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M
S
T

W
08

–
N

ew
d
ata

in
clu

d
ed

.

N
uT

eV
and

C
H

O
R
U

S
data

on
F

ν
,ν̄

2
(x

,Q
2)

and
F

ν
,ν̄

3
(x

,Q
2)

replacing
C
C
F
R
.

N
uT

eV
and

C
C
F
R

dim
uon

data
included

directly.
L
eads

to
a

direct
constraint

on
s(x

,Q
2)

+
s̄(x

,Q
2)

and
on

s(x
,Q

2)
−

s̄(x
,Q

2).
A

ff
ects

other
partons.

C
D

F
II

lepton
asym

m
etry

data
in

tw
o

diff
erent

E
T

bins
–

25G
eV

<
E

T
<

35G
eV

and
35G

eV
<

E
T

<
45G

eV
.

D
0II

data
for

E
T

>
20G

eV
.

F
irst

data
sets

only.

C
D

F
II

and
D

0II
data

on
d

σ
(Z

)/d
y

for
0

<
y

<
3.

H
E
R
A

inclusive
jet

data
(in

D
IS

).

N
ew

C
D

F
II

and
D

0II
high-p

T
jet

data.

D
irect

high-x
data

on
F

L
(x

,Q
2).

A
ll

published
charm

structure
function

data.

W
ould

like
averaged
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E
R
A

structure
function

data.
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M
S
T

W
08

–
M

ajor
ch

an
g
es

in
th

eory/
ap

pro
ach

.

Im
plem

entation
of

up
dated

heavy
fl
avour

V
F
N

S
,
particularly

at
N

N
L
O

.
A

lready
use

in
M

R
S
T

06
N

N
L
O

distributions,
but

not
in

offi
cial

N
L
O

sets.
(A

lready
used

a
general

V
F
N

S
since

1998
but

change
in

details.)

Inclusion
of

N
N

L
O

corrections
(A

nastasiou,
D

ixon,
M

elnikov,
P
etriello)

D
rell-Y

an
(

W
,Z

and
γ
∗)

data
using

V
rap

and
F
E
W

Z
.

C
hange

in
defi

nition
of

α
S

–
sam

e
as

Q
C
D

N
U

M
,
P
egasus.

N
o

Λ
Q

C
D

param
eter.

Im
proved

nuclear
corrections,

D
e

F
lorian

and
S
assot

obtained
from

N
L
O

partons.

Im
plem

entation
of

fastN
L
O

–
fast

p
erturbative

Q
C
D

calculations
K

luge,
R
abb

ertz,
W

obisch.
A

llow
s

easy
inclusion

of
new

jet
data

from
b
oth

T
evatron

and
H

E
R
A
.

C
hange

in
m

eans
of

obtaining
uncertainties.

S
till

diagonalise
covariance

m
atrix

of
param

eters
and

use
20

(previously
15)

orthogonal
eigenvectors.

T
olerance

now
determ

ined
diff

erently.

N
orm

alization
uncertainties

on
data

treated
far

m
ore

thoroughly.
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P
arto

n
U

n
certain

ties
–

H
essian

A
p
pro

ach
.

H
essian

(E
rror

M
atrix)

approach
fi
rst

used
by

H
1

and
Z
E
U

S
,
and

extended
by

C
T

E
Q

and
used

by
M

R
S
T

.

χ
2
−

χ
2m

in
≡

∆
χ

2
=

∑i,j

H
ij (a

i
−

a
(0

)
i

)(a
j
−

a
(0

)
j

)

T
he

H
essian

m
atrix

H
is

related
to

the
covariance

m
atrix

of
the

param
eters

by

C
ij (a)

=
∆

χ
2(H

−
1)

ij .

W
e

can
then

use
the

standard
form

ula
for

linear
error

propagation.

(∆
F

)
2

=
∆

χ
2
∑i,j

∂
F

∂
a

i (H
)
−

1
ij

∂
F

∂
a

j ,

T
his

is
now

the
standard

approach.

H
ow

ever,
som

ew
hat

inconvenient
and

problem
atic

due
to

extrem
e

variations
in

∆
χ

2

in
diff

erent
directions

in
param

eter
space.
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Im
proved

radically
by

fi
nding

and
rescaling

eigenvectors
of

H
leading

to
diagonal

form
C
T

E
Q

∆
χ

2
=

∑

i

z
2i

Im
plem

ented
by

C
T

E
Q

,
then

others.
U

ncertainty
on

physical
quantity

then
given

by

(∆
F

)
2

=
∑

i

(F
(S

(+
)

i
)
−

F
(S

(−
)

i
)
)

2,

w
here

S
(+

)
i

and
S

(−
)

i
are

P
D

F
sets

displaced
along

eigenvector
direction

by
given

∆
χ

2.

T
raditionally

∆
χ

2
=

1.
G

ives
unb

elievable
uncertainties.
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T
he

inappropriateness
of

using
∆

χ
2

=
1

w
hen

including
a

large
num

b
er

of
som

etim
es

confl
icting

data
sets

is
show

n
by

exam
ining

the
b
est

value
of

σ
W

and
its

uncertainty
using

∆
χ

2
=

1
for

individualdata
sets

as
obtained

by
C
T

E
Q

using
L
agrange

M
ultiplier

technique.
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P
revious

reasoning,
allow

∆
χ

2
to

take
a

value
such

that
every

data
set

rem
ains

roughly
w

ithin
its

90%
confi

dence
lim

it
com

pared
to

the
χ

2
at

b
est

global
fi
t.

T
hese
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show
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for
C
T

E
Q

6
eigenvector

4
as

function
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T
=
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CCFR2

CCFR3
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E866
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U
sing

sim
ilar
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reasoning
M

R
S
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used
∆

χ
2
∼

50
for

90%
confi

dence
level

on
partons.

S
till

sam
e

basic
idea
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m

ore
sophisticated.
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F
or

eigenvector
13,

for
exam

ple,
the

change
in

χ
2

for
the

m
ost

sensitive
data

sets
is

show
n.

F
or

each
determ

ine
the

p
oint

in
∆

χ
2g
lo

b
a
l

at
w

hich
the

appropriate
confi

dence
level

lim
it

is
reached

in
each

direction.
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P
lot

this
for

all
data

sets
for

a
given

eigenvector.

E
igenvector

13
constrained

in
one

direction
by

E
866

D
rell-Y

an
data

and
in

the
other

direction
by

N
uT

eV
F

p3
(x

,Q
2)

data
.

In
this

case
the

b
est

fi
ts

for
the

tw
o

sets
are

highly
inconsistent.

∆
χ

2
=

100
w
ell

outside
90%

confi
dence

level
for

each.

2
p FµBCDMS 

2
d FµBCDMS 

2
p FµNMC 

2
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pµn/µNMC 

2
p FµE665 

2
d FµE665 

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#NuTeV 
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3
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NC
r%H1 ep 97-00 

NC
r%ZEUS ep 95-00 
CC
r%H1 ep 99-00 
CC
r%ZEUS ep 99-00 

charm

2
H1/ZEUS ep F

H1 ep 99-00 incl. jets

ZEUS ep 96-00 incl. jets

 incl. jetsp II p&D
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 asym.#l$ II W&D
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 II Z rap.&D

CDF II Z rap.

2
p FµBCDMS 

2
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3
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NC
r%H1 ep 97-00 

NC
r%ZEUS ep 95-00 
CC
r%H1 ep 99-00 
CC
r%ZEUS ep 99-00 

charm

2
H1/ZEUS ep F

H1 ep 99-00 incl. jets

ZEUS ep 96-00 incl. jets

 incl. jetsp II p&D

 incl. jets pCDF II p

 asym.#l$ II W&D
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 II Z rap.&D

CDF II Z rap.
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c
a
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T
his

eigenvector
contributes

m
ost

to
the

high-x
sea

quark
uncertainty,

but
also

a
variety

of
other

quarks.

P
D

F
4L

H
C

10



A
s

a
sim

pler
exam

ple,
eigenvector

9
constrained

m
ost

by
H

1
and

Z
E
U

S
data

on
F

p2
(x

,Q
2).

90%
confi

dence
lim

it
determ

ining
by

Z
E
U

S
in

u
p

direction
and

H
1

in
d
o
w
n

direction.
B

oth
∆

χ
2
≈

50.

2
p FµBCDMS 

2
d FµBCDMS 

2
p FµNMC 

2
d FµNMC 

pµn/µNMC 

2
p FµE665 

2
d FµE665 

2
SLAC ep F

2
SLAC ed F

L
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E866/NuSea pp DY

E866/NuSea pd/pp DY
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charm

2
H1/ZEUS ep F

H1 ep 99-00 incl. jets
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CDF II Z rap.
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CC
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charm
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p
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=
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p
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–
N
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errors,
bar
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P
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L
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N

N
L
O
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uncertainties.
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changes
in
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ethod

of
determ

ining
uncertainties.

Inclusion
of
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lot

of
new

data.
D

im
uon

data
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tted

directly.
Im

p
ortant

constraint
on

strange.
N

ew
uncertainties

on
s

+
s̄

feed
into

other
partons.
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llow

s
increase

in
num

b
er

of
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eters
(and

b
etter

choice
of
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eters)

in
eigenvector

determ
ination.
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essian

approach
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proves
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data
constraint

allow
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free
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eters.
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now
underestim

ate
at
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( ≥
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0.7)

x
and

for
x
(

0.01
for

valence
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fl
avour

dep
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binations.
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algorithm
for

tolerance
for
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level
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for
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σ
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principle,
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conservative.
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include
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norm
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A
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∼
1%
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to
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T
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to
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R
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agreem
ent

at
N

L
O

w
ith

C
T

E
Q

6.6,
but

system
atic

diff
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exp
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=
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=
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–
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olation
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P
D

F
S

w
ith

very
little

data.

E
xtrem

ely
sm

all
uncertainty

on
ratios

W
/Z

and
W

+
/W

−
.

P
D

F
4L

H
C

34



)  (n
b

)
# +

 l
$ 

+
 B

(W
( 

+
W

%

1
1
.6

1
1
.8

1
2

1
2
.2

1
2
.4

1
2
.6

1
2
.8

1
3

)  (nb)#
-

 l$ 
-

 B(W( -W%
8
.5

8
.6

8
.7

8
.8

8
.9 9

9
.1

9
.2

9
.3

9
.4

9
.5

 to
ta

l c
ro

s
s
 s

e
c
tio

n
s
 a

t th
e
 L

H
C

-
 a

n
d

 W
+

W

) =
 

-
/W

+
R

(W
1

.3
0

1
.3

5

1
.4

0

M
S

T
W

0
8

 N
N

L
O

M
R

S
T

0
6

 N
N

L
O

M
R

S
T

0
4

 N
N

L
O

A
le

k
h

in
0

2
 N

N
L

O

M
S

T
W

0
8

 N
L

O

M
R

S
T

0
6

 N
L

O

M
R

S
T

0
4

 N
L

O

A
le

k
h

in
0

2
 N

L
O

C
T

E
Q

6
.6

 N
L

O

P
redictions

for
W

+
and

W
-

cross-
sections

for
L
H

C
w

ith
com

m
on

fi
xed

order
Q

C
D

and
vector

b
oson

w
idth

eff
ects,

and
com

m
on

branching
ratios.

Q
uoted

uncertainty
for

ratio
very

sm
all,

i.e.
≈

0.8%
.

S
ignifi

cantly
m

ore
diff

erence
in

this
from

other
P
D

F
s,

including
M

R
S
T

.

A
gain

very
interesting

for
early

data.

P
D

F
4L

H
C

35



P
ertu

rb
ative

S
tab

ility
at

th
e

L
H

C

y

0
1

2
3

4
5

6
7

8
9

1
0

/dM/dy  (pb/GeV)%2d

-2 0 2 4 6 8

1
0

1
2

1
4

1
6

3
1
0

)

M
 =

 2
 G

e
V

M
 =

 2
 G

e
V

y

0
1

2
3

4
5

6
7

8
9

1
0

/dM/dy  (pb/GeV)%2d

0

0
.5 1

1
.5 2

3
1
0

)

M
 =

 4
 G

e
V

M
 =

 4
 G

e
V

y
0

1
2

3
4

5
6

7
8

9
1
0

/dM/dy  (pb/GeV)%2d

-5
0 0

5
0

1
0
0

1
5
0

2
0
0

M
 =

 1
0

 G
e

V(2
0

0
1

 L
O

, 2
0

0
4

 N
L

O
, 2

0
0

6
 N

N
L

O
)

U
s

in
g

 V
ra

p
 w

ith
 M

R
S

T
 P

D
F

s

M
 =

 1
0

 G
e

V

y
0

1
2

3
4

5
6

7
8

9
1
0

/dM/dy  (pb/GeV)%2d

-2
0 0

2
0

4
0

6
0

8
0

1
0
0

Z
M

 =
 M

L
O

N
L

O

q
N

L
O

 q

N
L

O
 q

g

N
N

L
O

q
N

N
L

O
 q

N
N

L
O

 q
g

N
N

L
O

 g
g

N
N

L
O

 q
q

Z
M

 =
 M

*/Z
 ra

p
id

ity
 d

is
trib

u
tio

n
s
 a

t L
H

C
*

N
ow

have
Q

C
D

calculations
at

L
O

,
N

L
O

and
N

N
L
O

in
the

coupling
constant

α
S

for
Z

,W
and

γ
#

production
A

nastasiou,
D

ixon,
M

elnikov,
P
etriello).

G
ood

stability
in

predictions
for

e.g.
Z

and
γ

#
cross-sections

for
very

high
virtuality.

B
ecom

es
w
orse

at
low

er
scales

w
here

α
S

larger
and

large
ln

(s/M
2)

term
s

app
ear

in
expansion

(equivalent
to

ln
(1/x

))
and

large
threshold

ln
(1
−

x
)

term
s.

P
D

F
4L

H
C

36


