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


��� � ��� ����� ���� ��  � �"! ��� �$# � � ! % �  �& % �  � ' % ' � ( # ! ��  *) � +

, �- - ./ /0 � 1 � # � �� '

2 ��� ! %� 3  '� � �

4 576 8 9 : ;7< :7= > 5?�@ A6 5CB D A EFG 4 AFH @ I E

J '  �K �� �  �ML � N O# � & P # � �

Q RTS U VWX



��� � ��� � ���

	 
�� �� � ��� �  � ��

	 ��� � � � � ��� ��� �� ��� �  � ��

	  � ��� �  � �� � ! �� �#" � � � � $" � � �� &% � � � � � �� � � � � �%

	  � ��� �  � �� � ! �� �#" � � � � $" � � ��  � � % �� �� � � � � �%

	 $ � � � � � � � � � ' � �� �  � �� � !( � )� � �� � � �� � � � %

	 *� � � � � ) �� � +�  � � � ,

Q RTS W VWX



� � � �� ��� � � �� �

� ��� ��� � � � � � ! � � � � �� � � � � � ��� � % �   � � �� 	% � � ���


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

� � � !� " # $ %'& ( 
�� ) *+, , -�. +, , / 0

� � � ! !� " # $ %'& 12 
�� ) * -3 3 + . -3 34 576 0

	 ���8 � � � �9 � : � ; � � �< = � � � > *+, , ? @, A 0

	 � � � � �� �B � � >DC � � � �E � � < ;9 8 �� 8

	 � � B < ;9 8 �� 8 8 � � � � ; � 8 � � � < � � = � � � >8 C FG FH C � 6 �� � ��� � � 8 � �� 8JI I I

Jet Transverse Energy

-100

-75

-50

-25

0

25

50

75

100

125

150

0 50 100 150 200 250 300 350 400 450

(GeV)

%
 D

if
fe

re
nc

e

CDF
MRSA/

MRSG

CTEQ 2M
CTEQ 2ML
GRV-94

Sum of correlated systematic uncertainties

10
-6

10
-4

10
-2

1

10 2

10 4

10 5

0 100 200 300 400

CDF
NLO QCD

1/
∆η

 ∫ 
d2 σ/

(d
E

T
dη

) 
dη

(n
b/

G
eV

)

(GeV)
KL � C M � � � � � �I C N ;9 8JI � � I O � � �I 4 4 C ? PQ *+, , / 0I Q RTS R VWX



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

�� �� � � � � � � � ��� � �  ��  $� � � � � �� 	� %  � �  �� � � �! 

	 " �$# # 8 � � � ; � � ��8 � C � � � � �� �B � � > 8 9 � � � ��9 �� � � >� � #

	 � �B � � � � # 9 FG FH � � � � �8

	 8 �� �� # � � � � � �� �� �� 8 � � � � � � �8 �� > � 
� � ; � �� � � � � � � ; � �� � � 8

	 � � � � �8 B � � ; 8 < �� � ��� � � �� � � 8 � �� 8 % ?

	 I I I
&' ( ) *+ , -/. 0 1 -32 465 72 8 1 + 5 -:9 5 ; 0 < - < 2 7 4 0. 02 4 1 -2 = * > 7? 4 @ @ @

A 0 0 8 4? 2 0 < B 7C 4 1 0 ? 2 0D 8 09 4 0 < @ @ @

Q RTS E VWX



� �� �� � � �� 	 ��  � � � ��

�  � � � ��� � � � �  �� �% % % � �  � �� �  $ � +
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0

/QHS

0

10

20

30

40

50

3j
et

[n
b]

Midcone and inclusive k algorithms

Inclusive k algorithm
Midcone algorithm

R = F =
QHS = pT/3

pT > 175GeV
pT > 20GeV & | | < 2

NLO

LO

0 50 100 150 200 250 300
Et3

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
1

10
2

10
3

10
4

E
t3

d
/d

E
t3

Exclusive k algorithm

0.5 < xR,F < 2
QHS = pT/3
| | < 2

NLO
LO

0 100 200 300
Et3

0.8

1.0

1.2

1.4

1.6

1.8

K
(E

t3
)

�I � �# 9 C N ;9 8JI � � I L /Q * -3 3 P 0I

" �$# ; � � �� � � � � KL � � �� � � � �� �� 8 � � � � � � � � � ��9 � � 8 � : � � �

8 � � � � � � < � � � � � � � � : < ; � � �� � � � � �# �� � � < � � ��� �� �� 8 � � �

	 �8 � � � � � � 8 ; � � � � � � � � 
 � � � � � :� � � � � 8 � : � � � �

�I �I � � 8 � � 8 � �� � � � � � ��8 8 � �� � : � � � 6 �� � 8 � : � @� � � �� � � � � = � � � > �� # � � ��I

Q RTS � VWX



� � � 	 � �� � � � � �� � � �

� � � � � � � :E � �8 � P ? A / 4 Q

� � � � , +I ? /I A ? 3I ? / 3I 3 P - 3I 3 3 - 3I 3 3 3 -

�� �	�
 �  % 2� � � )C ���� % �� � C ��� � � � �

�L � �# # � � ���8 C � � � ��8 8 C N � < � � � < �� � �8 C � N� K - ? * -3 3 - 0�

� ?  4 -! 8 * C 4 -9  0 5 "# 0 4 8 C 7 < ? 9 4 - 72 8  *+ 5 * . 0 C + - ) 8 7C 4 * 2 4 C 7  0 @ @ @

N � � � � � � 8 B � � ; � � � �� � # �� � � � < � � ��� �� �� 8 �

	 F� � � � � � < � � � � � � �� �%$ E � � � � �8 8 8 � � �� �� 8 � � ; � � & ')( ��*  +

, 
 � ; � � < � � � �� �� �� 8 : �� E � � � � � � 8 � O 	 � �� � � � �� �� 8 ; � � � � � � � � � � � � � �

	 N � � � < ; � � � � < ; �8 � 8 < �� � � � # � �� 8 � � � # � � � � � � � < � � � �� �� � �� 
# � � � �� �� 8 � � O 	 � � �

8 � � 8 � �� � � � � 6 �� � < � � � �� � � ��8 8 � �� , � 8 ��� � � � 8 : �� � �� ># � � � � �8 - � 8 < � � � � � �9

� : � � � 8 � � � � � � �8 -� �9 � � � �� 8 � � � � � � �9 � � � � � � 8 ��� � � � �

	 � � � 8 �� � � �� � �� � ; � � �� � < � � � �� 8 � � � � � � ; � �� < �� �� � � 8 � ; � � �� � < � � � ��8 � � ; � E � �

8 �� � � �� � � ��8 � � 8 � � � � � �

Q RTS . VWX



�� � ��� � �	� 
�� � ���  � � 
�

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

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

. $� ��� � " �� " � $� � " �

. - ! � -� �/ � � � � " � � �

. 0� �� �/ � � � � " � � �

1� � ��# � !� � �# � � !2 � � � � ! � ��# �# �� ��� $� � 3 $� �# � � � � ! -� 2 �#

�� " � $� � " �

4 5�6 7 89:



�� � ��� � �	� 
�� � ���  � � 
�

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

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

. $� ��� � " �� " � $� � " �

. - ! � -� �/ � � � � " � � �

. 0� �� �/ � � � � " � � �

1� � ��# � !� � �# � � !2 � � � � ! � ��# �# �� ��� $� � 3 $� �# � � � � ! -� 2 �#

�� " � $� � " �
. � � -�  " ! � $ ! � �" � ! $ � � � + � �� $��� � $ !# $� � � !� � �# � � �

��# � � �# !� � " �

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

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

4 5�6 7 89:



���  �� �� � � � � � �

��# � � !� � $ �� � 	�
 �� � � � � � 	�
 � � � � � � 	�
 � � � � 	�
 � � � � 	�
 � � � �

��� � ���� � �� � � 	 � � � � � � � ��� � ����! � � ��"� "  �  "

4 5�6: 89:



���  �� �� � � � � � �

��# � � !� � $ �� � 	�
 �� � � � � � 	�
 � � � � � � 	�
 � � � � 	�
 � � � � 	�
 � � � �

��� � ���� � �� � � 	 � � � � � � � ��� � ����! � � ��"� "  �  "

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

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

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

� �� $� � 3 $� �# � �

4 5�6: 89:



���  �� �� � � � � � �

��# � � !� � $ �� � 	�
 �� � � � � � 	�
 � � � � � � 	�
 � � � � 	�
 � � � � 	�
 � � � �

��� � ���� � �� � � 	 � � � � � � � ��� � ����! � � ��"� "  �  "

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

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

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

� �� $� � 3 $� �# � �

��� � � � � �
� �" !# �2 � " � ! ���� / � 
 �� � �� 
 �� � �� �

� � � � � � 	 
 �  � � � ��  	 
 �

� �� $� � 3 $� �# � �

4 5�6: 89:



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

� �� � � �� � " � �

4 5�6 � 89:



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

� �� � � �� � " � �

%� �2 � � � � � �

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

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

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

� � �# ��� ��# ��# � � � � !� � �# � � '
� - � �� �2 � �� " � � � � � � � � � � � �

4 5�6 � 89:



��� ��� ��� 	 
� � � �� � � � � � �

� �� �9 �� �
�� " �	��
 �� "
 "� � � �� "
 �� 
 " �

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

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

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

4 5�6 �� 89 :



��� ��� ��� 	 
� � � �� � � � � � �

� �� �9 �� �
�� " �	��
 �� "
 "� � � �� "
 �� 
 " �

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

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

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

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

� � " � �� �9 � � � �
� ��� �� � � " �

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

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


 � � 
 � �� � � � �� �  � � 
 � � � 	 ! � � 	 "  � � � #

4 5�6 �� 89 :



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

� � � 
 � �  � � �
�

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

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

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

4 5�6 � � 89 :



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

� � � 
 � �  � � �
�

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

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

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

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

� �� " � " � �� �9 � � � �� "
� � � � � � � " �

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

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


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

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

4 5�6 � � 89 :



�� � � � � ��

. � � � ��# � !" " � � !� � �# � � � �� �# ! � � ���� � �� $� � 3 $� �# � �
4 5�6 � 9 89 :



�� � � � � ��

. � � � ��# � !" " � � !� � �# � � � �� �# ! � � ���� � �� $� � 3 $� �# � �

. � / # � � 
 ��  � � 
 � �" � ��# � �

4 5�6 � 9 89 :



�� � � � � ��

. � � � ��# � !" " � � !� � �# � � � �� �# ! � � ���� � �� $� � 3 $� �# � �

. � / # � � 
 ��  � � 
 � �" � ��# � �

* 0� !# $ �� � ���# � ��� / * � 
 ��  � � 
 �# � � �# �� ��# ���# � �


 �� 
 � 
 ��  � � 
 � � 
 �� 
 � 
 ��  � � 
 � � 
 �� 
 � 
 ��  � � 
 �
4 5�6 � 9 89 :



�� � � � � ��

. � � � ��# � !" " � � !� � �# � � � �� �# ! � � ���� � �� $� � 3 $� �# � �

. � / # � � 
 ��  � � 
 � �" � ��# � �

* 0� !# $ �� � ���# � ��� / * � 
 ��  � � 
 �# � � �# �� ��# ���# � �


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

. � ! �� " � ! � � 1 ��� � �� - ! � -� � �� 
 �� � �� 
 �� � �

� � � " �  � �� � � �
� ��� � " � � �

�

� �

��� � � " 
 � � � � � 
 � " � � �

� ! � -� $ ��� � $� * �� �2 � � * � � � � " � $� � / �

4 5�6 � 9 89 :



�� � � � � ��

. �# �� 
 !# � �� � � � �# � � �# ��� ��# ��# � �  �� $�

4 5�6 �� 89 :



�� � � � � ��

. �# �� 
 !# � �� � � � �# � � �# ��� ��# ��# � �  �� $�


 � � � �  
 � ��# �
�# ��� ��# ��# � � *# �# �� + $� �� � �# ! � ��# � � !� � $ � * �

� � � � " � � 
 � � � 
 � "  �� �� �

� �� � � � �
� � � " � � �

�

�
�

�
�

� �

�� � � " � �� 
 � � � �� 
 � "

� * � * � �# � � �# ��� ��# ��# � $� � �
�

�# �� 


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


# � / � $� � 3 $� �# � � �� �� � � � � � � � � � � � � �

4 5�6 �� 89 :



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

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

� �� �9 � ��� " � � � �9 �� � "� � � � � �� �9 �  ��  � � � � �� �9 �  ��  � �
�  "! � # $%&



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

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

� �� �% � ��� " � � � �% �� � "� � � � � �� �% �  ��  � � � � �� �% �  ��  � �

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

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

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

� �  ��  � � � � �  ��  � �

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

�  "! � # $%&



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

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

� �� �% � ��  � � � � �% �� �  ��  � � � � �� �% �  ��  � � � � �� �% �  ��  � �

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

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

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

� �  ��  � � � � �  ��  � �

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

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

� � � � � � � � � � � � � 	 � " �	 � � � 	 � � � � � �� � � � �� � � � ��� � � 	 � � � #
�  "! � # $%&



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

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

/0� 1 2 � �*3 4 � � 5 � � & ' � & ) & , � . % 6 7 8:9+ ;9

;9

3 � � < ��= �� �> 3 � ���? � @ �= �� �A �= � � 2 � �*B @ � ? � �� �*3 � � ? � � �= A � ���? � �

C " D" 6 EF D" # 'HG( C ( 6 I EF 'HG( #

 + J 7+ 6 . #  - 6 I  " I  ( I  +

K L 9 6
M

N M 'HG( 5 M D" # 5 MPO Q C + # C7+ # C + C7+ R

S TVU WX YZ[



� � ��� � � � 	 � �� 
 	�
 � �

L 9 6 � N""  " J 7+ & N"(  ( J 7+ % 'HG( C + D"

& N( 'HG( C7+ D" & N+ 'HG( C + C7+ D"

�9 6 . � N""  " J  + & N"(  ( J  + & N( 6 .

S TVU W� YZ[



� � ��� � � � 	 � �� 
 	�
 � �

L 9 6 � N""  " J 7+ & N"(  ( J 7+ % 'HG( C + D"

& N( 'HG( C7+ D" & N+ 'HG( C + C7+ D"

�9 6 . � N""  " J  + & N"(  ( J  + & N( 6 .

3 � � � ; 6 ' G( ) ; D" �� 4 � � 2 4 � �= �� � � � � �� �? = �

L 9 6 N"" � J �+ J  " & N"( � J �+ J  ( &
�

�
N+ ' G( C �+ D"

S TVU W� YZ[



� � ��� � � � 	 � �� 
 	�
 � �

L 9 6 � N""  " J 7+ & N"(  ( J 7+ % 'HG( C + D"

& N( 'HG( C7+ D" & N+ 'HG( C + C7+ D"

�9 6 . � N""  " J  + & N"(  ( J  + & N( 6 .

3 � � � ; 6 ' G( ) ; D" �� 4 � � 2 4 � �= �� � � � � �� �? = �

L 9 6 N"" � J �+ J  " & N"( � J �+ J  ( &
�

�
N+ ' G( C �+ D"

� � �� � � � � � � � 3 � � ��� A �= � �� � = � 1= � � �� � � ���? � �

K � 4 � � 2 � � �= ���� � 1? ��� � �

� �? = � 2 �� �= ? � � � � � ? � 1 3 � � ���? � � � ? = � ��� A ? 2 A � 4
�

� �? � 1 2 ��� � � � 4 1= ? � � � � � � 2 � � 4 �? �� � � B � � �� ? � 2 ��� � �=

�> 3 � ���? � � K 3 � � �? � 1 3 � �= � 2 � � �= � �

S TVU W� YZ[



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

� ��� 6

� � �
��� � ��

�

� � �"! I E� ! & � # %$ $ $ � � � � I E� � & � # %

�&% 6 � I '% 6 � I  ! I  � J J J I  %

(% 6 � �
% I E�% & � #

S TVU W ) YZ[



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

� ��� 6

� � �
��� � ��

�

� � �"! I E� ! & � # %$ $ $ � � � � I E� � & � # %

�&% 6 � I '% 6 � I  ! I  � J J J I  %

(% 6 � �
% I E�% & � #

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

� 6 � I
�

% � !
�% (% &

�
% � !

�% (%

S TVU W ) YZ[



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

� ��� 6

� � �
��� � ��

�

� � �"! I E� ! & � # %$ $ $ � � � � I E� � & � # %

�&% 6 � I '% 6 � I  ! I  � J J J I  %

(% 6 � �
% I E�% & � #

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

� 6 � I
�

% � !
�% (% &

�
% � !

�% (%

K � � � � � � � � � � � � � � � �� � � � ��

� ��� 6
�

% � !
�% � ��� � !�� %

& ��� 	 
� � �  	�

S TVU W ) YZ[



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

�� 	 
�� 6 � ��� � I �
% � !

�% (%

�
% � !

(%

6 5 �	 % � �� ��
 ! $ $ $ ��
 � # � � I
�

� � !

 �%

� I �
% � !

�% (% �
S TVU W[ YZ[



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

�� 	 
�� 6 � ��� � I �
% � !

�% (%

�
% � !

(%

6 5 �	 % � �� ��
 ! $ $ $ ��
 � # � � I
�

� � !

 �%

� I �
% � !

�% (% �

 6
�

% � !
� 
 % � � I � 
 % � J '% & 
 % '% J '% I 
 % E�% � & � #

6 � � I � % � I �� I
�

% � !

 % � '% J '% I E�% % & � #

� � � � � � 6
%


 % '% # � �� 6 � � � C � �� � �� %

S TVU W[ YZ[



� � � � � � � � � � � � � & � @ �( 6 ��� �

 � 
 � ' � J ' � 6 � 
 J � J 
 C �

 6 �( I
��� �


 � 
 � ' � J ' � &
��� �


 � 
 � ' � J ' � I
�

��� �

 � 
 � E(
� & � #

6 �( I
�

�
��� �


 � 
 �
� I � ' � I ' � %( & E(
� & E(
�

	 & � #

6 �( I
�

�

 J 
 J 
 & � #

S TVU W� YZ[



��� ��� � �� ��� � � � � & � @ �( 6 ��� �

 � 
 � ' � J ' � 6 � 
 J � J 
 C �

 6 �( I
��� �


 � 
 � ' � J ' � &
��� �


 � 
 � ' � J ' � I
�

��� �

 � 
 � E(
� & � #

6 �( I
�

�
��� �


 � 
 �
� I � ' � I ' � 	 
 � E 
� � E 
� 	 � � #

� � 
 I
�

�

 J 
 J 
 � � #

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

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

� � �� �� � � � � 
�� � � � � � I G � I G �

� � � � � ' � J ' � � � � � � � � � � � �� � G � � ' � J ' � I E 
�

S TVU W� YZ[



� � � � � � � �� � � �� �	 ��

� � ! �
�

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

S TVU Z� YZ[



� � � � � � � �� � � �� �	 ��

� � ! �
�

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

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

� � ! � �
�

�� � �� � 
	� � 
� � �� � �
�

�� �� �� � 
 �� � � � � �� 

� � �
�

�� � �� � 
	� � �� � �� � � �
�

�� � �
�

� � �� �

� �
�

� � � �
�

�� �� � 

��� �

�� � � 
� � 
 !

S TVU Z� YZ[



� � � � � � � �� � � �� �	 ��

� � ! �
�

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

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

� � ! � �
�

�� � �� � 
	� � 
� � �� � �
�

�� �� �� � 
 �� � � � � �� 

� � �
�

�� � �� � 
	� � �� � �� � � �
�

�� � �
�

� � �� �

� �
�

� � � �
�

�� �� � 

��� �

�� � � 
� � 
 !

� ��� �
%

�% 	 � � � � 
�� 
� 
 � � 	 �
%


 % � � �
�


% �� �	
S TVU Z� YZ[



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

 � � � � ��� �

� ��� �
�

� � 	 � � 
 � 
 	
�


 � 
 � 
� 
 � �

� 	�
 � � ��



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

 � � � � ��� �

� ��� �
�

� � 	 � � 
 � 
 	
�


 � 
 � 
� 
 � �

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

� �
� � � � � �
�

( �

� � �	 	 � � � ��
 � $ $ $ ��
 � # � ��

�

 � 	

�

� � 
� 
 	 �

� �� � 	 � � �	 � ( � � 	 � � 
 # � ��

�

 � 	 � 
 	 � 	 
�
 �

� 	�
 � � ��



� � � � 
 � 


� � 
� 
 	 � � � �� � � 
� 
 	 � � 


� � 
� 
 	 �

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

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

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

� �	 	 � 
 	 � � � 
 � 	 
�
 �

� 	�
 � � � ��



� � � � 
 � 


� � 
� 
 	 � � � �� � � 
� 
 	 � � 


� � 
� 
 	 �

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

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

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

� �	 	 � 
 	 � � � 
 � 	 
�
 �

� ��� �� �

� � �
�

� � 	 �	 � � � � 	 � � � 

�

� 	�
 � � � ��



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

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

� � ��� �
� 

 � 	 � �

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

� � � � � � 	 � � ��� � �� �
�

� 	

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

� 	�
 � � ��



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

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

��� ��� � � �
 ��� � �

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

� � 
 � �� � � � ��� � �� �
�

��

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

�� � � � � � ��� � � �� �

� �� �� � ��� � �
�
 �

��� �
� � � ��� � �

�
� � �

��� � ��

�
� � �

� � �� ��� �
� 	�
 � � ��



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

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

��� ��� � � �
 ��� � �

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

� � 
 � �� � � � ��� � �� �
�

��

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

�� � � � � � ��� � � �� �

� �� �� � ��� � �
�
 �

��� �
� � � ��� � �

�
� � �

��� � ��

�
� � �

� � �� ��� �

� 
 � � �� �

�
 �
� � �

� � � �� � �
�

�
� � �

�� � �
�

�
� � �

� � �� � �

� 	�
 � � ��



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


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

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

� � �  � 
�

� � � � � �

� ��� � � � ��



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


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

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

�� � �   �� � � � �  �

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

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

��� �  � � �  � � � � �	 �� � � �  �

� ��� � � � ��



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


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

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

�� � �   �� � � � �  �

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

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

��� �  � � �  � � � � �	 �� � � �  �

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

� � � � � � � �� � � � �

� �� 
�

� � �
�� � � �
� �

	� � �  
 � � � ��

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

� ��� � � � ��



��� � � ��� � �  �� � � � �� � �

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

� � � ��  � �  � ���
�

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

� ��� �� � ��



��� � � ��� � � � �� ��� � � � ��

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

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

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

�! "
#$ � % &  ' (*) +-,.0/1 2 .3 4 .5 # %� $ � % & 6879 :; <=?>@ @ @ > ACB = D

� ( " B (*) 1
 /1 �E 

� ��� �� � ��



��� � � ��� � � �� � ��� � � � ��

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

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

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

�! "
#$ � % &  ' (*) +-,.0/1 2 .3 4 .5 # %� $ � % & 6879 :; <=?>@ @ @ > ACB = D

� ( " B (*) 1
 /1 �E 

� �  � �� � �
	 � � � 	  ��� 	 �

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

� "
# � �$ � � � � � % �  �& � � � �� ' � �  %� � �  ( ) & �  � �� �� * � '

+ ,:  -
. "= � . / � ,. 0 � 1  �� ��

	 � �  0 2

� ��� �� � ��



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

� ��� � � � �  � �
	 �� � � � �	 � � � �
�   *� 
���

p5

pN

p1

p2

p3

p4

pj

pj+1

� � 	  
	

� � �
� � �

�
�����������

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

��� � �� �
� �  !	 � �  *

"� � � � �  �

� � � # �

$ %'& () * (+



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

� ��� � � � � � � �
	 �� � � � �	 � � � �
�  � * � 
���

p5

pN

p1

p2

p3

p4

pj

pj+1

� � 	 � �

	
� � �

� � �
�

�����������
�������������

� � � � 
�� � ��� � �� �

��� � �� �
� �  !	 �

� � *

"� � �

�

� � �

�

�

� # �

��� ��� � �� � �
	 � �

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

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

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

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

$ %'& () * (+



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

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

( ��
	�
 � � !


� !
��� � � � ! 	

$ %'& ( � * (+



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

�	 � � � ��� � � � � � ��� � � � � �� �� � � � � � � � � � � � � � � � �� � � �� � � � � ��� � � �� �� � � �� � � � ���
�  "! �

#  �
	�
  � �


� ���� � � � � !

$&% ' � ( �� � � �� � )� � � � * � + � *, �.- - � - % - �- � � /�
�

/ * ���

� 0! 1

# 0 �
	�
 0 � �

/ 032 4

� � � � � � � � � !



, ��� � � , � ! 2 �

5 � � �� �� � 6 ( �� � � �� � � '% � 78 9 � )% �� � � �� � � '% � 7;: 9-

$ %'& ( � * (+



� � � � �� � � � � ��� � � � �� � � 

� � � � �� � � � �� � �� )� � � � � � )% � ( � � � % � '% � )% 6 6 � �� � � ( �� � � �� � )� -�% 6 6 � � � � � 6 � � � � � * � � � � �� � � � � � (�� � �� ( ��

�
	 � 	 � 	 � � � � � �� � � � � � �

�  � � � � � � 
� �

� �� � �

� � �� � 	
	 

� ��� �� � ��



� � � � �� � � � � ��� � � � �� � � 

� � � � �� � � � � � � �� )� � � � � � )% � ( � � � % � '% � )% 6 6 � �� � � ( ��� � � �� � )� -�% 6 6 � � � � � 6 � � � � � * � ��� � �	 � � � �
�

(�� � �� ( 
 �

�
	 	 	 � 	 	 � � � � �	 � � � � � �

�  � � � � � � 
� �

� � 	 � �

� � �� 	 	
	 

�% 6 6 � �� � � ( ��� � � �� � )� � � * � � � + � � � /� ���
/ * �-

- � - % - �- � � � �� � � � 
�

�
�

�
�

 �
� 	 � �� �

� 0! 1

#� � #� � # 032 � � �

	 
 0 � �

/ 032 4

�� �
� � � �
� � 	� � � �
�

� � � � �� 6 � � �� � � � �

5 � � � � �� �� � 6 ( ��� � � �� � � '% � 7 8 9
� )% � � � � �� � � '% � 7;: 9-

� '% � � * � % � � �� � � � �% ' � ( ��� � � �� � )� � � � ( ( � � � % � - �

� ��� �� � ��


	
ormalsize Content:hspace {9cm}mbox {}
	
ormalsize Introductionhspace {9cm}mbox {}
	small The decade of hadron colliders at the TeV scalehspace {1cm}mbox {}
	small Scale uncertainties:hspace {7cm}mbox {}
	small Jet rates at the LHChspace {7cm}mbox {}
	
ormalsize Amplitude organization
	
ormalsize Example: $gg	o hhh$hspace {6cm}mbox {}
	small Solving Ward identitieshspace {6cm}mbox {}
	small Solving Ward identitieshspace {6cm}mbox {}
	small Solving Ward identity (2):hspace
{6cm}mbox {}
	small Comments:hspace {9cm}mbox {}
	small Comments:hspace {9cm}mbox {}
	small Solving Bose symmetry for gluons and Higgs bosons: ${cal S}_2otimes {cal S}_2$hspace {1cm}mbox {}
	small An example with fermions:hspace {6cm}mbox {}
	small Solve Ward identity:hspace {6cm}mbox {}
	
ormalsize Reduction of $N$-point scalar integrals
	
ormalsize Compute remainder term using Feynman parameters:
	mbox {}
	
ormalsize Deal with numerator: hspace {7cm} mbox {}
	mbox {}
	mbox {}
	small Solution for $(Scdot b)_l
+ 1 = 0$ for general $N$:hspace {3cm}mbox {}
	small Solution using "Moore-Penrose" generalized inverse:hspace {1.5cm}mbox {}
	small Explicite solution:hspace {6cm}mbox {}
	small General scalar integral reduction formula:hspace {3cm}mbox {}
	small Infrared power counting:hspace {6cm}mbox {}
	small Collinear divergence:hspace {6cm}mbox {}

