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light quarks
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Backbone of any PDF determination
Deep-Inelastic Scattering at HERA:

world-only e*p ring accelerator, Vsmax= 318 GeV

- HERA | 1992-2000,

Av1as and G (7 7o BER HERA (1 2003-2007

S e T ey e P&l collider experiments H1 & ZEUS,

CDF/D0 Central Jets 1 | integrated LuminOSity ~0.5 fb'1 /experiment

JHZdEERlUL

= 100'GeV

- neutral current:
YA valence-quark distributions
. gluon via scaling violations

charged current:
quark flavour separation

1
partonic fraction x of proton momentum ~
- 3



Sneak-preview: combined HERA data (to be presented at DIS2015 next week)

neutral current e*p: charged current e*p:

H1 and ZEUS i H1 and ZEUS

F Q7=500 GeV?

e HERANC ¢'p 0.5 fb™"
Vs = 318 GeV

0 ZEUS HERA II

O ZEUS HERA I

© H1 HERA II
' A H1 HERA 1
0
b

O

el T AR ¢ o | R |  mmsccoposwt

;

8 .

s =318 GeV

, g (. | : .
§X{=om Xy = 0.08 ’?$ b%hb%#g * «h xBj=0.08 i 3 - - D ﬁ:lﬁ:?
O HIHERAII

b b L | i» b W g T

In the combination, all correlations of systematic uncertainties accounted for.
A single consistent set of most precise DIS measurements.




H1 and ZEUS 14 parameter fit, NLO DGLAP
12 =10 GeV? Hee_lvy quarks: massive
Variable Flavour Number Scheme
— HER:?P.DtI:‘Z.f)NLO Scales: ur= s = Q2
— experimental Experimentally very precise
[ ] parameterisation
+ HERAPDF2.0AG NLO Parameterization at starting scale:

AgxPe(1 — 0% — AL xPa(1 - 0)%,
Ay P (1= )% (1+ E,x°).

Ag xBa (1 — x)C,
ApgxBr(1 = )7 (1 + Dpx),
ApxBp(1 — x)°p.

Model assumptions and variations
(mHq, strangeness in the sea, Q%, «s)

PDFs also determined by including HERA data on heavy-flavor and jet production
)
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H1 and ZEUS

® HERANC €p 0.4 b

B HERANC e'p 05!

Vs =318 GeV

1 Fixed Target
mess HERAPDF2.0 ¢ p NNLO
mmss HERAPDF2.0 ¢'p NNLO

Xg; = 0.00005, i=21
Xp; = 0.00008, i=20
Xp; = 0.00013, i=19
Xp; = 0.00020, i=18
Xp; = 0.00032,i=17
Xp; = 0.0005, i=16
Xp; = 0.0008, i=15
Xp; = 0.0013,i=14
Xp; = 0.0020, i=13
Xp; = 0.0032,i=12
Xpj = 0.005,i=11
Xp; = 0.008, i=10
~  Xp= 0.013,i=9
Xp; = 0.02,i=8
Xp; = 0.032,i=7
Xp; = 0.05, i=6
Xp; = 0.08, i=5

xg; = 0.13,i=4
xg; = 0.18,i=3
xp; = 0.25,i=2

xg; = 0.40,i=1

1

10 102 10° 10" 10°

Q% GeV?

do/dQ? (pb/GeV?)

0 VS DATA

and electroweak unification

H1 and ZEUS

O HERANCe€p04fb!
O HERA NC €'p 0.5 fb!
mmmm HERAPDF2.0 NC ep

msssm HERAPDF2.0 NC e'p

Ns =318 GeV

® HERA CCep04fb?!

B HERA CCe'p0.5fh!
mssm HERAPDF2.0 CCep

mssm HERAPDF2.0 CC e*p

I IIIIIII| I IIIII|T| I IIIII|T| I IIIIIII| I IIIII|T| I IIIIIII| I IIIIIII| T TTIT /T TTTI

] IIII|I.|.| | IIIIIII| ] III|||.|.| | IIIIIII| ] IIIIIII| ] IIIIIII| L1l
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need improvements in
quark flavor separation at medium x,
gluon at low and at high x
= impact of the LHC measurements

JHZdEERlUL

M=

Atlas and CMS (7 TeV)
Atlas and CMS rapidity plateau
D0 Central+Fwd. Jets

CDF-D0 Central Jets

= 100'GeV

10 GeV

’ ’
/
7, /
7 /
4 7 /
’ ,
/ 4 f
\HHH

10> 10

!

e DY: light quarks,

flavor separation,

gluon

| o \W+c: s-quark
* single top: u, d, b

* jets: gluon, s
medium X

* top-pairs: gluon
high x

| * forward c, b: gluon
low & high x




need improvements in
quark flavor separation at medium x, « DY: light quarks,

gluon at low and at high x flavor separation
= impact o the LHC measurements gluon

HH‘ T \\\HH‘ T \\\HH‘
Atlas and CMS (7 TeV) i

e \W+c: s-quark

F
- [ 1 Atlas and CMS rapidity plateau

D0 Central+Fwd. Jets

CDF/D0 Central Jets

| * single top: u, d, b

LHCb 2<y<S5

- | ATLAS, CMS| Ivl <2.5

* jets: gluon, s
medium X

- * top-pairs: gluon
high x

| e forward c, b: gluon
low & high x




\

ROBING PDFs WITH'

Mt"

.
\ ..‘i
.,\-»-,
' Y »;
-t

ZM""

In pp collisions, production of NC and CC Drell-Yan events
probes light quark distributions in the proton

[pb/GeV]

W
T
—
o
N

Theory syst —+— Data stat
Data stat+syst

data vs
ResBos
POWHEG
FEWS NNLO

18.4 pbTat Ys =8 TeV

do/dp

21 POWHEG

CMS PAS SMP-13-006
CMS PAS SMP-13-006

+ Data stat

Wouv
K V//// Data stat+syst

—&— data

NN POWHEG CT10 NLO

m FEWZ CT10 NNLO
m ResBos CT10 NNLL

PDF
[1QCD scales
[ stat

Expect PDF constramts in partlcular at Iower pT(W)
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+ production of W* or W-

probes different flavors p.>20 GeVic

M, > 40 GeV/c*
E

> 25 GeV

miss

Uy — dv
T Uy + dy F 2Useq

Vs =7 TeV
HCb (2011 extrapolated) W — utv
HCb (2011 extrapolated) W — uVv
o ATLAS (2010) W* — utv
= ATLAS 2010) W — uVv

ATLAS and CMS b, >20 GeVic

103< x < 101 M, > 40 GeV/c>
E .. >25GeV

miss
—o

LHCb: 10°< x

Vs=7 TeV
LHCb (2011 extrapolated) W — uv
o ATLAS (2010) W — uvand W — ev

NB: For comparison, LHCb results are
extrapolated to the fiducial volume of
ATLAS, correcting for Mt> 40 and Er> 20

10



PROBING PDFs WITH W-BOSON PRODUCTION

[LHCb] JHEP 12 (2014) 079

+ production of W* or W- _

probes different flavors b >20GeVic -

M, > 40 GeV/c> ]
E .. >25GeV

miss

vg —7 TCV
LHCb (2011 extrapolated) W* — u*v
. |LHCb (2011 extrapolated) W™ — u'Vv
o ATLAS (2010) W* — utv
. ATLASI (2010) W — IM'V
2

ATLAS and CMS p, >20 GeV/e
103< x <10 M, > 40 GeV/c?
Liss > 25 GeV

CMS NLO 13 parmeter fit

2_ a2
Q°=my;

x | [ HERAIDIS+CMS A,
. ©Z HERAIDIS

LHCb: 10°%< x
Vs=7TeV

LHCb (2011 extrapolated) W — uv
o ATLAS (2010) W — uvand W — ev

5 — (HEIT!AIDIS+CM‘S Aw)/(HERI‘AIDIS)

-4 -3 — -2 -1
10 10 10 10

[CMS] PRD 90 (2014) 032004




+ production of W* or W-

probes different flavors b >20GeVic -

M, > 40 GeV/c> ]
E .. >25GeV

miss

o ATLAS (2010) W* — u*v
» ATLAS 2010) W — uv
1 1 1 1 I 1 1 1 1 I 1 1 1 1

ATLAS and CMS b, >20 GeVic
103<x <107 M, > 40 GeV/c?
E . >25GeV

miss

l—l:|—|'_m_|

& LHC measurements o |
LHCb: 106 < x
Vs=7TeV

LHCb (2011 extrapolated) W — uv
o ATLAS (2010) W — uvand W — ev

light-quark distributions

in wide X range




In pp collisions, production process of W+c
probes strange quark directly at LO

Measure W+c-hadron production

ATLAS

-1 . .
Ldt =4.6 fb aMC@NLO | | HERAPDF1.5 + ATLAS Wc-jet/WD™ data

\s=7 'I:eV . CT0 | TE P ATLAS-epWZ12
W*D* | ‘““E BEEEEEE HERAPDF1.5
A MSTW2008 ‘ .

v NNPDF2.3

O HERAPDF1.5
Data

—21.2+0.9 = 1.0 [pb] O ATLAS-epWZ12

Stat

[ Stat+syst A NNPDF2.3coll

| 1 | [ ‘ . 1 1 1 1 1 L1 1 1 1 1 1
30 35 1 ] 1 0-2 1 0-1
00588 [pb] . :
fid partonic fraction x of proton momentum

LHC W+c measurements constrain strange-quark distribution

Ongoing: analysis of the measurement of W+c-jet production Vs = 8 TeV
expect reduction of statistical uncertainties by a factor of 2




In pp collisions, production process of W+c
probes strange quark directly at LO

Measure W+c-hadron production Determine s-quark distribution
+ [CMS] PRD 90 (2014) 032004

T T T T | T T T T | T T T T | T T T T T T | T T T T | T T T T | T T
ATLAS ' .
Ldt=4.6fo" HCONLO | I Q=my,
s =7 TeV a | | HERAPDF1.5 + ATLAS Wc-jet/WD data

W*'D*

m CT10 e ' I ATLAS-epWZ12
A MSTW2008 | [

v NNPDF2.3

O HERAPDF1.5
Data

—212+09+1.0 [pb] U ATLAS'epWZ1 2 \ ' B CMS NLO free s fit:
Stat | '
A NNPDF2.3coll | - HERAIDIS + CMS A + W+c
 Statsoyet e _PRD 90 (2014) 032004
30 35 10 107
oOS-S8 [pb] | . .
fid ‘ partonic fraction x of proton momentum

ATLAS': s-quark distribution enhanced wrt results of neutrino scattering
CMS: s-quark distribution agrees well with results neutrino scattering
Check consistency of LHC measurements in a joined QCD analysis




| FLAVOUR DECOMPOSITION: W+CHARM |

Joined analysis of W+c from ATLAS and CMS data and neutrino scattering

[S. Alekhin et al.] arXiv:1404.6469

2 2
u=19 GeV',n=3

* Strangeness suppression factor determined

Ks(Q2 =20 GeV?) = 0.654 + 0.030

oy
o

g
=

(s+s)/2/d

[a—y
o

* ABM PDF with updated results of v-scattering
experiments agrees well with CMS NLO fit

[

 ATLAS s-distribution is slightly enhanced,

but correlated with d-quark sea suppression!

ATLAS 7 TeV
o W' c-jet
P1>20 GeV |

A CMS

W NuTeV/CCFR + NOMAD + CHORUS |

______ CHORUS + CMS + ATLAS

T aBMR2

CHORUS + CMS

| In the combined analysis of CHORUS, |
| CMS and ATLAS data |
no inconsistency between

LHC measurements is observed.

————— CHORUS + CMS + ATLAS

,

[
|

n
o f 12
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g [CMS] EPJC 75 (2015) 4, 147

Y differential DY production at 8 TeV, £ = 19.7 fb-' combined ete-/u+u-
results at both, post-FSR (“bare”) Fiducial differential cross sections
and pre-FSR (“born”) levels measured in 6 di-lepton mass bins:

19.7% _eo and 19.7 fb' ee and uu (8 TeV)
—e— Data
FEWZ, NNLO CT10

77| FEWZ, NNLO NNPDF2.1
20 <m < 30 GeV o

do/dlyl [pb]

>
()
Q
o)
2
=
©
~
e
©

AN SSOCAANGANN \3\‘5\\\ \ \\\gg
X
R A,
SO

sg "

—— data

B FEwz, NNLO CTH0

>
—
o}
o}
=
3
s
©
o

02 04 06 08 1 12 14 16 18 2 22 24
Absolute dilepton rapidity lyl

Data/theory

500 1000 2000
m [GeV]

perfect description over 10 orders !
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g [CMS] EPJC 75 (2015) 4, 147

differential DY production at 8 TeV, £ = 19.7 fb-' combined e*e-/p+p-

results at both, post-FSR (“bare”) Fiducial differential cross sections
and pre-FSR (“born”) levels measured in 6 di-lepton mass bins:

19.7 fb”' ee and 19.7 fb" ee and uu (8 TeV)
—e— Data

FEWZ, NNLO CT10
FEWZ, NNLO NNPDF2.1

do/dlyl [pb]

>
()
Q
o)
2
=
©
~
e
©

0‘-»’6 S&M« (_/“\ o §
\\ X

%ﬁz‘z“

—— data

B FEwz, NNLO CTH0

N AN e 234
B R IR MRS S 5
XK e 2eelelolole? 29Sotetetetes2e é\é@@(%%%%\\g}\?\ggxwx N et

% o D)) s VR L0%: XXX, X Do SePed%

.
LR

>
—
o}
o}
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s
©
o

02 04 06 08 1 12 14 16 18 2 22 24
Absolute dilepton rapidity lyl

Data/theory

500 1000 2000
m [GeV]

perfect description over 10 orders !
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P [CMS] EPJC 75 (2015) 4, 147

differential DY production at 8 TeV, £ = 19.7 fb-' combined e*e-/p+p-

results at both, post-FSR (“bare”) Fiducial differential cross sections
and pre-FSR (“born”) levels measured in 6 di-lepton mass bins:

19.7 fb" ee and 19.7 fb' ee and uu (8 TeV)
—e— Data

FEWZ, NNLO CT10

FEWZ, NNLO NNPDF2.1

do/dlyl [pb]

14T 45 <m <60 GeV

do/dm [pb/GeV]

—— data

B FEwz, NNLO CTH0

-
an
2

=
o
@
_'.C_‘
3
©
(@]

Data/theory

0O 02 04 06 08 1 12 14 16 18 2 22 24

500 1000 2000 Absolute dilepton rapidity lyl

m [GeV]

perfect description over 10 orders !
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g [CMS] EPJC 75 (2015) 4, 147

differential DY production at 8 TeV, L = 19.7 fb-' combined e*e-/p*u-

results at both, post-FSR (“bare”) Fiducial differential cross sections
and pre-FSR (“born”) levels measured in 6 di-lepton mass bins:

19.7 fb" ee and 19.7 fb' ee and uu (8 TeV)
—e— Data

FEWZ, NNLO CT10

FEWZ, NNLO NNPDF2.1

do/dlyl [pb]

60 <m <120 GeV

do/dm [pb/GeV]

—— data

B FEwz, NNLO cT10

o

-
o a N

7, Sl 2
L L L L L L LLL L LLLL 444444444

Data/theory

Data/theory

0O 02 04 06 08 1 12 14 16 18 2 22 24
Absolute dilepton rapidity lyl

500 1000 2000
m [GeV]

perfect description over 10 orders !
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g [CMS] EPJC 75 (2015) 4, 147

differential DY production at 8 TeV, £ = 19.7 fb-' combined e*e-/p+p-

results at both, post-FSR (“bare”) Fiducial differential cross sections
and pre-FSR (“born”) levels measured in 6 di-lepton mass bins:

19.7 b’ ee and 19.7 fb" ee and uu (8 TeV)

—e— Data
FEWZ, NNLO CT10

;Z% FEWZ, NNLO NNPDF2.1
5F 120 <m <200 GeV

do/dm [pb/GeV]
do/dlyl [pb]

—— data

B FEwz, NNLO CTH0

Y
an
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02 04 06 08 1 12 14 16 18 2 22 é.4
Absolute dilepton rapidity lyl

Data/theory

500 1000 2000
m [GeV]

perfect description over 10 orders !
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g [CMS] EPJC 75 (2015) 4, 147

differential DY production at 8 TeV, £ = 19.7 fb-' combined e*e-/p+p-

e\ _
results at both, post-FSR (“bare”) Fiducial differential cross sections
and pre-FSR (“born”) levels measured in 6 di-lepton mass bins:

19.7 b’ ee and 19.7 fb" ee and uu (8 TeV)

CMS —e— Data
FEWZ, NNLO CT10

| FEWZ, NNLO NNPDF2.1
200 <m <1500 GeV

do/dm [pb/GeV]
do/dlyl [pb]

—— data

B FEwz, NNLO CTH0

Data/theory

03 0% 086 08 T T3 7476 T8 3 55 o4
500 1000 2000 Absolute dilepton rapidity lyl

Data/theory
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N /s=8TeV, 2.0fb"

= 1 1 I I 1 1 1 I I 1 I 1 I I 1 I 1 I I 1 I L

 LHCb

\O

[LHCb] arXiv:1503.00963
st

P s

8TeVZ —e'e &2 e
- Data (stat.) m

Data (tot.) e TevZ - ete s

NNLO/MSTWO08 o ; W Data (stat)

NNLO/CTEQI10 — S Data (tot.)

NNLO/NNPDF23 —— - NNLO/MSTWOS

NNLO/NNPDEF30 —lo R : NNLO/CT10

NNLO/ABM12 . I NNLO/NNPDF23

T IR e T T N E NNLO/NNPDF30
8 90 95 100 105 110 NNLO/ABM2 o

0(pp._) Z—) e+e-) [pb] : L 1 1 L I L 1 1 L l 1 1 1 L l 1 1 1 1 l ml lE

3 5 4
yZ

do/dy, [pb]

Ale

rapidity distribution sensitive to

light-flavour content of the sea

e




Transverse momentum of Z/y* production sensitive to the gluon

- Z/y* production at 7 TeV, combined e*e”/p+y- £ = 4.7 fb-!

Ratios between various predictions and the combined measurement of pr(Z)

Prediction / Data

E= Data uncertainty |
=|[FEWZ (1=M,) (PDF + scale unc.)
(% FEWZ (u=M,) (PDF unc.)
= DYNNLO (M=E§)
= A DYNNLO (u=E$) +NLO EW

9oF ATLAS

- \@=7Tev;det=4.7fb"

10
pZ [GeV]

Prediction / Data

= ResBos-GNW (PDF + sca. unc.)
- [# ResBos-GNW (PDF unc.)
[~ = ResBos-BLNY

- ATLAS (s=7TeV;[Ldt=47f0"
.3~ B= Data uncertainty

p; [GeV]

Prediction / Data

—_
IS
T

[ATLAS] arXiv:1406.3660

TT I T T T T I ]
C ATLAS Vs=7Tev; f Ldt=47fb" IData uncertainty E

®/NLO + NNLL

l..-. n N

| ngh pT (ag scattermg dommates) higher-order QCD and EW corrections are needed

Low pt (governed by ISR): need to account for interplay between PDF and soft QCD

' Large effect from variations of the QCD scales and of the resummation scale.
| Large dependence on non-pQCD parametrization




Inclusive jet production in pp collisions at LHC directly sensitive to PDFs and os

ATLAS 7 TeV, £ = 4.5 fb"' JHEP02(2015)153
CMS 7 TeV, £ =5fb!  PRD 87 (2012) 12002
CMS 8 TeV, £ =10.7 fb-! CMS-PAS-SMP-12-012

16



Inclusive jet production in pp collisions at LHC directly sensitive to PDFs and os

=
o

0.8
0.6

o
N

© 9o
o N

I I I I
©c o o ©
(00} (o)) H N

|
=
o

Correlation coefficient o

QCD analysis at NLO using HERAFitter

e HERA DIS data [JHEP 1001:109 (2010)]
* CMS jet production V's=7 TeV [PRD 87 (2012) 12002]

[CMS] arXiv:1410.6765 ; CMS-SMP-12-028

Fract. uncert.

LHC je measurements |
S Gt 0 GIE el e 1|
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Inclusive jet production in pp collisions at LHC directly sensitive to PDFs and os

=
o

0.8
0.6

o
N

o o
o N

| | | I
© o o ©
o ()] N N

|
=
o

Correlation coefficient o

QCD analysis at NLO using HERAFitter

e HERA DIS data [JHEP 1001:109 (2010)]
* CMS jet production V's=7 TeV [PRD 87 (2012) 12002]

[CMS] arXiv:1410.6765 ; CMS-SMP-12-028
MC method

i
|

T

v

LHC je measurements
reduce error on g(x) at mediumx
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3 jet production: study further particularities of QCD and test PDF sensitivity

[ATLAS] arXiv:1411.1855
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[ATLAS] arXiv:1411.1855
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' Heavy-quarks are produced in pp via gluon fusion
' Kinematics of LHCb probes low x

HERA DIS 4.32x10<x<0.65
HERA bea uty 1.5x10"*<x,<3.5x10”

HERA charm 3x10°<x, <5x10°

LHCDb beauty y=4.5, 0<p, <40 GeV

- not covered f
- by other
experiments

LHCDb beauty y=2.0, 0<pT<40 GeV
LHCb charm y=4.5, 0<pT<8 GeV

LHCb charm y=2.0, 0<p7<8 GeV
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[LHCb] NPB871 (2013) 1
[LHCb] JHEP 08 (2013) 117
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QCD analysis at NLO using HERAFitter [PROSA] arXiv:1503.04581

e HERA inclusive DIS [JHEP 1001:109 (2010)]
e HERA heavy quarks [EPJC 73(2013) 2311, JHEP1409(2014)127]

- LHCb HQ measurements included in a PDF fit for the first time:
charm (D9%D* D**,D*s,/A¢), 0 < pt < 8 GeV [Nucl. Phys. B871 (2013) 11 7 TeV L = 15nb"’
beauty(B+ B9 BsY), 0 < pt <40 GeV [JHEP 08 (2013) 11717 TeV L = 0.36 fb!

PROSA NLO FFNS fit PROSA NLO FFNS flt

w2 =10 GeV? 12=10 GeV?

] HERA DIS ] HERA DIS

HERA DIS + LHCb abs HERA DIS + LHCb abs
—J HERA DIS + LHCb norm
N ~—3 HERA DIS + LHCb norm
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[M. Guzzi et al] JHEP 1501 (2015) 082

tt data in QCD analysis at NNLO using HERAFitter:

* HERA DIS data [JHEP 1001:109 (2010)]
« W asymmetry [CMS Phys. Rew. D 90 (2014) 032004]

 top-quark pair production in pp:
ATLAS and CMS data on inclusive and
differential cross sections at 7 and 8 TeV

HERA I DIS + CMS W
| HERAIDIS

Q%=100 GeV?
DIS+W +tt/DIS + W

0.8 0.9
gluon fraction x of proton momentum

04 05 06 0.7

LHC 7 TeV
1 GeV < p‘T< 100 GeV
100 GeV < p‘T< 200 GeV
200 GeV < p‘T< 300 GeV
— 300 GeV < p‘T< 400 GeV

measure of correlation
between ot (p't) and g(x)

0% 10° 10
gluon fraction x of proton

LHC tt measurements
reduce uncertainty on
gluon distribution at high x

g(x) changes shape

- Expect stronger constraint from
13 and 1
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Simultaneous measurements of the top-pair, WW,and Z—tt production cross-sections

[ATLASTERD DRSSl 2.0 0i s Study common final state (ep)- events

B R - in two-dimensional parameter space

A Stat. @ syst. uncertainty o Stat. @ syst. uncertainty

Eg_m B ) Eg—m (ETmiSS ) NjetS)

ww
[ Prompt bkgd.

investigate correlation between
cross-section when using common PDFs in MC

(O ABM11-NLO

o)

[] MSTW2008CPdeut-NLO |5 =7 TeV, I Ldt=46 fb’1
A CT10-NLO

0
et
[ ]

HERAPDF15-NLO

NNPDF23-NLO

ATLAS Best Fit
— — ATLAS 68% C.L (th. extrap. unc.)
— - = ATLAS 90% C.L (th. extrap. unc.)
—— ATLAS 68% C.L

ATLAS 90% C.L.
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ATLAS ATLAS
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Simultaneous measurements of the top-pair, WW,and Z—tt production cross-sections

[ATLASTERD DRSSl 2.0 0i s Study common final state (ep)- events

B N e in two-dimensional parameter space

N\ Stat. ® syst. uncertainty &N Stat. @ syst. uncertainty

Egﬁ‘ X B ngf‘ (ETmiss ) Njets)

[ Prompt bkgd.
[ Fake or non-prompt bkgd.
00

investigate correlation between
cross-section when using common PDFs in MC

ABM11-NNLO J‘ 3
MSTW2008CPdeut-NNLO g — —
s s=7TeV, |Ldt=461
HERAPDF15-NNLO
NNPDF23-NNLO
. ¥ ©epWZ-NNLO
ATLAS JRO9-NNLO
jmu.m* oS on ATLAS Bet Fit
—o—Data {5 =7 TeV (2011) — — ATLAS 68% C.L.(th. extrap. unc.) o
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Final word on inclusive DIS: combined HERA measurements coming out
e Ultimate-precision data used in the HERAPDF2.0 PDF series

LHC Run | measurements used for improvement on light-quark distributions
* ATLAS and CMS data: precision in medium x range
e _LHCb probes x down to 10-°

* Associated W+charm production constrains s-quark

LHC Run | measurements used for improvement on gluon distributions
e ATLAS and CMS jet data: improved precision at medium x

* Top-pair production has high potential to improve accuracy at high x

e Heavy-flavor production at LHCb improves gluon precision down to x = 10°

Run | has shown high potential of the LHC

to improve the understanding of the proton structure,
more data are still to come to be used in precision QCD analyses







roton structure hard interaction
p Rate = (structure of 2 protons) ® oj

Pi=—.

Parton Distribution Functions
fi(Q?; x)
PDFs / \
provided determined

by theory experimentally

Po—{ |

at the very edge of theory and experiment,

Partons: quarks & gluons

Q2 : typical energy scale in the process
X : partonic fraction of the proton momentum

| correlated with fundamental QCD parameters |




Measurements of Drell-Yan production probe bi-linear combination of PDFs

WT =~ 0.95(ud + c5) + 0.05(us + cd) Z =~ 0.29(ut + c¢) + 0.37(dd + s5 + bb)

W~ = 0.95(du + sc) + 0.05(dc + su) v* ~ 0.44(ut + c¢) + 0.11(dd + s5 + bb)

2
+ - - ! y4 s

_dW I - — ut — dd - —ug—dd

. — CC — S8 I — CC — S8

bb

NB: LO with suppressed strangeness ...courtesy A.Glazov/V.Radescu

differential cross sections for W and Z production provide important information
on light quarks and the sea decomposition
(particularly interesting is strange-quark distribution, which is poorly known)
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Il HERAIDIS + CMS A,
HERA I DIS

QCD analysis at NLO using HERAFitter
« HERA inclusive DIS [JHEP 1001:109 (2010)]

« CMS muon charge asymmetry in W production

| LHC measurements of lepton charge |
| asymmetry in W production

reduce uncertainty

L_ on u- and d- valence dlstrlbutlons




cL_,l 1‘ cl-_A 1‘

GENERAL IDEA*CF A QCD ANALYSIS

PDF for flavor i fi=fi(x,0?) e parameterize PDFs at a scale Q?,:
O° dependence predicted by QCD flx)=AxB(1-x)°(1+Dx+Ex?)
x-dependence determined from data e evolve these PDFs to O°>Q?,

e construct expected cross sections
Mlas and CMS (7 ToV) | o XZ fit to the experlmental data

Atlas and CMS rapidity plateau

D0 Central+Fwd. Jets

CDF-D0 Central Jets LHC
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H1 and ZEUS CMS NLO free-s fit

experimental input | o*=mj arXiv:1410.4412

exp. unc.

.| experiments: " xeas) ol U omun
- HERA, Tevatron, ’
LHC, fixed target

processes:

NC, CC DIS, jets, diffraction,
heavy quarks (c,b,t)
Drell-Yan, W production
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0.4 ATLAS Preliminary
L
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theoretical calculations/tools

HERAFitter

Heavy quark schemes: MSTW, CTEQ, ABM
Jets, W, Z production: fastNLO, Applgrid
Top production NNLO (Hathor)
QCD Evolution DGLAP (QCDNUM)
kT factorisation Benchmarking

Alternative tools NNPDF reweighting
Other models Dipole model

+ Different error treatment models

+ Tools for data combination (HERAaverager)

Theory predictions

——

... details see talk A. Glazov | https://www.herafitter.org/HERAFitter
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 GLUON AT MEDIUM X: JET PRODUCTION

arXiv:1410.8857 JHEP 1502 (2015) 153

I LI I
Lnti-k' jets, R=0.4 ATII. AS
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. using FIXED as

H1 and ZEUS

]..l:'=10 GeV*

—— HERAPDF2.0Jets NLO, fixed o, (M,)=0.118
uncertainties:

- experimental

[ ] model xu,

[ ] badronisation

[ ] parameterisation

1 | IIIIIII 1 1 IIIIIlI

10 107

3 ‘.i .,,J ¥ T
‘e " N

.'.‘ X ru.f.

. using FREE «s

H1 and ZEUS

:' =10 GeV*

—— HERAPDF2.0]Jets NLO, free o.(M,)
uncertainties:

I experimental

:l model xu,

[ ] hadronisation

|:| parameterisation

The uncertainty on the gluon distribution is increased by releasing «s,
but ‘the intrinsic correlation of the gluon and strong coupllng is reduced




H1 and ZEUS

|
NLO
¢ inclusive + charm + jet data, Q>. = 3.5 GeV’
O inclusive + charm + jet data, Q_; = 10 GeV?
A inclusive + charm + jet data, Qfm = 20 GeV’

I T T T I T T T I T T T
I 1 1 1 I 1 1 1 I 1 1 1

0.105 0.11 0.115
| ' | ' T
NLO

e inclusive data only, Q. = 3.5 GeV’
O inclusive data only, Q;ﬁn 10 GeV*
A inclusive data only, Q 20 GeV?

I T T T I T T T I T T T
l 1 1 1 I 1 1 1 I 1 1 1

» O

|
0.115 0.12 0.125 0.13

xs (Mz)




. calculator for differential top-pair production kinematics at approx. NNLO

DiffTop is hosted by Hepforge, IPPP Durham

Home Welcome to DiffTop htt://diffto.hefore.or/

Download Version 1.0.0 DiffTop is the Fortran-based package, which allows the user to calculate the differential and total cross section for
heavy-quark pair production at hadron colliders in One-particle inclusive (1PI) kinematics. The cross sections are

User M | calculated in perturbative QCD at approximate next-to-next-to-leading order (approx.NNLO) by using methods of ‘
¢ seriianua threshold resummation beyond the leading logarithmic accuracy. ! J HEP 15 O 1 (20 1 5 ) 082

o At present, only the simultaneous variation of the renormalisation and factorisation scales is allowed. The new
* Citations version of the code will include additional terms, allowing for intependent variation of the QCD scales.

e Contact The code is interfaced to the QCD analysis package HERAFitter via fastNLOtoolkit .

compare to LHC measurements

approx. NNLO, m=173 +1 GeV do/dp./o (PP—tE4X) , m =173:1 GeV
total uncertainty 3
=] CT10NNLO
MSTWOSNNLO
[ ABM11NNLO
7] HERAPDF1.5NNLO

NNPDF2.3NNLO

approx. NNLO, total unc.
CT10NNLO
MSTWO08SNNLO
ABM11NNLO
HERAPDF1.5NNLO
NNPDF2.3NNLO

-
N

—
.
—h

-t

8
I

‘t‘hgebry/daia, do‘/d‘pT/o

o
©

largest error due to PDFs!

® data CMS, Vs=7 TeV

cev e b b b b b b | ‘ Cova e b b b b e b
50 100 150 200 250 300 350 400 ‘9 0.8 50 100 150 200 250 300 350 400

- top quark transverse momentum (GeV) . top quark transverse momentum (GeV)

or the first time, possible to use top kinematics in PDF fits at NNLO QCD
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Probe the struck light quark through
kinematics and charge of top-quark

| — measure inclusive cross sections
| — measure top/antitop ratio R

' — measure top kinematics

Evéhf fréctioﬁ

L] L} L] L] I L] L] L} L] —
[ Ldt=4591f0" (s=7TeV |

PRD. 90, 112006 (2014) | ® Data

-} stat @ sys unc.

-+ stat unc. ]
—NLO (MSTW2008) |

7/, PDF @ scale unc.

L l L] LI l LI B B l L I B | l LI |
[ Ldt=459" \s=7 TeV
2 i Il ']

lllllllllllll

ATLAS

Measurement result
[[stat. ® sys. [ ]stat.

ABM11 (5 flav.)
CT10

CT10 (+ DO W asym.)
GJRO8 (VF)
HERAPDF 1.5

i MSTW2008 (68% CL)

‘ NNPDF 2.3 : - ]
| Ll 2 3 i

15 16 17 18 18 2 21 22 | w t-quark rapidity |
 Ri=2.04+0.13 (stat) £ 0.12 (syst) | I

... details see talk K. Becker

Data / NLO

LHC single-t measurements are sensitive to light quark distributions




Drell-Yan process probes light quark distributions

ATLAS V' s = 7 TeV measurements compared
to NNLO pQCD calculation (FEWS3.1) + EW corr.
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Sys. uncertainty

L ] .
Total uncertainty

E:7TeV,det=4.9 fo’
electron P, > 25GeV, <25
1.8 % luminosity uncertainty not included

~—— MSTW2008 with 68% CL (PDF + a,) + scale unc.
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200 300 400

PLB 725 (2013) 223

Measurement of double-differential Drell-Yan
cross sections at \ s= 8 TeV in progress

as a function of invariant mass and rapidity:

sensitive to light quark and photon PDFs



Combined Measurements
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