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rò

,
V
it
a
,
2
0
1
4
)

W
H

E
N

W
IL

L
W

E
H

A
V

E
T
H

E
M

?
•

N
3
L
O

D
IS

C
O

E
F
F
IC

IE
N

T
F
U

N
C

T
IO

N
S

K
N

O
W

N

•
B

O
T
T
L
E

N
E

C
K
:
N

3
L
O

A
N

O
M

A
L
O

U
S

D
IM

E
N

S
IO

N
S

•
A

N
O

M
A

L
O

U
S

D
IM

E
N

S
IO

N
S
:

L
O

:
1
9
7
4
;
N

L
O

:
1
9
8
1
;

N
N

L
O

:
2
0
0
4
;

N
3
L
O

:
2
0
3
0
?



R
E

S
U

M
M

E
D

P
D

F
S

G
L
U

O
N

:
N

L
O

V
S

N
L
L

•
T
H

R
E

S
H

O
L
D

R
E

S
U

M
M

A
T
IO

N
IN

C
L
U

D
E

D
IN

F
IT

(D
IS

,
D

Y
,

T
O

P
D

A
T
A
)

•
E

F
F
E

C
T
S

N
O

T
N

E
G

L
IG

IG
L
E

A
T

N
L
L
O

,
L
A

R
G

E
x
,

M
O

R
E

M
O

D
E

R
A

T
E

A
T

N
N

L
O

•
E

F
F
E

C
T

O
N

P
D

F
S

C
O

M
P
A

R
A

B
L
E

T
O

E
F
F
E

C
T

O
N

M
A

T
R

IX

E
L
E

M
E

N
T
,

A
N

T
IC

O
R

R
E

L
A

T
E

D
T
O

IT

B
o
n
v
in
i,

M
a
rz
a
n
i,

R
o
jo
,
R
o
tt
o
li
,
U
b
ia
li

e
t
a
l.
,
2
0
1
5

G
L
U

O
N

:
N

N
L
O

V
S

N
N

L
L

S
L
E

P
T
O

N
P
A

IR
P
R

O
D

U
C

T
IO

N
H

IG
G

S
IN

G
L
U

O
N

F
U

S
IO

N
V

S
m

H



D
O

P
E

D
P
D

F
S

•
4
F
S
α
s

IS
O

F
F

B
Y

5
%

A
T

T
H

E
W

M
A

S
S
⇒

C
A

N
L
E

A
D

T
O

S
E

R
IO

U
S

E
R

R
O

R
F
O

R

P
R

O
C

E
S

S
E

S
W

H
IC

H
S

T
A

R
T

A
T

H
IG

H
O

R
D

E
R

IN
α
s

(E
G
tt̄
bb̄

P
R

O
D

U
C

T
IO

N
)

•
U

S
E

‘‘D
O

P
E

D
”

P
D

F
S
:

P
D

F
E

V
O

L
V

E
IN

4
F
S

,
A

L
P
H

A
S

R
U

N
S

IN
5
F
S

,
M

U
S

T
S

U
B

T
R

A
C

T
M

IS
M

A
T
C

H
(N

a
p
o
le
ta

n
o
,
P
o
z
z
o
ri
n
i,

S
.F

.,
2
0
1
5
)

•
W

+
b
p
T

S
P
E

C
T
R

U
M

:
A

G
R

E
E

S
W

E
L
L

W
IT

H
D

A
T
A

W
H

IL
E

4
F
S

R
E

P
R

O
D

U
C

E
S

S
H

A
P
E

B
U

T
U

N
D

E
R

S
H

O
O

T
S

N
O

R
M

A
L
IZ

A
T
IO

N

G
L
U

O
N

V
S
Q

2
,
x
=

0
.1

D
O

P
E

D
V

S
4
F

V
S

5
F

(B
e
rt
o
n
e
,
C
a
rr
a
z
z
a
,
R
o
jo
,
2
0
1
5
)

Z
+

b
,
p
T

S
P
E

C
T
R

U
M

D
O

P
E

D
V

S
4
F

V
S

5
F

(N
a
p
o
le
ta

n
o
,
2
0
1
5
)



Q
E

D
P
D

F
S

γ

γ

W

W
γ γ

W W
W

γ γ

W

W
W

•
N

N
P
D

F
2
.3

Q
E

D
P
H

O
T
O

N
P
D

F
D

E
T
E

R
M

IN
E

D
F
R

O
M

F
IT

T
O

L
H

C
B

L
O

W
­M

A
S

S
D

Y
,

A
T
L
A

S
W

P
R

O
D

U
C
­

T
IO

N
A

N
D

H
IG

H
­M

A
S

S
(C

a
rr
a
z
z
a
e
t
a
l.

2
0
1
3
)

•
P
R

E
V

IO
U

S
M

R
S

T
2
0
0
4
Q

E
D

(M
O

D
E

L
);

R
E

C
E

N
T

C
T
1
4
Q

E
D

(M
O

D
E

L
+

C
O

N
S

T
R

A
IN

T
S

F
R

O
M

IS
O

L
A

T
E

D
P
H

O
T
O

N

IN
D

IS
F
R

O
M

H
E

R
A

)
(S

ch
m
id
t,

P
u
m
p
li
n
,
S
tu

m
p
,

Y
u
a
n
,
2
0
1
5
)

•
P
H

O
T
O

N
C

O
U

P
L
E

S
D

IR
E

C
T
L
Y

T
O
W

•
P
H

O
T
O

N
­I

N
D

U
C

E
D
W

P
A

IR
P
R

O
D

U
C

T
IO

N

C
O

M
P
A

R
A

B
L
E

T
O

Q
U

A
R

K
­I

N
D

U
C

E
D

F
O

R
L
A

R
G

E
IN

­
V
A

R
IA

N
T

M
A

S
S

γ
:

N
N

P
D

F
2
.3

Q
E

D
V

S

M
R

S
T
2
0
0
4

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

)
2

(x,Q γx

0

0.
02

0.
04

0.
06

0.
080.

1

0.
12

0.
14

0.
16

2
 G

eV
4

P
ho

to
n 

P
D

F
 c

om
pa

ris
on

 a
t 1

0

M
R

S
T

20
04

qe
d

N
N

P
D

F
2.

3 
Q

E
D

 R
W

 a
ve

ra
ge

N
N

P
D

F
2.

3 
Q

E
D

 R
W

 r
ep

lic
as

σ
N

N
P

D
F

 1
N

N
P

D
F

 6
8%

 c
.l.

N
N
P
D
F
2
.3
Q
E
D

γ
:

N
N

P
D

F
2
.3

Q
E

D
V

S

M
R

S
T
2
0
0
4

V
S

C
T
1
4
Q

E
D

x*PDF

x

Q
 =

  3
.2

 G
eV

C
T

0.
00

C
T

0.
14

M
R

S
T

0
M

R
S

T
1

N
N

P
D

F
23

 0

 0
.0

2

 0
.0

4

 0
.0

6

 0
.0

8

 0
.1 10

-5
10

-4
10

-3
10

-2
10

-1

C
T
1
4
Q
E
D

W
P
A

IR
P
R

O
D

N
.:

q̄
q

V
S
γ
γ

 (
G

eV
)

cu
t

W
W

M
20

0
40

0
60

0
80

0
10

00
12

00

 (pb) σ

-3
10

-2
10

-1
10

110
q

N
N

P
D

F
2.

3Q
E

D
, q

γγ
N

N
P

D
F

2.
3Q

E
D

, 

γγ
M

R
S

T
20

04
Q

E
D

, 

 =
 8

 T
eV

s
W

W
 p

ro
du

ct
io

n 
@

 L
H

C
 

(N
N
P
D
F
2
.3
Q
E
D
)



R
U

N
II

A
N

D
B

E
Y

O
N

D



P
D

F
S

A
T

L
H

C
R

U
N

II

•
D

A
T
A

A
T

H
IG

H
E

R
C

M
E

N
E

R
G

Y
&

IN
F
O

O
N

C
O

R
R

E
L
A

T
IO

N
T
O

L
O

W
E

N
E

R
G

Y
→

E
X

T
E

N
D

E
D

K
IN

E
M

A
T
IC

C
O

V
E

R
A

G
E

&
R

E
D

U
C

E
D

S
Y
S

T
E

M
A

T
IC

S

•
P
O

S
S

IB
L
Y

R
E

D
U

C
E

D
S

T
A

T
.

U
N

C
E

R
T
A

IN
T
IE

S

•
E

X
P
E

C
T

R
E

D
U

C
T
IO

N
IN

M
O

D
E

L
D

E
P
E

N
D

E
N

C
E

•
M

O
D

E
R

A
T
E

R
E

D
U

C
T
IO

N
IN

U
N

C
E

R
T
A

IN
T
Y

•
F
U

R
T
H

E
R

IM
P
R

O
V

E
M

E
N

T
S

D
U

E
T
O

T
H

E
O

R
Y

E
X

A
M

P
L
E

:
G

L
U

O
N

F
R

O
M

N
N

L
O

Z
p
T

D
IS

T
R

IB
U

T
IO

N

T
H

E
G

L
U

O
N

N
O

W

C
T
E

Q
A

F
T
E

R
R

U
N

II
N

N
P
D

F
A

F
T
E

R
R

U
N

II

(P
D
F
4
L
H
C
:
1
5
0
7
.
0
0
5
5
6
)



P
D

F
S

A
T

T
H

E
L
H

E
C

?

•
E

S
P
E

C
IA

L
L
Y

IF
C

O
R

R
E

L
A

T
IO

N
IN

F
O

A
V
A

IL
A

B
L
E
,

L
H

C
R

U
N

II
C

A
N

L
IK

E
L
Y

–
R

E
M

O
V

E
S

Y
S

T
E

M
A

T
IC

B
IA

S
&

D
IS

C
R

E
P
A

N
C

IE
S

–
B

R
IN

G
D

O
W

N
P
D

F
U

N
C

E
R

T
A

IN
T
IE

S
T
O
∼

4
%

L
E

V
E

L

•
V

E
R

Y
D

IF
F
IC

U
L
T

T
O

R
E

D
U

C
E

U
N

C
E

R
T
A

IN
T
IE

S
F
U

R
T
H

E
R

A
T

A
H

A
D

R
O

N
C

O
L
L
ID

E
R

•
H

IG
H
­E

N
E

R
G

Y
D

E
E

P
­I

N
E

L
A

S
T
IC

D
A

T
A

C
O

U
L
D

L
E

A
D

T
O

P
D

F
S

A
T

1
%

L
E

V
E

L

T
H

E
G

L
U

O
N

A
G

A
IN

N
O

W

x
-5

10
-4

10
-3

10
-2

10
-1

10
1

Ratio

0.
6

0.
81

1.
2

1.
4

1.
6

xg
(x

,Q
),

 c
om

pa
ris

on

nn
pd

f3
.0

nn
lo

m
m

ht
nn

lo
ct

14
nn

lo
Q

 =
 1

.9
0e

+
00

 G
eV

Generated with APFEL 2.4.0 Web

A
T

T
H

E
L
H

E
C

(A
.
C
o
o
p
er
-S
a
rk
a
r
&

V
o
ic
a
R
a
d
es
cu

,
2
0
1
5
)



S
U

M
M

A
R

Y
•

P
D

F
S

D
E

T
E

R
M

IN
E

D
F
R

O
M

L
A

R
G

E
S

T
D

A
T
A

S
E

T
A

G
R

E
E

W
E

L
L

•
T
H

E
O

R
E

T
IC

A
L

U
N

C
E

R
T
A

IN
T
IE

S
A

N
D

T
H

E
IN

C
L
U

S
IO

N
O

F
T
H

E
O

R
Y

E
F
F
E

C
T
S

IS
T
H

E
N

E
X

T
F
R

O
N

T
IE

R

•
L
H

C
­R

U
N

II
L
IK

E
L
Y

T
O

T
R

IG
G

E
R

M
O

R
E

M
E

T
H

D
O

L
O

G
IC

A
L

IM
P
R

O
V

E
M

E
N

T
S
,

B
U

T
L
E

A
D

T
O

M
O

D
E

R
A

T
E

L
Y

IM
P
R

O
V

E
D

U
N

C
E

R
T
A

IN
T
IE

S

A
P
O

L
O

G
IE

S
F
O

R
N

O
T

C
O

V
E

R
IN

G
M

A
N

Y
D

E
V

E
L
O

P
M

E
N

T
S
:

•
α
s

A
N

D
H

Q
M

A
S

S
E

S
F

R
O

M
P
D

F
F

IT
S

•
H

IG
H

E
R

T
W

IS
T
S

A
N

D
N

U
C

L
E

A
R

C
O

R
R

E
C

T
IO

N
S

•
N

U
C

L
E

A
R

P
D

F
S

•
P
O

L
A

R
IZ

E
D

P
D

F
S

•
..
.



P
D

F
S

A
R

E
N

O
T

P
L
U

M
B

IN
G

!



E
X

T
R

A
S



J
E

T
D

A
T
A

A
T

N
L
O

A
N

D
N

N
L
O

P
E

R
C

E
N

T
A

G
E

A
C

C
U

R
A

C
Y

O
F

T
H

R
E

S
H

O
L
D

A
P
P
.

IN
G

L
U

O
N

C
H

A
N

N
E

L

-4
10

-3
10

-2
10

-1
10110

2
10

 (
G

eV
)

Tp
20

0
40

0
60

0
80

0
10

00
12

00
14

00
16

00
18

00
20

00

|y|

0

0.
51

1.
52

2.
5

| f
or

 g
g-

ch
an

ne
l

δ
C

M
S

 2
01

1 
- 

|
| f

or
 g

g-
ch

an
ne

l
δ

C
M

S
 2

01
1 

- 
|

-4
10

-3
10

-2
10

-1
10110

2
10

 (
G

eV
)

Tp
20

0
40

0
60

0
80

0
10

00
12

00
14

00

|y|

0

0.
51

1.
52

2.
53

3.
54

| f
or

 g
g-

ch
an

ne
l

δ
A

T
LA

S
 7

 T
eV

 -
 |

| f
or

 g
g-

ch
an

ne
l

δ
A

T
LA

S
 7

 T
eV

 -
 |

-4
10

-3
10

-2
10

-1
10110

2
10

 (
G

eV
)

Tp
50

10
0

15
0

20
0

25
0

30
0

35
0

40
0

45
0

50
0

|y|

0

0.
51

1.
52

2.
53

3.
54

| f
or

 g
g-

ch
an

ne
l

δ
A

T
LA

S
 2

.7
6 

T
eV

 -
 |

| f
or

 g
g-

ch
an

ne
l

δ
A

T
LA

S
 2

.7
6 

T
eV

 -
 |

-4
10

-3
10

-2
10

-1
10110

2
10

 (
G

eV
)

Tp
10

0
20

0
30

0
40

0
50

0
60

0
70

0

|y|

0

0.
2

0.
4

0.
6

0.
81

1.
2

1.
4

1.
6

1.
82

| f
or

 g
g-

ch
an

ne
l

δ
C

D
F

 -
 |

| f
or

 g
g-

ch
an

ne
l

δ
C

D
F

 -
 |

IM
P
A

C
T

O
F

T
H

E
J
E

T
D

A
T
A
:

N
L
O

&
N

N
L
O

   
   

 x
  

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

)
2

x g ( x, Q

0

0.
2

0.
4

0.
6

0.
81

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
P

D
F

3.
0 

N
LO

, 

G
lo

ba
l

N
o 

Je
t D

at
a

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
P

D
F

3.
0 

N
LO

,    
   

 x
  

0.
1

0.
2

0.
3

0.
4

0.
5

0.
6

0.
7

0.
8

0.
9

)
2

x g ( x, Q

0

0.
2

0.
4

0.
6

0.
81

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
P

D
F

3.
0 

N
N

LO
, 

G
lo

ba
l

N
o 

Je
t D

at
a2

 =
 2

 G
eV

2
 =

 0
.1

18
, Q

S
α

N
N

P
D

F
3.

0 
N

N
LO

, 

•
E

X
A

C
T

N
N

L
O

C
O

R
R

E
C

T
IO

N
S

N
O

W
K

N
O

W
N

IN
G

L
U

O
N

C
H

A
N

N
E

L
(G

E
H

R
M

A
N

N
,

G
L
O

V
E

R
,

D
E

R
ID

D
E

R
,

P
IR

E
S
,

2
0
1
4
)

•
T
H

R
E

S
H

O
L
D

A
P
P
R

O
X

A
V
A

IL
A

B
L
E

IN
A

L
L

C
H

A
N

N
E

L
S

(D
E

F
L
O

R
IA

N
E

T
A

L
,
2
0
1
4
)

•
O

N
L
Y

A
C

C
U

R
A

T
E

A
T

H
IG

H
p
T

,
C

E
N

T
R

A
L

R
A

P
ID

IT
Y
,

L
A

R
G

E
R

J
E

T
R

A
D

IU
S

(C
A

R
R

A
Z

Z
A

&
P

IR
E

S
,

2
0
1
4
)

•
A

T
N

N
L
O

R
E

T
A

IN
O

N
L
Y

B
IN

S
S

U
C

H
T
H

A
T

A
C

C
U

R
A

C
Y

B
E

T
T
E

R
T
H

A
N

1
0
%

C
O

R
R

E
C

T
IO

N
T
H

E
R

E
S

M
A

L
L
E

R
T
H

A
N

1
5
%

⇒
A

T
L
A

S
(R

=
0
.4

)
M

O
S

T
L
Y

C
U

T
O

U
T

•
IM

P
A

C
T

O
F

J
E

T
D

A
T
A

S
T
IL

L
S

IZ
A

B
L
E



T
H

E
IM

P
A

C
T

O
F

L
H

C
(A

N
D

H
E

R
A

)
D

A
T
A

•
O

V
E

R
A

L
L

M
E

A
S

U
R

E
O

F
IM

P
A

C
T
:

φ
⇒

F
IT

U
N

C
E

R
T
A

IN
T
Y
/

D
A

T
A

U
N

C
E

R
T
A

IN
T
Y

•
H

E
R

A
­I

I
IM

P
A

C
T

S
IZ

A
B

L
E

•
IM

P
A

C
T

O
F

L
H

C
D

A
T
A

M
O

D
E

R
A

T
E

B
U

T
V

IS
IB

L
E

•
IM

P
A

C
T

O
F

C
M

S
O

R
A

T
L
A

S
C

O
M

P
A

R
A

B
L
E

T
O

(M
O

D
­

E
R

A
T
E
)

IM
P
A

C
T

O
F

N
O

N
­L

H
C

,
N

O
N
­H

E
R

A
D

A
T
A

F
R

A
C

T
IO

N
A

L
U

N
C

E
R

T
A

IN
T
Y

D
a
t
a
s
e
t

ϕ
χ
2

N
L
O

ϕ
χ
2

N
N
L
O

G
lo

b
a
l

0
.2

9
1

0
.3

0
2

H
E
R
A
-
I

0
.4

5
3

0
.4

3
9

H
E
R
A

a
ll

0
.3

7
5

0
.3

4
3

H
E
R
A
+

A
T
L
A
S

0
.3

9
1

0
.3

1
8

H
E
R
A
+

C
M

S
0
.3

1
5

0
.3

4
5

C
o
n
s
e
r
v
a
t
iv

e
0
.4

2
2

0
.4

7
8

n
o

L
H
C

0
.3

1
2

0
.3

1
6

G
L
O

B
A

L
V

S
N

O
L
H

C
:
g
&

d

   
   

 x
  

-4
10

-3
10

-2
10

-1
10

) [ref] 
2

) [new] / g ( x, Q
2

g ( x, Q 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
25

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

G
lo

ba
l F

it

N
o 

LH
C

 d
at

a

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

   
   

 x
  

-4
10

-3
10

-2
10

-1
10

) [ref] 
2

) [new] / d ( x, Q
2

d ( x, Q 0.
850.
9

0.
95

1

1.
051.

1

1.
151.
2

1.
25

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

G
lo

ba
l F

it

N
o 

LH
C

 d
at

a

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

G
L
O

B
A

L
V

S
H

E
R

A
+
A

T
L
A

S
:
g
&

d̄

   
   

 x
  

-4
10

-3
10

-2
10

-1
10

) [ref] 
2

) [new] / g ( x, Q
2

g ( x, Q

0.
8

0.
850.

9

0.
95

1

1.
051.

1

1.
151.

2

1.
251.

3

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

H
E

R
A

-o
nl

y

H
E

R
A

 +
 A

T
LA

S
G

lo
ba

l f
it

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

   
   

 x
  

-4
10

-3
10

-2
10

-1
10

) [ref] 
2

 ( x, Q d ) [new] / 
2

 ( x, Q d

0.
8

0.
850.

9

0.
95

1

1.
051.

1

1.
151.

2

1.
251.

3

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

H
E

R
A

-o
nl

y

H
E

R
A

 +
 A

T
LA

S
G

lo
ba

l f
it

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

G
L
O

B
A

L
V

S
H

E
R

A
+
C

M
S

:
g
&

d̄

   
   

 x
  

-4
10

-3
10

-2
10

-1
10

) [ref] 
2

) [new] / g ( x, Q
2

g ( x, Q

0.
8

0.
850.

9

0.
95

1

1.
051.

1

1.
151.

2

1.
251.

3

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

H
E

R
A

-o
nl

y
H

E
R

A
 +

 C
M

S
G

lo
ba

l f
it

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

   
   

 x
  

-4
10

-3
10

-2
10

-1
10

) [ref] 
2

 ( x, Q d ) [new] / 
2

 ( x, Q d

0.
8

0.
850.

9

0.
95

1

1.
051.

1

1.
151.

2

1.
251.

3

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

H
E

R
A

-o
nl

y
H

E
R

A
 +

 C
M

S
G

lo
ba

l f
it

2
 G

eV
4

 =
 1

0
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 



IM
P
A

C
T

O
F

T
H

E
C

O
M

B
IN

E
D

H
E

R
A

D
A

T
A

•
R

E
M

O
V

E
A

L
L

H
E

R
A

­I
I

D
A

T
A

F
R

O
M

N
N

P
D

F
3
.0

F
IT

•
R

E
P
L
A

C
E

C
O

M
B

IN
E

D
H

E
R

A
­I

+
S

E
P
A

R
A

T
E

Z
E

U
S

,
H

1
D

A
T
A

W
IT

H
C

O
M

B
IN

E
D

H
E

R
A

I+
II

IN
N

N
P
D

F
3
.0

G
L
O

B
A

L
F

IT
W

IT
H

O
N

L
Y

H
E

R
A

I
V

S
C

O
M

B
IN

E
D

H
E

R
A

I+
II

A
N

T
IU

P
Q

U
A

R
K

S
IN

G
L
E

T

G
L
O

B
A

L
F

IT
W

IT
H

H
E

R
A

I+
U

N
C

O
M

B
IN

E
D

H
E

R
A

II
V

S
C

O
M

B
IN

E
D

H
E

R
A

I+
II

A
N

T
IU

P
D

O
W

N

•
IM

P
A

C
T

O
F

H
E

R
A

­I
I

O
N

G
L
O

B
A

L
F
IT

M
O

D
E

R
A

T
E

•
D

IF
F
E

R
E

N
C

E
B

E
T
W

E
E

N
C

O
M

B
IN

E
D

&
U

N
C

O
M

B
IN

E
D

E
X

T
R

E
M

E
L
Y

S
M

A
L
L



C
O

N
S

E
R

V
A

T
IV

E
P
A

R
T
O

N
S

•
R

E
S

C
A

L
E

A
L
L

U
N

C
E

R
T
A

IN
T
IE

S
σ
→

α
σ
:
χ
2
→

χ
2
/
α
2

F
O

R
A

G
IV

E
N

E
X

P
E

R
IM

E
N

T

•
D

E
T
E

R
M

IN
E

P
R

O
B

A
B

IL
IT

Y
D

IS
T
R

IB
U

T
IO

N
P
(α

)
(U

S
IN

G
B

A
Y
E

S
)

•
D

IS
C

A
R

D
A

L
L

E
X

P
E

R
IM

E
N

T
F
O

R
W

H
IC

H
P
(α

)
P
E

A
K

S
W

E
L
L

A
B

O
V

E
O

N
E

T
W

O
O

U
T

O
F

M
E

D
IA

N
,

M
O

D
E
,

M
E

A
N
,

G
R

E
A

T
E

R
T
H

A
N
α
th

r
e
s
h
o
ld

•
χ
2
=

1
.2
9

F
O

R
N

N
L
O

G
O

B
A

L
,

B
E

C
O

M
E

S
χ
2
=

1
.1
6

F
O

R
α
th

r
e
s
h
o
ld

=
1
.3

,

χ
2
=

1
.1
0

F
O

R
α
th

r
e
s
h
o
ld

=
1
.2

,
χ
2
=

1
.0
1

F
O

R
α
th

r
e
s
h
o
ld

=
1
.1

,
B

U
T

C
O

N
S

ID
E

R
A

B
L
E

D
E

T
E

R
IO

R
A

T
IO

N
O

F
U

N
C

E
R

T
A

IN
T
IE

S

C
O

N
S

E
R

V
.

V
S
.

D
E

F
A

U
L
T

G
L
U

O
N

A
N

D
V
A

L
E

N
C

E

   
   

 x
  

-5
10

-4
10

-3
10

-2
10

-1
10

)
2

x g ( x, Q

-1012345

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

G
lo

ba
l

=
1.

1
m

ax
α

C
on

se
rv

at
iv

e,
 

=
1.

2
m

ax
α

C
on

se
rv

at
iv

e,
 

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

   
   

 x
  

-5
10

-4
10

-3
10

-2
10

-1
10

)
2

x V ( x, Q

0

0.
51

1.
52

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

G
lo

ba
l

=
1.

1
m

ax
α

C
on

se
rv

at
iv

e,
 

=
1.

2
m

ax
α

C
on

se
rv

at
iv

e,
 

2
 =

 2
 G

eV
2

 =
 0

.1
18

, Q
S

α
N

N
LO

, 

α
P
E

A
K

F
O

R
E

X
P
E

R
IM

E
N

T
S

D
IS

C
A

R
D

E
D

IN
C

O
N

S
.

F
IT

W
H

E
N

IN
C

L
U

D
E

D
O

R
E

X
C

L
U

D
E

D
F

R
O

M
F

IT
N
N
L
O

g
lo

b
a
l
fi
t

N
N
L
O

c
o
n
s
.
fi
t

α
m

a
x

=
1
.1

E
x
p
e
r
im

e
n
t

m
e
a
n

m
o
d
e

m
e
d
ia

n
m

e
a
n

m
o
d
e

m
e
d
ia

n

N
M

C
σ
N
C
,p

1
.2

7
1
.2

6
1
.2

7
1
.5

0
1
.4

5
1
.4

8
S
L
A
C

1
.1

3
1
.0

9
1
.1

2
1
.6

1
1
.3

7
1
.4

8
B
C
D
M

S
1
.2

0
1
.1

9
1
.2

0
2
.0

2
1
.8

6
1
.9

2
C
H
O

R
U
S

1
.1

0
1
.0

9
1
.0

9
2
.5

5
1
.6

9
2
.3

2
Z
E
U
S

H
E
R
A
-
I
I

1
.2

5
1
.2

4
1
.2

5
1
.3

8
1
.3

3
1
.3

6
H
1

H
E
R
A
-
I
I

1
.3

5
1
.3

4
1
.3

4
1
.5

1
1
.4

7
1
.4

9
H
E
R
A

σ
c N
C

1
.1

4
1
.1

1
1
.1

3
1
.1

3
1
.0

9
1
.1

2

E
8
8
6

p
1
.1

5
1
.1

4
1
.1

5
2
.1

8
1
.6

2
2
.0

3
C
D
F

Z
r
a
p
id

it
y

1
.3

9
1
.3

2
1
.3

6
1
.5

6
1
.4

0
1
.5

0
C
D
F

R
u
n
-
I
I
k
t

je
t
s

1
.1

5
1
.1

2
1
.1

4
1
.2

5
1
.1

8
1
.2

2
A
T
L
A
S

W
,
Z

2
0
1
0

1
.1

7
1
.1

2
1
.1

5
1
.3

8
1
.2

5
1
.3

2
A
T
L
A
S

h
ig

h
-
m

a
s
s
D
Y

1
.0

0
1
.3

4
1
.6

3
1
.6

3
1
.1

9
1
.4

5
C
M

S
W

m
u
o
n

a
s
y

1
.6

0
1
.4

0
1
.5

3
2
.9

0
2
.4

8
2
.8

1
C
M

S
W

+
c

t
o
t
a
l

1
.5

0
1
.0

9
1
.3

3
1
.8

5
1
.3

7
1
.6

7
C
M

S
W

+
c

r
a
t
io

2
.0

0
1
.3

9
1
.6

9
2
.1

2
1
.5

8
1
.9

4
C
M

S
2
D

D
Y

2
0
1
1

1
.2

8
1
.2

7
1
.2

8
1
.2

9
1
.2

8
1
.2

9
L
H
C
b

1
.2

0
1
.1

2
1
.1

7
1
.5

8
1
.2

2
1
.4

8



IM
P
A

C
T

O
F

IN
D

IV
ID

U
A

L
D

A
T
A

S
E

T
S

H
IG

G
S

IN
G

L
U

O
N

F
U

S
IO

N

( gg > H ) [pb] σ

4344454647

=0
.1

18
Sα

N
N

P
D

F
3.

0 
N

N
LO

, L
H

C
 1

3 
Te

V,
 iH

ix
s1

.3
.3

,  
 

N
N

P
D

F
2.

3
2.

3d
at

a
G

lo
b

al
C

o
n

se
rv

at
iv

en
o

Je
ts

n
o

L
H

C
H

E
R

A
o

n
ly

=0
.1

18
Sα

N
N

P
D

F
3.

0 
N

N
LO

, L
H

C
 1

3 
Te

V,
 iH

ix
s1

.3
.3

,  
 



R
E

Q
U

IR
E

M
E

N
T
S

F
O

R
IN

C
L
U

S
IO

N

P
D

F
S

T
O

B
E

IN
C

L
U

D
E

D
IN

T
H

E
C

O
M

B
IN

A
T
IO

N
M

U
S

T
S

A
T
IS

F
Y

R
E

Q
U

IR
E

M
E

N
T
S

W
H

IC
H

M
A

K
E

T
H

E
M

C
O

M
P
A

T
IB

L
E

D
O

C
U

M
E

N
T

IN
P
D

F
4
L
H

C
A

P
R

IL
2
0
1
5

IN
D

IC
O

S
O

M
E

L
IS

T
E

D
H

E
R

E
(S

E
E

D
O

C
U

M
E

N
T

F
O

R
F
U

L
L

L
IS

T
):

•
P
R

O
V

ID
E

R
E

S
U

L
T
S

A
T

N
L
O

A
N

D
N

N
L
O

,
W

IT
H

N
N

L
O

α
s
,

E
V

O
L
U

T
IO

N

B
E

N
C

H
M

A
R

K
E

D
A

G
A

IN
S

T
H

O
P
P
E

T
O

R
Q

C
D

N
U

M

•
S

E
P
A

R
A

T
E

T
R

E
A

T
M

E
N

T
O

F
α
s

A
S

D
IS

C
U

S
S

E
D

•
U

S
E

A
G

E
N

E
R

A
L
­M

A
S

S
V
A

R
IA

B
L
E

F
L
A
V

O
R

N
U

M
B

E
R

S
C

H
E

M
E

W
IT

H
U

P
T
O

5
F
L
A
V

O
R

S

•
C

U
R

R
E

N
T

T
E

C
H

N
O

L
O

G
Y
:

F
IT

S
M

U
S

T
B

E
B

A
S

E
D

O
N

A
P
P
R

O
X

IM
A

T
E

L
Y

C
O

M
M

O
N
,

G
L
O

B
A

L
S

E
T

O
F

D
A

T
A

R
E

Q
U

E
S

T
T
O

R
E

L
A

X
T
H

IS
(H

E
R

A
P
D

F
)



A
S

Y
M

P
T
O

T
IC

E
X

P
O

N
E

N
T
S

•
IN

N
N

P
D

F
A

P
P
R

O
A

C
H
,
P
D

F
B

E
H

A
V

IO
U

R
D

E
T
E

R
M

IN
E

D
B

Y
D

A
T
A

•
A

S
x
→

0
,
P
D

F
G

O
E

S
A

S
x
−
α
,

A
S
x
→

1
,
P
D

F
G

O
E

S
A

S
(1

−
x
)β

•
D

E
F
IN

E
E

F
F
E

C
T
IV

E
E

X
P
O

N
E

N
T
S
α
≡

−
ln

f
i
(x

)
ln

1
/
x

,
β
≡

ln
f
i
(x

)
ln

(1
−
x
)

(D
E

F
A

)

O
R
α
≡

d
d
ln

x
ln

f
,
β
≡

d
d
ln

(1
−
x
)
ln

f

d
/
u
α

d
/
u
β

d̄
−

ū
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