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Determination of parton densities

¢

Factorisation

* Fix pQCD © PDFs
| Test Electroweak

* Fix Electroweak
| Test pQCD © PDFs

* Fix Electroweak & pQCD
l | Determine PDFs

Discussed in this talk

* Use experimental data

* Perform global QCD fit
* Determin PDFs
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Data for parton distributions: preLHC
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Now we go from predicting LHC measurements to
using them for constraining parton distributions
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| LHCb 2<y<5
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I | ATLAS,CMS |y| < 2.5
- /3 =T1TeV
s |
“F iy
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| evolution HERA Fixed target
10”7 10" 107 10™ 10° 107 10" 10°

sea X valence
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Current global PDF groups stort including LHC data

ABM: Careful treatment of experimental correlations, nuclear
and power corrections in DIS, FENS

MSTW: negative input gluons at small-x, rather “large”
a5 (M%), GMVNS
HERA data only

HERAPDF: Only HERA data, less negative gluons, GMVES

NNPDF: neural-network parametrization, Monte Carlo
approach for error propagation, GMVENS

CTEQ-TEA: parametrization with exponentials, substantially
inflated uncertainties, GMVENS

JR [with E. Reya]: detailed study of input scale dependence,
dynamical (and “‘standard”) versions, FENS

(there are more groups focused on particular aspects, e.g. CTEQ-JLab)

Pedro Jimenez-Delgado




Inclusive measurements from HERA are core of every (i
r parton density extraction

* NEW combined NC and CC cross sections - fantastic precision of data
* QCD and EW effects beautifully seen

H1 and ZEUS preliminary H1 and ZEUS preliminary
- 104
': . e HERA NC ¢'p (prel.) 0.5 fb™ Na ©  HERA (prel.) HERAPDF2.0 (prel.) NLO, Q. = 3.5 GeV’
“— 10 3 vs =318 GeV o I Vs=318 geV 1 Vs =318 GeV+
o co X = 0.00005, i=21 O Fixed Target e ™ NCep0Sfh — NCep
W 105 x = 000008, =20 Z 103 ® NCep04fib === NCep
N et . x = 0.00013, i=19 E— HERAP2DF2-0 (prel.) 5 o F
% E e S 0.00020, i=18 NLO, Q. =3.5GeV O - PP x=002 (x475)
A L e x = 0.00032, i=17 min R x=0.032 (x400)
+bh 10 5 E e M x = 0.0005, i=16 | _._H-—-—.—.-.-H=. =0. x
E . w x = 0.0008, i=15 5 —sa—at—aa-wi-a—A—F x=0.05 (x270)
Lo %ﬁ x=0.0013, i=14 07E Cenrwswssat—a—t— x= 008 (x170)

04 . x = 0.0020, i=13 -
g . W x = 0.0032,i=12 - —n—r-ﬁ-—-% x=013 (x80)
i * W x = 0.005, i=11 -

10 3 E - x = 0.008, i=10

10
% x=0.013,1=9 g —-v—-—o—--a--—.—q_——:_’:.\l’. e
* W x=0.02,i=8 F
E . - e veoo—es x=0.032,i=7 i
E -sagoo—*** B
F ssevossssteesete—e x=005i=6 x=025 (x6)
L -ooooio 1
10 = o o .- x = 0.08, i=5 F
E M x = 0.13, i=4 r
[ OO o T - x =0.18,i=3 - x=040 (x2)
1 E il -1
: 'ﬁ"\‘\ x=10.25,i=2 10 f

= L ] =
. ; ;_ M x=0.40, i=1 C }

: 3 2l x=0.65
10 2 - . x = 0.65,i=0 10 E I
-3 7|‘ 1 L1 L] || | 11| L

5
1 10 10° 10° 10* 10° 10 10 10 10

Q¥ GeV? Q’/ GeV?

This data (exclusively!) used as input to global QCD fit HERAPDF2.0 (prel.)
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Rex SUMS (GEV) mes PI0OT 35 768 = PTRANS 20 064 PLON 15 708 CHARGE -2
Toial tusTER ENERGY 15.189  PUOTON CNERGY ~4.803 MR OF PHOTONS 11

35™ anniversary of GLUON

* PETRA, 1979
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Life starts after 35

* Gluon PDF at large x — significant uncertainties for LHC important processes
* Gluons from different PDF groups differ outside PDF uncertainties

. _ ATL-PHYS-PUB-2013-018
(< Q?= 2.0 GeV? i o Q? = 2.0 GeV?
L CT10 Hekfitter 9 T — CT10
< 5L —— MSTW2008 5 | — MSTW2008
- Juuue ABM11_5N &{ oll i ABM11_5N
- == HERAPDF1.5 e} = HERAPDF1.5
4- — NNPDF2.3 g |5 NNPDF2.3
~ |
I * L — oy,
=
o-
| IIIIIII| | IIIIIII| | | I I N | IIIIIII| 1 IIIIIII| | IIII
1073 102 10" . 1073 102 10

Gluon needs to be better constraint

* (In)direct constrains
* scaling violation, collider jet data, prompt photon data, total ttbar cross sections
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Gluon meets F,

» H1 performed direct extraction of gluon density from F,
measurement @NLO

H1 Collaboration

Xg
20

@ HI

* Direct extraction of gluon
density from F  using

R s
\ approximation

10

T T | I T T T | I I I T | T

N
0 . ...................... T (T QQ) ~ 1.77 3 F ((IT QQ)
xg, HERAPDF1.5 NLO LGN | 2(18(@2) LA
- - - - xgfromF,, HERAPDF1.S NLO
1 11 | 1 1 1 L1111 I 1 1 | I I |
1 10 100 1000
Q*[GeV?]

Gluon approximated from F, agrees with gluon determined from scaling violations
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Gluon meets top quark °

Correlation coefficient

Directly sensitive to large-x gluon PDF
Recently computed in full NNLO QCD

For running and pole top mass

X-section predictions from ABM and

Correlation between PDFs and Cross-Section
: ‘Te‘\/‘a“trlc)‘r:l‘ L T T TTTT | T T T T TTTT ‘ T T TT II:
L | mee LHC 7 TeV -
a tt), g( x,Q= ]
] LHC 8 TV plo(t). a(x mtop)) i
T |- LHC 14 TeV o 7
0.5 —
o -
-0.5 ;TJ. ----- PR _:
1: NNPDF2.3 NNLO .
- N 11 I‘ 111 I| 1 Il 1 L1011 I‘ M
10 10° 102 107 1

t g t
g t g t
: ~
* ABMI12 added combined tt cross -
sections from LHC and Tevatron to 5
()
test impact on &
N
° w
gluon PDF w
O
« strong coupling o s
Y
* value and scheme choice for m, >
3
=3 GeV,n=3
~15 = e :
X C ! C ]
~ = running mass ." B pole mass !
> u il - 5
210 = I j
- aBMII 4 F ;
5 o j
C 7 C I
L i - i
L o J — |
0 - Tt T NS / B {
- S u _ 4
e Vi
_5 __ :‘-: - .‘-'\_:.:/.
[ ABMI2 + tt data 4
0 ~°°° m=161 GeV - - - —— m=171GeV
- — m=162 GeV - e - m=172 GeV
_15 - 1 1 IIIIIII 1 [} IIIIIII 1 L1 : 1 1 IIIIIII 1 1 IIIIIII 1 L1
1077 102 10 1077 107"



ATLAS :
@ eemeNt - Gluon meets prompt photons and jets

* Prompt y data help constrain gluon * LHC jet data included directly in
the framework of MSTW PDF

&  of ATLAS Preliminary * Good agreement between ATLAS
' and CMS data sets
@ . 2
Lo " g(x) at 10000 GeV
~ 08 ot MSTW2006 Error | Lo
2 - o3 Reweighted PDF (CMS Indlive) s
A3 .
¢ = 1.02 . SR
E\ - o sasitenress
E = g Rl e
= = R e
Ec RIS HARH I H R A A AR HA A AR AR IS AR AR
ﬂ .‘% 0.99 Y N e V%
E i
* oo
Q 0.97
HE 200 300 400 1000 I
j‘l‘_% E_‘;r [G&V] " 1e-05 0.0001 0.001 0.01 0.1

* Precise data - scale uncertainty dominant - for both kinds of measurements

NNLO calculations necessary to fully exploit PP and jet measurements
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arXiv:1310.3059

What DY can teach us?

« ABMI12 included LHC Drell-Yan data
from ATLAs, CMS and LHCb

N
w
o
Ol
s
o
g
o
=)
o
()
>
7y
5 5 5
IIIIIIII| IIIIIIII| IIIIIIII| L1 11 ||||||||| ||||||||| ||||||||| [ (7)Y
107 107 10 10t x 0 107 1ww? w' X
S== ABM12 (no LHO) ——— +LHCbh (W', W)
« « + <+ LHCb((Z)
= 4 LHC (1 iter.) - - - +CMS(W+/J}?V')
— — — +LHC (2 iter.) —+— T +ATLAS (W', W,Z)

* Improved determination of quark distribution at x ~ 0.1
* Better constraint on d-quark
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arXiv:1312.6283v2

What can W asymmetry teach us?

CMS, L=47fb'at\Ns=7TeV
T T T T I I T T T [ L) T T I T T

X-u,

Ratio

o
w

(@) p, > 25 GeV

. W+_W_ - u'v_dru
B W+ +W- N Uy + dyy + 2Ugeq

Aw

—— Data

Charge asymmetry
5
]

NLO QCD fit with Z
HERAI data using HE -

o
n
|
7
|

T T ] L | T I

NLO FEWZ + NLO PDF, 68% CL

CT10 ~=
. “_\ S50 NNPDF23
HERAFitter i rorore
- EMSEWM
0-1 L 1 L 1 I 1 1 1 1 l L L 1 L l L L L L I L 1
0 0.5 1 1.5 2
Muon Il
CMS NLO 13 parameter fit . CMS NLO 13 parameter fit

B Q2=m1§‘ 'ﬂ 0.3 __ 02=m$,,
0.6 0 [ HERAIDIS + CMS A, % | [ HERAIDIS +CMS A,

. EZ HERAIDIS Z HERA I DIS
04l 02| Valence

: f uncertainties
0.2 | 0.1 | . cp

_ : significantly

: 1 11 IIIIII 1 |- IIIIII a : 1 |- Illlllm!%mel 1 % improved
12 F o

C -E" 1.5 F
1.1 o
1 _ 1
0.9 = = B
08 | ER 05 — (HERA1DIS + CMS A,) / (HERA | DIS)
" 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 L1 1111 1 1 IIIIII| 1 1 IIIIIII 1 1 IIIIIII 1 | .|

107" 107 107 107 107 107 107 107"
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Little is known about the strange quark
distribution in the proton uszezss)

Is light-quark sea symmetric as SU(3) suggests?

Is strangeness suppressed due to s-quarks large masses?

o5
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Strange sea @ LO from HERMES %&Z

Inclusive data only have no sensitivity to strange see
Direct measurements of strange particles can help constraining sea
HERMES extracted strange PDF@LO using newest K'K- multiplicities

xS(x:Q2) shape
strikingly different from
CTEQ6L and other global
LO PDFs
strikingly different from
sum of light antiquarks
absence of strength above
x ~ 0.1 discrepant with
CTEQ6L

xS(x)

DESY-13-2

£2 MW

0.2 -

(QH=2.5 GeV?

ty
,
oy
‘.,
'y,
’

T

4 HERMES with /D(z,Q%)dz=1.27 -

— Fit
.. CTEQ6L

. x@eHM) -
CTEQ6.5S-0 -

~. NNPDF2.1

Distribution softer than that determined by other analysis
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arXiv:1402.6263v1

@/ Prince Charming helps strangers

— | o 15 .
arXiv:1312.6283v2 e | Q’=mg
IIw 1251 HERAPDF1.5 + ATLAS Wc-jet/WD data
* PDFs with different strange see assumptions W ATLAS-epWZ12

* W + charm measurements 1
s, d w- s d wt
g AN NENNE g (VVVVV N 075 CMS NLO free s fit:
lé lec B HERA I DIS + CMS A}L + W+c
| | . R | | | | Lo
. %0 107 10
. - »
g ¢ g c .
o HERA I DIS + CMS W production
X i Q= 1.9 GeV?
0.75 CMS NLO free-s fit
| exp. unc.
* ATLAS results 0.5 model unc.
parametrization unc.
.. 0.25
Supports SU(3)-symmetric light-quark sea
—~ 0
|E 1.5 | ® ATLAS epWZ NLO, exp. unc.
3
* CMS results m
+
U
Agreement with NOMAD(Nucl Phys. B876 (2013) 339] 1,
o




Yet another one

- please meet photon PDF

PHOTON it

a His eyes red from

traveling so fast, the
PHOTON is a quanta

I of visible light, a

wave/ particle that
communicates the

\ L~|i'q'li'mrl;lgm'lie' fi
traveling at the s
of ligl u

Aerylic felt with poly

“ fill for minimum
- JUE,
. INass,

$10.49 PAUS SHIPPING

LLLLL

PHOT
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Precision of LHC data requires inclusion of higher order
electroweak effects




* Two existing photon PDF sets with QED corrections included

PDFsetQED

* MRST2008QED

* new NNPDF2.3QED arxiv:1308.0598
* Photon PDF determined by DIS and Drell-Yan LHC data
* Good agreement with MRST2004QED result for x> 0.3

0.16
0.14
0.12

-
—

50.08
J
=0.06

0.04
0.02

o

-0.02

—

* Another approach to be implemented intfo HERAFitter and used for QED fits

Photon PDF comparison at 10* Ge\/?

of LHC data: arXiv:1401.1133 (R. Sadykov)

_L T III.I| T T IIIIII| T T IIIIII| 1]
A\ — MRST2004QED =
:—\ ------- NNFDF2.3QED average —]
o NNPDF2.3QED replicas
F=, ——— NNPDF 10 —
BN — — NNPDF 68% c.l. ]
ERN E
% 1 1 1111 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| III:
-5 - -3 - _
0 10 107 10 10" 1

HE}/&A
e
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Summary

Our knowledge of parton

distributions in proton is growing

More precise measurements
require more precise PDFs

We entered PDF-LHC era

* From predicting LHC results we

use them in PDF determination

Still long way to full and precise

understanding proton

Gluon - Gluon Luminosity

V. Radescu's DIS14 talk

LHC 8 TeV - Ratio to NNPDF2.3 NNLO - o, = 0.119
1.3 ————
B NNPDF2.3 NNLO
2 CT10 NNLO
%444 MSTW2008 NNLO

Large uncertainties at large masses

degrade the prospects for eventual

characterization of new BSM heavy
particles Voic

What is mid/long-
term perspective?

o5
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Experimental long-term perspective

Measurements

Nomad & Chorus give strange sea

LHC data - so far rather limited impact ¢ OK for all scales: low-x, Q2 knowledge

on global PDFs

LHC data needed with highest precision

* Statistics generally not an issue

* Detailed data understanding crucial

Comparison and understanding between

ATLAS, CMS & LHCb needed

W, Z rapidity data needed at <1%
* Understanding of systematics!

Jets cross sections
* Jet energy scale!

W+charm
* Total uncertainty aimed at 3%

New machines/experiments
LheC
better low-x, Q2 knowledge

improves high-x, Q2 knowledge

HERA I

HERA I+LHC(Wasymm)
HERA T+BCDMS
HERA I+LHeC M

o o o o
. . . . . . .
= w b = o = 3] w =

rel. unc. Xg(x)

1 | 1
o o (=] o

le-06 le-05 0.0001 0.001 0.01 0.1

X

EIC - electron-ion collider
all x and Q

access to gluon and see quarks
High luminosity LHC - problematic

o5
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Theoretical long-term perspective

Various opinions BUT one is very obvious for everybody

NNLO calculations necessary
* Existing for some processes: total ttbar cross section

* Missing for most of the others

Precision of the data so high that NNLO calculations are crucial for
reducing PDF uncertainties
* NNLO predictions for jets a long-standing issue

- Massive work right now for pp collisions
- Maybe final results withing 2 years

Open issues
* Heavy flavor scheme - GMVFNS & FFNS

* W+charm @ NNLO
* Higher-twist contributions to DIS F,/F, data

o5
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o

K. Klimek, 23.05.14, Parton densities
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Global analysis of parton distributions

Goal: determination of the input distributions (for light quarks and gluons):

Method: Parametrizations zf(z,Q3) = Nz*(1 — z)° function(z)

and usual statistical estimation (fits):

2(p) — i (data(z’) — theory(i, p) ) 2

— error(7)

Position of minimum gives the value
and curvature gives the error (region
within a certain “tolerance” Ax* = 1)

(Monte Carlo methods can also be used)

Usually the chi-square definition is
more sophisticated, experimental
correlations are also treated, etc.

JL

Pedro Jimenez-Delgado

|
% iterative
e fixed errors

0111 0.112 0.113 0.114 0O.115 0O.116 0O.117 O.118
C{S(f\-’lz}



Current global PDF groups

ABM: Careful treatment of experimental correlations, nuclear
and power corrections in DIS, FFNS NEw! ABM12 arXiv:1310.3059

. . ., Update
MSTW: negative mput gluons at small-x, rather “large”, .14

as(M3Z), GMVNS So0n
~ NEW! HERAPDF2.0 (prel.)
HERAPDF: Only HERA data, less negative gluons, GMVES

NNPDF: neural-network parametrization, Monte Carlo

: NEW! NNPDF3.0
approach for error propagation, GMVENS see M. Ubiali Tolk

CTEQ-TEA: parametrization with exponentials, substantially
inflated uncertainties, GMVFENS Constrains and impact on LHC results

JR [with E. Reya]: detailed study of input scale dependence,

: s . NEW! JR14
dynamical (and “standard”) versions, FFNS arXiv:1403. 1852y

(there are more groups focused on particular aspects, e.g. CTEQ-JLab)

Pedro Jimenez-Delgado



https://www.herafitter.org ‘

4 B experimental input )
L e e B =Z= | experiments:
S peem W7 HERA, Tevatron,
S i e B LHC, fixed target
T processes:
{1 e . NC, CC DIS, jets, diffraction,
$ . heavy quarks (c,b,t) |
i Drell-Yan, W production
. /
s : : N
theoretical calculations/tools

Heavy quark schemes: MSTW, CTEQ, ABM

HERAFitter

Jets, W, Z production: fastNLO, Applgrid
Top production NNLO (Hathor)
QCD Evolution DGLAP (QCDNUM)

kt factorisation
Alternative tools NNPDF reweighting
Other models Dipole model

+ Different error treatment models

\. + Tools for data combination (HERAaverager) /

[ | Hland ZEUS HERA [+1I PDF Fit \
L j Q'=10 GeV?

21

P March

g
£
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PDF or uPDF or DPDF

\. /

(as Mz),mc,mp, me fs, .. )

Theory predictions )

=

Benchmarking )

N ()

Comparison of schemes )
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Inclusive measurements from HERA are
core of every parton density extraction

30°€2 2wy

Hiprelim- 14- 041

Combined inclusive DIS @

<+—— Neutral Current (NC)
~ Sk .l.cm 7’ ZO ex Chﬂnge

7<
<+—— Charged Current (CC) =

W:* exchange 2

=

O

=

-a heutrino 2
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@ HERA combined inclusive cross sections

* Combined NC and CC cross sections

* Fantastic precision of data
* QCD and EW effects beautifully seen

H1 and ZEUS preliminary H1 and ZEUS preliminary
- 104
': . e HERA NC¢'p (prel.) 0.5 b Na HERA (prel.) HERAPDF2.0 (prel.) NLO, Q2 = 3.5 GeV’
“— 10 3 vs =318 GeV o Vs = 318 geV 1 Vs =318 GeV+
O,f L, X = 0.00005, =21 O  Fixed Target ~ B NCep05fb | == NCe'p
Moo105L .o x = 0.00008, i=20 Z 103 ® NCep04fib === NCep
~ ET e x = 0.00013, i=19 = HERAP2DF2.0 (prel.)2 o E
% ©0 L eees X=000020,i18 NLO, Q-. =3.5GeV o) R PP PP x=0.02 (x475)
? . x= 0.00032, i=17 min i ‘= 0032 (x400)
+b:. 05, .M x = 0.0005, i=16 i e = PN o = | =0. x
E .o w x = 0.0008, i=15 s —-a—a—a-a-gi-a—f—F x=0.05 (x270)
4 - : %ﬁ x = 0.0013, =14 10 —em wewsuata—8 3 x=0.08 (x170)

1w . x = 0.0020, i=13 E
E . W x = 0.0032, =12 - - tatt——— x=0.13 (x80)
. BRSNS 0.005, i=11 i

10 3 E - x = 0.008, i=10

10
% x=0.013,1=9 g —-v—-—o—--a--—.—q_——:_’:.\l’. e
* W x=0.02,i=8 F
E . - e veoo—es x=0.032,i=7 i
E -sagoo—*** B
F ssevossssteesete—e x=005i=6 x=025 (x6)
L -ooooio 1
10 = o o .- x = 0.08, i=5 F
E M x = 0.13, i=4 r
[ OO o T ., x=0.18,i=3 - x=040 (x2)
1 = TR -1
: 'ﬁ-ﬁ\ x =0.25, i=2 10

10 'li— M x=0.40,i=1 $ f

: 3 2l x=0.65
10720 : x=0.65,i=0 0 = L
30 |

i Lol Lol Lol Lol Lol [ R - L Y L 1 Lo 1 L Ll
10 5
2 3 4 5 5

1 10 10 10 10 10 10 10 10 10

Q¥ GeV? QY GeV®

This data (exclusively!) used as input to global QCD fit HERAPDF2.0 (prel.)
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& Comparison with HERAT combination

* Significant reduction of systematic uncertainties

08

0.6 -

04 |

02

Significant increase of statistics

NCe'p: 3 times HERAI luminosity

H1 and ZEUS preliminary
x=0002 o HERA NC e'p (prel.) 05 fb”
x=0.0002 i & Vs =318 GeV
* i; = HERAI
; T}
% :
t‘ ti x=0.008
. % F] [ )
. s ‘; ‘
s !‘E .
L] - » 3
D .! & a® an® “"t‘tt $ ==0032
™ >
E;ﬁm » » el g0y e P ELP I
x=0.08
iﬂ ‘.-.‘DO‘ » % »
’ 3 x=0.25
10 10° 10° 10° 2 1['52
Q/GeV

o7 ne(®Q%)

08 |

0.6 |

04

02

NCep: 10 times HERAL luminosity

H1 and ZEUS preliminary

e HERA NC e (prel.) 0.4 fb™
Vs =318 GeV
® HERAI

MkL o
o

I +

at? Hﬁk N

x=0.032

'
-‘nh:;'w#ﬁ ? F e
E&‘?#?Lt?# . +§ # F
10° 10* szGeVZ

Large gain in precision
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L= New kinematic ranges explored

* Kinematic range extended for * Low energies added: CME = 225 | _
existing data samples GeV and 251 GeV =
s
x
N
H1 and ZEUS preliminary H1 and ZEUS preliminary (6’
& ’ Q? =300 GeV? Q! =500 GeV* - Q?=1000 GeV? Q? =1500 GeV* LTy O
< % 15| Q=12GeV* | Q=15 GeV? i
% 2 I © '& | ﬂi >
3 : R LT 444 Y
S T O P = of R - 2
'FE s ‘.. 2 S
0 IQ2=2000IGeV2 IQZ=3000IGeV2 I{f:SUOOIGevz IQ’:SOOOIGeVZ e ' 4 D i 4 (%
b & + i [ i yal Q*=25GeV ; }}ﬁ Q*=35GeV (3
’ Eh iy i =
os | ;# i t+ i H.f _ ‘H. ") jif*ﬁ% ; _ ﬁjfﬁ‘:ﬁm o
» * . * ¢
08 | IQ2=1500(I| GeV?: | IQZ=3000II] GeV? 1{)I'2 1{)'" 1{)I'2 1{)'" " = 10 1072
X il 4 Q% = 60 GeV? X
04 # e HERA CC ¢ p (prel.) 0.4 fb™ , 2‘* ® HERA NC ¢'p (prel.) 43 pb”’
Vs = 318 GeV | 1Ye ARGy
02 f L ,F ¢ o ZEUS
= HERAI ‘ ] o HI
of ’
0 2 1 -2 1 5 l.l l-z
10 10 10 10 X 10 10 X
32




xg(x)
xXu,(X)
xd,(x)
xU(x)
xD(x)

HERAPDF2.0 (prel.)

AgxPo(1 = x)% — AL xPo(1 — x)%,

Ay, xP0 (1 = )% (14 Dy x + E, 1),
Ag,x"e(1 = x),

AgxPr(1 — x)“? (1 + Dgx),
Apx®p(1 — x)°2,

o5
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Q*=15GeV? |

Q*=35GeV* |

HERAPDF2.0 (prel.) @ NLO

H1 and ZEUS preliminary
| Q'=27Gev’ |  Q'=35GeV’ | Q'=45GeV’
b, - -

Q’ =85GeV’ |

Q'=18 GeV® |

Q*=45GeV® |

Q=120 GeV*

Q’=10Gev’ |

Q*=22GeV? |

Q' =60 GeV® |

107"

10°

® HERA NC e*p (prel.) 0.5 fb™

Vs =318 GeV

Q% =12 GeV*

Q? =27 GeV?

m&

Q% =70 GeV*

10° 10!

X

=== HERAPDF2.0 (prel.)

NLO, Q.. =35 GeV’

« NLO fit for Q*_ = 3.5 GeV?

x?/dof = 1386/1130

* Additional fit performed
with Q% =10 GeV?

x2/dof = 1156/1003
Situation somewhat improved

* Similar results for NNLO

Reasonable description of NC, CC and low energy data for NLO and NNLO

o5
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* High-Q? region well described for NCep and CCep and low energy data

HERAPDF2.0 (prel.) @ NNLO

for NLO and NNLO

H1 and ZEUS preliminary
cﬁa (%, Q=90GeV? | S Q*=120GeV: | = Q=150 GeV?
« 1 | - —
U - - -
1 E’- 0 ﬂ 1 IIIIIII| 1 IIIIIIII 1 II'N.III] 1 IIIIII| 1 IIIIIIII L1l Ilﬁ 1 IIIIIII| 1 IIIIIIII Ll Jull | IIIIIII| 1 IIIIIIII L1l Al
o} | Q'=250GeV: | Q'=300GeV' | Q'=400GeV: |  Q'=500GeV’
1 - | e frm
0 f 1 IIIIIII| 1 IIIIIIII 111 L 1 IIIIII| 1 IIIIIIII 111 f 1 IIIIIII| 1 IIIIIIII 111 i 1 IIIIIII| 1 IIIIIIII 111
| Q'=650Gev: | Q'=800GeV: | Q'=1000GeV: |  Q%=1200GeV®
1 | | | [
0 M 1 I||IIII| 1 II|IIII| L1l I 1 Illlllm 1 |IIIII|| 1 IIII|II| L1l i 1 I|II|II| 1 II||III| L1l
| Q'=1500GeV: | Q'=2000GeV: | Q'=3000GeV: |  Q=5000GeV’
1r n : n n
0 _ L |||I|II| 1 IIIIIIII Ll i I| L |I|||||| L1l f L |||I|||| 1 IIIHIII\\A_ L II| Ll II L
T Q'=8000GeV' | Q'=12000GeV’ [ Q*=20000GeV’ [ Q%=30000GeV?
1 - - -
0 Mool il Nl Lo o Sell il vl o Sll Lol
05 |- Q'=50000 GeV? 107 107 107 10" 107 10"
- e HERA NC ep (prel.) 0.4 fb!
05 = Vs = 318 GeV
0 NSRRI BTSN M ||§w === HERAFPDF2.0 {mL) NL'O, Q:aiu= 35 GeVz
3 2 -1
0° 107 10

0.5

0.5

IIII|IIII|I

~
=
3
%
H1 and ZEUS preliminary
Q=150 GeV? Q% =200 GeV? Q* =250 GeV*

.
?

T

1|r||l1|r||

T T 71

IIII|IIII]IIII|

Q% =300 GeV?

Q% =400 GeV?

Q* =500 GeV*

T

1|r|||l|l]||1|[

2 1

B Q" =650 GeV B Q" =800 GeV X
B B ® HERA NC ¢*p (prel.) 43 pb!
i N Vs =225 GeV
B B = HERAPDF2.0 (prel.)
- " NLO, Q2 =35 GeV’
B B T
- - t
B 1 1 IIIIII| 1 IIIIIIl| 11 1 I_ 1 IIIIIII| 11 IIIIII| L1 | WLl
2 -1 -2 -1
10 10 10 10
X
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HERAPDF1.5LO (prel.)

Parton densities @LO are essential for proper simulation of parton showers and
underlying event properties in LO+PS Monte Carlo event generators

Sep 2013

HERAPDF Structure Functions Working Group

HERAPDF1.5 LO set based on HERAPDF1.5 NLO PDF settings
Includes experimental uncertainties
Available in LHAPDF library
For details see M. Cooper-Sarkar talk
H1 and ZEUS HERA I+II Combined PDF Fit HI1 and ZEUS
v '“8 [ Q@' =2GeV? | Q@'=27GeV' | Q'=35GeV' [ Q'=45GeV’
Q’ =10000 GeV* R -
—  HERAPDFLS5LO (prel) I i
0.8 - © i .
B exp. uncert. Q'=85Gev’ | Q'=10Gev’ [ Q'=12GeV
| xS (x0.05) ' N N
0.6 0 cdal ool ol ol ol ol ol o ol ol o ol o)
Q' =18 GeV’ r Q =22 GeV’ C Q=27 GeV?
' g
0.4 0 - i
i -
0.2 . i
i Q' =90 GeV* I Q' =120 GeV* 10° 107" 10° 10'1X
1 L C e HERA I+IINC e'p (prel)
i N b i i === HERAPDF1.51L.O
10-4 1 0 - 3 1 - 3 1
10 10 107 10°

o5
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New dynamical and standard JR14 PDFs
Improved calculations

JR14 dynamical & standard

nonperturbative higher-twist terms

nuclear corrections,target mass corrections

running mass in DIS charm & beauty

production

complete treatment of syst. uncertainties of
data including experimental correlations

More/updated data included
HERAT inclusive & charm, H1 F,

HERA jets (not for NNLO)

t4 " dynJR14 —
“,/ y 1 dynJRO9 ------

1.2 - < MSTWO8 -

ABMI11

1.0

0.8

0.6

10

* No Tevatron gauge bosons & LHC data
included to get genuine predictions

dan\LO ——
dynNNLO = .2 < |y| < 1.6 |
l dynNNLO* .

N
Eianss

| YRR
0.95 [ T { '[ | ]

[—
-
N

data/theory

50 100 150 200 250 300

<pr> (GeV)
1.05 — L
. ATLAS
CMS
| dynJR14 3
_ dynJR09 = |
= L MSTWOS8 7007
) . ABMI1
~ - stdJR14 5505
2 095 :
m L
X
L
09 - .
0.85 _\ e e e e e e e e b
9 9.5 10 10.5 11

(o x BR)Wi (nb)

o5
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NNPDF3.0
Slide from J. Rojo

Q [ Experiment | Datasct (DOF
L aoae NNPDF updates [esgper—ven Lo

& NMC 224
of | (L

- Sk SLACP a7
# Next release will be NNPDEF3.0, based on a complete rewriting of the _ ] SLACD | &
= & | BCOMS afl
NNPDFEF framework in C++ (more than 70K lines of code) BeDMSP 333
BCDMSD 245
CHORUS | 362
CHORUSHNU 431
CHORUSHE 43
NTVDMN | I 170
NTVNUDMN 41
NTVNEDMN 48
HERA1AV | S e 1 =02
M M M HERA1NCEP am
For details see M. Ubiali talk
HERA1CCEP 34
HERA1CCEM 34
[/~ ZEUSHERAZ | PERIN
ZOENC an
Z0B0C ar
ZEUSHEHAZNCP 40
| ZEUSHERAZCCP 45
HiHERAZ all
H1HERAZNCEM 139
H1HERAZNCEP 135
& More than 1000 new data points from HERA-II and the LHC, including ST o
jet cross-sections, W+charm production, top quark data, low and high mass | | i P
Drell-Yan, W lepton asymmetries..... SEEELE e
5 DYEB2ER 15
| DYEBEGP 184
XQ(X,Q ) | DYEGOE | J 119

— T T T T T LI L LB 0 - -y I ~CDF 105
= — ¢ Completely redesigned fitting _— 29
= methodology based on closure | — Gl | 1
- NNPDF2.3 1 tests with known underlying DOZRAP 23
| 3 : | DORZCON 110
= physical laws (S. Forte, PDFALHC, [ ATLAS N— )
= 12/2014) C ATTASROZIETS 3678 m)
= : 2 . ! | ATLASRO4JETSZPTETEV | 50 J
= ¢ Substantially improved — ™
| . i | CHEHEJKS T540FB 11
= Genetic Algorithms f CHSWMASYATFD 11
= PR 2 ) . CMSJETS11 03
1  minimization with new Weight CHSWCHARNTOT 5
= L. CMSWCHARMRAT A
4 Penalty method for fitting \ | CMSDYDI Lz
= = = o = - LHCB 9
] (iterative Bayesian regularization) | | LHCRI3GPR 10
= ( | uhcezsaors | o )
| TOP G

—_
a
[\*]
—
o f
—

20 10° 10 10° SMatLHCI4, ToGT (expe) T

o5
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t&4Z PDF determination @ HERMES ~“ ~: .

* Strange contribution to sea cannot be constrain by inclusive data

/)T
@b | g
| O

* Direct measurements of strange particles can help constraining sea Sy R

* Strangeness tagging via kaons very promising

* Extract strange quark distribution g 0.15
(2008),) iz 0.1 [ .
* Newest K'K- multiplicities on b } ;
deuteron used: PR D87, 074029 (2013) | *®F  _ -
i T~ _ Strange sea -
0 __ T e—e—e—e—.—. |__
0.0I2 | IIIII I0.1 | | o I0.6
d?N¥ (x) X
= ” K s K
s(x) + s$(x) S(X).[ Dg (z)dz~ Q (x) [5 ENDB ) [ Dyq (2) dz:l

* Assume S(x,Q?) 0 at high x — extract non-strange fragmentation

* Strange fragmentation measured before o o 4 et xS(x)
(PR D75,114010 (2007))

S2111SU2P U04JDY ‘H1°GO'E2 "M2U 3
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Gluon meets top quark g

Directly sensitive to large-x gluon PDF
Recently computed in full NNLO QCD
* For running and pole top mass

Correlation between PDFs and Cross-Section

TeVatron

Tevatron CDF+DO0
Atlas 7 TeV
CMS 7 TeV
Atlas 8 TeV

CMS 8 TeV

7.65 £ 0.42 (5.5%)

"t 10 (+5.6%)
177797 (l6.0%)

160.9 + 6.6 (4.0%)
241 + 32 (13.0%)
227 + 15 (6.7%)

L [eeee LHC 7 TeV 1

C tt = ]

| ca Tey ot sxdm,)

S LHC 14 TeV e ]

3] - S -

&= 0.5 cd —

m — —

o L ] _
[&] L

c - |

S o ]

‘(.B' L .

[ ]

s ]

O-05 Ereee, -

13 NNPDF2.3 NNLO .

- [ 1 L 1 L1l \l | I ‘ L L L L1l || m

10 10° 10% 107 1

Measurement total (pb)

g t g t
~

JR14: pole mass 173 6eV* s
o

at /s =7 TeV z
w

o™ = 1432723+ 24pb %
ot — 1541781 £ 3.0pb >
o)

-3

TeVatron S

Q.

o 7.07+9-22 1 0.06 pb 3
o = 737702 4 0.07pb g

arXiv:1403.1852v

ABM12: top data INCLUDED in fit, m, FITTED

Pole mass 1716eV3 Running mass 162GeV?

+5.6 +6.5 0.1 +6.1
143.0 —-8.8 —6.5 150.2 J—r4.6 i6.1
79 +8.7 0.1 +8.2

209.1 t12.6 t8.7 219.3 t6.6 J:8.2

arXivi1310.3059 40



arXiv:1310.3059

ABM12 meets top quark

: =3 GeV,n=3
*  ABMI12 added combined tt cross 15 B AASR
) S
sections from LHC and Tevatron to S [ rumningmas pole mass
test impact on a0 E
* gluon PDF > 5E
« strong coupling o 0
« value and scheme choice for m, 5. o Tl
ABMI12 + tt data - o
— - — —— m=~161 GeV - - —— m=171 GeV
mt(mt) — 162'3 i 2'3 GeV 10 = - mt=162GeV ______ - m=172 GeV
©oror . m=163 GeV © -+ + m=1733 GeV
_ ~15
mt(p()le) = 171.2+£2.4 GeV = 1072 — ] 1072 0! ]

1o - running mass pole mass

stability of ABM analysis
provided all correlations are accounted for

160 161 162 163 168 170 172 174
m(m,)/GeV m,(pole)/GeV 4 1




arXiv:1311.5703

Gluon meets LHC jets

* LHC jet data included directly in the framework of MSTW PDF
* highest precision inclusive jet cross sections from ATLAS and CMS

* Good agreement between ATLAS and CMS data sets
* Good agreement with reweighting method

Ratio to MSTW2008nlo

1.04

g(x) at 10000 GeV?

1.03

1.02

1.01 pawiisy

I MSTWéDDE-I Elrrnr [ I

NEW PDF -------

Reweighted PDF (CMS Inclusive)

P |
0.0001

L L1
0.001 0.01

L
01

For details see R. Thorne

o5
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ATLAS
@E}’PERMEE Gluon meets pr'omp'l' phOTOnS

ATL-PHYS-PUB-2013-018

* Prompt y data help constrain gluon +  Asses data sensitivity to PDF using
HERAFitter platform

1

o F 1 T T T =
% O.Qi— m'| < 1.37 213% A|3_|\L/11€1]1 N é
= § —m o s
o 085 du a
g 0.7 a9 g9 R
o 0.6 = I\,
% 05; é g 1-25_ATLAS Preliminary
2 o4 = >
= 03F E E :
0.2F E — 0.8¢
0.1 = @ :
L NS — SRR = =
2x10%7  3x10? 10° 5 -
E! [GeV] é n
o -
D —
£ -
: : : = n
« At intermediate E_ - most precise :
. . w  2F
data - scale uncer’ram‘ry dominant 5 T
o
NNLO calculations necessary to fully 2

exploit this measurement 200 300 400 , 1000

o5
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arXiv:1311.5703

What can jets teach us?

u(x) at 10000 GeV?

o5

1.04 : — . — : :
; MSTW2008 Error ———
: Reweighted PDF (crmsl\lIE\'?\Ir ED'; _______
eweighte nclusive R .
1.03 2 -
|« MSTW2008 fit with CMS
1.02 ‘\‘\‘-_ X -.'_'.".I.
g L e, O jet data
g 10 R R R O ARSI SO
< IR LT B AR RS
E T _'_'_-:-__:____"'_"j_—,—.--"_'_-:.___ _,.I_ . . . .
E 'Benaaaaa oo * Clear indication of fit
[= I (S S0 0 000 000 0000900900900 900 000080 9000000000009 0090909
s I I A I I X KX I I X KK 2ol WA XA
= 0.99 S It I boteds
il KRR SO , . . . . .
R sensitivity fo jet data
098 | o I
0.97
d(x) at 10000 GeV?
0.96 — : — S— : : 1.04 S — — :
1e-05 0.0001 0.001 0.01 ' MSTW2008 Error ]
NEW PDF -
X ; Reweighted PDF (CMS Inclusive)
1.03
1.02
k= g
& 101 |
B [RRAIREITREEIRY
§Eiimanananasessses
é I e R R - N R e
E ...........
o PR S X A AR RHIRARAR
° S S SR NISIIS
'ﬁ 0.99 .'.':':':':':':':':':':';':' .........
n: : ... ...........
0.68 Beiesete
0.97
096 g " ol " L a1 L M il L L a1
1e-05 0.0001 0.001 0.01 01
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arXiv:1402.6263v1

@ Prince Charming helps strangers /{\
For details see G. Aad talk o

ATLAS
: . . Ldt=4.61" aMC@NLO
* PDFs with different strange see assumptions s =7 TeV
Wc-jet - " CT10
* Differential W and Z cross sections at LHC 4 MSTW2008
. . 2 A 2 ki ¥ NNPDF2.3
constraints on strange sea at Q*~ M?,,, . !  HERAPDE1 5
—0.80=0.03 £0.02 | O ATLAS-epWZ12
° ATLAS-ZPWZIZ PDF based on ATLAS W Stat L, . NNPDF2.3c0l
. [ Stat+syst '
and Z cross-section + HERAI data AN .
0.4 0.6 0.8 1 1 2 1 4
o0 SS(WT-jet)/a0S SS(W c-jet)
* W + charm measurements e
A 1_45_ ATLAS Q*=m?,
. W i wt N HERAPDF1.5 + ATLAS Wc-jet/WD™ data
> AVAVAVAVAVAV. > AVAVAVAVAVAV: o T F B ATLAS-epWZI12
_ 1 125 s HERAPDF1.5
yC yC — 1.1
N R 1 ------------------------------------------------------------------------
g c pn 5 0.9
0.8
0.7
0.6
SU(3)—symme’r!~|c light-quark sea 05 F—————— L ——— =
hypothesis supported X

I
rs = 0.5(s+3)/d = 0.96 7918 "0 5,
|



arXiv:1312.6283v2

@s|  Prince Charming helps strangers

F

For details see R. Placakyte
and A. Khukhunaishvili talks

) HERA | DIS + CMS W production

Q°=m3
— CMS NLO free-s fit
B exp. unc.
model unc.
parametrization unc.

NLO QCD fit
with HERAI data

And CMS A, 7“
using HERAFitter

framework

f01 X ;E(x, Q?) +s(x,Q%)] dx

KS(QZ) =

Jo x [(x,Q2) +d(x,Q?)| dx

0.527:81% (exp.)fgzgg (model fgﬁg (parametrization)

Good agreement with NOMAD [Nucl.Phys. B876 (2013) 339, ks =0.59 + 0.019]

o5
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