���� �� /& U� ���	� �
��������

���� � 	
��� ��	���� �

�
 �� (�& U�

� 4��� ��� �+	������ �� ��� 	
��� ��	���� �� ����� �� �	�
������ �� � �� & U 
�����

�
�� ��� ���	�
�� �����
 �		�����	� ��� �Æ	���	� ��
�����
�3������ ��
 ��������

��� �	�
������ �� � �� (DU �� ��� ������� ����

� ��� �	�
�������� �� ��� ����
�������� �� ��� �
����
 �Æ	���	� ��� ��� ������$

��� �"�	� ��� ����� 	
��� ��	���� ��
����3����� �� D U MA�)DN ��� / U M:�)*N�


����	�������

&*



��� Correction of Detector Effects

� ��� �

�
 
������� �
�� � ���������	 ��
������ �� ��� ��
����3����� �� ��� ���$

��"
�	���� ��	-�
��� �� ����	���� ����� & U�

� ��� �	�
������ �� ��� 	�

�	���� ��	��
 ��
 �
���� �����	������ �
�������� ���� �

	
��� ��	���� �	�
������ �� *�( U�

! ���	
������ �� ��� 	������� �

�
 �
������� ������� �� ��� �������� �� ����� �� !������+

<�

&%



Chapter 5
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 �� Comparison to the Resolved Pomeron Model with Parton Distributions extracted from DDIS

Cross Section Definition
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 Results

Ratio R = Data / MC of dσ/dzIP
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A linear �G��� H is shown as the solid line.
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 �� Comparison to the Resolved Pomeron Model with Parton Distributions extracted from DDIS
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DDIS from different subprocesses are shown separately: direct photon pro-
cesses BGF (:�) and QCDC (+�); quark-gluon process (+:), where the quark
comes from the pomeron; gluon-quark process (:+), where the gluon comes
from the pomeron; quark-quark and gluon-gluon processes. The direct photon
processes are unsuppressed, whereas the other contributions are suppressed
by a factor � P 0	/* to normalize the MC to the same area as the H1 data.
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 Results

96 H1 data
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���� 	��� Differential cross section ����J����
��� as measured in this analysis

(markers). The inner error bars represent the statistical errors, the outer
error bars are the quadratic sum of statistical and uncorrelated systematic
errors. The correlated systematic errors are shown separately as a shaded
error band. The histogram shows the prediction of the Resolved Pomeron
Model with pomeron and reggeon contributions as determined in DDIS (RPM
DDIS), multiplied by an overall suppression factor � P 0	'. The reggeon is
shown as the hatched histogram.
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���� 	��� Differential cross section ����J����
��� as measured in this anal-

ysis (markers) and for the Resolved Pomeron Model with pomeron and
reggeon contributions as determined in DDIS (RPM DDIS), reweighted by
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Cross Sections

96 H1 data
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���� 	�	� Differential cross section �������������
� �. For an explanation see

the caption of Fig. 5.3.
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96 H1 data
POMPYT IP+IR fit 2 x0.40
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���� 	�� Differential cross section ��������
� . The RPM DDIS prediction

is scaled by an overall suppression factor � P 0	'. The contributions from
the different subprocesses are shown separately: direct photon processes BGF
(:�) and QCDC (+�); quark-gluon process (+:), where the quark comes from
the pomeron; gluon-quark process (:+), where the gluon comes from the
pomeron; quark-quark and gluon-gluon processes. For further explanation
see the caption of Fig. 5.3.
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96 H1 data
POMPYT IP+IR fit 2 x0.40
IR x0.40

MX
had (GeV)

dσ
/d

M
X

ha
d  

(p
b 

G
eV

-1
)

0

5

10

15

20

25

10 15 20 25 30 35 40 45 50

���� 	���� Differential cross section ���� ���
� . For an explanation see the caption of Fig. 5.3.

96 H1 data
POMPYT IP+IR fit 2 x S(zIP)
IR x S(zIP)

MX
had (GeV)

dσ
/d

M
X

ha
d  

(p
b 

G
eV

-1
)

0

5

10

15

20

25

10 15 20 25 30 35 40 45 50

���� 	���� Differential cross section ���� ���
� . For an explanation see the caption of Fig. 5.4.

*)



 Results

96 H1 data

POMPYT IP+IR fit 2 x0.40
IR x0.40

〈ηjet
had〉

dσ
/d

〈η
je

tha
d 〉

 (
pb

)

0

100

200

300

400

500

-1 -0.5 0 0.5 1 1.5

���� 	��	� Differential cross section ���������
��� �. For an explanation see the caption of Fig. 5.3.

96 H1 data

POMPYT IP+IR fit 2 x S(zIP)
IR x S(zIP)

〈ηjet
had〉

dσ
/d

〈η
je

tha
d 〉

 (
pb

)

0

100

200

300

400

500

-1 -0.5 0 0.5 1 1.5

���� 	��
� Differential cross section ���������
��� �. For an explanation see the caption of Fig. 5.4.

%0



Cross Sections

96 H1 data

POMPYT IP+IR fit 2 x0.40
IR x0.40

M12
had (GeV)

dσ
/d

M
12

ha
d  

(p
b 

G
eV

-1
)

10
-1

1

10

10 2

7.5 10 12.5 15 17.5 20 22.5 25

���� 	���� Differential cross section ���� ���
�� . For an explanation see the caption of Fig. 5.3.

96 H1 data

POMPYT IP+IR fit 2 x S(zIP)
IR x S(zIP)

M12
had (GeV)

dσ
/d

M
12

ha
d  

(p
b 

G
eV

-1
)

10
-1

1

10

10 2

7.5 10 12.5 15 17.5 20 22.5 25

���� 	���� Differential cross section ���� ���
�� . For an explanation see the caption of Fig. 5.4.

%(



 Results

96 H1 data

POMPYT IP+IR fit 2 x0.40

IR x0.40

yhad

dσ
/d

yha
d  (

pb
)

0

500

1000

1500

2000

2500

3000

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

���� 	��� Differential cross section ��������. For an explanation see the caption of Fig. 5.3.

96 H1 data

POMPYT IP+IR fit 2 x S(zIP)

IR x S(zIP)

yhad

dσ
/d

yha
d  (

pb
)

0

500

1000

1500

2000

2500

3000

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7

���� 	���� Differential cross section ��������. For an explanation see the caption of Fig. 5.4.

%/



Chapter 6

����������� ��� �������

���� ������ �
������ ����
������ �� ��"
�	���� ������
��	���� ��#�� 	
��� ��	����� ����

���� 
�	�
��� �� ��� �( �+��
����� �� ��� � ,! �� 	������
� ��� 	
��� ��	����� �
�

����
�� ��"�
�������� �� � ��	���� �� � ����
 �� 	��
�	��
����	 ��
������� ��� ���� �
�

	����
�� �� ��� ,������� ����
�� 2���� ���� ��"
�	���� 5�
- ��� ���� ����
������� ��

����
����� �
�� ��	����� ��� ��#�� ��"
�	���� ���� ��������	 �	����
��� G,�2 ���9H� ���

,�2���9 ���	
���� ��� ������ �� ��� ��"�
������ 	
��� ��	����� 
��������� ����� ������
�

��� �
���	��� 	
��� ��	����� �
� �� ���
��� � ��	��
 �� /�& �����
 ���� ��� ����
�� 	
���

��	������

! 	��������� ���	
������ �� ���� ��� ��
����3����� ��� ��� ������ �� �������� ��

�������� � ���
������ ��	��
 �G��� H �� ��� ,�2 ���9� ��� ���
������ ��	��
 � ��$

����� �� ��� �
�	������ ����
�� ������� ��� ����
��� �� ��� ��
� ���
�	���� ! �����


��
�����
�3����� �� �G��� H �Æ	�� �� ������ � 	��������� ���	
������ �� ��� ����
�� ���$

�
��������

��
�	� ������ �
�	����� �
� ���� �� �� ���
����� �� ����� ����
�	����� ������� ���

����
�� ��� ������ 
������� �
� ���
���
� ��� 
���������� ��
 ��� E����� �� ��� ����

�������� ��� ����
������ ����	��� ���� ��� ��� ����
����� ��	������ ������� �� ���

����
�� 
������ �� ��� �� ��� ������ 
�������

��� ������������� �� ��� ��������	� �� ��� ���
������ ��	��
 �� ��� ��� �� 
������

�� �+	����� E��� �� ��"
�	���� �����	� ���	� 	�� �� �
��� �� ��� ��
� ���� � ��
��
 ����

������� ���� ����� ��"�
������ 	
��� ��	����� 	�� �� ����
��� �� ��������� 	����
�����

������ ���� � ����
 �� ��"�
��� �+������ ��"
�	���� ������ 	�� �� 	�

��� ��� ���� ���

9��� ?���
 ����
�	���� 2���� �
 ������ ��
 � ��� �
����� �
���������� ����� ������ �
�

%>



� Conclusions and Outlook

���� �� ���	
��� ��� ��"
�	���� ��#�� 	
��� ��	���� ����
�� ��
 �@� 	�������� �� ��
�����

��� �� �� ����
������ �� ��� ������
 ���� 	�� ���	
��� ��� �� ���� �� �����
��� 
����� �
������� ��
� �
� ���� �� �
���� ��� ��� ������� ��9 ��� �@� 	����������

����� ��� 
����
 �������� ����
������ ���������� �� 	�� �� �+��	��� ���� ��� �� ���� ����
�� ���� �� ���	
������� ������� ��� ��"�
��� ������� �� ��� ������� ���� ��������� ��
 �
������� ������ ����� ����� 	��� ��� �� 	�

��� ���

%'



�� ��������

M!��)%N �� !�� �� ���� Phys. Rev. Lett. )$ G())%H /*)DX
�� !"����
 �� ���� Phys. Rev. Lett. $ G/000H />/�

M!��)%N ?� !���" �� ���� Z. Phys. & )% G())%H *(>�

M!��))N ?� !���" ��� ���� Eur. Phys. J. & % G()))H '/(�

M!"00N �� !"����
 �� ���� Phys. Rev. Lett. $ G/000H &0'>�

M!��D>N <� !���
����� ��� ���� Phys. Rep. 3) G()D>H >(�

M� ,D(N ;�:� !���
�� ��� ���� HERA A Proposal for a large Electron-Proton Colliding Beam
Facility at DESY� � 9C � ,! D(1(0� ()D(�

M<�
D%N  � <�
��
 ��� ���� Nucl. Phys. � �$% G()D%H %0'�

M<
)'N ,� <
�� ��� ���� GEANT Long Writeup, ? ,= �
��
�� :��
�
�4"5��� ())'�

M<
)>N �� <
��� �� ��������� Proc. of the Europhysics Conference, Marseilles, France,
July 1993 &)&X ��� ���� 
��!�""���#$��%$&&$��"�
�!"!'(!)�"�

M?��%%N ����<� ?������� An Introduction to Regge Theory and High Energy Physics� ?��$
�
���� �����
���� �
���� ()%%�

M?��)DN ;�?� ?������� Phys. Rev. . ") G())DH >0&(�

M��
)&N 2� ��

�	- �� ���� Z. Phys. & )% G())%H *(>X
2� ��

�	- �� ���� Phys. Lett. � �"% G())&H (/)X
2� ��

�	- �� ���� Eur. Phys. J. & % G()))H '>� (/)�

M���)/N !� �����	���� �� :������"� Phys. Lett. � �3% G())/H //%�

M ��)*N !�  ��� �� ���� Phys. Lett. � �%% G())*H >%(X
!�  ��� �� ���� Z. Phys. & )" G())%H &%�

M ��)*N Proc. Topical Conference on Hard Diffractive Processes,  ����� ��
���� ���
�
�
(D$/>� ())*�

M�
�)>N 9� �
�+����� 2� 2������� �� =����� �� ,����E� Phys. Lett. � ��3 G())>H >>)�

M�
�*(N 2� �
�����
�� Phys. Rev. ��� G()*(H (0&>X
!� 2�
���� Phys. Rev. ��3 G()*>H ('>/�

M��8)/N 2� ��8	- ��� ���� Phys. Rev. .  % G())/H ()%>�

M���*0N 2�:� ����� 4��� 4��-�
� Phys. Rev. ��5 G()*0H (D&'�

%&



Bibliography

M��D>N A� ��������� Phys. Rep. �5� G()D>H (*)�

M��00N A� ��������� hep-ex/0011060, /000�

M���)*N �( ?������
����� The H1 Detector at HERA� ����
��� ,���
� � 9C �($)*$0(�
())*�

M��)0N ;� � ��� ��� ���� ��O  �:� <�
��
 G���H Proc. of the 1990 Summer Study on High
Energy Physics, Snowmass, Colorado� 4�
�� 9	�����E	� 9������
�� ())0X
�� !�� ��� ���� Phys. Rev. .  " G())/H (''DX
9���  ����� ��� ���� Phys. Rev. Lett. %3 G())/H >*(&�

M���D&N �� ��������� �� 9	������ Phys. Lett. � �"� G()D&H /&*�

M;��)DN �� ;����� MINUIT Long Writeup, ? ,= �
��
�� :��
�
� ."5%� ())D�

MA�)DN B� A������� PhD Thesis� �����
���� �� ��������
�� ())D�

M:��N 9� :�������� Help for the e-Tagger related Analyses,

��!�""���*
�$���)$��"�%�+',��,"-	����$
�(%�

M:��)>N <� :���� Diploma Thesis, �����
���� �� <�
���� ())>�

M:�)*N 9� :�������

��!�""���*
�$���)$��"
�"���"
����"%&(�"�&((��) ��.%��"�&((��)$
�(%�

M2�
N ;� 2�
-�� HFS—A Software Package To Cope With The Hadronic Final State�

��!�""���*
�$���)$��"��'��"�����%�"
/�"
/�$
�(%�

M2�
00N ;� 2�
-�� private communication�

M2��)(N ;� 2���
 G���H� Guide to Simulation Program H1SIM,�( 9�����
� =���� 0>$((1D)�

M=��)*N ��,� =������ PhD thesis� �����
���� �� <�
�������� ())*�

M=�	)*N �� =�	����� ��� ���� Nucl. Instr. Meth. � �) G())*H (')�

M,��))N ;� ,�������� Phys. Lett. �  "� G()))H >*'�

M,��&)N �� ,����� Nuovo Cimento � G()&)H )&(X
�� ,����� Nuovo Cimento �$ G()*0H )'%�

M9	�00N ��$�� 9	�������� PhD Thesis, �����
���� �� ��������
�� /000�

M9��)'N 2��� 9����
� Z. Phys. & %� G())'H (/%�

M9#8�D*N �� 9#8���
���� Computer Physics Commun. �3 G()D*H >'%X
�� 9#8���
���� 2� <��������� Computer Physics Commun.  � G()D%H >*%�

%*



Appendix A

�
� 
�� �	 ����

��

��� ���� ����
������ �� ����
�� �� E���� �� ��� �� �� �C���! ��� �B2�C� ����� ���$

�
�������� ��� E� ����
����� ��� ��
����3����� ��	��
� ���� ���� �� �� ������� �� ���

2? ������ �� ���	
��� ��� ����� ��� ��������� �
�	��
� �� �������O E
��� ��� ��
����3��

����
������� �
� E���� G����� E�H ��� ��� ��	��
� ��
 ��� ���
����3�� �� �
� 	��	�����

����
��
�� �
�� ��� 
���� �� ��� ����� E��

��� ����� ������� ��� �� ��� E� �
� ��� ������ �� ����	��
 ����� 
�������� ����
 ���

	�� �+	��� ��
 ��� 	�� �� ����
�� ��� �	�
� �

���
�� �� ���� �
���
�	���� ��	��� ���� �� ��� E�

��
������ <�	��� �� ��� 	���� 
������� ������� ����
�� ��� �	�
 G�

���
�� �� ���� ��������� ��

���
�� �� ��� ��
��
� 
������ 	��  5� G/�(%HH� � ��� ��
�� 
���
�	���� �� �	�
 ���� �����

����
�� �� ����� ��� ���
 ����� �� �	�
 �� ���
���
� 	����� �� �� >�/�

��
 ��� E�� ��� �C���! 2? �� ���� ��� �� ��� ���
� 
����� �� ���	� ��� ����.2

	�

�	���� ��
 �
���� �����	������ �� ��������

��� ���� 0��

���� ��	���� ���	
���� ��� E� �
�	��
� ������� �� ��� ��
����3�� ����� ����
��������

:�� 
���� ������ ��� ���	�� �� ��� ���
����3�� ����
������� �� ��� �����

�C���! ��� �B2�C�� 
����	������ ��� 
�� �� ��� �	 ������ ��� 	�

���������

��
����3�� ����
�������� �	� ���� ��
 ���
� ��� *


�G*H P 
���G*H�5�����

��G*H P ������G*H�5�'��!��

�	G*H P ���	��G*H�5��	&'��

%%



! �
� Fit of ����

��

�� ���	� ��� 5� ������ ��� ����� ����
 �� ������ �� ��� ���
����3�� ��������

���� ��� E� 
����


�G*H P 9��G*H R G(� 9H�	G*H� G!�(H

���� ��� ������ E� ��
�����
 9�

��� 6� �� ���� ��E��� ��

6� �
�
�

�
�G*H

Æ�G*H

��

�

����

� � 
�G*H� 9��G*H� G(� 9H�	G*H	

��� �5�
� �� ��� �	�
������ �� � �� ����� ��

GÆ�H� P

�
;�

;
�
Æ
�

��

R

�
;�

;��
Æ��

��

R

�
;�

;�	
Æ�	

��

�

����

Æ
�G*H P
�

���G*H�5�����

Æ��G*H P
�
������G*H�5�'��!��

Æ�	G*H P
�
���	��G*H�5��	&'�	

����

GÆ�H� P

���G*H

5�
����

R 9� ������G*H

5�
�'��!�

R G(� 9H�
���	��G*H

5�
��	&'�

�

���

6� P
�
�

G
�G*H� 9��G*H� G(� 9H�	G*HH�


����
�����

R 9� �����
����	�

R G(� 9H� �	���
������

	

��� E� 
���� �� 	����� �		�
���� �� ��� ��"
�	���� 
����� ����
�� � 0	0& ��� �	� ����


���� ������ ��� ���	�� �
� ��
��
 ���� (0 �� ���
� ���� ��� ���
����3�� ����
��$

����� �
� ����� �� ���� !�(� ���
� ���� ��� E� 
���� �� ����	����� ��� E����� ������ �� ����

���� �� ��� ������3����� ��	-��� 2�=��� M;��)DN� ��� 
���� �� 9 P 0	'0 � 0	0&� ���

�������� 6� �� &�* ��
 ��
 ���� ��� ��� ��
�����
� 	�

��������� �� (�D% ��
 ���
�� ��

�
������ ��� E� �"�
� �
�� ��� �����	� �� � ����� 2?�

��� 0������ �� !		��$���1� (�	� )���� ��	��

���� ��	���� ���	
���� ��� ��� �	��� ��
����3����� ��	��
� �� ��� 2? ������ �
� ��������

�
�� ��� E� ��
�����
 9�

%D



!�� Factors to unnormalized Monte Carlo Events

log10(xIP
det)

ev
en

ts

fit range

data

POMPYT

PYTHIA

1

10

10 2

10 3

10 4

-2.5 -2.25 -2 -1.75 -1.5 -1.25 -1 -0.75 -0.5

���� %��� Unnormalized distributions as used in the ����
�� fit. The samples do

not correspond to the same luminosity.

%)



! �
� Fit of ����

��

96 H1 data

POMPYT + PYTHIA

PYTHIA

log10(xIP
det)

ev
en

ts

1

10

10 2

10 3

-2.4 -2.2 -2 -1.8 -1.6 -1.4

���� %��� Result of the fit to ����
�� . Shown is the region ����

�� � 0	0&. For the fit,
�	�
 � >	/ and the PYTHIA MC is used also in the region �� � ���

� � &
��..

D0



!�� Factors to unnormalized Monte Carlo Events

�
�� 9 ��� ��	��
� � ��� � �� ��� 2? �� ���� ��� 2?� �	���� �� ��� ��������� ��

��� ���� ������ 	�� �� 	��	������


��� P �������
4����

4�'��!�
R ����	��

4����

4��	&'�
	

�������� ���� ����� �� 5���� ������


���

5����
P �������

4����

4�'��!� 5����
R ����	��

4����

4��	&'�5����
�

���	� 	�� �� 	����
�� ����  5� G!�(HO

� P
5����

5�'��!�

4�'��!�

4����
9� G!�/H

� P
5����

5��	&'�

4��	&'�

4����
G(� 9H	 G!�>H

��� 
���� �� ��� E� �� ����� �� ���� !�/ �� ��� 
����� ����
�� � 0	0&� ��� 	���
�������

�
�� �C���! ��	��� ������ �� ��� ����.2 
����� �� � ���
� � & ��.� ��� ���
�

�
��$�" �� ��� �C���! ������ �� �����G�
���
�� H P �/	( ����� �
�� ��� ������� ��������	� ��

��� �C���! 2?�

D(



Appendix B

�� ��������

���� �������+ ���	
���� ��� �

�
 �
������� ������� �� ��� �������� �� ��
��� ��� ���������	

��� ��������	�� �	�
�������� �� ��� ����
�� 	
��� ��	������

��� 	
��� ��	���� ��"�
������ �� ��� ��
����� � �� ��� * �� ����� ��

���

��
P
5 �

���� �5 �
�����!"��

-�
�

-#$�-�!��

4J�
	

�� �� �
���
������ �� ��� ����
 �� ������ 	�

�	��� ��
 ���$��"
�	���� ��	-�
���� �������

�� ��� 	�

�	���� ��	��
 -�
�� ���	� ��-�� ���� �		��� ���
������ ��� ��� �Æ	���	� �� ����	�

� ��"
�	���� ������ -#$� ��� -�!�� �
� ��� 	�

�	���� ��	��
� ��
 ����� �� ��� ��
��
� 2��

����	��
 ��� ��
 �
���� �����	������� 
����	������� J� �� ��� ��� ����� �� ��� ��"�
������

	
��� ��	���� ��� 4 �� ��� �����
���� ����������

2�� ��!��� �% 3	�����	�/

8!� � �# ���� ������ � �

����

��� ����
 �� ����	��� ��"
�	���� ������ �� ����
����� �		�
���� �� ������� ��������	��

��� ������� �

�
 �� 5 �
���� �� ���
���
� ����� ��

�
5 �

�����

8!� � �# ���1�	��
�	�� ;�
<��!�� ������ � �

������	
�

��� ������ 2? �� ��� �� ������� ���$��"
�	���� ��	-�
��� �� ��� 
���� ����
�� 


0	0&� ���
���
�� ��� ������ ������ �� ��� ����	��
 ������� �
� ���
������� ��	-�
����

�� 1�� ������	� ����� � ��5��� �� ��� ����� ���� �� ��� ������	� ����� ���������� �"�� �� ���

��� ��� ��� ����	� ����� � ��5����

D/



"�� Sources of Uncertainty
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