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À

D
I
M

IL
A
N
O
&

IN
F
N

H
IG

G
S
M

A
X
W
E
L
L

M
E
E
T
IN

G
E
D
IN

B
U
R
G
H
,
F
E
B
R
U
A
R
Y
8
,
2
0
1
2



D
IS
C
O
V
E
R
Y

A
T

T
H
E
S

p�pSA
N
D

A
T

T
H
E
L
H
C

D
IS

C
O
V
E
R
Y
O
F
T
H
E

W(19
8
4
)

p Tdistr
ibution
ofthee
and�

fromW
deayat
UA1(19
84)

D
IS

C
O
V
E
R
Y
O
F
T
H
E

H
IG

G
S
(2
0
1
1
?
)

 [G
eV

]
4l

m

10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

Events / 5 GeV

024681012
-1

 L
dt

 =
 4

.8
 fb

∫
 =

 7
 T

eV
, 

s
D

at
a 

20
11

, 

A
T

L
A

S
P

re
lim

in
ar

y
D

at
a =
13

0 
G

eV
, 1

xS
M

H
m To

ta
l b

ac
kg

ro
un

d 4l
→

(*
)

Z
Z

→
H

transver
seenerg
ydistrib
ution

inthefo
urlepto
nhann
elatAT
LAS(20
11)

�HADR
O
N

C
O
L
L
ID

E
R

C
IR

C
A
1
9
8
5

)“CLE
A
N
”
D
IS

C
O
V
E
R
Y

S
IG

N
A
L

�HADR
O
N

C
O
L
L
ID

E
R

C
IR

C
A
2
0
1
0

)PREC
IS

IO
N

P
H
Y
S
IC

S

$NEW
P
H
Y
S
IC

S



P
D
F
S

F
R
O
M

T
H
E
S

p�pST
O

T
H
E
L
H
C

P
D
F
S

IN
1
9
8
4

G
H
R

V
S
D
U
K
E
O

W
E
N
S

P
D
F
S

IN
2
0
1
1

G
L
U
O
N
G

L
U
O
N

L
U
M
I

1/
2

 / 
S

 )
S

( 
-3

10
-2

10
-1

10

G-G Lumi

0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

LH
C

 7
 T

eV

N
N

P
D

F
2.

1
N

N
P

D
F

2.
0 =0

.1
19

s
α

C
T

10
 -

 

=0
.1

19
s

α
M

S
T

W
08

 -
 

LH
C

 7
 T

eV

�u�� d x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q S ∆ -0

.0
20

0.
02

0.
04

0.
06

0.
080.

1

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

N
N
P
D
F

V
S
M
S
T
W

V
S
C
T
E
Q
,
2
0
1
1

�HADR
O
N

C
O
L
L
ID

E
R
S

C
IR

C
A
1
9
8
5

)QUAL
IT
A
T
IV

E
Q
C
D
:
D
IS

C
O
V
E
R
Y

P
H
Y
S
IC

S

�DISA
T
N
M
C

A
N
D
H
E
R
A
1
9
9
5
2

0
0
5

)QUAN
T
IT
A
T
IV

E
Q
C
D
:
P
R
E
C
IS

IO
N

P
H
Y
S
IC

S

�HADR
O
N

C
O
L
L
ID

E
R
S

C
IR

C
A
2
0
1
0

)PREC
IS

IO
N
Q
C
D

$NEW
P
H
Y
S
IC

S



S
U
M
M
A
R
Y

�PRO
T
O
N

S
T
R
U
C
T
U
R
E

T
O
D
A
Y

{PDFS
,
L
U
M
IN

O
S
IT
IE

S
,
S
T
A
N
D
A
R
D

C
A
N
D
L
E
S

{RECE
N
T

P
R
O
G
R
E
S
S

A
T
N
L
O

A
N
D
N
N
L
O

�ISS
U
E
S

{THE
M
E
A
N
IN

G
O
F
P
D
F

U
N
C
E
R
T
A
IN

T
IE

S

{DATA
C
O
N
S
IS

T
E
N
C
Y

�THE
IM

P
A
C
T
O
F
H
A
D
R
O
N

C
O
L
L
ID

E
R

D
A
T
A

{JETS
A
N
D

T
H
E

G
L
U
O
N

{FLAV
O
R

S
E
P
A
R
A
T
IO

N
:
D

R
E
L
L
Y

A
N
,
W

A
N
D
Z

�PRE
C
IS
IO

N
P
H
Y
S
IC

S
A
T
T
H
E

L
H
C

{COLL
ID

E
R

O
N
L
Y
P
D
F
S

{THE
R
O
L
E

O
F

T
H
E
L
H
C

D
A
T
A

�AR
O
A
D

M
A
P
F
O
R

T
H
E

F
U
T
U
R
E



T
H
E

S
T
A
T
E

O
F
T
H
E

A
R
T



C
U
R
R
E
N
T
P
D
F
S
E
T
S

� X(s;M
2 X)=P
a;bR 1 x mindx 1
dx 2f a=h
1(x 1)f b=
h 2(x 2)^� q
aq b!X�
x 1x 2s;M
2 X�

dataing
lobal�ts x

-5
10

-4
10

-3
10

-2
10

-1
10

1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
Z

E
U

S
F

2C
H

1F
2C

D
Y

E
60

5
D

Y
E

88
6

C
D

F
W

A
S

Y
C

D
F

Z
R

A
P

D
0Z

R
A

P
C

D
F

R
2K

T
D

0R
2C

O
N

N
N

P
D

F
2.

1 
da

ta
se

t

LHCkin
ematis

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

10
-1

10
0

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

10
9

fi
xe

d
ta

rg
et

H
E

R
A

x 1,
2 

=
 (

M
/1

4 
T

eV
) 

ex
p(

± y
)

Q
 =

 M

L
H

C
 p

ar
to

n 
ki

ne
m

at
ic

s

M
 =

 1
0 

G
eV

M
 =

 1
00

 G
eV

M
 =

 1
 T

eV

M
 =

 1
0 

T
eV

6
6

y 
= 

4
0

2
2

4

Q
2
   (GeV

2
)

x

�CT10
:
G
L
O
B
A
L
,
L
O
+
N
L
O
,
S
E
V
E
R
A
L

� sVALU
E
S
,
V
F
N

�MST
W
0
8
:
G
L
O
B
A
L
,
L
O
+
N
L
O
+
N
N
L
O
,
S
E
V
E
R
A
L

� sVALU
E
S
,
V
F
N

�NNPD
F
2
.1
2

.2
:
G
L
O
B
A
L
(I
N
C
L
.
L
H
C
),
L
O
+
N
L
O
+
N
N
L
O
,
S
E
V
E
R
A
L

� sVALS
.,
V
F
N

�ALEK
H
IN

A
B
K
M
:
D
IS

+
S
O
M
E
D
Y
,
N
L
O
+
N
N
L
O
,
S
IN

G
L
E

� sVALU
E
,
F
F
N

�HER
A
P
D
F
1
.0

(1
.5
?
):

H
E
R
A
D
IS

,
N
L
O
+
N
N
L
O
,
S
E
V
E
R
A
L

� sVALS
,
V
F
N

�SETS
B
A
S
E
D

O
N

M
O
D
E
L

A
S
S
U
M
P
T
IO

N
S
(G

R
V
/
G
J
R
,
S
T
A
T
IS
T
IC

A
L
P
D
F
S
,.
..
)



F
E
A
T
U
R
E
S
,
T
R
A
D
E
O
F
F
S
A
N
D

C
H
O
IC

E
S

�DATA
S
E
T
:
C
T
E
Q
,
M
S
T
W
,
N
N
P
D
F

F
IX

E
D

T
A
R
G
E
T
+

C
O
L
L
ID

E
R
,

ePAND
� PPDAT

A

(N
N
P
D
F
:
L
H
C
);
A
B
K
M
,
G
J
R

G
L
O
B
A
L
D
IS

+
F
IX

E
T
T

A
R
G
E
T
D
Y
;
H
E
R
A
P
D
F
:

H
E
R
A
D
IS

O
N
L
Y

�STAT
IS

T
IC

A
L

T
R
E
A
T
M
E
N
T
:
C
T
E
Q
,
M
S
T
W

H
E
S
S
IA

N
W
IT
H

D
Y
N
A
M
IC

A
L

T
O
L
E
R
A
N
C
E
;
H
E
R
A
P
D
F
,
S
T
A
N
D
A
R
D
H

E
S
S
IA

N
+
P
A
R
M
.
E
R
R
O
R

A
N
A
L
Y
S
IS
;
G
J
R
,

H
E
S
S
IA

N
W
IT
H

F
IX

E
D

T
O
L
E
R
A
N
C
E
;
A
B
K
M

S
T
A
N
D
A
R
D
H

E
S
S
IA

N
;
N
N
P
D
F
M

O
N
T
E

C
A
R
L
O
(A

L
S
O

S
T
U
D
IE

D
B
Y
H
E
R
A
P
D
F
,
M
S
T
W
)

�PART
O
N

P
A
R
A
M
E
T
R
IZ
A
T
IO

N
:
C
T
E
Q
,
M
S
T
W
,
H
E
R
A
P
D
F

x� (1�
x)� �

P
O
L
Y
N
O
M
IA

L
S
;
G
J
R
:
D
IT
T
O
+

V
A
L
E
N
C
E
L
IK

E
A
S
S
U
M
P
T
IO

N
;
N
N
P
D
F

N
E
U
R
A
L

N
E
T
S
;

C
H
E
B
Y
S
H
E
V

P
O
L
Y
N
O
M
IA

L
S

S
T
U
D
IE

D
B
Y
H
E
R
A
P
D
F
;

�� sVA
L
U
E
:
C
T
E
Q
,
N
N
P
D
F
:
E
X
T
E
R
N
A
L

P
A
R
A
M
E
T
E
R
,
S
E
V
E
R
A
L

V
A
L
U
E
S

A
V
A
IL
A
B
L
E
;

M
S
T
W
:
F
IT
T
E
D
,
B
U
T

A
L
S
O

V
A
R
IA

B
L
E

A
S

E
X
T
.P

A
R
A
M
E
T
E
R
;
A
B
K
M
,
G
J
R
:
F
IT
T
E
D
,

N
O
T

V
A
R
IA

B
L
E

A
S

E
X
T
.
P
A
R
A
M
E
T
E
R

�PERT
U
R
B
A
T
IV

E
O
R
D
E
R
:
C
T
E
Q
:
L
O
+
N
L
O
;
M
S
T
W
:
L
O
+
N
L
O
+
N
N
L
O
;
N
N
P
D
F

L
O
+
N
L
O
+
N
N
L
O
;
A
B
K
M
,
H
E
R
A
P
D
F
,
G
J
R
:
N
L
O
+
N
N
L
O

�HEAV
Y

Q
U
A
R
K
S
:
C
T
E
Q
:
G
M
V

F
N

(S
A
C
O
T
�SCHE

M
E
);
M
S
T
W
:
G
M
V

F
N

(A
C
O
T
+
T
R
’
S
C
H
E
M
E
);
N
N
P
D
F
:
G
M
V

F
N

(F
O
N
L
L

S
C
H
E
M
E
);
A
B
K
M
:
F
F
N

( N f=3
;4MATC

H
E
D

W
IT
H
B
M
S
N

S
C
H
E
M
E
);
G
J
R
:
F
F
N

(N f=3

)



W
H
E
R
E

D
O

W
E

S
T
A
N
D
?

L
H
C

S
T
A
N
D
A
R
D

C
A
N
D
L
E
S
(N

L
O
)

W+

)
2 Z

(M
Sα

0.
11

4
0.

11
6

0.
11

8
0.

12
0.

12
2

0.
12

4

)  (nb) ν
+

 l → 
+

 B(W ⋅ +
Wσ

5.
4

5.
6

5.
86

6.
2

6.
4

68
%

 C
.L

. P
D

F

M
S

T
W

08

C
T

E
Q

6.
6

C
T

10

N
N

P
D

F
2.

1

H
E

R
A

P
D

F
1.

0

H
E

R
A

P
D

F
1.

5

A
B

K
M

09

G
JR

08

 =
 7

 T
eV

)
s

 a
t t

he
 L

H
C

 (
ν+  l

→ +
N

LO
 W

S
α

O
ut

er
: P

D
F

+
In

ne
r:

 P
D

F
 o

nl
y

V
er

tic
al

 e
rr

or
 b

ar
s

G. Watt     (September 2011)

)
2 Z

(M
Sα

0.
11

4
0.

11
6

0.
11

8
0.

12
0.

12
2

0.
12

4

)  (nb) ν
+

 l → 
+

 B(W ⋅ +
Wσ

5.
4

5.
6

5.
86

6.
2

6.
4

W�
)

2 Z
(M

Sα
0.

11
4

0.
11

6
0.

11
8

0.
12

0.
12

2
0.

12
4

)  (nb) ν
-

 l → 
-

 B(W ⋅ - Wσ

3.
7

3.
8

3.
94

4.
1

4.
2

4.
3

4.
4

4.
5

68
%

 C
.L

. P
D

F

M
S

T
W

08

C
T

E
Q

6.
6

C
T

10

N
N

P
D

F
2.

1

H
E

R
A

P
D

F
1.

0

H
E

R
A

P
D

F
1.

5

A
B

K
M

09

G
JR

08

 =
 7

 T
eV

)
s

 a
t t

he
 L

H
C

 (
ν-  l

→ -
N

LO
 W

S
α

O
ut

er
: P

D
F

+
In

ne
r:

 P
D

F
 o

nl
y

V
er

tic
al

 e
rr

or
 b

ar
s

G. Watt     (September 2011)

)
2 Z

(M
Sα

0.
11

4
0.

11
6

0.
11

8
0.

12
0.

12
2

0.
12

4

)  (nb) ν
-

 l → 
-

 B(W ⋅ - Wσ

3.
7

3.
8

3.
94

4.
1

4.
2

4.
3

4.
4

4.
5

T
O
P

Z

)
2 Z

(M
Sα

0.
11

4
0.

11
6

0.
11

8
0.

12
0.

12
2

0.
12

4

)  (nb)
-
l

+
 l → 

0
 B(Z ⋅ 0

Z σ

0.
84

0.
86

0.
880.
9

0.
92

0.
94

0.
96

0.
98

1

68
%

 C
.L

. P
D

F

M
S

T
W

08

C
T

E
Q

6.
6

C
T

10

N
N

P
D

F
2.

1

H
E

R
A

P
D

F
1.

0

H
E

R
A

P
D

F
1.

5

A
B

K
M

09

G
JR

08

 =
 7

 T
eV

)
s

 a
t t

he
 L

H
C

 (
- l+  l

→ 0
N

LO
 Z

S
α

O
ut

er
: P

D
F

+
In

ne
r:

 P
D

F
 o

nl
y

V
er

tic
al

 e
rr

or
 b

ar
s

G. Watt     (September 2011)

)
2 Z

(M
Sα

0.
11

4
0.

11
6

0.
11

8
0.

12
0.

12
2

0.
12

4

)  (nb)
-
l

+
 l → 

0
 B(Z ⋅ 0

Z σ

0.
84

0.
86

0.
880.
9

0.
92

0.
94

0.
96

0.
98

1

(G.Watt
,2011)

�GLOBA
L
F
IT
S

IN
G
O
O
D

M
U
T
U
A
L

A
G
R
E
E
M
E
N
T

�CHOIC
E

O
F

� sVALU
E

IM
P
O
R
T
A
N
T



W
H
E
R
E

D
O

W
E

S
T
A
N
D
?

P
A
R
T
O
N

L
U
M
IN

O
S
IT
IE

S
(N

L
O
)

G
L
U
O
N
G

L
U
O
N

Q
U
A
R
K
Q

U
A
R
K

(G.Watt
,2011)

Q
U
A
R
K
G

L
U
O
N

1/
2

 / 
S

 )
S

( 
-3

10
-2

10
-1

10

Q-Qbar Lumi

0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

LH
C

 7
 T

eV

N
N

P
D

F
2.

1
N

N
P

D
F

2.
0 =0

.1
19

s
α

C
T

10
 -

 

=0
.1

19
s

α
M

S
T

W
08

 -
 

LH
C

 7
 T

eV

C
H
A
R
M
C

H
A
R
M

1/
2

 / 
S

 )
S

( 
-3

10
-2

10
-1

10

C-Cbar Lumi

0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

LH
C

 7
 T

eV

N
N

P
D

F
2.

1
N

N
P

D
F

2.
0 =0

.1
19

s
α

C
T

10
 -

 

=0
.1

19
s

α
M

S
T

W
08

 -
 

LH
C

 7
 T

eV

(NNPDF
,2011)



C
O
N
T
IN

U
O
U
S
P
R
O
G
R
E
S
S

P
A
R
T
O
N

L
U
M
IN

O
S
IT
IE

S
(N

L
O
)

G
L
U
O
N
G

L
U
O
N

2
0
1
0

2
0
1
1

Q
U
A
R
K
Q

U
A
R
K

2
0
1
0

2
0
1
1

(G.Watt
,2011)

� NNPD
F
2
.0

!NNPD
F
2
.1
:
IN

C
L
U
S
IO

N
O
F
H
W

M
A
S
S
E
S

�CTEQ
6
.6

!CT10
:
IM

P
R
O
V
E
D

S
T
A
T
IS
T
IC

S
,
P
A
R
A
M
E
T
R
IZ
A
T
IO

N
,
D
A
T
A

�CONSI
D
E
R
A
B
L
Y

IM
P
R
O
V
E
D

A
G
R
E
E
M
E
N
T
!



C
O
N
T
IN

U
O
U
S
P
R
O
G
R
E
S
S

P
A
R
T
O
N

L
U
M
IN

O
S
IT
IE

S
(N

N
L
O
)

G
L
U
O
N
G

L
U
O
N

NNPDF
NLOvs.
NNLO

1/
2

 / 
S

 )
2 X

 (
 M

-2
10

-1
10

G-G Lumi 0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
251.
3

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

LO

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

NNLON
NPDF2.
1vs.MS
TW08

1/
2

 / 
S

 )
2 X

 (
 M

-3
10

-2
10

-1
10

G-G Lumi 0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
251.
3

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

N
LO

=
0.

11
9

s
α

M
S

T
W

08
 N

N
LO

 

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

Q
U
A
R
K
Q

U
A
R
K

NNPDF
NLOvs.
NNLO

1/
2

 / 
S

 )
2 X

 (
 M

-2
10

-1
10

Q-Qbar Lumi

0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
251.
3

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

LO

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

NNLON
NPDF2.
1vs.MS
TW08

1/
2

 / 
S

 )
2 X

 (
 M

-3
10

-2
10

-1
10

Q-Qbar Lumi

0.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
251.
3

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

N
LO

=
0.

11
9

s
α

M
S

T
W

08
 N

N
LO

 

P
D

F
 U

nc
er

ta
in

ty
 p

ar
to

n 
lu

m
is

 -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

(NNPDF
,2011)

� NNPD
F
2
.1

N
L
O

V
S
N
N
L
O

!STABI
L
IT
Y

�NNPD
F
2
.1

V
S
M
S
T
W
0
8

!GOOD
A
G
R
E
E
M
E
N
T

IN
E
W

M x�10
0GEVR

E
G
IO

N
,

B
U
T
M
S
T
W

G
L
U
O
N

U
N
S
T
A
B
L
E

A
T

S
M
A
L
L

x



C
O
N
T
IN

U
O
U
S
P
R
O
G
R
E
S
S

T
H
E

H
IG

G
S

C
R
O
S
S

S
E
C
T
IO

N

m H=1
20GEV:

2
0
1
0

m H=1
20GEV:

2
0
1
1

(G.Watt
)

H
IG

G
S
W
G

N
L
O

2
0
1
0

 [G
eV

]
H

M

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

R 0.
850.
9

0.
95

1

1.
051.

1

1.
15

LHC HIGGS XS WG 2010

LH
C

 7
 T

eV  6
8%

 C
.L

.
s

α
P

D
F

+
no

rm
al

iz
ed

 to
 M

S
T

W
20

08
nl

o

)
Z

(m s
α

di
ffe

re
nt

 v
al

ue
s 

of
 

 u
nc

er
ta

in
tie

s
s

α
ex

ac
t P

D
F

+

P
D

F
4L

H
C

 r
ec

ip
e

N
N

P
D

F
2.

0

C
T

E
Q

6.
6

M
S

T
W

08
nl

o

N
L
O

2
0
1
1

E
N
V
E
L
O
P
E
(W

A
T
T
)

N
N
L
O

2
0
1
1

E
N
V
E
L
O
P
E
(N

N
P
D
F
)

 (
 G

eV
 )

H
M

10
0

15
0

20
0

25
0

30
0

35
0

40
0

( gg -> H ) ) σ R ( 

0.
750.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

N
LO

 (
no

 N
M

C
)

N
N

P
D

F
2.

1 
N

N
LO

 (
N

M
C

p 
S

F
s)

)=
0.

11
9

Z
(M sα

LH
C

 7
 T

eV
, R

at
io

 to
 N

N
P

D
F

2.
1 

N
N

LO
 

 (
 G

eV
 )

H
M

10
0

15
0

20
0

25
0

30
0

35
0

40
0

( gg -> H ) ) σ R ( 

0.
750.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

)=
0.

11
9

Z
(M sα

N
N

P
D

F
2.

1 
N

N
LO

 

)=
0.

11
7

Z
(M sα

N
N

P
D

F
2.

1 
N

N
LO

 

)=
0.

11
71

Z
(M s

α
M

S
T

W
20

08
 N

N
LO

 

)=
0.

11
35

Z
(M sα

A
B

K
M

09
 N

N
LO

 

�NLO:
2
0
1
0

!2011
IM

P
R
O
V
E
D

A
G
R
E
E
M
E
N
T

O
F

G
L
O
B
A
L

F
IT
S

�NNLO
:
M
S
T
W
N

N
P
D
F

A
G
R
E
E
M
E
N
T

A
L
M
O
S
T

P
E
R
F
E
C
T



IS
S
U
E
S



P
D
F
U
N
C
E
R
T
A
IN

T
IE

S
:

D
O

T
H
E
Y
H
A
V
E

A
S
T
A
T
IS
T
IC

A
L
M
E
A
N
IN

G
?

S
O
M
E
T
IM

E
S

S
T
A
T
E
D

T
H
A
T
“P

D
F

U
N
C
E
R
T
A
IN

T
IE

S
A
R
E

T
H
E
O
R
E
T
IC

A
L

U
N
C
E
R
T
A
IN

T
IE

S
”
(T
H
U
S

D
E
V
O
ID

O
F

S
T
A
T
IS

T
IC

A
L

M
E
A
N
IN

G
)
IS

IT
T
R
U
E
?

)

hOi new=
R O[f℄P

new(f)D
f;=N �

R O[f℄P
(�2 jf)P o
ld(f)Df
;

hOi new=
1 N repP N rep k=1N �P
(�2 jf k)O
[f k℄=
1 N repP N rep k=1w kO
[f k℄w k
=N(�2 k)
n=2�1 e�
1 2�2 k

)

(deLore
nzi,MN
ulty,201
0-2011))

� � �

)



P
D
F
U
N
C
E
R
T
A
IN

T
IE

S
:

D
O

T
H
E
Y
H
A
V
E

A
S
T
A
T
IS
T
IC

A
L
M
E
A
N
IN

G
?

S
O
M
E
T
IM

E
S

S
T
A
T
E
D

T
H
A
T
“P

D
F

U
N
C
E
R
T
A
IN

T
IE

S
A
R
E

T
H
E
O
R
E
T
IC

A
L

U
N
C
E
R
T
A
IN

T
IE

S
”
(T
H
U
S

D
E
V
O
ID

O
F

S
T
A
T
IS

T
IC

A
L

M
E
A
N
IN

G
)
IS

IT
T
R
U
E
?

A
W
A
Y

O
F

T
E
S
T
IN

G
:

N
E
W

D
A
T
A

)BAY
E
S
’
T
H
E
O
R
E
M

hOi new=
R O[f℄P

new(f)D
f;=N �

R O[f℄P
(�2 jf)P o
ld(f)Df
;

IN
A
M

O
N
T
E
C
A
R
L
O

A
P
P
R
O
A
C
H
..
.

hOi new=
1 N repP N rep k=1N �P
(�2 jf k)O
[f k℄=
1 N repP N rep k=1w kO
[f k℄,w k
=N(�2 k)
n=2�1 e�
1 2�2 k

) EFF
E
C
T

O
F

N
E
W

D
A
T
A

IS
A
C
C
O
U
N
T
E
D

F
O
R

B
Y

R
E
W
E
IG

H
T
IN

G
M
O
N
T
E

C
A
R
L
O

A
V
E
R
A
G
E
S

(C
A
N

A
L
S
O

B
E

IM
P
L
E
M
E
N
T
E
D

IN
H

E
S
S
IA

N
F
R
A
M
E
W
O
R
K

(deLore
nzi,MN
ulty,201
0-2011))

� DETE
R
M
IN

E
P
D
F
S

IN
C
L
U
D
IN

G
S
O
M
E

D
A
T
A

B
Y
B
A
Y
E
S
’
T
H
E
O
R
E
M

(R
E
W
E
IG

H
T
IN

G
)

�DETE
R
M
IN

E
P
D
F
S

B
Y

E
N
L
A
R
G
IN

G
T
H
E

D
A
T
A
S
E
T

T
O

T
H
E

N
E
W

D
A
T
A

( R
E
F
IT
T
IN

G
)

�COM
P
A
R
E

R
E
S
U
L
T
S

)IFT
H
E
Y

A
G
R
E
E
,
P
D
F
S

D
O

H
A
V
E

A
S
T
A
T
IS

T
IC

A
L

IN
T
E
R
P
R
E
T
A
T
IO

N
S

A
L
R
IG

H
T
!



R
U
N
N
IN

G
T
H
E

T
E
S
T

IN
C
L
U
S
IO

N
O
F

J
E
T

D
A
T
A
:
R
E
W
E
IG

H
T
IN

G
V
S
.
R
E
F
IT
T
IN

G
N
N
P
D
F
2
.0
D
IS

+
D
Y

V
S
.
N
N
P
D
F
2
.0

F
U
L
L

G
L
U
O
N

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0
2

xg(x, Q -0
.10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

)

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

) 
+ 

rw
 J

E
T

N
N

P
D

F
2.

0

G
L
U
O
N

U
N
C
E
R
T
A
IN

T
Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0
2

Abs.er.(xg) (x, Q

0

0.
050.

1

0.
150.

2

0.
25

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

)

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

) 
+ 

rw
 J

E
T

N
N

P
D

F
2.

0

D
IS

T
A
N
C
E
S

 0 1 2 3 4 5 6

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8
 0

.9

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

 0 1 2 3 4 5 6  1
e-

05
 0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ q(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
ce

nt
ra

l v
al

ue
s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

 0 1 2 3 4 5 6

 0
 0

.1
 0

.2
 0

.3
 0

.4
 0

.5
 0

.6
 0

.7
 0

.8
 0

.9

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

 0 1 2 3 4 5 6  1
e-

05
 0

.0
00

1
 0

.0
01

 0
.0

1
 0

.1
 1

d[ σq(x,Q0
2
) ]

x

D
is

ta
nc

e 
be

tw
ee

n 
P

D
F

 u
nc

er
ta

in
tie

s

N
N

P
D

F
2.

0 
vs

. N
N

P
D

F
2.

0 
D

IS
+

D
Y

P
 +

 J
et

s(
R

W
) 

(1
00

)
Σ g T
3 V ∆ S s + s -

d�1)
S
T
A
T
IS
T
IC

A
L

E
Q
U
IV
A
L
E
N
C
E

(d=n,
n�DISC

R
E
P
A
N
C
Y
)

S
T
A
T
IS

T
IC

A
L

IN
T
E
R
P
R
E
T
A
T
IO

N
V
A
L
ID

A
T
E
D



D
A
T
A

C
O
N
S
IS
T
E
N
C
Y
:
W
H
Y
W
E

N
E
E
D

IT

�DISO
N
L
Y

F
IT

)

S
IG

N
IF
IC

A
N
T

L
O
S
S

IN

A
C
C
U
R
A
C
Y

�LARG
E

xGLUO
N
:

N
E
E
D

J
E
T
S
!

�LIGHT
A
N
D

S
T
R
A
N
G
E

F
L
A
V
O
U
R

S
E
P
A
R
A


T
IO

N
:

N
E
E
D

D
R
E
L
L
Y

A
N

A
N
D

WPROD
U
C
T
IO

N

G
L
U
O
N

V
A
L
E
N
C
E

S
E
A

A
S
Y
M
:

�u�� d
S
T
R
A
N
G
E
:

s��s

A
H
E
R
A

O
N
L
Y

F
IT

IS
A

T
E
R
R
IB

L
E

ID
E
A
!



D
A
T
A

C
O
N
S
IS
T
E
N
C
Y
:
H
O
W

T
O

T
E
S
T
F
O
R

IT

�INCON
S
IS

T
E
N
T

D
A
T
A

,UNDE
R
E
S
T
IM

A
T
E
D

U
N
C
E
R
T
A
IN

T
IE

S

�RESC
A
L
E

A
L
L

U
N
C
E
R
T
A
IN

T
IE

S
IN

A
G
IV

E
N

E
X
P
E
R
IM

E
N
T

B
Y

S
O
M
E

F
A
C
T
O
R

�:

�2 �=�
2 =�2 (TO

L
E
R
A
N
C
E
)

�DETE
R
M
IN

E
P
R
O
B
A
B
IL
IT
Y

D
IS

T
R
IB

U
T
IO

N
O
F

�VALUE
S

B
Y
B
A
Y
E
S
’
T
H
E
O
R
E
M

)REW
E
IG

H
T
IN

G
:

P(�)=
N �P N k=1w k(
�):

J
E
T
S

α
0

1
2

3
4

5

) α P(

0

0.
1

0.
2

0.
3

0.
4

0.
5)

α
P

(
)

α
P

(
D
0

eINCLUSI
V
E

α
0

1
2

3
4

5

) α P(

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14

0.
16)

α
P

(
)

α
P

(
D
0

eHIGHE
T α

0
1

2
3

4
5

) α P(

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14)

α
P

(
)

α
P

(

�JETS:

)CONS
IS
T
E
N
T

D
A
T
A

�W� C
H
A
R
G
E

A
S
Y
M
M
E
T
R
IE

S
,
D
0

IN
C
L
U
S
IV

E

eDATA)
U
N
C
E
R
T
A
IN

T
IE

S
U
N
D
E
R
E
S
T
IM

A
T
E
D

B
Y

�70%(
P
R
O
B
.
P
E
A
K
S

A
T

��1:7)

�W� C
H
A
R
G
E

A
S
Y
M
M
E
T
R
IE

S
,
D
0

eDATAW
IT
H

E T>35

G
E
V

)INCON
S
IS
T
E
N
T

D
A
T
A



T
H
E

IM
P
A
C
T
O
F
H
A
D
R
O
N

C
O
L
L
ID

E
R

D
A
T
A



J
E
T
S

A
T

T
H
E
T
E
V
A
T
R
O
N

�GOOD
C
O
N
S
IS

T
E
N
C
Y

)ONE
J
E
T

IN
C
L
U
S
IV

E
R
U
N

II
D
A
T
A

W
E
L
L

R
E
P
R
O
D
U
C
E
D

E
V
E
N

W
H
E
N

N
O
T

F
IT
T
E
D

(L
A
R
G
E

xGLUO
N

W
E
L
L

D
E
T
E
R
M
IN

E
D

B
Y

S
C
A
L
IN

G
V
IO

L
A
T
IO

N
S
)

�IMPAC
T

O
N

L
A
R
G
E

xGLUO
N

�SIGNI
F
IC

A
N
T
IM

P
R
O
V
E
M
E
N
T
IN

G
L
U
O
N

A
C
C
U
R
A
C
Y

F
O
R

0:1 �< x
�< 0:7

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
D

Y
E

60
5

D
Y

E
88

6
C

D
F

W
A

S
Y

C
D

F
Z

R
A

P
D

0Z
R

A
P

C
D

F
R

2K
T

D
0R

2C
O

N

N
N

P
D

F
2.

0 
da

ta
se

t

G
L
U
O
N

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
xg (x, Q

-0
.10

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

N
N

P
D

F
2.

0 
- 

D
IS

N
N

P
D

F
1.

2 
- 

D
IS

 +
 J

E
T

G
L
U
O
N

U
N
C
E
R
T
A
IN

T
Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

)0
2

Abs.er.(xg) (x, Q

0

0.
050.

1

0.
150.

2

0.
25

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

)

N
N

P
D

F
2.

0 
(D

IS
+D

Y
P

) 
+ 

rw
 J

E
T

N
N

P
D

F
2.

0



T
E
V
A
T
R
O
N
D
R
E
L
L
Y

A
N
+

W,Z

P
R
O
D
U
C
T
IO

N

�VERY
S
U
B
S
T
A
N
T
IA

L
IM

P
R
O
V
E
M
E
N
T

IN
F
IT

Q
U
A
L
IT
Y

W
H
E
N

D
A
T
A

IN
C
L
U
D
E
D

)SOME
P
D
F

C
O
M
B
IN

A
T
IO

N
S

P
O
O
R
L
Y

D
E
T
E
R
M
IN

E
D

W
IT
H
O
U
T

T
H
E
S
E

D
A
T
A

�HUGE
IM

P
R
O
V
E
M
E
N
T

IN
S
E
A

A
S
Y
M

�u�� d&
S
T
R
A
N
G
E
N
E
S
S

s��s

� SIGNIF
IC

A
N
T

IM
P
R
O
V
E
M
E
N
T

IN
T
O
T
A
L

V
A
L
E
N
C
E

(P i(q i��q i
) )&ISOT

R
IP
L
E
T
(u+�u�

(d+� d))
x

-5
10

-4
10

-3
10

-2
10

-1
10

1

 ]
2

 [ GeV
2

T  / p
2

 / M
2

Q

1

10

2
10

3
10

4
10

5
10

6
10

N
M

C
-p

d
N

M
C

S
LA

C
B

C
D

M
S

H
E

R
A

I-
A

V
C

H
O

R
U

S
F

LH
10

8
N

T
V

D
M

N
Z

E
U

S
-H

2
D

Y
E

60
5

D
Y

E
88

6
C

D
F

W
A

S
Y

C
D

F
Z

R
A

P
D

0Z
R

A
P

C
D

F
R

2K
T

D
0R

2C
O

N

N
N

P
D

F
2.

0 
da

ta
se

t

IS
O
T
R
IP
L
E
T

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

) 0

2
 (x, Q 3 xT

0

0.
050.

1

0.
150.
2

0.
250.
3

0.
350.
4

0.
450.
5

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

� d��u x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q S ∆x

0

0.
01

0.
02

0.
03

0.
04

0.
05

0.
06

0.
07

0.
08

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

V
A
L
E
N
C
E

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
xV (x, Q

0

0.
2

0.
4

0.
6

0.
81

1.
2

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0

s��s x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q - xs -0

.0
2

-0
.0

10

0.
01

0.
02

0.
03

0.
04

N
N

P
D

F
2.

0 
D

IS
+J

E
T

N
N

P
D

F
2.

0



T
E
V
A
T
R
O
N

V
S
D
IS
:
C
O
N
S
IS
T
E
N
C
Y

IS
S
U
E
S
?

D
IS

V
S
D
IS

+
D
Y
:

D
O
W
N

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9

xdbar

0.
6

0.
81

1.
2

1.
4

1.
6

, r
at

io
 to

 N
N

P
D

F
2.

1
2

 G
eV

4
 =

 1
0

2
Q

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1 
D

IS

, r
at

io
 to

 N
N

P
D

F
2.

1
2

 G
eV

4
 =

 1
0

2
Q

C
O
M
P
A
R
IS

O
N

B
E
T
W
E
E
N

S
E
T
S
:

u=dATQ
2 =2GE

V

2
x

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

 )
2

0 d / u ( x , Q

0.
6

0.
7

0.
8

0.
91

1.
1

1.
2

1.
3

1.
4

R
at

io
 to

 N
N

P
D

F
2.

0

N
N

P
D

F
2.

0

C
T

10

M
S

T
W

08

R
at

io
 to

 N
N

P
D

F
2.

0

�DOWN
A
N
D

U
P
/
D
O
W
N
:

T
E
N
S
IO

N

B
E
T
W
E
E
N
D
IS

A
N
D
D
Y

D
A
T
A

�PERHA
P
S

N
U
C
L
E
A
R

C
O
R
R
E
C
T
IO

N
S

&
H
IG

H
E
R

T
W
IS
T
S

P
L
A
Y

A
R
O
L
E

IN

N
M
C
,
B
C
D
M
S
D
IS

�DIFFE
R
E
N
T
P
D
F

S
E
T
S

IN
P
A
R
T
IA

L

D
IS
A
G
R
E
E
M
E
N
T

T
E
V
A
T
R
O
N

R
U
N
II

WASY
M
M
E
T
R
Y

D
A
T
A

�CTEQ
:
N
O

G
L
O
B
A
L
L
Y

C
O
N
S
IS
T
E
N
T

F
IT

F
O
U
N
D
:

C
T
1
0
W

W
IT
H

W
D
A
T
A
,
C
T
1
0

W
IT
H
O
U
T

�NNP
D
F
:

S
IZ
A
B
L
E

R
E
D
U
C


T
IO

N
IN

U
N
C
E
R
T
A
IN

T
Y

u=dATQ
2 =2GE

V
2

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7

 )
2

0 d / u ( x , Q 0.
750.
8

0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

R
at

io
 to

 N
N

P
D

F
2.

0

N
N

P
D

F
2.

0

N
N

P
D

F
2.

0 
+ 

eB
in

A
 +

 m
u

C
T

10

C
T

10
W

R
at

io
 to

 N
N

P
D

F
2.

0

R
E
L
A
T
IV

E
U
N
C
E
R
T
A
IN

T
Y

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7

 ) ]
2

0 RelErr [ d / u ( x , Q

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

N
N

P
D

F
2.

0

N
N

P
D

F
2.

0 
+ 

eB
in

A
 +

 m
u

C
T

10

C
T

10
W

�WAS
Y
M
M
E
T
R
Y

D
A
T
A

D
E
T
E
R
M
IN

E
T
H
E

u=dRATI
O

A
C
C
U
R
A
T
E
L
Y
,
T
E
N
S
IO

N
W
IT
H
D
IS

D
A
T
A

�BETTE
R

T
O

D
O

W
IT
H
O
U
T
N
M
C
/
B
C
D
M
S

D
A
T
A
(N

O
L
O
W

Q2 DATA
,
N
O

N
U
C
L
E
A
R

T
A
R
G
E
T
S
)



P
R
E
C
IS

IO
N

P
H
Y
S
IC

S
A
T

T
H
E

L
H
C



C
O
L
L
ID

E
R

O
N
L
Y
F
IT
S
?

N
O

F
IX

E
D

T
A
R
G
E
T

D
A
T
A

,NOL
O
W
E

N
E
R
G
Y

T
R
O
U
B
L
E

T
H
E
N
N
P
D
F
2
.1

D
A
T
A
S
E
T

N
N
P
D
F
2
.1


C
O
L
L
ID

E
R

O
N
L
Y

P
D
F
S

F
R
O
M

H
E
R
A
+
T
E
V
A
T
R
O
N

D
A
T
A
?



C
O
L
L
ID

E
R

O
N
L
Y
F
IT
S
?

T
H
E
P
D
F
S

G
L
U
O
N

V
A
L
E
N
C
E

S
E
A

A
S
Y
M
:

�u�� d

S
T
R
A
N
G
E
:

s��s

�GOOD
A
C
C
U
R
A
C
Y

F
O
R

G
L
U
O
N

�GREA
T

L
O
S
S

O
F

A
C
C
U
R
A
C
Y

F
O
R

F
L
A
V
O
R

S
E
P
A
R
A
T
IO

N



C
O
L
L
ID

E
R

O
N
L
Y
F
IT
S
?

N
O

F
IX

E
D

T
A
R
G
E
T

D
A
T
A

,NOL
O
W
E

N
E
R
G
Y

T
R
O
U
B
L
E

T
H
E
N
N
P
D
F
2
.1

D
A
T
A
S
E
T



C
O
L
L
ID

E
R

O
N
L
Y
F
IT
S
?

N
O

F
IX

E
D

T
A
R
G
E
T

D
A
T
A

,NOL
O
W
E

N
E
R
G
Y

T
R
O
U
B
L
E

T
H
E
N
N
P
D
F
2
.1

D
A
T
A
S
E
T

N
N
P
D
F
2
.1

C
O
L
L
.
O
N
L
Y
+
L
H
C

L
H
C

D
A
T
A

C
A
N

P
R
O
V
ID

E
T
H
E

M
IS

S
IN

G
IN

F
O
R
M
A
T
IO

N
!



WAN
D

ZPRO
D
U
C
T
IO

N
A
T

T
H
E
L
H
C

�W� ,

ZRAPID
IT
Y

D
IS

T
R
IB

U
T
IO

N
S

M
E
A
S
U
R
E
D

B
Y
A
T
L
A
S

W
IT
H

j�j<2:
4;3:2,3

6

P
B

�1 ,FUL
L
Y

C
O
R
R
E
L
A
T
E
D

S
Y
S
T
E
M
A
T
IC

S

�CMS
,
S
A
M
E

K
IN
.,

S
Y
S
T
.
Y
E
T

U
N
A
V
A
IL
A
B
L
E
,
M
U
O
N

A
S
Y
M
M
E
T
R
IE

S
W
.
2
3
4

P
B

�1

� LHCB
,

2<�j<
4:5,36

P
B

�1 ,SYS
T
.
Y
E
T

U
N
A
V
A
IL
A
B
L
E

F
IT

Q
U
A
L
IT
Y
:
P
D
F

S
E
T
S

D
A
T
A
S
E
T

�2 NNPD
F
2
.1

�2 MSTW
0
8

�2 HERA
P
D
F
1
.5

A
T
L
A
S

W+ 36P
B

�1

5
.7

6
.5

5
.3

A
T
L
A
S

W� 36P
B

�1

2
.5

4
.1

6
.4

A
T
L
A
S

Z36PB�
1

1
.8

3
.7

2
.9

C
M
S

ZRAPIDIT
Y
3
6

P
B

�1

1
.9

2
.9

3
.0

C
M
S

M
U
O
N

A
S
Y
M
M
E
T
R
Y
2
3
4

P
B

�1
2
.0

3
.4

2
.1

L
H
C
B

ZRAPIDIT
Y
3
6

P
B

�1
1
.1

0
.7

0
.8

L
H
C
B

WLEPTO
N

A
S
Y
M
M
E
T
R
Y
3
6

P
B

�1
0
.5

0
.6

0
.5

�CONS
ID

E
R
A
B
L
E

D
IS

C
R
IM

IN
A
T
IN

G
P
O
W
E
R
(B

IG
D
IF
F
E
R
E
N
C
E
S

B
E
T
W
E
E
N

S
E
T
S
)

�CORR
E
L
A
T
E
D

S
Y
S
T
E
M
A
T
IC

S
C
R
U
C
IA

L
(O

T
H
E
R
W
IS

E
W
A
S
H
E
S

O
U
T

D
IF
F
E
R
E
N
C
E
S
)



WAN
D

ZPRO
D
U
C
T
IO

N
A
T

T
H
E
L
H
C

F
IT
T
IN

G
T
H
E
A
T
L
A
S

D
A
T
A

lη
0

0.
5

1
1.

5
2

2.
5

 ( pb )
l η  ) / d

+
 ( W σd

50
0

52
0

54
0

56
0

58
0

60
0

62
0

64
0

66
0

68
0

70
0

N
N

P
D

F
2.

1 
N

N
LO

 +
 D

Y
N

N
LO

N
N

P
D

F
2.

1

-1
N

N
P

D
F

2.
1 

+
 A

T
LA

S
 W

,Z
 3

6 
pb

 D
at

a
-1

 3
6 

pb
+

A
T

LA
S

 W

N
N

P
D

F
2.

1 
N

N
LO

 +
 D

Y
N

N
LO

Zη
0

0.
5

1
1.

5
2

2.
5

3

 ( pb ) Z η  ( Z ) / d σd

405060708090

10
0

11
0

12
0

13
0

14
0

N
N

P
D

F
2.

1 
N

N
LO

 +
 D

Y
N

N
LO

N
N

P
D

F
2.

1

-1
N

N
P

D
F

2.
1 

+
 A

T
LA

S
 W

,Z
 3

6 
pb

 D
at

a
-1

A
T

LA
S

 Z
 3

6 
pb

N
N

P
D

F
2.

1 
N

N
LO

 +
 D

Y
N

N
LO

IM
P
A
C
T

O
N

L
IG

H
T

Q
U
A
R
K
P
D
F
S

D
O
W
N

x
-4

10
-3

10
-2

10
-1

10

R [ xd ] 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
25

, r
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

2
 G

eV
4

 =
 1

0
2

Q

N
N

P
D

F
2.

1 
N

N
LO

 

 D
at

a
-1

N
N

P
D

F
2.

1 
N

N
LO

 +
 A

T
LA

S
 W

,Z
 3

6 
pb

, r
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

2
 G

eV
4

 =
 1

0
2

Q

A
N
T
IU

P

x
-4

10
-3

10
-2

10
-1

10

R [ xubar ] 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
25

, r
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

2
 G

eV
4

 =
 1

0
2

Q

N
N

P
D

F
2.

1 
N

N
LO

 

 D
at

a
-1

N
N

P
D

F
2.

1 
N

N
LO

 +
 A

T
LA

S
 W

,Z
 3

6 
pb

, r
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

2
 G

eV
4

 =
 1

0
2

Q

(NNPDF
,2012pr
elim.)

� SIGNIF
IC

A
N
T

IM
P
A
C
T

O
N

T
H
E

S
H
A
P
E

�SIZABL
E

R
E
D
U
C
T
IO

N
O
F

T
H
E

U
N
C
E
R
T
A
IN

T
Y



W+

P
R
O
D
U
C
T
IO

N
A
T

T
H
E
L
H
C

�STRA
N
G
E
N
E
S
S

P
R
O
B
E
D

D
I

R
E
C
T
L
Y

�MIGH
T

R
E
P
L
A
C
E

N
E
U
T
R
IN

O
D
A
T
A

T
H
E
C
M
S

M
E
A
S
U
R
E
M
E
N
T

R� ��(
W+ +�) �(W� +)
;R �
�(W+) �(W+jets
)

R� =0:
92�0:1
9stat.�
0:04syst
.

R =0:1
43�0:0
15stat.�
0:024sys
t.

R� DATA
V
S

T
H
.

R DATA
V
S

T
H
.

T
O
T
A
L

S
T
R
A
N
G
E
N
E
S
S

x
0.

1
0.

2
0.

3
0.

4
0.

5
0.

6
0.

7
0.

8
0.

9
1

)0

2
 (x, Q + xs

0

0.
050.

1

0.
150.
2

0.
25

N
N

P
D

F
2.

1

C
T

10

M
S

T
W

08

�DIFFE
R
E
N
C
E
S

B
E
T
W
E
E
N

A
V
A
IL
A
B
L
E

S
E
T
S

S
IZ
A
B
L
E

�DATA
S
T
IL
L
T
O
O

IM
P
R
E
C
IS
E
,
B
U
T
..
.



W+

P
R
O
D
U
C
T
IO

N
A
T

T
H
E
L
H
C

�SIMU
L
A
T
E
D

M
E
A
S
U
R
E
M
E
N
T

O
F

RAPID
IT
Y

D
IS

T
R
IB

U
T
IO

N
W
IT
H

A
M
C
@
N
L
O

(J.Rojo,
S.Frixio
ne,M.M
angano,
2012,pre
lim.)

�CMS
K
IN

E
M
A
T
IC

S

pjet T>20
GeV,p� T>25
GeV�je

t ;�� <
2:1

�15%
C
H
A
R
M

T
A
G
G
IN

G
E
F
F
IC

IE
N
C
Y
(C

M
S
)

�CURR
E
N
T
L
Y
3
6

P
B

�1 ,BUT
5

F
B

�1 SUFF
IC

IE
N
T

T
H
E

IM
P
A
C
T

O
N

S
T
R
A
N
G
E
N
E
S
S

IN
T
H
E
N
N
P
D
F
2
.1

F
IT

IN
T
H
E

C
O
L
L
ID

E
R
O

N
L
Y

F
IT

�IMPAC
T

S
IG

N
IF
IC

A
N
T

E
V
E
N

O
N

C
U
R
R
E
N
T

G
L
O
B
A
L

F
IT

�COUL
D

D
O

W
IT
H
O
U
T

N
E
U
T
R
IN

O
D
A
T
A



P
R
O
M
P
T

P
H
O
T
O
N

P
R
O
D
U
C
T
IO

N

(D.d'En
terria,J.
Rojo,20
12,prelim
.)

�DIREC
T
P
R
O
B
E

O
F
T
H
E

qgLUMI
N
O
S
IT
Y

�MEAS
U
R
E
D

B
Y
C
M
S
+
A
T
L
A
S

x t=x 1x
2RANGE

Tx
-3

10
-2

10
-1

10
1

data / NLO

0

0.
51

1.
52

2.
5

 p
ro

du
ct

io
n:

γ
Is

ol
at

ed
 

 =
 2

.7
6,

 7
 T

eV
s

LH
C

 p
p,

 

 =
 1

.8
, 1

.9
6 

Te
V

s
, p

Te
va

tr
on

 p

 =
 5

46
, 6

30
 G

eV
s

, p
S

,T
ev

at
ro

n 
p

p
S

p

 =
 2

00
 G

eV
s

R
H

IC
 p

p,
 

JE
T

P
H

O
X

 1
.3

 γ T
 =

 p
R

,F
,F

F
µN

N
P

D
F

2.
1

T
H
E

IM
P
A
C
T

O
F
L
H
C

P
R
O
M
P
T

P
H
O
T
O
N

D
A
T
A

G
L
U
O
N

x
-3

10
-2

10
-1

10

Ratio of Gluon PDFs 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

 2
 =

 1
0 

G
eV

2
 Q

N
N

P
D

F
2.

1 
N

LO
 

N
N

P
D

F
2.

1 
N

LO
 +

 L
H

C
7 

Is
oP

ho
to

ns

 2
 =

 1
0 

G
eV

2
 Q

H
IG

G
S

F
R
O
M

G
L
U
O
N

F
U
S
IO

N

 (
 G

eV
 )

H
M

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

Ratio to NNPDF2.1

0.
96

0.
98

1

1.
02

1.
04

1.
06

1.
081.

1

H
ig

gs
 g

gF
 N

LO
 c

ro
ss

 s
ec

tio
n 

(M
C

F
M

)

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1 
+

 L
H

C
 Is

oP
ho

to
ns

H
ig

gs
 g

gF
 N

LO
 c

ro
ss

 s
ec

tio
n 

(M
C

F
M

)

�MODE
R
A
T
E

IM
P
A
C
T

O
N

G
L
O
B
A
L
F
IT

(B
U
T

C
O
U
L
D

R
E
S
O
L
V
E

D
IS
C
R
E
P
A
N
C
IE

S
)

�SUFFIC
IE

N
T

T
O

A
F
F
E
C
T

H
IG

G
S

C
R
O
S
S

S
E
C
T
IO

N



O
U
T
L
O
O
K



W
IS
H
L
IS
T

,RO
A
D
M
A
P

�PREC
IS

IO
N
L
H
C

P
H
Y
S
IC

S
M
U
S
T

U
S
E

P
R
E
C
IS

E
L
H
C

D
A
T
A

�A“CO
L
L
ID

E
R

O
N
L
Y
”
H
E
R
A
+
L
H
C

P
D
F

F
IT

(T
E
V
A
T
R
O
N

D
A
T
A

M
IG

H
T

B
E

S
U
P
E
R
F
L
U
O
U
S
)

{MEDI
U
M

&
L
A
R
G
E

xGLUO
N

�PROMP
T

P
H
O
T
O
N
S

�(PREC
IS
IO

N
)
J
E
T
S

�INCLU
S
IV

E

Wp TD
IS
T
R
IB

U
T
IO

N
S

{LIGH
T

F
L
A
V
O
R

S
E
P
A
R
A
T
IO

N

�LOW–M
A
S
S
D
R
E
L
L
Y

A
N

�HIGH–
M
A
S
S
D
R
E
L
L
Y

A
N

�ZRAP
ID

IT
Y

D
IS
T
R
IB

U
T
IO

N
S

�WAS
Y
M
M
E
T
R
IE

S

{STRA
N
G
E
N
E
S
&

H
E
A
V
Y

F
L
A
V
O
R
S

�STRAN
G
E
N
E
S
S

)W+


� CHARM

)Z+
,

+

�BOTTO
M

Z+b

�MOST
O
F

T
H
E
S
E

A
L
R
E
A
D
Y

A
V
A
IL
A
B
L
E
(A

T
L
E
A
S
T

IN
P
R
E
L
IM

.
F
O
R
M
)

�ATLA
S

J
E
T
S

A
N
D

W,ZR
A
P
.
D
IS

T
N
S
.
F
U
L
L
Y

A
V
A
IL
A
B
L
E
(3
6

P
B

�1 )



W
E

N
E
E
D

T
H
IS

F
O
R

T
H
E

S
IG

N
A
L

T
O

R
A
IS
E

A
B
O
V
E

T
H
R
E
S
H
O
L
D
!



E
X
T
R
A
S



N
N
L
O

S
T
A
T
U
S

G
L
U
O
N
G

L
U
O
N

P
A
R
T
O
N

L
U
M
IN

O
S
IT
Y

M
S
T
W

N
N
L
O
/
N
L
O

best�t
� s (G.Watt

,2011)

M
S
T
W

N
N
L
O
/
N
L
O

�xed� s   (
G

eV
) 

H
 M

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

0.
9

0.
95

1

1.
051.

1

1.
151.
2

P
D

F
 U

nc
er

ta
in

ty
 in

 G
lu

on
-G

lu
on

 lu
m

i -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 M
S

T
W

08
 N

LO

=
0.

11
9

S
α

M
S

T
W

08
 N

N
LO

 =
0.

11
9

S
α

M
S

T
W

08
 N

LO
 

P
D

F
 U

nc
er

ta
in

ty
 in

 G
lu

on
-G

lu
on

 lu
m

i -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 M
S

T
W

08
 N

LO (J.Rojo,
2011)

L
E
S
S

G
L
O
B
A
L

V
S
M
S
T
W

.
(G.Watt
,2011)

�NLO
V
S
N
N
L
O

M
S
T
W

L
U
M
IN

O
S
IT
IE

S
Q
U
IT
E

C
L
O
S
E

.
.
.
B
U
T

P
A
R
T
L
Y

D
U
E

T
O

L
O
W
E
R
N
N
L
O

� s(0.1
1
7

V
S
0
.1
2
0
)

�DIFFE
R
E
N
C
E
S

A
S

D
A
T
A
S
E
D

V
A
R
IE

D
M
U
C
H

L
A
R
G
E
R

.
.
.
B
U
T

IN
S
O
M
E

C
A
S
E

A
L
S
O

� sQUIT
E

D
IF
F
E
R
E
N
T
(A
B
K
M
:
0
.1
1
3
)



N
N
L
O

P
R
O
G
R
E
S
S

�CTEQ
N
N
L
O

IN
P
R
E
P
A
R
A
T
IO

N

�NNPD
F
N
N
L
O

P
R
E
S
E
N
T
E
D

IN
P
R
E
L
IM

.
F
O
R
M

(D
IS

O
N
L
Y

A
T
N
N
L
O
,
F
U
L
L
N
N
L
O

IN
P
R
E
P
A
R
A
T
IO

N
)

{GLUO
N

S
IM

IL
A
R

T
O
M
S
T
W
,
B
U
T

N
O

S
M
A
L
L

xINSTA
B
IL
IT
Y

{

G
L
U
O
N
P
D
F
:
N
L
O

V
S
N
N
L
O

N
N
P
D
F

M
S
T
W



N
N
L
O

P
R
O
G
R
E
S
S

�CTEQ
N
N
L
O

IN
P
R
E
P
A
R
A
T
IO

N

�NNPD
F
N
N
L
O

P
R
E
S
E
N
T
E
D

IN
P
R
E
L
IM

.
F
O
R
M

(D
IS

O
N
L
Y

A
T
N
N
L
O
,
F
U
L
L
N
N
L
O

IN
P
R
E
P
A
R
A
T
IO

N
)

{GLUO
N

S
IM

IL
A
R

T
O
M
S
T
W
,
B
U
T

N
O

S
M
A
L
L

xINSTA
B
IL
IT
Y

{LUMIN
O
S
IT
Y
&

H
IG

G
S

X
S
E
C
T

Q
U
IT
E

C
L
O
S
E

T
O
M
S
T
W

.
.
.
P
R
O
V
ID

E
D

S
A
M
E

� sUSED
G
L
U
O
N

L
U
M
I
&

H
IG

G
S

X
S
E
C
T
:
N
N
P
D
F

V
S
M
S
T
W

G
L
U
O
N

L
U
M
I

  (
G

eV
) 

H
 M

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

0.
9

0.
95

1

1.
051.

1

1.
151.
2

P
D

F
 U

nc
er

ta
in

ty
 in

 G
lu

on
-G

lu
on

 lu
m

i -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

N
N

P
D

F
2.

1 
N

N
LO

 (
T

M
P

)

=
0.

11
9

s
α

M
S

T
W

08
 N

N
LO

- 

P
D

F
 U

nc
er

ta
in

ty
 in

 G
lu

on
-G

lu
on

 lu
m

i -
 L

H
C

 7
 T

eV
 -

 R
at

io
 to

 N
N

P
D

F
2.

1 
N

N
LO

H
IG

G
S

X
S
E
C
T
.



N
M
C

D
A
T
A
:
A

P
R
O
B
L
E
M
?

�NMC
P
R
O
T
O
N

A
N
D

D
E
U
T
E
R
O
N

D
A
T
A

F
O
R
D
IS

F 2STRU
C
T
U
R
E

F
U
N
C
T
IO

N

�F 2STR
U
C
T
U
R
E

F
U
N
C
T
IO

N
D
A
T
A

U
S
E
D

IN
M
S
T
W
,
C
T
E
Q
,
N
N
P
D
F

F
IT
S
,

W
O
U
L
D

T
H
E

U
S
E

O
F

C
R
O
S
S

S
E
C
T
IO

N
D
A
T
A

M
A
K
E

A
D
IF
F
E
R
E
N
C
E
?

(Alekhi
n,Bl�um
lein,Mo
h,2011
)

e�(x;y;Q
2 )=F 2(
x;Q2 )� 2�2y+
y2 =[1+
R(x;Q2
)℄�

(NLO:a
rXiv:11
02.3182
;NNLO
:prelimi
nary)



N
M
C

D
A
T
A
:
A

P
R
O
B
L
E
M
?

�NMC
P
R
O
T
O
N

A
N
D

D
E
U
T
E
R
O
N

D
A
T
A

F
O
R
D
IS

F 2STRU
C
T
U
R
E

F
U
N
C
T
IO

N

�F 2STR
U
C
T
U
R
E

F
U
N
C
T
IO

N
D
A
T
A

U
S
E
D

IN
M
S
T
W
,
C
T
E
Q
,
N
N
P
D
F

F
IT
S
,

W
O
U
L
D

T
H
E

U
S
E

O
F

C
R
O
S
S

S
E
C
T
IO

N
D
A
T
A

M
A
K
E

A
D
IF
F
E
R
E
N
C
E
?

(Alekhi
n,Bl�um
lein,Mo
h,2011
)

e�(x;y;Q
2 )=F 2(
x;Q2 )� 2�2y+
y2 =[1+
R(x;Q2
)℄�

N
N
P
D
F

F
IT

R
E
P
E
A
T
E
D

W
IT
H
N
M
C

X
S
E
C
T

O
R

N
O
N
M
C

(NLO:a
rXiv:11
02.3182
;NNLO
:prelimi
nary)

E
F
F
E
C
T

O
N

G
L
U
O
N

x
-4

10
-3

10
-2

10
-1

10

)]
2

R[g (x, Q 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
25

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

N
N

P
D

F
2.

1

N
N

P
D

F
2.

1-
N

M
C

xs
ec

N
N

P
D

F
2.

1-
no

N
M

C

2
 G

eV
4

 =
 1

0
2

R
at

io
 to

 N
N

P
D

F
2.

1,
 Q

E
F
F
E
C
T

O
N
H
IG

G
S

X
S
E
C
T

 [ 
G

eV
 ]

H
M

10
0

12
0

14
0

16
0

18
0

20
0

22
0

24
0

26
0

28
0

30
0

32
0

 ( H -> gg ) ) σ R ( 

0.
9

0.
95

1

1.
051.

1

1.
15

N
N

LO
 g

g-
>H

 p
ro

du
ct

io
n,

 R
at

io
 to

 N
N

P
D

F
2.

5 
(T

M
P

)

N
N

P
D

F
2.

5 
N

N
LO

(T
M

P
) 

N
M

C
-X

S
E

C

N
N

P
D

F
2.

5 
N

N
LO

(T
M

P
) 

N
M

C
 S

F

N
N

LO
 g

g-
>H

 p
ro

du
ct

io
n,

 R
at

io
 to

 N
N

P
D

F
2.

5 
(T

M
P

)

N
O

S
IG

N
IF
IC

A
N
T
C
H
A
N
G
E

O
B
S
E
R
V
E
D



N
M
C

D
A
T
A
:
A

P
R
O
B
L
E
M
?

A
C
L
O
S
E
R

L
O
O
K

�ALEK
H
IN

E
T

A
L
.
S
E
E

L
A
R
G
E

S
H
IF
T

IN
B
E
S
T
F

IT

� s:FRO
M

0
.1
1
7
0
(N

M
C

F 2)TO
0
.1
1
3
5
(N

M
C

� s)

�HOW
M
U
C
H

O
F

T
H
E
IR

C
H
A
N
G
E

IN
H

IG
G
S

X
S
E
C
T
(�8%)

D
U
E

T
O

C
H
A
N
G
E

IN

� s?

�BASE
D

O
N

P
O
W
E
R

C
O
U
N
T
IN

G
,
E
X
P
E
C
T

2:8�� s
=8%(!

)

�EITHE
R

R
E
M
O
V
E
N
M
C

D
A
T
A
,
O
R

C
H
A
N
G
E

V
A
L
U
E

O
F

� sINM
S
T
W

F
IT

(Thorne
,present
edbyW
attatP
DF4LHC
2011):

{ {
� s

{ � s=0:
113



N
M
C

D
A
T
A
:
A

P
R
O
B
L
E
M
?

A
C
L
O
S
E
R

L
O
O
K

�ALEK
H
IN

E
T

A
L
.
S
E
E

L
A
R
G
E

S
H
IF
T

IN
B
E
S
T
F

IT

� s:FRO
M

0
.1
1
7
0
(N

M
C

F 2)TO
0
.1
1
3
5
(N

M
C

� s)

�HOW
M
U
C
H

O
F

T
H
E
IR

C
H
A
N
G
E

IN
H

IG
G
S

X
S
E
C
T
(�8%)

D
U
E

T
O

C
H
A
N
G
E

IN

� s?

�BASE
D

O
N

P
O
W
E
R

C
O
U
N
T
IN

G
,
E
X
P
E
C
T

2:8�� s
=8%(!

)

�EITHE
R

R
E
M
O
V
E
N
M
C

D
A
T
A
,
O
R

C
H
A
N
G
E

V
A
L
U
E

O
F

� sINM
S
T
W

F
IT

(Thorne
,present
edbyW
attatP
DF4LHC
2011):

{IMPAC
T

O
F
N
M
C

D
A
T
A

N
E
G
L
IG

IB
L
E

{IMPAC
T

O
F

� sVALU
E

C
O
M
P
A
R
A
B
L
E
(S

O
M
E
W
H
A
T

S
M
A
L
L
E
R
)
T
O

W
H
O
L
E
A
B
K
M

E
F
F
E
C
T

{MST
W

A
N
D
A
B
K
M

R
E
S
U
L
T
S

S
T
IL
L

Q
U
IT
E

D
IF
F
E
R
E
N
T

E
V
E
N

F
O
R

S
A
M
E

� s=0:
113



T
H
E

V
A
L
U
E

O
F

� s

�DEDI
C
A
T
E
D
M

U
N
IC

H
M
E
E
T
IN

G
(F

E
B
2
0
1
1
):

S
.
B
E
T
H
K
E

P
R
O
P
O
S
E
S

T
W
O

U
P
D
A
T
E
D

V
A
L
U
E
S
:

{(1)�
s=0:1
174�0
:0011

{(2)�
s=0:1
187�0
:0006

{BOTH
IN

C
L
U
D
E

N
E
W

V
A
L
U
E

F
R
O
M

�DECA
Y
S

� s=0:
1213�
0:0014

(W
A
S

� s=0:
1197�
0:0016)

{VALU
E
(1
)
A
L
S
O

IN
C
L
U
D
E
S

N
E
W

S
C
E
T

V
A
L
U
E

F
R
O
M

e+ e� T
H
R
U
S
T

(Abbate
etal.,20
10)

� s=0:
1135�
0:0010,

B
U
T

A
L
L
U
N
C
E
R
T
A
IN

T
IE

S
R
E
S
C
A
L
E
D

B
Y

F
A
C
T
O
R
2

{VALU
E
(2
)
E
X
C
L
U
D
E
S

IT

�AVER
A
G
IN

G
T
H
E

T
W
O

M
O
S
T

R
E
L
IA

B
L
E

V
A
L
U
E
S
(G

L
O
B
A
L
E
W

F
IT

&

�,BOT
H

N

3 LO,N
O

D
E
P
.
O
N

H
A
D
R
O
N

S
T
R
U
C
T
U
R
E
)
G
IV

E
S

� s=0:
1209�
0:0013

�

0:002



T
H
E

V
A
L
U
E

O
F

� s

�DEDI
C
A
T
E
D
M

U
N
IC

H
M
E
E
T
IN

G
(F

E
B
2
0
1
1
):

S
.
B
E
T
H
K
E

P
R
O
P
O
S
E
S

T
W
O

U
P
D
A
T
E
D

V
A
L
U
E
S
:

{(1)�
s=0:1
174�0
:0011

{(2)�
s=0:1
187�0
:0006

{BOTH
IN

C
L
U
D
E

N
E
W

V
A
L
U
E

F
R
O
M

�DECA
Y
S

� s=0:
1213�
0:0014

(W
A
S

� s=0:
1197�
0:0016)

{VALU
E
(1
)
A
L
S
O

IN
C
L
U
D
E
S

N
E
W

S
C
E
T

V
A
L
U
E

F
R
O
M

e+ e� T
H
R
U
S
T

(Abbate
etal.,20
10)

� s=0:
1135�
0:0010,

B
U
T

A
L
L
U
N
C
E
R
T
A
IN

T
IE

S
R
E
S
C
A
L
E
D

B
Y

F
A
C
T
O
R
2

{VALU
E
(2
)
E
X
C
L
U
D
E
S

IT

�AVER
A
G
IN

G
T
H
E

T
W
O

M
O
S
T

R
E
L
IA

B
L
E

V
A
L
U
E
S
(G

L
O
B
A
L
E
W

F
IT

&

�,BOT
H

N

3 LO,N
O

D
E
P
.
O
N

H
A
D
R
O
N

S
T
R
U
C
T
U
R
E
)
G
IV

E
S

� s=0:
1209�
0:0013

�UNC
E
R
T
A
IN

T
Y

L
A
R
G
E
R

T
H
A
N

0:002
Q
U
IT
E

U
N
L
IK

E
L
Y



M
E
T
H
O
D
O
L
O
G
Y
:
“S

T
A
N
D
A
R
D
”
(H

E
S
S
IA

N
)
A
P
P
R
O
A
C
H

T
H
E

T
O
L
E
R
A
N
C
E

P
R
O
B
L
E
M

�CHOO
S
E

A
F
IX

E
D

F
U
N
C
T
IO

N
A
L
F
O
R
M

(�25�
30PARM

S
.
G
L
O
B
A
L
L
Y
)
A
N
D

F
IT

P
A
R
M
S

T
O

D
A
T
A

�UNCER
T
A
IN

T
IE

S
D
E
T
E
R
M
IN

E
D

F
R
O
M

H
E
S
S
IA

N
M
A
T
R
IX

A
T

M
IN

IM
U
M

�STAND
A
R
D

��2 =1

B
A
N
D
S

T
O
O

N
A
R
R
O
W

)LARGE
D
IS
C
R
E
P
A
N
C
IE

S
F
O
R

IN
D
IV

ID
U
A
L

E
X
P
E
R
IM

E
N
T
S

�TOLER
A
N
C
E

)ENVE
L
O
P
E

O
F

U
N
C
E
R
T
A
IN

T
IE

S
O
F

E
X
P
E
R
IM

E
N
T
S

�DYNAM
IC

A
L

)SEPAR
A
T
E
L
Y

D
E
T
E
R
M
IN

E
D

F
O
R

E
A
C
H

H
E
S
S
IA

N
E
IG

E
N
V
E
C
T
O
R



M
IN

IM
U
M

�2 i

V
S

G
L
O
B
A
L

�2
Collins,P
umplin 2001

C
T
E
Q

T
O
L
E
R
A
N
C
E

P
L
O
T

F
O
R
4
T
H

E
IG

E
N
V
E
C
.

-
30

-
20

-
10010203040

distance

E
ig

en
ve

ct
or

4

BCDMSp

BCDMSd

H1a

H1b

ZEUS

NMCp

NMCr

CCFR2

CCFR3

E605

CDFw

E866

D0jet

CDFjet

M
S
T
W

T
O
L
E
R
A
N
C
E

P
L
O
T

F
O
R
1
3
T
H

E
IG

E
N
V
E
C
.

2
p F µ BCDMS 

2
d F µ BCDMS 

2
p F µ NMC 

2
d F µ NMC 

pµ n/ µ NMC 

2
p F µ E665 

2
d F µ E665 

2 SLAC ep F

2 SLAC ed F

L NMC/BCDMS/SLAC F

E866/NuSea pp DY

E866/NuSea pd/pp DY

2 N F ν NuTeV 

2 N F ν CHORUS 

3 N xF ν NuTeV 

3 N xF ν CHORUS 

Xµµ →Nν CCFR 

Xµµ →Nν NuTeV 
NC
r σ H1 ep 97-00 
NC
r σ ZEUS ep 95-00 
CC
r σ H1 ep 99-00 
CC
r σ ZEUS ep 99-00 

charm

2 H1/ZEUS ep F
H1 ep 99-00 incl. jets

ZEUS ep 96-00 incl. jets

 incl. jets p  II p ∅ D
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