
The proton PDF from
 W

+jet data  
at the ATLAS detector

M
ark Sutton  

The University of Sussex 

O
n behalf of the ATLAS Collaboration1

  The XXVII International W
orkshop on DIS 2019, Torino, Italia



Preface

•
For LHC collisions with two m

om
entum

 fractions, x1  and x2

•
The LHC provides unprecedented access to a previously unexplored region of phase 
space essential for the discovery and understanding of any new physics

•
The LHC has perform

ed extrem
ely well during Run 1 and Run 2

•
Inform

ation on the internal structure of the proton from
 the parton distribution functions 

(P
D
Fs)

•
The LHC has unprecedented coverage of the kinem

atic plane, extending by several 
orders of m

agnitude

•
ATLAS has a large, and developing portfolio of precision m

easurem
ents with the 

potential to constrain the PDFs in the proton 
•

W
ill concentrate on what constraints we can obtain using data from

 inclusive ATLAS 
W

 and Z production, and recent W
+jets data
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•
DIS data constrains quarks at low-x
•

Born level scattering off of quarks, one m
om

entum
 parton fraction x

•
Sensitive to the gluon distribution through              corrections

•
Electroweak boson production 
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•
For LHC collisions with two m

om
entum

 fractions, x
1  and x

2

•
Inclusive jets, dijet + trijet production, ttbar, inclusive photon …

                                                                           
all directly sensitive to the gluon distribution, the strong coupling, and the valence quarks at high E

T   
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•
Inclusive W

, Z and asym
m

etries:  quark                                                           
flavour separation 

•
O

ff peak Drell-Yan: u, d at high or low-x
•

W
+charm

: sensitivity to the s-quark
•

W
, Z + jets (jet need not be unobserved)

Different final states inform
 different subprocesses
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2016 analysis
before profiling

How strange is the proton ?
•

Strange quark density poorly known

•
Usual assum

ption sbar ~ 0.5 dbar, from
 s⟶

W
c in NuTeV, CCFR 

data

•
Large uncertainties from

 charm
 fragm

entation and nuclear 
corrections

•
The original ATLAS epW

Z12 (Phys.Rev.Lett. 109 (2012) 012001) from
 

fits at NNLO
 to the 2010 data, fitting inclusive Z and W

± data found an 
enhanced strangeness contribution

•
Profiling the CT14 and M

M
HT14 PDFs with the analysis of the 7 TeV 

2011 data also yields an enhanced strangeness contribution at low-x
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•
So far ATLAS has produced several fits using inclusive W

 and Z data
† 

•
ATLAS epW

Z 12 (2010 data, 7 TeV 35 pb
-1)

•
ATLAS epW

Z 16 (2010 data, 7 TeV 4.6 fb
-1)

•
ATLAS epW

Z top 18 - with fully differential top data data to stabilise the gluon - see Francesco’s presentation tom
orrow

 

•
Starting point for the new fit is the inclusive W

, ATLAS data used in the the ATLAS epW
Z16 fit plus the new W

 + jets data at 8 TeV from
 JHEP 05 (2018)  

077

•
Som

e differences and im
provem

ents with respect to the ew W
Z16 fit to accom

m
odate or exploit the new data …

 

•
M

ore param
eter variations as part of the m

odel system
atics, updated param

eterisation with additional term
 in central fit for the ubar distribution with 

respect to  2016 fit …
                                                                                                            k                                                                                                                                                                                            

h                                                                                                                                                                                k                                                                                                                                                                                                                                                                                              
k                                                                                                                                                                                                                                                                                              
consistent with recent ATLAS epW

Z top18 fit         

•
131 sources of correlated system

atic uncertainties in the inclusive data with electron and m
uon channels com

bined  

•
For the new fit use the electron and m

uon data before the com
bination (uncom

bined) since m
ore sim

ply relates the original sources of the 
system

atic uncertainty to aid the full correlation with the com
m

on sources from
 the new W

 + jets data - 50 sources from
 the new W

 + jets data                                           

•
Variation of the m

inim
um

 Q
2 selection of 10 G

eV
2 (rather than 7.5 G

eV
2) in the HERA DIS data to exclude the low Q

2, low-x data which m
ay be m

ore 
adversely affected by higher twist and other effects

Including new data in a new fit …
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† NB: all fits use the HERA data to constrain the fit at lower Q
2



•
Fits are perform

ed using DIS data from
 HERA and the ATLAS Electroweak boson data 

•
The xFitter † package is used, with LHC cross sections reproduced using fastNLO

 and APPLgrid 

•
NNLO

 corrections included as K-factors

•
Param

eterisation …

•
Additional constraints for the central fit from

 sum
 rules, and also                    and                               ,  with         and        free param

eters, with                       
and        fixed >>         ( som

e constraints relaxed for the m
odel uncertainty )

•
This yields a 16 param

eter central fit using a fixed strong coupling and a starting scale of Q
2 = 1.9 G

eV
2

•
NB: G

reyed out param
eters varied as part of the m

odel dependency system
atics, along with allowing som

e of the central fit contained param
eters to vary 

independently 

•
First produce update to the epW

Z16 fits using the new
er m

ethodology as a consistency check using both com
bined and uncom

bined data - new fits 
ATLAS epW

Z19 C (com
bined) and ATLAS epW

Z19 U (uncom
bined)

ATLAS epW
Z+W

jets Q
CD fit technicalities 
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†xFitter program
, www.xfitter.org;  S. Alekhin et al. Eur. Phys. J. C 75 (2015) 304, arXiv: 1410.4412 [hep-ph]
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the
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indicated
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bars,

and
the

com
bined

statistical
and
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are
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the

hatched
bands.
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the
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cross
sections,w
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the
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show
the
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predictions
to

the
data.

The
theoreticaluncertainties

on
the

predictions
are

described
in
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points
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outside
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sections,w
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outside

the
displayed

range.

21

 [G
eV]

T
W

 boson p
0

200
400

600
800

1000
1200

1400

 [fb/GeV]W
T

/dpσd

-2
10

-1
10 1 10 2
10

3
10

4
10

5
10

6
10

Data NNLO
jetti

NBH+S Excl. Sum
BH+S
SHERPA 2.2.1 NLO
SHERPA 2.2.1 LO
SHERPA 1.4 LO
ALPG

EN+PY6
ALPG

EN+HERW
IG

A
TLA

S
-1

 = 8 TeV, 20.2 fb
s

 jets, R = 0.4
t

anti-k
| < 4.4

jet
 > 30 G

eV, |y
jet
T

p

 1 jets
≥

) + 
ν

 e
→

W
(

 [G
eV]

T
W

 boson p
0

200
400

600
800

1000
1200

1400

Pred./Data

0.6
0.8 1
1.2
1.4

 [G
eV]

T
W

 boson p
0

200
400

600
800

1000
1200

1400

Pred./Data

0.6
0.8 1
1.2
1.4

 [G
eV]

T
W

 boson p
0

200
400

600
800

1000
1200

1400

Pred./Data

0.6
0.8 1
1.2
1.4

 [G
eV]

T
W

 boson p
0

100
200

300
400

500
600

700
800

W
T

/dp-Wσ / dW
T

/dp+Wσd

0 2 4 6 8
Data

 NNLO
jetti

N
BH+S Excl. Sum

BH+S
SHERPA 2.2.1 NLO

SHERPA 2.2.1 LO
SHERPA 1.4 LO

ALPG
EN+PY6

ALPG
EN+HERW

IG

A
TLA

S
-1

 = 8 TeV, 20.2 fb
s

 jets, R = 0.4
t

anti-k
| < 4.4

jet
 > 30 G

eV, |y
jet
T

p
 1 jets)
≥

 + 
-

 1 jets)/(W
≥

 + 
+

(W

 [G
eV]

T
W

 boson p
0

100
200

300
400

500
600

700
800

Pred./Data

0.9 1
1.1

 [G
eV]

T
W

 boson p
0

100
200

300
400

500
600

700
800

Pred./Data
0.9 1
1.1

 [G
eV]

T
W

 boson p
0

100
200

300
400

500
600

700
800

Pred./Data

0.9 1
1.1

Figure
4:D

i↵erentialcrosssectionsforthe
production

ofW
bosons(left)and

the
W
+/W

�
ratio

(right)asa
function

of
the

W
p

T
for

events
w

ith
N

jets
�

1.
The

lastbin
in

the
leftfigure

includes
values

beyond
the

show
n

range.
Forthe

data,the
statisticaluncertainties

are
indicated

as
verticalbars,and

the
com

bined
statisticaland

system
atic

uncertainties
are

show
n

by
the

hatched
bands.

The
upperm

ost
panel

in
each

plot
show

s
the

di↵erential
cross

sections,w
hile

the
low

erpanels
show

the
ratios

ofthe
predictions

to
the

data.The
theoreticaluncertainties

on
the

predictions
are

described
in

the
text.The

arrow
s

on
the

low
erpanels

indicate
points

thatare
outside

the
displayed

range.

production
and
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Figure
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jet

p
T

and
leading

jetrapidity)are
com

pared
in

Figure
7

to
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M

C
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w
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F
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F
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M
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2008,
and

N
N

PD
F

2.3.
The

theoretical
uncertainties

for
the

M
C

FM
prediction

are
displayed

only
forthe

C
T10

PD
F

set.
A

s
seen

in
the

figure,the
M

C
FM

predictions
vary

depending
on

the
PD

F
setused.

These
variations

are
largestfor

the
p

T
of

the
W

boson
and

atforw
ard

jetrapidities.
In

the
region

of
200

G
eV

to
400

G
eV

in
the

distribution
of

the
p

T
of

the
W

boson,w
here

experim
entaluncertainties

in
the

ratio
are

sm
all(around

2%
to
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W
+jet production at 8 TeV data 

•
M

ultiple distributions 

•
P

T (W
) , P

T (leading 
jet)

•
Unfortunately, 
correlations 
between different 
spectra not 
available, so 
unable to fit 
distributions 
sim

ultaneously
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New fit quality …
 

•
G

ood fits including the W
 + jets data with no tension with the HERA or inclusive W

, 
and Z data

•
Slightly better !

2 for the P
T (W

) data  
•

M
ore additional free param

eters used in the  contributions to the m
odel 

dependencies 
•

Relaxing som
e of the constraints …

•
Use the P

T (W
) fit as the new central fit

•
new fit referred to as -  ATLAS-epW

Z-W
jet 19
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ū

1354
/1139

1363
/1151

E
g

1352
/1139

1365
/1151

F
u
v

1351
/1139

1363
/1151

F
d
v

1354
/1139

1365
/1151

Table
2:Total

�
2

for
each

param
eterisation

variation
used,for

each
of

the
W

+
jets

spectra.
W

here
entries

are
m

issing,the
fiteitherdid

notconverge,ora
negative

(unphysical)value
w

asstrongly
favoured.

Furtherm
ore,severalassum

ptionsare
m

ade
in

the
fit(asdiscussed

in
Section

3),the
im

pactofw
hich

on
2
3
4

the
fitresultisinvestigated.These

variationsare
given

in
Table

3,along
w

ith
the

resulting
�

2
fora

fitto
2
3
5

each
W

+
jets

spectrum
.

The
di�erences

betw
een

the
centralvalues

ofeach
PD

F
using

these
variations

2
3
6

and
the

centralfitw
ere

taken
asa

m
odeluncertainty,and

added
in

quadrature
ateach

x
and

Q
2.

2
3
7

PD
Fs

extracted
from

fits
to

each
of

the
W

+
jets

spectra,together
w

ith
the

inclusive
W
,
Z

and
H

ERA
2
3
8

com
bined

data,are
show

n
in

Fig.2.Fitsusing
each

spectrum
are

highly
consistentw

ith
each

otherforall
2
3
9

distributionsw
hen

m
odeland

param
eterisation

e�ectsareincluded
in

theuncertainty.ThePD
Fsobtained

2
4
0

from
a

fitw
ith

the
p
WT

spectrum
exhibitthe

sm
allesttotaluncertainty

forallparton
flavours.

2
4
1

PD
Fs

w
ith

m
odeland

param
eterisation

uncertainties
are

given
in

Fig.3
for

the
fits

to
W

+
jets

data
2
4
2

in
com

parison
to

the
sam

e
fits

w
ithoutthe

additionaldata,labelled
ATLA

SepW
Z19U

.These
PD

F
sets

2
4
3

2nd
A

pril2019
–

09:32
11

Not reviewed, for internal circulation only

ATLA
S

D
RA

FT

sim
plify

to
the

sam
e

as
w

as
used

forthe
H

ERA
PD

F2.0
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�
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+
�
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�
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2
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0

and
the

ATLA
S

W
,

Z
data

are
sim
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those

obtained
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S
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data
alone.

2
1
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Thisdem
onstratesthatthere
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tension
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data
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W
+
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2
1
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2
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in
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as
the
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Fig.1
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data
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are
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2
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to
predictions
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puted
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corrected
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the
K-factors
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2
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jetdata,both
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are

2
1
7

significantly
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the
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4.2
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and
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the
fitting
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a�ectthe
fitquality

is
the

choice
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param
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2
2
0

The
num

berofparam
eterscan

lim
itthe

possible
quality

ofthe
fitby

notproviding
enough

flexibility
to

fit
2
2
1
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A
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New fits

•
Com

parison of the data with the NLO
 + K factor predictions

•
Not including the shifted system

atics from
 the fit, see clear im

provem
ents at large P

T  with the new fits
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Fits including the W
 + Jets data

•
Separate fits including the P

T (W
) and P

T (leading jet) data

•
P

T (W
) data shown here

•
Suggests harder d bar, softer d valence, u quark 
distributions essentially unchanged
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Figure
3:PD

Fs
obtained

forthe
valence

quarks
(a)-(b),up

and
dow

n
sea

quarks
(c)-(d),strange

sea
quark

(e)and
gluon

(f),w
hen

fitting
W

+
jets,inclusive

W
,
Z

and
H

ERA
data,com

pared
to

a
sim

ilarfitw
ithout

W
+

jets
data.

Inner
error

bands
indicate

the
experim

entaluncertainty,w
hile

outer
error

bands
the

totaluncertainty,including
param

eterisation
and

m
odeluncertainties.

The
fitusing

W
+

jets
p
WT

data
is

displayed
w

ith
hashed

uncertainty
bands,w

hile
the

fitw
ithoutisdisplayed

using
solid

uncertainty
bands.

the
ratio:

r
s
=

s
+

s̄

2
d̄

(4)

considering
the

d̄
density

asreference,orby
the

ratio
R
s ,defined

as:

R
s
=

s
+

s̄

ū
+

d̄
(5)

w
hich

usesthe
sum

of
ū

and
d̄

asreference
forthe

strange-sea
density.

The
R
s distribution

plotted
asafunction

of
x

evaluated
at

Q
2
=

1.9
G

eV
2isshow

n
in

Fig.5.Thee�ectof
the

W
+

jetsdataism
ostsignificantin

thekinem
aticregion

x
>

0.02,w
heretheuncertainty

issignificantly
reduced

and
the

fitresultsin
the

R
s distribution

falling
from

near-unity
at

x
⇠

0.01
to

approxim
ately

0.3
at

x
=

0.1.

A
tlow

x
(
x
<

0.023),the
fitw

ith
the

W
+

jets
data

m
aintains

an
unsuppressed

strange-quark
density

com
patible

w
ith

the
ATLA

SepW
Z16

fit.
Fitted

values
of

r
s

and
R
s ,evaluated

at
x
=

0.023
and

Q
2
=

1.9
G

eV
2,are

given
in

Tables4
and

5,respectively.12
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•
Consistent with earlier ATLAS fits

•
Slightly higher than PDF from

 the global fitters 
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production
data

recorded
ata

centre-of-m
ass

energy
of7

TeV
.

Forthe
presented

fit,allsignificantsystem
aticcorrelationsbetw

een
datasetsw

ereconsidered.Theresulting
PD

F
setis

sim
ilarto

the
ATLA

SepW
Z16

setforthe
valence,up-quark

sea
and

gluon.
The

dow
n

and
strange

sea-quark
distributionsarehigherand

low
er,respectively,atthesam

erangein
x,w

ith
significantly

sm
aller

experim
entaland

param
eterisation

uncertainties.A
sa

result,the
r
s distribution

fallsm
ore

steeply
athigh

x,and
the

x(
d̄
�

ū)
di�erence

is
positive,in

betteragreem
entw

ith
the

globalPD
F

analyses
w

hich
use

E866
D

rell–Yan
data.A

tlow
x
.

0.023,the
fitshow

sconsistency
w

ith
an

unsuppressed
strange

PD
F

as
observed

in
the

ATLA
SepW

Z16
PD

F
set,w

hile
displaying

a
positive

x(
d̄�

ū)distribution
athigh

x.The
resulting

PD
F

setiscalled
ATLA

SepW
ZW

jet19.
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Light quark asym
m

etry

•
Com

parison with global fitters
•

New fit consistent with previous ATLAS fits, but also m
ore in line with the global fitters
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•
ATLAS has an extensive, and growing portfolio of precision m

easurem
ents, each having the potential to help constrain the parton distributions in the 

proton

•
Concentrated here on a new

 fit with the inclusive W
 and Z data, enhanced by the inclusion of W

+ jets data

•
New fit confirm

s enhancem
ent of the strange contribution at low-x, also with a positive dbar - ubar distribution 

•
To look forward to …

 
•

…
 rich pickings to be had from

 the full lum
inosity R

un 1 data, and with higher energy 13 TeV collision data
•

Including m
ore published data is possible - top etc

•
New data sam

ples are hoped to be available soon -  Z + jets, new inclusive Boson data at higher beam
 energies etc

•
Further reductions in both the statistical and system

atic uncertainties, better constraints on the gluon as well as these im
provem

ents on the valence and 
sea quarks

•
Data from

 different beam
 energies - data from

 sim
ilar Q

2 and sim
ilar E

T  have sim
ilar system

atic uncertainties, but sam
ple different m

om
entum

 fraction x 
- can lead to im

proved sensitivity  
•

For m
any m

easurem
ents, theoretical uncertainties are often com

parable to, or larger, than those from
 the data  

•
New NNLO

 calculations are available for im
portant physics processes - developm

ents in the grid technology (APPLfast, APPLgrid and fastNLO
) m

ean 
these data - and HERA jet data - should be usable in a rigorous NNLO

 fits in the very near future
•

W
+ jets, Z+jets, inclusive W

, Z …
 

•
W

e have com
e a long way, but are only now beginning on our journey towards realising the full potential of the data.                                                                                                       

It prom
ises to be a very interesting tim

e ahead ... 

O
utlook
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