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Abstract

We discuss present predictions for the total   gg and  gp cross-sections, highlighting why
predictions differ. We present results from the Eikonal Minijet Model and improved predictions
based on soft gluon resummation.

Talk presented by G. Pancheri at
PHOTON-2003, International  Meeting on Structure and Interactions of the Photon

Frascati, Italy, April 7-11, 2003



Ã

Ä�Å,ÆXÇ9Æ�ÈÊÉ¦ÆXÇ\Ë
ÌoÍÏÎ
Æ�Ð�Ð�Ñ�Ð�Ò'Ó8Ç9ÔUÆ�È,Ð
Õ

?,@ AÖ@\CED�F�G\D�H �e×�K
M @9CENUO�QoØ K C�@
S4O��9� ��� NUT9ÙEO��
FZY>@ [&@\��N�T^]_O�`�aUO�]_O>Ú�@
× � � ��a�N � °±D�N�	 �
� D�N � aUT^��O�H���aUQ
F�T � ` K ���
F�T§O��$���
`�a�T�a�Q�a � D�°g���=T � �9� ��K�® O���µIO�H�DIN �eÛ�Ü �I��� Ã K ���
F�T§O
Ø�Ý �r� O�N�aPO�� � ��a�D�F �&Þ�ßà `�T^��O>	 �¢ßDIN�T§�rO>�ZF � H'�XDI`���DI` K�á ��T^] � NU`�Tâa���D�°4CENPO��9O�F�O K ��ã���ä��ECENPO��9O�F�O K � � O�T^�
ÙP��[ Þ [ K\Þ NPO�`U�rO_aUT8[�O_aUT�DI�
O�H�åyO�G\D�NPO_aUD�NUT � ` K �����I��æ�æ Þ NPO�`U�rO�a�T K ��aUO�H^�
Ú���[ Þ [çO��
F³S � ��`�T§�r`�Ý �r� O�N�aU� � ��a K
á ��T�] � NP`�T�a��LD�°'S � NUQ�µIT^O K ��� Ü � Ã �6S � N�Q
µ�T§O K ��aUO�H��

è³é�êIë¨ì�íPî�ì�ìXïIð�éPì�éUñ�òXïIð�éPêIë¨íUò�ë¨ó�ñIìXô§órð
ò�õIé�ò�órò�ö�÷\ø�ø³örñ�ê�ø_ù�íUð�ó�ì�ì�úuì�éPíUò�ë¨ó�ñIìPû9õIë¨ü�õ�÷¨ë¨ü�õ_ò�ë¨ñ�ü&ýgõ_þ�ï�ð�é�êIë¨íUò�ë¨ó�ñIì�ê�ë¨ÿ�é�ð��4è$é
ï�ð�éPì�éPñ_ògð�éPì�î�÷�ò�ì4ô^ð�ó � ò�õIé���ë���ó�ñ�ör÷���ë¨ñIë 	{éUò
��ó�êIéP÷\ö�ñ�ê6ë � ïIð�ó���é�ê&ïIð�é�ê�ë¨íUò�ë¨ó�ñ�ì�
�ö�ì�é�ê�ó�ñ�ì�ó�ô�ò�ü�÷¨î�ó�ñ�ð�éPì�î ��� ö=ò�ë¨ó�ñ��

�����������������������! �"$#%��"'&����)(*&�� ²\²,+.-0/  1��&2�0�
SgN � ` � ��a � N � F�T^�=a�T^D��
`ED�°�²9²3+54�6!798�:<;1=LO�a � � � N��

µ�T � `X�=D_] � N � F�G��>a �
� å�T^� � O�N
�XDIH�H^T^F � NXF�Tâ· � NXG���H§O�NUµ �
°uO��=a�D�NP`?>â�A@ K OI`y¶ � ` � D_¶BT�� Þ T�µ9@��I@ M aCB =ED Û �I�GF�H�I
F�T�· � N � �Ia'��D�F � H§`y��O�� � N � F�T§��ay]�O�H�Q � `�¶ � T^� � F�Tâ· � N'G��
O�°uOI��aUD�N.� K O��9F,a �
� F�T�· � N � �
� � `'¶�T^F � �>OI`�a ���
� � � N�µI�
T��9�=N � O�` � @6¯ ��� H§O�� K T^�¼a ��� °±D�H^H�D_¶�T^��µ K aUD¦F�T^`U�=Q9`�`eO
¶XDIN�¹ � NUD�µINUO�� a�D³N � O�� � `�aUO�G�H ��� N � F�T§��aUT�DI�
` K G
O�` � F
D���OKJ,�
Ý1F � `U�=NUT � a�T^D���D�°
a ��� F � �=N � O�` � O��
F6a ��� NUT^` �
D�°�aUD�aUO�H��=NUDI`U`���` � �=a�T^D��
`Ea � N�DIQ�µ � ��D�°Wa�CEH^Q�D��Ï��Q����
��O_a�T^D��ML ® H�D�� � ��[�DINUF
`�T � �P¹ A¦D�F � HONLO��
F A¦T^��T���º � aU`�@
	 ��� N � O�N � F�T�· � N � ��a�N � OI`�DI�
`6¶ � � � N � F�T§��aUT�DI�
`�F�T�°W�
° � N6`�D³¶�T^F � H��ÁD�� � °±NUD�� a ��� D�a ��� N K `�DI� � D�°X¶ � T§� �
O�N � N � H^O�a � F6aUD,a �
� °uO��=aga � O�aga �
� N � T^`���D&�rO�H^�rQ�H^O�a�T^D��
a�D�D�G�aUO�T^�QP�Q
O��IaUTâaPO_aUT�] � F � `��rN�T � aUT�DI�
`�D�°�a�D�aUO�Hq�rN�D�`�`��
` � ��aUT�DI�
`y°±N�DI�SR
NU`�a � N�T^�
�rT � H � `�@.	 � T^`'¶
D�Q�H§F&�
D�a4� � �=�
� `U`�O�N�T^H^�¦G � O³F � a � NUN � �IaE°±NUD�� ��O�¹�T^��µ³�rD�NUN � ��a � N � �
F�T§��a�T^D��9` K O�`Ea �
� ´�´�T�´VU´��rOI` � ` � D_¶�`r@���� Þ T�µ9@ Ã ¶ �
` � D_¶ � N � ` � ��aoF�O_aPOBO��9F `�DI� � ��D�F � H � N � F�T§��aUT�DI�
`
°±D�Nya ���X� NUD�a�DI�,�rO�` � @ M ��D�a ��� N¢T^� � DIN�aPO���ayN � OI`�DI�©°±DIN
a ��� ]_O�N�T � a��&D�° � N � F�T^�=a�T^D��
`.T§`.a � O_agO�H^H���D�F � H§`'°±D�N.²\²
O ��� H��¼`�D�� � F � µ�N �r� D�° �AW a�NPO � D�H§O_a�T^D��¼°±N�DI� ²�´ O��
F
´�´XTP´VU´+F�O_aPO�@ ��T��
� ��K °±DIN6G\D�a �+��� D�a�D��BO��
F � NUD�aUD��
� NUD�� � `U` � ` K a �
� N � O�N � `�aUT�H^HIF�Tâ· � N � �
� � `yO���D���µ�F
O_aUO�O�a
� T^µ ��� � � N�µI�)LkO�H�a � DIQ�µ � ¶�Tâa � T^�>DI� � DINya�¶
D©`�aUO��
F�O�NUF
F � ]�T§O_aUT�DI�
`�O_a���D�`�a�N4a � T§` � �
F�`
Q � F�D�Q�G
H�T^��µ>a ���E� N��
N�DINU`�T��ea �����AW aUNUO � DIH^O�a�T^D��Ea�D�²9².@¢	 ���g� N � ` � �IayNUO���µ �
Y�Z�[<\?\%]�^$_*`badcfeg\�hi^'_kj�lgm�mXnSoqp1r1s$n�p1t�u�u�tvsxw?y�yQhie<azjAl_'{<`}|�`b\�hi^$_*~�`be�_�]i��Z��bcf`be<�b`�hie<a�pq`b��{<e<]��f]��il����Oe?a<c�h?�?\?^*]i�$`b�b_eA[<~Vj�`b^0Z��X��Z�t��i��sxu?y��it�u�u�uvsO�$���

100

200

300
�400

500
�600
�700

800
�900
�1000

1 10 10
2

10
3

√
�

s (GeV)�

σγγ to
t(n

b)
Cudell et al.
�
BKKS
�
EMM
�

LEP2-L3 189 GeV and
 192-202 GeV

 TPC

Desy 1984
�
DESY 86

LEP2-OPAL 189 GeV

Aspen
�BSW
�GLMN
�Regge/Pomeron, SaS
�

Þ T^µ�Q�N � �I@¢SgN � F�T§��aUT�DI�
`q°±DIN8²9²,+�4 6�798<:<;1=�°±NUD�� ]�O�N��
T^D�Q9`6��D�F � H§` K.M ` �\� �¡> Ã @ K ��O��X> ��@ K4® ��¯¢> æ�@ K Ceå¢A¼[> Û @ K
®
£�£ �¤> Ü @ K
¸ A¼A¥>�ä K ã�@¢O��
F¼�XQ
F � H�H � a�O�H{@�> ¦�@{@

D�°�]_O�NUT^O�G�T�H^T�a��>D�°8a ���©� T�µ ��� � � N�µI��F
O_aUO,°±D�Nga ���E��� D��
aUD � NUD�F�Q
�=a�T^D��+�rN�D�`�`���` � ��a�T^D���T§` � T�µ � H^T�µ � a � FÖT^� Þ T^µ
@
� K ¶ ��� N �¦� N � ` � ��aZF�O�aUOBO�N � ` � D_¶�� a�DIµ � a ��� NZ¶�Tâa �
a ���³� N � F�T§��a�T^D��9`&°±NUD�� a �
�³¸ T�¹ID��
O�HXA¦T^��T º � a�A¦D�F � HL ¸ A¼AgN�> ã�@�@
M `6°±D�N>²\² K T�a�` � D�Q�H§FBO�H^`�D¼G �Z� D�T^�Ia � FÖDIQ�a6a � O_a

O�a�H�D_¶ � � � NUµ�T � `XD�H§F�²\²¼F�O_aPO � O�] � H^O�N�µ ��� NUNUD�NP`�O��9F
� ] � ��å ¸ S F�O_aPO§>â�_ä?@g��O�� � O�] � O ���!¨ ��DIN���O�H�Tª©�O��
aUT�DI� � N�NUD�N�@ Þ T��9O�H^H�� K ²9²BF�O�aUO³F�D$��D�aeN � O�� � O � T�µ �
� ��D�Q
µ �¼� � � NUµ��oa�D � T^� � DIT���a � D_¶ a �
� �=NUDI`U`���` � �=a�T^D��



�

30
�
40
«
50
�
60
�
70
¬
80
�
90
�

100

10 10
2

10
3

10
4

√
�

s ( GeV )�

σ to
t(m

b)

proton-proton­
proton-antiproton­
BGHP QCD inspired parametrization
�Frozen 
®

α¯ s  model ptmin=1.6 GeV
Form-factor model ptmin=2 GeV

Singular 
°

α¯ s  model , p=3/4, ptmin=1.15 GeV

Singular 
°

α¯ s

BGHP

frozen α¯ s

FF

Þ T^µ�Q�N � Ã @ 	yD�aPO�H � N�D�a�DI� � NUD�a�DI� O��9F � NUD�a�DI���
O��IaUT � N�D�a�D��&�rN�D�`���` � ��aUT�DI�&O�`.F � `��rN�T^G � F&G��Ea ����M ` �\� �
��D�F � H±> Ã @�LuH^O�G � H�H � F ®V² CeSCN K O��
FÖOzJ,�
Ý ��T���T��^º � a
��D�F � H�¶ � T^� � T��9�=H^Q
F � `4`�D�°WagµIH�Q
D�� � · � ��aP`�>�����@{@.	 � ]_O_�
aUN�DI�6F�O_aPO©�rD�� � °±N�DI� ¸ ä���� >�����@ K�¸ ã��I�9>�� Ã @�O��9F��
Ý Þ>�����@ �AW��9� N�T^� � ��aU`�@

NUT^` � `
LuQ���H^T�¹ � a ��� ´I´�TP´VU´���O�` � N=@'	 ��� ` � N � OI`�DI�
`'��O�¹ �
¶�T§F � H^�L]_O�NU��T��
µ � N � F�T^�=a�T^D��
`
°±DIN�²9²,+�4 6�798<:<;1=I@
³��)´ - "$# - ���<�� �"$#%��"$&2���µ�?&§�A��¶��A�
¯ � ��O��$F�T§`�aUT���µIQ�T§` � G � a�¶ �r� �³]_O�NUT�DIQ
`���D�F � H§`�G��

µIN�DIQ � T^��µ³a ��� � OI`ea � D�` � °±D�N&¶ � T§� � a �
�L��� D�a�D���T§`
aUN � O_a � FÖH^T�¹ � O � N�D�a�D��Ö]�`�@ a ��� J,�
Ýª��D�F � H^`�@Ö	¢D
a ��� R
NP`�aXµ�NUD�Q � a ��� N � G � H^D��
µ>O�H§`�D&��D�F � H§`�G
OI` � F�D��
CENUT�G\D_]�°uO��=a�DIN�Tª©�O�a�T^D��
· ¸?¸ D ·X¹¸�º· ºiº�»�¼º L��?N
°±DIN�¶ � T§� � · ¸<¸ L�B =KD ��½GH�IKN
D Û �I�G¾ ä����);1¿�@ 	 ���J,�
Ý G
OI` � FB��D�F � H§`�T��
�rH�Q9F � a ���¦¸ T^¹�DI�
O�H
A¦T^��T º � a
A¦D�F � HµL ¸ A¼AÀN�°±D�No¶ � T^� � · ¸<¸ L*B =ÁD �¤½EH<IkN¤D
��������¾ç� Û �I�Â;1¿�@Á¯ � ` � D_¶3T^� Þ T�µ9@ÁæÁa�¶XDÁF�Tâ· � N��
� �Ia � N � F�T^�=a�T^D��
`g°±N�DI�ça ���©¸ A¼A K ¶ � T§� � ¶�T^H�H9G � F�T^`��
�rQ
`�` � F³` � D�N�a�H^��@

Ã1�QÄQÅµÆÈÇ��%����� /qÉËÊ �Ì������ 0"'#���"'&����
M ¶
D�NU¹ � N�DIµ�NPO�� aUD�N � OI� � `�aPO�G�H �g� N � F�T§��aUT�DI�
`y¶�T�H^H

G � G
OI` � F,D��eaUN � O_aUT���µ�a ���X��� D�a�D��>O_ayH^D_¶ � � � NUµ��EH�T^¹ �
O � NUD�aUD�� K ¶ � T^H � F�T^`�a�T^��µIQ�T^` � T^��µ�Tâa�°±N�DI� a ���,� N�D�a�D��

0.06
Í
0.08
Í

0.1
Í

0.12
Í
0.14
Í
0.16
Í
0.18
Í

0.2
Í

0.22
Í

10 10
2

√
�

s ( GeV )�
σ to

t
γp

(m
b)

ZEUS BPC 95
Î

Photoproduction data before HERA

ZEUS 96 Preliminary
Î
H1 94
Ï
ZEUS 92 and 94

EMM

 GRS(top line) k0=0.4 GeV  ptmin
Ð =1.5 GeV A=0

 GRV(lower) k0=0.66 GeV ptmin=2.0 GeV A non 0

 GRS(center) k0=0.66 GeV  ptmin=1.5 GeV A=0

Aspen Model

Þ T^µ�Q
N � �
@�Ý©O�aUO�°±DIN�aUD�aUO�H�²�´Â+Ñ4�6!798�:<;1=�O��
F � N � �
F�T^�=a�T^D��
`X°±NUD�� a �
�eM ` �\� �0> Ã @8O��
F ¸ A¼A3>�ä K ã�@q��D�F � Hk@²�¸ ? M F�O�aUO¼O�N � °±NUD��ÓÒ ¸Xá �Ô>��ræ�@ KË² �g>�� Û @XO��9FBO
` � a�D�°©F�O_aPO �AW aUNUO � DIH^O�a � F °±N�DI�ÓÕ ¹3ÖD �¦°±NUD�� a �
�Ò ¸�á � ® S��×>�� Ü @�@

O_a � T^µ �$� � � NUµ��L¶ ��� N � J,�
Ý � N�D�� � `U` � `�O��
F � O�N�aUD��
F � �
`�T�a�T � `���O��ÖG � F�T�· � N � ��a�°±D�N � NUD�a�DI�
`�O��
F ��� D��
a�D��9`r@ M a4a ��� `UO�� � a�T^� � Tâag¶�T^H�H
G � T^� � D�N�aUO���a'aUD&O_a��
a � � � agO�Q���TØR � F>F � `U�=NUT � a�T^D��&°±DIN'O�H�HIa � N ���X� NUD�� � `�` � `�@
	 ��� G
OI`�T§� �AW�� N � `�`�T�DI��°±D�Nga ��� aUD�aPO�H � O�F�NUD���T§���rN�D�`�`��
` � ��a�T^D�� K aUD&G � Q
` � F�a � NUD�Q
µ � DIQ�aga � T^` � O �\� N K ¶�T^H�H\G �
G
O�` � FoD��³a �
�,� T^¹�D��9O�H8O ��� N�D W T^��O�a�T^D�� K �
O�� � H^�
· ¸�ÙÚ$ÛÜÚ D Ã�Ý ¸�ÙÙ J b Þ 7 ¹�ß¿�>â��à§H9á2â�ãAä RÜå æèç �=D�`qé0ê�L*¿<ëv=<Nè@ìL Ã N
¶ ��� N � Ý ¸�ÙÙ J b T§`EO ����� ��D�� � ��D�H^D�µIT^��O�H � O�NPO�� � a � NET����a�NUD�F�Q
� � F¦a�D$F � `��rN�T^G � a ����� NUD�G
O�G�T^H�T�a��³a � O�aeO ��� D��
a�D��$G �r� O�] � `�H^T�¹ � O � O�F�NUD��¢@4��aU`�]_O�H^Q � ��O��$G � R W�� F
°±N�DI�íJ©Q
O�N�¹ �XD�Q���aUT���µ N�Q�H � ` O��
FSî � ��aUD�N A � `�D��
Ý�DI��T^�
O��
� �IK a�D G � Ý ¸�ºÙ J b Dðï¢L±æ9ñ�òËT%ó ¹ô N K IõD
ö ëÜ÷�ëvøy@ Þ D�N+²\² � NUD�� � `U` � ` ¸ P\@ Ã � D�H§F�` ¶�Tâa �Ý ¸?¸Ù J b Dù> Ý ¸�ºÙ J b @ ¹ @ ¸ P\@ Ã T§`ZO�H§`�DÖQ
` � F+°±D�N � Q
N � H��
� O�F�NUD��
T^� � NUD�� � `U` � ` K T^�Á¶ � T§� � ��O�` � Ý ¸�ÙÙ J b D �I@&¯ �
` � a�é�ê
L'¿<ëi=?NEDç�³O��
F¼°±N�DI� a ������W�� N � `U`�T�DI�¦°±D�NEa �
�
T�� � H^OI`�aUT^�,�rN�D�`�`���` � ��a�T^D�� K T{@ � @

· ¸�Ùúªû%ü�ý D Ý ¸�ÙÙ J b Þ 7 ¹<ß¿�>���à§H%á ¹ â%ã�ä RÜå æèç @ Lu�!N
¶ � T^F � ��a�T�°±� Ã é�þ%L'¿�ëv=<N¼¶�T�a � a ��� O�] � NUO�µ � ��Q��6G � N;�L'¿<ëi=?N�D�°XT�� � H^OI`�aUT^���=DIH�H^T§`�T^D��
`�aUO�¹�T���µ � H§O�� � °±D�N,O����



æ

200

400
«600
�800
�1000

1200

1400

1600

1800

2000

1 10 10
2

10
3

√
�

s (GeV)�

σ to
t

γγ
(n

b)

LEP2-L3 189 GeV and
ÿ
 192-202 GeV

 TPC

Desy 1984
�
DESY 86
�

LEP2-OPAL 189 GeV
ÿ

Eikonal Minijet Model (EMM) P
�

had=1/240

GRS p
�

tmin=1.5 GeV,k0=0.4 A=0

GRS p
�

tmin=1.32 GeV  soft from (pp+pp
–
)/2
�

with Bloch-Nordsieck resummation

Þ T�µIQ�N � æ
@�ÝEO_aPO�°±DIN�²\²g+ 4 6�798<:<;1=�O��
F,R�aP`©Q9`�T^��µ
a ���o¸ A¼A K ¶�Tâa � O��
F ¶�Tâa � D�Q�a6`�D�°Wa&µ�H^Q�D�� N � `�Q
��O��
a�T^D���@

µ�T^] � �³]_O�H�Q � D�°ya ��� T^� � O���a � O�NPO�� � a � NG¿ K O�a � � � N�µI�B =ED�°�a ��� �=DIH�H^T^F�T���µ � OIF�N�DI�
`�@y���oa ��� R
µIQ�N � `�a�D�°±D�H��
H�D_¶ K °±DIN�O�H�H
a ��� �rQ�NU] � `6¶�Tâa �+® H^D�� � ��[�D�NPF�`�T � �P¹ N � �
`�Q
����O�a�T^D�� K °±D�Ne²�´ ¶ ��� O�] � � � D�` � �¼a ��� `�D�°Wa � O�N�a
D�° ;�L*¿<ëv=<N�O�`E�=D���T^��µZDI��H^�o°±NUD�� � N�D�a�D�� � N�D�a�D�� K OI`
a � T§`g` �r� ��`'aUDeµ�T^] � a ��� G � `�a�F � `��rN�T � a�T^D��>°±D�N'a ��� `�D�°Wa
� O�N�a K ¶ ��� N � OI`�°±D�N�²9² ¶ �&� O�] � � � D�` � �oa ��� O�] � NPO�µ �
G � a�¶ ��� ��´�´¦O��
F�´CU´�@g	 ��� � K °±DIN�²9²
;�L'¿<ëi=<N�D ; ¸<¸æ Û���Ú������
	 L*¿<ëv=9ëu´ Ú�� úØû N�
· ¸?¸�vü Ú æ L'=9ëu´ Ú�� úØû NAL±æ!N
¶�Tâa � 
· ¸?¸�vü Ú æ L'=9ëu´ Ú�� úªû N D · ¸<¸�vü Ú æ L'=9ëk´ Ú�� úØû NvT Ý ¸<¸Ù J b @+? � �
`�Q
����O�a�T^D��3D�°$`�D�°Wa�µIH�Q
D��
` aPO�¹ � ` � H^OI� � a � N�DIQ�µ �
a ���¦Þ D�Q�NUT � N�a�NPO��
`�°±D�NU� D�°�a ���$��W�� DI� � ��aUT^O�a � F+`�D�°Wa
µ�H^Q�D�� aUNUO��
`�] � NP` � ��D�� � �IaUQ�� F�T^`�a�NUT^G�Q�a�T^D�� T^�ì¿
` � O�� �IK D�G�aUO�T^� � FÁQ
`�T^��µ³a ���L® H^D�� � ��[�D�NPF�`�T � �P¹§L ® [±N
� � a � D�F1>â����@ K H á Ù ä RÜå ævå º�������� ç K ¶�T�a �
41L*¿<ëv=9ëk´ Ú�� úØû NCD Þ�� ������ �����

7���U;�� ý� Û û æ L"!�N�>���àzH ú � �$# R @�L Û N
���$a ����® [ç��D�F � H K a �
� T^� � O���a � O�NPO�� � a � N�` � OI� �

F�T§`�aUN�T^G�Q�aUT�DI��O ���\� O�NUT^��µeT���a �
��� T^¹�D��9O�H�°±D�NU��O�H^T^`��çT§`
a ��� �¦T^F � ��a�TØR � F³¶�T�a �
� �
	 L'¿<ëi=%ëk´ Ú�� úªû N�D H á Ù ä Rbå æiå º%�&�'��� ç

( 7 ¹ ß¿±H á Ù ä RÜå ævå º�������� ç L Ü N
���ÁDIQ�N©¶
D�NU¹ � N�DIµ�NPO�� K ¶ � R9NU`�a©DIG�aUO�T�� OLµ�D�D�F¦F � �
`��rN�T � aUT�DI�+D�° � NUD�aUD�� F�O_aPO >���ã�@�@ 	 � T^`ZO�H^H�D_¶�`>a�DzR W

a ��� `�D�°Wa � T^¹�DI�
O�H
aUD G � Q
` � F+a�DIµ � a ��� N�¶�T�a � J,�
Ý
��T^��T º � aU`6O��
FÁN � `�Q�����O_aUT�DI�¼°±DIN � NUD�aUD��
`�@&¯ � a ��� �
aUN��La�D�µ � a�O�µID�D�FoF � `U�=NUT � a�T^D��ZD�°¢²�´$Q
`�T^��µ�a �
� `�D�°Wa
� T�¹ID��
O�H K O��
F K `�Q�G
` � P�Q � �IaUH�� K R W a ��� º � a � O�NPO�� � a � NP` K
´ Ú�� úØû O��
F$F � �
`�TâaUT � ` K aUD�G � Q
` � F³¶�T�a �$��� D�a�DI�
`r@
)0�+* Ê &�# -',.- & �� ���"'��#0/ ���!�?¶
121 / �?"$&2�
? � `�Q�����O_aUT�DI� O��
F T�aU` � �6G\D�F���� � �Ia T^� a ���

¸ A¼A �=DI�
`�aUTâaUQ�a � Oe] � NU�6� � O�H�H � �
µ�T^��µEaUO�`�¹Zcya � T^`4T^���
]ID�H^] � `E��O�H§�=Q�H§O_aUT��
µoa ��� °±Q��
�=a�T^D�� 40L'¿<ëi=9ëu´ Ú�� úªû N K Tk@ � @R W ! � úØû O��9F3! � J54 °±D�N � O�� ��� O�N�aUD�� � O�N�a�DI��`U�rO�a�a � N��T^��µ9@¢���&DIQ�N � N � ` � ��aUH��E`�T^� � H�TØR � F&O ��� N�D�O�� ��K ¶ � ` � O�H�H
O�] � NPO�µ � a ��� °±Q��
�=a�T^D�� � �6	 L'¿<ëi=9ëu´ Ú�� úªû N K O��
F ��� �
� �! � J54 K D_] � N¼F � �
`�T�a�T � `ÁO��
F � O�N�aUD��ç�=NUDI`U`���` � �=a�T^D��
` K
DIG�aUO�T��
T���µ&°±D�N7! � J54 O,NUT^`�T^��µe°±Q��
�=a�T^D��LD�°\a ����� � � NUµ��B = K OI`>F�T§`U�=Q
`U` � FBT^�Ba ��� � ��W a�` � �=a�T^D���@ M ` � �=DI�
F
�rN�Q9�=T§O�H � D�T^��a¢D�°�a ����® [BO �
� N�D�O�� ��K �=DI� � `�T^�&` � a�aUT���µ
! � úØû D ��@©	 � T^`�N � P�Q�T�N � `�a ��� ¹���D_¶�H � F�µ � D�°�ò æ L"! Ú NOI`8! Ú + ��>â�?¦�@�@¼¯ � Q
` �Z��� N � a ��� ��D�F � H
T�� > Ã ��@ K
¶�T�a � O���
ò æ `�T��
µ�Q�H§O�N4G�Q�a�T���a � µ�NPO�G
H � O�`�F�T^`U�=Q9`�` � F�T^�>���¦�@ K O��9FL`�Q9� � a � O�a�°±D�N9!�:<;>=7?6@�A 
ò æ + ò
B�Cæ K
¶ � T�H � °±DIND! :FE = ?6@�A 
ò æ + L"! ¹: N á º @¦[�D�a�T§� �
a � O_agT�° � T§`4`���O�H�H � N.a � O��³�
a ��� T^��a � µINUO�H�T��>a ��� °±Q
�
���
aUT�DI�¤41L*¿<ëv=9ëu´ Ú�� úØû N���O��³G � F�DI� � @
G��+HE���!�JILK  ��!� ���0 ����0#9�Ô"$� "M1d� / #��g� / � / 13� ,���!� É
	yDoH � OIF�T��
µZD�NPF � N©T^�zò æ a ����� � � N�µI�$F �r�\� �
F � �
� �¶ � T^� � Q�H�a�T^��O�a � H��L¶�T^H^H�`�D�°Wa � �oa �
� NUT§` � F�Q � a�D���T��
Tâ�

º � aU` K �=D�� � `³°±N�DI� a ��� ��O W T^�6Q�� a�NPO��
`�] � NU` � ��D��
� � �IaUQ��ªO�H�H^D_¶ � F�a�D�O�`�T^��µ�H � µIH�Q
D�� � ��Tâa�a � FoG���a ���
��D�`�a � � � N�µ � a�T§� � O�N�aUD��
`LO�aLa �
� G � µ�T^����T^��µBD�°,a ���J,�
Ý ��O�`U�rOIF ��K ]_O�H � �
� � P�Q
O�N�¹�`�°±D�N©a ����� NUD�aUD�� K O�H�H
a�� �\� D�°±P�Q
O�N�¹�`6°±D�N�a ���$��� D�aUD���@ 	 ��� ¹�T^� � ��O�a�T§�r`
°±DIN�a ���,� ��T^`U`�T^D��§> Ã ��@�µIT�] � `
! � J54 L%N=�N�D B N=

Ã L���à N= �vü ÚN= N L{ä�N
¶�T�a � T^��a � µ�NPO_a�T^D��oa�D�G � F�DI� � D_] � N3N= K a ���,� � � NUµ��LD�°
a ��� T^��T�a�T§O�H � O�N�a�DI��� � O�N�a�DI�$`�Q�G � N�D�� � `�`�O��
F$a ��� º � a��
º � a&T���]_O�NUT§O���a,��OI`�`3O N= �vü Ú @ M ] � NPO�µ�T^��µ³D_] � NEF � �
`�Tâ�aUT � `

P ! � J54 L*=<NRQEDTS æ¹VU
U
ïXW ë"Y ([Z �.\] � \ � �&^$� ä 4 \ ç (_Z ��`] � ` �ba ^bc ä 4 ` ç ( b.d äfe�á diçï �hg a ( Z � \�.\ � �f^b� ä 4 \ ç ( Z � `�i` � a ^bc ä 4 ` ç ( ä b.dvç



Û

¶�T�a � a ��� H�D_¶ � N�H�T^��Tâa�D�°�T^��a � µ�NPO_a�T^D��ZT���a ��� ]�O�N�T§O�G
H �
j µ�T^] � �oG�� j � úªû D1ær´ ¹Ú�� úªû TqL*=0k e k ¹ N=@
l1�nm�&2(*�po Ê ¶0&2�qHr13"'���?"$&2� / �� >H±�0�!�JILKìÆ � ,� ���0 ����0#9�
	 ���¦® H�D�� � [�D�NPF�`�T � �P¹Ö��D�F � H�T§`�H�T^¹ � a ���¦¸ A¼A

��D�F � H�¶�Tâa � · ?�@�A�vü Ú F�NUT^]�T^��µ³a �
� N�T§` � @Z	 ���LÞ D�Q�NUT � N
aUNUO��
`�°±DIN�� D�°¢`�D�°Wa�µ�H^Q�DI� � ��T^`U`�T�DI�LT��s! Ú ` � OI� � µIT�] � `a ��� T�� � OI��a � O�NPO�� � a � N�` � O�� � F�T^`�a�NUT�G
Q�a�T^D�� D�°e�=D�H��
H^T^F�T���µ � O�N�a�D��9`r@ 	 � T^`¦T^��a�NUD�F�Q
� � `¦O�� � � � NUµ�� F � �
�\� �
F � �
� � T�� a �
� G���F�T^`�a�NUT�G
Q�a�T^D���D�° � O�N�a�DI�
`eT^� a ���
� OIF�NUD��
`�¶ � T^� � F �r�\� �
F�`EDI��´ Ú�� úØû O��
F$a ���6� O�N�a�D��F � �
`�TâaUT � `r@ut©� � OI� � T � ] � `�a�¶
DZ��O�T^�¼N � `�Q�HâaP` K Oo`�D�°Wa��
� ��T��
µ � · � �=a K O��
FÖO¼N � F�Q9��a�T^D��ÏD�°�a ��� F ���9� �
F � �9� �
°±NUD�� � O�NPF `U�rO�a�a � NUT���µ � O�NUO�� � a � NU`�@L	 ��� `�D�°Wa � ��T^��µ
� · � ��a � O ���9� �
`.G � �rO�Q
` � OI` B =�T^�
�=N � OI` � ` K a ������� OI` �
` � O�� � O�]_O�T�H§O�G�H � °±DIN¦`�D�°Wa$µIH�Q
D�� � ��T^`U`�T^D�� O�H§`�DÏT^���
�rN � O�` � ` K O��
FZ¶�T�a � T�a�a ��� aUNUO��
`�] � NP` � ��D�� � ��aUQ�� D�°
a ��� T^��TâaUT^O�HX�rD�H^H�T§F�T^��µ � O�T�N�F�Q � aUDÁ`�D�°Wa6µ�H^Q�DI� � ��T^`��
`�T�DI��@4	 � T§`�H � O�F�`Xa�D���D�N � `�aUNUO�µ�µ�H^T^��µ6D�°yT^��TâaUT^O�H � O�N��
aUD��
`&O��
F ��� �
� � a�DÁO$N � F�Q9� � F � N�DIG
O�G�T^H^Tâa��Á°±D�N&a ���
�rD�H^H�T§`�T^D��¢@

v �+* Ê &�# -',.- & �� ���"'�!#w/sx¢&� �� Ê (�&�� ´Cà�´�/ �0 ´ àÀU´
����a �
�©� NUD�aUD���� � NUD�aUD��LO��9F � NUD�aUD�����O���a�T � NUD�aUD�� R�a

¶�T�a � a ����® H^D�� � ��[�D�NPF�`�T � �P¹)L ® [±N'��D�F � H K °±D�N'a ��� O�]��
� NUO�µ � ��Q
�6G � N�D�°.�=DIH�H^T^`�T^D��
` K ¶ � ��D_¶ ¶�N�T�a �
;�L*¿<ëv=<N}D · æ Û��AÚ � æ Û��AÚ�6	 � · �vü Ú � �vü Ú�6	 Lkã9N
¶ ��� N � � æ Û���Ú�
	 L*¿<ëv=<N�T^`yD�G�aPO�T^� � FeQ9`�T^��µ�a ���X® [+O��
`wyO_av© K
¶�T�a � O�! � J54 ¶ � T§� � G � �=DI� � `¢�rD��
`�aUO���a'O_°Wa � N.O�`�H�T^µ � aT^��T�a�T§O�H�NUT^` � @.��D�°WagµIH�Q�DI� � ��T§`U`�T^D�� � O�`.��D_¶+O�a�¶
D�°±DIH^F
� · � ��a¼O�`oa �
� � � � NUµ��1T^�
�rN � O�` � `�cÏ¶�T�a � · æ Û���Ú �=DI���`�aUO��IaÖDINBF � �rN � O�`�T���µ LuOI`�°±NUD�� ? � µ�µ � �AW � � O���µ � N
· æ Ûi��Ú � æ Ûi��Ú�
	 ¶�T�H^H©F � �=N � OI` �IK ¶ ��� N � O�` K ¶�T�a � · �vü Ú T^���
�rN � O�`�T���µ¦NPO � T^F�H^� K · �vü Ú � �vü Ú�6	 ¶�T^H�H�`�a�T^H�H�T^�
�=N � OI` � G�Q�a
��D�aEOI`©�>Q
� � OI`�¶�T�a � DIQ�a&`�D�°Wa©µIH�Q�DI�
`�@ M µ�D�D�F¼F � �
`U�=NUT � a�T^D��³T^`�DIG�aUO�T�� � FZ¶�T�a � O�`�D�°Wa � O�N�a�µ�T^] � �oG��

· ºiºæ Ûi��Ú D ·Lz D æ�ã|{Ì¿ L'¦9N
O��
F

· º!¼ºæ Ûi��Ú D ·Lz L�� � ÃB = N L����9N
¯ � ` � D_¶1D�Q�N � N � ` � ��a
F � `��rN�T � a�T^D��g>â��ã�@9D�°�´�´³O��
F

´VU´$F
O_aUO�T^� Þ T^µ
@ Û @

30
�
40
«
50
�
60
�
70
¬
80
�
90
�

100

10 10
2

10
3
}

10
4

√
�

s ( GeV )�
σ to

t(m
b)

σ~ softABN
soft+� σ~ jet
� ABN

jet

p­ tmin=1.15 GeV

proton-antiproton­proton-proton­

Þ T^µ�Q
N � Û @ 	yD�aUO�H � NUD�aUD���� � NUD�aUD�� O��
F � N�D�a�D����
O���a�T � NUD�a�DI�,�=NUDI`U`���` � ��aUT�DI�©O�`¢F � `U�=NUT�G � FEG���a ����¸ A¼A
¶�Tâa � `�D�°Wa.µ�H^Q�D�� � ��T^`U`�T�DI�6G\D�a � T��>a �
�X� O�NUF6O��
F>`�D�°Wa
N � µ�T^D���@

���+� - �¤# / ���g(*&�� ²�´z/ �0 ²\²
¯1T�a � a ����� N � ]�T^D�Q
`�H��$F � `��rN�T^G � F �AW�� N � `�`�T�DI�
` K ¶ �

��D_¶ a�Q�NU��a�D¦²�´ K Q
`�T^��µÌ; ¸�ºæ Û��AÚ L*¿<ëv=<NkD ¹ � ; ºvºæ Ûi��Ú @¦¯ �D�G�aPO�T^�¦]�O�N�T^D�Q9`VR�aU` K F ���9� �
F�T^��µLQ � D��³a ��� F � �
`�T�a�T � `
G � T���µ Q
` � F °±DINZa ���Á�
� D�aUD�� K O��
F a ��� N � `�Q�H�aU`³O�N �
` � D_¶��ZT�� Þ T^µI`�@ Ü�K ä K ã K °±D�N � O�� � ` � a
D�°¢F � �
`�TâaUT � `XO��
F
]�O�N�T^D�Q9`�]_O�H^Q � `�D�°8´ Ú�� úªû @ 	 ���&� N � ` � ��a�Q � F�O_a � °±DIN
²9²�T^`'F�D�� � Q
`�T��
µ�a ��� `�D�°Wa � O�N�a'D�°�a �
�X� T�¹ID��
O�H�;�L'¿<ëi=<N
°±N�DI� a ��� O�] � NPO�µ � D�°Xa ����� NUD�aUD�� O��
FÁa ��� O���a�T � N�D��
a�D��ÀR�a K T{@ � @�; ¸<¸æ Û��AÚ L*¿<ëv=<N�D����L$; ºvºæ Ûi��Ú6� ; º!¼ºæ Û���Ú N�T Ã K `�D�°WaN � `�Q�����O_aUT�DI��°±D�N � O�NPF�`���O_a�a � NUT��
µ K O��
F�a � N �r� a�� �\� `
D�°
F � �
`�T�a�T � ` K Ce?�î > ÃIÃ @ K Ce?��X> Ã ��@�O��
F��R� £ å¤> Ã æ%@{@y���
Þ T^µ
@,¦ K ¶ � ` � D_¶3O³�rD�� � O�N�T§`�DI� G � a�¶ �r� � a ���L� N � �
F�T^�=a�T^D��
`E°±NUD�� a ����M ` �\� � ��D�F � H K a ����¸ AÁA ¶�T�a � �
D�Q�a�`�D�°Wa�µ�H^Q�DI� � ��T§`U`�T^D�� K O��
FZa�¶XD��=Q
N�] � `X°±N�DI� a �
�
¸ A¼A ¶�Tâa � T^�
�=H^Q
`�T�DI�ÁD�°X`�D�°Wa,µ�H^Q�D��
`EO��9FÁF�T�· � N � ��a
� O�N�a�DI�³F � �
`�TâaUT � `r@.¯ � O�H§`�D�T��9F�T^��O_a � Lk`�aPO�NP`vN � ` � Q9F�D
F�O_aPO � D�T^��aU`�a�D³G � � � O�`�Q�N � F¼O�a©a ��� °±Q�a�Q�N � å�T^� � O�N
�XD�H^H�T§F � N�@ ² D_¶ � N � F�T^�=a�T^D��
`�°±DIN�²\²¤+Ñ4�6�7%8�:<;1=�F � �
�9� �
F�Q � D��¦´ Ú�� úªû T^��a �
� �rO�` � D�°��R� £ å F � �
`�TâaUT � ` K
�rO���G � ` �r� ��T^� Þ T^µ
@ ���
@o��T^��T^H§O�N&N � `�Q�H�aU` � DIH^F °±DIN
D�a �
� N�F � �
`�T�a�T � `�@



Ü

0.06
Í
0.08
Í

0.1
Í

0.12
Í
0.14
Í
0.16
Í
0.18
Í

0.2
Í

0.22
Í

10 10
2

√
�

s ( GeV )�

σ to
t�γp (m

b)

Photoproduction data before HERA

ZEUS BPC 95
Î
ZEUS 96 Preliminary
Î
H1 94

ZEUS 92 and 94
Î

with BN resummation

 Soft from pp soft eikonal times 2/3

  GRV ptmin=1.4, 2 GeV      Phad=1/240

Þ T�µIQ�N ��Ü @�	yD�aPO�H¢²�´Á�rN�D�`�`���` � ��a�T^D�� K ¶�T�a � `�D�°WaEµ�H^Q�D��
N � `�Q
����O�a�T^D��ìL ® [EN O��
F Ce?�î F � �9`�T�a�T � ` T^�ªa ���
��T���T��^º � a©�rN�D�`�`���` � �=a�T^D���@

0.06
Í
0.08
Í

0.1
Í

0.12
Í
0.14
Í
0.16
Í
0.18
Í

0.2
Í

0.22
Í

10 10
2

√
�

s ( GeV )�

σ to
t

γp
(m

b)

ZEUS BPC 95

Photoproduction data before HERA

ZEUS 96 Preliminary
Î
H1 94

ZEUS 92 and 94
Î

with BN resummation

 Soft from pp soft eikonal times 2/3

  GRS ptmin=1.2,1.3,1.4,1.5 GeV     Phad=1/240

Þ T�µIQ�N � ä�@�	yD�aPO�H¢²�´Á�rN�D�`�`���` � ��a�T^D�� K ¶�T�a � `�D�°WaEµ�H^Q�D��
N � `�Q
����O�a�T^D�� L ® [EN O��
F Ce?©� F � �
`�TâaUT � ` T�� a ���
��T���T��^º � a��=NUDI`U`���` � ��aUT�DI� K °±D�N
O���T^�
F�T§�rO�a�T^] � ` � a
D�°�]_O�H��
Q � `�°±D�N4´ Ú�� úªû @

0.06
Í
0.08
Í

0.1
Í

0.12
Í
0.14
Í
0.16
Í
0.18
Í

0.2
Í

0.22
Í

10 10
2

√s ( GeV )�
σ to

t
γp

(m
b)

ZEUS BPC 95
Î

Photoproduction data before HERA

ZEUS 96 Preliminary

H1 94
Ï
ZEUS 92 and 94

with BN resummation�
  CJKL ptmin=1.6,1.8,2 GeV      Phad=1/240

Þ T^µ�Q�N � ã�@ M `�T^� Þ T^µI`�@ Ü�K ä¼¶�T�a � �R� £ å F � �9`�T�a�T � `
O��
F�O©` � a.D�°�´ Ú�� úØû ]_O�H^Q � `'¶ � T§� � R�a.a ����� T�µ �6� � � NUµ��F
O_aUO
@

0
Í

500
�

1000

1500

2000

2500
�

1 10 10
2

10
3
}

√s ( GeV )�

σ to
t

γγ
(n

b)

LEP2-L3 189 GeV and 192-202 GeV
ÿ
LEP2-OPAL 189 GeV
ÿ

 TPC

Desy 1984

Desy 1986

EMM with Phad= 1/240

GRS EMM  p
�

tmin=1.5 GeV k0=0.4 A=0

Aspen Model

GRS p
�

tmin=1.32 GeV BN, soft from 1/2(pp+pp
–
)
�

CJKL p
�

tmin=1.8 GeV BN, soft from 1/2(pp+pp
–
)
�

pseudo data points­

Þ T^µ�Q�N � ¦
@��XDI� � O�NUT^`�D��³G � a�¶ ��� �³a �
�>M ` �\� �¦��D�F � H
O��
F�a �
��¸ A¼A ¶�T�a � O��
F�¶�Tâa � D�Q�a
`�D�°Wa�µ�H^Q�D��9` K ¶�Tâa �
� ` � Q
F�DÏF�O�aUO � D�T^��aU`�aUDBG �¼� D�`�`�T^G�H��+� � O�`�Q�N � F O_a
a ��� å�T^� � O�N©�XD�H^H^T^F � N�@



ä

0
Í200

400
«600
�800
�1000

1200

1400

1600

1800

2000

1 10 10
2

10
3

√
�

s ( GeV )�

σ to
t

γγ
(n

b)

LEP2-L3 189 GeV and 192-202 GeV
ÿ
LEP2-OPAL 189 GeV
ÿ

 TPC
Desy 1984
�
Desy 1986

EMM Phad=1/240

GRS EMM  p
�

tmin=1.5 GeV k0=0.4 A=0

Aspen
�

GRS p
�

tmin=1.32 GeV BN, soft from 1/2(pp+pp
–
)
�

CJKL p
�

tmin=1.6,1.8,2 GeV BN,
soft from 1/2(pp+pp� –

)
�

Þ T^µ�Q�N � ����@.�XDI� � O�NUT^`�D��6G � a�¶ ��� �>a ����M ` �\� ����D�F � H
O��
F¦a ����¸ A¼A ¶�T�a � O��9F¼¶�T�a � DIQ�a&`�D�°WaEµIH�Q�DI�
` K °±D�N
F�T�· � N � ��a¼� � D�T§� � `ZD�° � O�NUO�� � a � NU`o°±D�N³a ��� ��T���T��^º � a
�rN�D�`�`���` � �=a�T^D���@

�1�QÅk&2��# Ê ¶��?"$&2�0�
��� a � T§`�aPO�H^¹+¶ �¦� O�] �¦� N � ` � ��a � F1OÖ�rD�� � N �r��� ���

`�T�] � F � `U�=NUT � a�T^D���D�° � N�D�a�D��LO��
F ��� D�a�DI��a�D�aPO�H\�=NUDI`U`��
` � �=a�T^D��
` K G9O�` � F,DI�ea ��� Q
` � D�°�a �
�
¸ T�¹ID��
O�H�N ��� N � ` � ���
aPO_a�T^D��LO��
F�DI��a ���©� � � D�a ��� `�T^`ga � O�a�J,�
ÝÏº � a��=NUDI`U`��
` � �=a�T^D��
`,F�NUT^] � a �
� N�T§` � D�°�O�H^H4a�D�aUO�HX�=NUDI`U`���` � ��aUT�DI�
`r@
	 � T§` ¸ T�¹ID��
O�HgA¦T��
T º � a�A¦D�F � HEL ¸ A¼AÀNeT§`&�
D�a&°±Q�H^H^�
`UO_aUT^`�°uO��=a�D�NU� K `�T��9� � a ��� NUT^` � ¶�Tâa � � � � NUµ��$a � Q
` � N � �
F�T§��a � F+T^` � Tâa ��� N�aUD�D °uO�`�a�D�N>a�D�DÖ`�H^D_¶ K F ���9� �
F�T^��µ
DI�¦a ����� O�NUO�� � a � NU`�@©��a,T§`©` � D_¶��¦a � O_a,T^�
�=H^Q
`�T�DI�¼D�°
`�D�°Wa
µ�H^Q�D�� � ��T^`U`�T�DI��°±N�DI� T��
TâaUT^O�Hq`�aUO�a �E� O�N�a�DI�
`
�rO��
µIT�] � O©�6Q
� � ��D�N � N � O�H^T§`�aUT^�
F � `U�=NUT � a�T^D��>T���O�H^H��rO�` � ` K
´I´1ëu´VU´Xë�²�´ÖO��
F¼²9².@>Ý©Tâ· � N � ��a,��D�F � H§`,O�N � O�H^`�D$F�T^`��
�rQ
`�` � FZO��
Fo�=D�� � O�N � F�¶�Tâa � a ��� F�O_aPO6O��9FL¶�T�a � a ���
¸ A¼AÖ@

� #0/���&�� Ê �� 
I���13�������
t©� � D�°ga �
� O�Q�a � DINU` K C�@ S.@ K ¶�T^` ��� `�aUDZa � O���¹$a ���

A¦��	 � � ��a � N�°±DIN�	 ��� DIN � a�T§�rO�H�S � ��`�T§�r`
°±D�N � DI` � T�aUO�H��
T�a��ZF�Q�NUT^��µ�a ��� ¶�NUTâaUT��
µ�D�°ya ��� ` � SgNUD�� ��� F�T^��µI`�@

� Hr�9H � H - ÅDH�m
�I@ ?,@ AÖ@�CED�F�G\D�H ��K�M @�Ý � ?�D � �P¹ K�M @�CENPO�QLO��9FZC�@

S4O��
� �
� NUT K � ²�¸ SX� Ã � l L Ã �����!N�� Ü �I@

Ã @"AB@ AÖ@ ® H^D��P¹ K�¸ @ AÖ@�CEN � µ�DIN � ` KXÞ @ ² O�Hª© � � O��
F
C�@9S4O��
� ��� N�T K S � ��`r@�? � ]q@ Æ�l �§L��?¦%¦9¦9N
� Û æI� Ã æ
@

��@ C�@¢��� � Q
H � NeO��
FÁ	e@¢��º�yDI`�a�NPO��
F K Ò.@�S � ��`r@ Å>l��L���¦9¦ Û N Ü ��ä K S � ��`r@�å � a�a�@ * Ã v l L��?¦%¦ Ü N��?¦�� K Ò'@
S � ��`�@ Å v Ã L��?¦%¦�ä%N Ü ä�ä�@

æ
@3�©@ ® D�Q�NUN � H^H�� K �
@���D�· � N$O��9F 	e@ 	e@
¯ Q K A¦D�F8@
S � ��`�@�å � a�a�@ � ��G L Ã ���I�9NC¦�@

Û @ ¸ @�CED�aU`���O�� K8¸ @qå � ]�T^� K�á @8A¼O�D�NeO��
F ¸ @q[�O_°W�
aPO�H^T K9¸ Q�N�@�S � ��`r@��9@ Åì��) L Ã �����!N Û ���I@

Ü @ ® @ ® O�F � H � ¹ K AÖ@ £ NPO�¶
�A©r��¹ K �
@ £ ¶�T � �=T^�
`�¹���O��
F
M @ AB@I��aUOI`�aUD K S � ��`�@�? � ]\@ Æ�l�³ L Ã ���I�9Ny��ä�æ�� Ã ��@

ä�@ M @¢�XD�NP` � a�a�T K ?,@ AÖ@�CED�F�G9DIH � O��
F C�@qS4O��
� ��� N�T K
S � ��`�@�å � a�a�@ *�)2Ã�G L��?¦%¦�ã!NXæ�æ
�I@

ã�@"?&@ AÖ@
CED�F�G9DIH � O��9F C�@�S4O��
� ��� N�T K�¸ Q
N�@4S � ��`�@
�9@ ÅÈ��� c^� Ã ¦��U��� Ü
K Ã �I���I@¦�@V�9@ ?,@\�XQ
F � H�H � a�O�H{@ K
���r� � ��� ��� Ã � Ã �����I@

����@ M @�CENPO�Q K C�@
S4O��
� ��� NUT�O��
F Y>@ [&@���NUT�]_OI`�aPO�]�O K
S � ��`�@�? � ]\@ Æsl �dL��?¦%¦%¦!N��I�ræ�� Ã �
@

����@ ¸ ä����o�rD�H^H^O�G9DINUO�a�T^D�� K [6@ M @ M ��D�` � a6O�H{@ K S � ��`�@
? � ]q@
å � a�a�@ l�Ã L���¦Iã%¦9N Ã ä�ã�æ9@

� Ã @ ¸ ã��I� �rD�H^H^O�G9DINUO�a�T^D�� K �©@ M ]�T�H§O � aÏO�Hk@ K S � ��`�@
å � a�a�@ *�)�)�G L���¦9¦%¦9N�æ
�?¦�@

����@y�
Ý Þ �rD�H^H^O�G9DINUO�a�T^D�� K�Þ @ M G �,� a�O�H{@ K S � ��`r@�? � ]\@Æ�G �§L��?¦%¦�æ!N Û�ÛIÛ ��@
�ræ
@0Ò ¸�á � �XD�H^H§O�G\D�NPO_a�T^D�� K �q@ � �
� ¹_O���D_] � a O�H{@ K

[�Q
�=H{@
S � ��`�@ *�l2³ vzL Ã ��� Ã N
��@
� Û @ ² ���=DIH�H§O�G\D�NPO_aUT�DI� K �q@ M T^F � aXO�H{@ K Ò'@�S � ��`�@ Å�l��L���¦9¦ Û N Ã ä�@
� Ü @0Ò ¸�á � �rD�H^H^O�G9DINUO�a�T^D�� K �
@ ® N � Tâa�¶ � µ � aÊO�H{@ K

Ý ¸ ��Y������_����ä�� K����r� � �AW �����I� Û �
��ã
@
��ä�@�AB@ AÖ@ ® H^D��P¹ K a ��� ` � SgNUD�� ��� F�T^��µI`
��ã�@ M @�CENPO�Q K C�@
S4O��
� ��� NUT�O��
F Y>@ [&@���NUT�]_OI`�aPO�]�O K

x8m�lPi&��w¨z
m�h���f=}�z��>��v_i{sum_hBv_hq|³iWp
fLfrh\frjk���¦|�fr¿
�
frh\|�frh\tPf¼m�lZi�m_i�v_w�trj�m�}P}Z}rfPtriksum�h�} K T^� � N �r� O�NUO��
aUT�DI��@

��¦�@ M @�CENUO�Q K �q@gS4OI� � a�a�T K C�@gS4O��
� ��� NUT K Y>@ [&@X��NUT��
]_OI`�aPO�]�O�O��9F M @�¯1T§F�D�� K a ��� ` � SgNUD�� �r� F�T��
µI`�@

Ã ��@ M @y[©O�¹_O��>Q�NUO K C�@yS4O��
� ��� N�TgO��
F Y>@ [&@'��N�T^]_O�`��
aPO�]_O K Ò'@�S � ��`�@ Å)³X� c Ã æI� K �?¦�ã�æ
@

Ã ��@�S.@y� � T^O ���9� a�aPO³O��
FÁAB@¢CEN � �=D K [�Q
�=H{@�S � ��`�@ *����� L���¦Iã Ã N
äIä�@
Ã�Ã @�AB@¢CEH$yQ
�P¹ K'¸ @8? � ��OoO��
F M @�î4DIµ�a K S � ��`r@8? � ]\@Æ>)�l L��?¦%¦ Ã N©��¦�ä_��@
Ã ��@�AB@'CEH$yQ
�P¹ K.¸ @y? � �IO¦O��
F���@'��� � T � ��G � T^� K S � ��`�@

? � ]q@ Æ�l � L��?¦%¦%¦!Ne� Û æI���?¦�� ¸ NUNUO�a�Q�� K T�G
T^F Æ
l�³ L Ã ���I�9NX����¦9¦�� Ã @

Ã æ
@ Þ @
�XDIN�� � a K S.@��IO���¹�D_¶�`�¹�T K AB@ £ NUO�¶���©���¹ O��
F
M @
å�DINU��O K S � ��`�@�? � ]q@ Æ l�� L Ã �I���!NX�
�ræ������
@


