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The ep collider HERA (1992-2007)
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/ Ep = 920 (820,575,460) GeV

HERA

located at DESY, Hamburg

peak luminosity 5 103! cm2 sec™!
Q20x = 10° GeV?

Min ~ 171000 10

longitudinal polarisation of e-beam

H1+ZEUS in total 2 x 0.5 fb!
about equally shared between

- et and e-,

- positive and negative P,
low proton energy running for F_
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Deep Inelastic Scattering (DIS)

ee Kk /
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x =Q?%2(Pq)
y = (Pq)/(Pk)

Q*=sxy
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Neutral Current (NC): ep — eX

€
q. =
Virtual v, Charged Current (CC): e'p — vX
W, Z T
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Bjorken x ]
inelasticity |

\
s=(k+P)?

Factorisation: O, : o® pdf (x)

A

o - perturbative QCD cross section
pdf — universal parton distribution functions



Q%-x plane at HERA

HERA: span 5 orders of magnitude in x and Q?
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E 10 si_ [ atlas and Cis Inclusive data sets from H1 and ZEUS
=~ F O3 atlas and oM capidity plateau cover different parts of the phase space
0107; E= DO CantraltFwd. Jats are obtained in different periods
F COF /DO Cantral Jats using different detector components,
108 = m different beam energies and
F @D s polarisation.
10°F &I mw
BCDMS HERA I (1994-2000) inclusive
104 T eess NC & CC analyses are completed,
3 sac published both by H1 and ZEUS
10° ' | and combined.
O i il | HERA IL(2003-2007)
‘IHERA A NC & CC analyses with longitudinally
. larised lepton beams are
HHHH| ] PO P .
| ‘M”||||IH|H|HH ] completed in 2012 and published both
1 w A I ;  byHland ZEUS
: il
10 T Y I I T Ffu,'ﬁﬁt . v Full HERA x range is important for the LHC
0w’ 1% 10° w* 1w? 10?7 1w B
- HERA inclusive data are an indispensable input to modern QCD PDF fits
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Inclusive NC & CC at HERA

HERA
T T T T T TTT T T T T TTT T T T T E: 4
N ) z ..  x0* 1
0F" Lhe 4 Oes -
= * Hie'p 3 ’
C o ZEUSe p NCHERAII ] dde ZJZCZ Y
e O ZEUS e'p NC HERA Il = - y Y N
= mes= SM e p NC (HERAPDF 1.5) F, - F +—_XF
10" .;— ,,,,,,,,,,,, === SM e'p NC (HERAPDF 1.5) —;. ‘ Y. Y.
F—y E _ _
i . f i E(x0)=xY 4(q,+8) xF(x0")=xy B(4,~7)
3 B, Neutral 3 X
= RS 3 F,=F,-2xF, =0 (QPM) Y, =1x(1-y)
of . %, Current J
10 E 4 Hiepce AW E
C * Hie'pcC * . - all three SF are measured at HERA
E= o ZEUSe pCCHERAI =
= = ZEUSe'p CCHERAI 4 :
105 SM e p CC (HERAPDF 1.5) Charg ed AN
= SM e*p CC (HERAPDF 1.5) Current 3 5 212 2
P.=0 5 £ e
10‘7 | | I I | | | | | | | | | | ‘ | GF Mu, dXdQ
10° 10* ~ 4 = = 2
_ 2, 7 _
One & Opc at Q2 = Mg2, My 2 Gee~(xu+xc)+(1-y) (xd + xs)
= remaining differences are due to u/d - CC data allow flavor separation in QCD fits
flavor asymmetry and helicity factors
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NC and CC Cross Sections Gy ¢ (X,Q?)

H1 Collaboration H1 and ZEUS completed

T T T I T IO T IO T T T 1T the HERA IT NC&CC measurements:
- a0 ® x =0.00005,i=21 - .
B 100 eseTT  XS000008.i=20 NC + HINCep,P =0 | H1:  JHEP 09 (2012) 061
% T e m 000000 12 18 = HINCe'p.P =0 3 ZEUS: PRD 87 (2013) 052014 EPJ C61 (2009) 223
' B :::":...- x=000032,i=17 * HlLowQ’ 7 EPJ C62 (2009) 625 EPJ C70 (2010) 945
q = “)x""“—.— x=0.0005,i=16 o Fixed Target 3
B et e HIPDF2012,¢p 3 H1 Collaboration
@) - y»-""*.“—.. oL 1=l —  HIPDF2012.e'p 7| _ 27 A A r " ”
102 104 = /-—*“"M"- x=0.0020,i =13 - O. | Q% =300 GeV 1 Q*=500 Gji/ 1 Q?= 1000 GeV
= x=00032,i=12 = L5p T T ]
C /‘M‘" ?(200.005,il=11 n : 1 CC C p I
L T . it ¥ 3 -
= /M.HH x=0013,i=9 = I I ]
- W x=002,i=8 ] 0.5¢ 1 T
1025_ oo oot penansnnnpych Xx=0032,i=7 = ) P I - S IS SN I
T cenmrreenmaswEld X 005.i26 3 08F  @=2000Gev> T  Q=3000GeV> T  Q*=5000GeV? 7
10;_ Mﬂ*—"—.ﬁ\;‘ x=008,i=5 _;I 0,6;- . + + y
= - . x=0.13,i=4 E I
- x=0.18,i=3 1 0'4;_ 1 a7 ]
1 x=025,i=2 — 02F I I ]
E ) E 0:. - — - — b — ....’.:.l -
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E i = E: 02-_ 4 i X
= } C p = =l ] = HICCe™p,P =0
- e c06sico i ] — HIPDF 2012
107 T =< ol 1 (yrx@+s)
- CPp EES 0 ]
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Polarisation effects in CC and NC

Polarisation dependence of the total
CC cross section

= W ocl =(1=F)oc (F, =0)
' HERA Charged Current e“p Scattering
gl
& _ e'p = vX i
3 o Hi i
° 100 0 ZEUS 7]
- ==HERAPDF 1.5 -
80— e p—vX —
I ° H1 Z
- i O ZEUS -
60— ~HERAPDF 1.5 |
40 —
i . i
20 Q2> 400 GeV? B
B y<0.9 7
0 B | | | | | | | | | | | | | | | | | | | J
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; P =(Ng-Np)/(NgtNp) P [%]
Cr

— absence of right-handed weak current
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Polarisation asymmetry in NC:

A% — 2 . o*(P;) —o*(Pg)
< - + + 1 + +
P — Py o*(P.)+0*(FPy)
H1 Collaboration
T T T T T T 17T T T T T T 1T I T
e A* (e'p) i
—— HIPDF 2012 ®

)

o A (ep)
H1PDF 2012
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The First Measurement of Parity Violating SF F,"%(x,Q?)

o*(P) - o*(Pg)

KQ?

PF - P;

taking the difference for e'p and ep, the terms with xF ;7% and xF # cancel and

- Q*+ M2

Y_

Y

z Y

[; e + —v.zFy
+

KQ2

Ys Q%+ M2

F,7% can be directly extracted from measured polarised cross sections

H1 Collaboration
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transform the F,Y4(x,Q?%) measurements
to Q2 = 1500 GeV? and average them
to get F,¥4(x) at Q% = 1500 GeV?

Transformed to Q2 = 1500 GeV?>

— HI1PDF 2012 f

H1 Collaboration
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xF,

Structure Function xF;(x,Q?)

(O’ ve— Oy C) - charge asymmetry of unpolarised etp NC cross sections
-2 mostly due to yZ interference
" ZEUS iy due tory2 interfe 7
xF/* = -xF;, - +M5 ) /(a . kQ”°
Q’=1500GeV? | Q?=2000GeV?| QF=3000 GeV ) 5 (Q z)(a.kQ")
_ ] transform the xF;¥%(x,Q?) measurements
02 ‘ T * ‘ to Q2 = 1500 GeV? and average them
j { l 13 } to get xF;¥4(x) at Q2 = 1500 GeV?
"i T 4T f/_ t } b \{ H1 Collaboration
oFr * 1 vZ 1 T T T L B B B T T T T T T T
* xF; - E
i Transformed to Q 2 = 1500 GeV? i
Q?=5000GeV? | Q?=8000GeV?| Q2= 12000 GeV? 0.8 o HI ]
B — HIPDF 2012 i
0.2} { i}* # 0.6/~ -
¢ t} \ ‘* i '} ]
ok ) { 1. ) }‘*__7 ) N 0.4j i
I i
1 ettt R 0.2 =
Q?=20000 GeV? | Q?=30000GeV?| 102 10" - 1=
L -
0.2} | = zEusNC 0 e : T
i (prel.) 102 10! 1
1 { e'p (305.4pb™) »
SM - sensitive to valence quark: F;¥¢ = (2u,+d,)/3
] e R (HERAPDF1.5) -
SN {CTEQSD) / dz F%(z, Q® = 1500 GeV?) = 1.22 + 0.09(stat) + 0.07(syst)
— 0.01
10% 10’ 10% 10" ‘ (HIPDF2012: 1.16+0.02-0.03)
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The longitudinal structure function F; (x,Q?)

: - . dz |16
- F_ is a pure QCD effect sensitive to gluon density F,(x,0%) = % xzf—f[?Fz +SE€§(1—£)W§
*Zz 7 Z

- F, is measured at HERA using cross sections at the same x, Q2 and different y (different

proton beam energies Ep = 460, 575, 920 GeV)
One(X,Q2Y) = Fy(x,Q%) —f(y) FL(x,Q%) , f(y)=y%(1+(1-y)?)
1 H1 Collaboration EPJ C71(2011)1579 H1 Collaboration
R [ Q*=2GeV® | Q*=25GeV? | Q*=3.5 GeV? F. (8 2 8 8 R 2

D
N ©
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2.24
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[ ] HERAPDF1.0NLO [ MSTWO08 NNLO

[J] CT10NLO ] JRO9 NNLO
0 ZEUS M NNPDF2.1 NLO

] ABKMO09 NNLO
L | L L L

T T 0.2 5 10 50

i = : 02 35 (3:(2/2 = Q?/ GeV?
5F ° ZEUS [
0“%"\ S }%‘ ____ T -\TE - HERA F| data are consistent with constant

SR SR oottt st oo value of R=F /(F,-F )=0.26+0.05

10 10 10 10‘ 10 1

X
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HERAPDEF: QCD Fits using HERA data only

Input: combined H1 & ZEUS incl. NC and CC data
which include expert knowledge in the treatment

of the correlations between many individual data sets.

- precise, complete and easy in use
- significant reduction of systematic uncertainties

1. HERA I data: JHEP 1001:109,2010 HERAPDF 1.0
2. HERA T and preliminary HERA II data HERAPDF 1.5

H1 and ZEUS HERA I+I1 Combined PDF Fit

o Q%

H1 and ZEUS

;. x=0,0002

ah .)Mhﬁ&iz 1..Ilu-

=000z | e HERAINCe'p
ZEUS
HI

(3 Lt x=0.008 ’_:':‘

yE,.

i T B =i

= 1 -
S : 2 2 = 5 o ysatas x=0.28
HERAPDF1.5 ~ =106V 18 i da /Y
08 - —— HERAPDFLS (prel.) ~ i " v o T
L - exp. uncert. Q:/(.‘c\"'
|:| model uncert.
|:| parametrization uncert. g‘ HERAPDF
0.6 \ & - no nuclear corrections
\ _"5" - no heavy target correction
5 - Ay? = 1 criterion for exp. errors
04 xg(x0.05) 2 - parametrise xg(x),xu,,xd,.xUbar,Dbar at starting scale Q2
‘ £ - apply quark number and momentum sum rules
Z - NLO/NNLO DGLAP evolution
o £ - different schemes for heavy flavor treatment
£ - uncertainty bands:
z - experimental
& - model (variations of Q?,, f., m,, m.)
= e - e - parameterisation (variation of param. assumptions)
10 10 10 10 X 1
PHOTON 2013 V. Chekelian, Proton Structure and 11

Paris 20.05.2013

PDFs at HERA



Combination of charm data at HERA

Up to 30% of the inclusive cross

&b section is related to charm production Example of combination of charm data
- . . EPJ C73 (2013) 2311
¢,b - important for QCD evolution g 0.6 — ( — ) ‘ ‘ ‘H1‘an‘d ZEUS
Gnd PDF fiTS OO 9 W H1vTX V  H1D*HERA-l ZEUS D* 98-00 ZEUS D°
| A H1D*HERA-II ZEUSc—uX /\ ZEUSD*96-97 ©h ZEUSD" |
Combine different H1 and ZEUS measurements ® HERA *
- reconstruction of D* and D decays 1
- inclusive analysis of tracks lifetime information 0.4 Q%=18 GeV?
- muons from charm semi-leptonic decays Iy
Data set Tagging method @Q? range N L +| M )
[GeV?] [pb~'] ﬂ' % ]
1 HI1 VIX|[14] Inclusive track lifetime 5 — 2000 |29 245 |
2 HI1D*HERAI[10] | D** 2 — 100 |17 47 0.2 -
3 H1 D*HERAII[18] | D** 5 — 100 |25| 348 .#
4 H1 D*HERAII[15] | D** 100 — 1000 | 6| 351 | I
5 ZEUS D* (9697) [4] | D** 1 - 20021 37 ! ]
6 ZEUS D* (98-00) [6] | D** 1.5 — 1000 | 31 82
7 ZEUS D°[12] DomoD*+ 5 — 1000 9 134 iy
8 ZEUS D+ [12] D+ 5 — 1000| 9| 134 0 o L
9 ZEUS p[13] [ 20 — 10000 | 8| 126 1073 102
X
Extension of visible cross section (D*, D, u) to the full - Precision of the combined data is two times
phase space at given x and Q2 using HVQDIS and pdfs better than each of the most precise
according to FFNS version of HERAPDF1.0 at NLO individual data sets in the combination
PHOTON 2013 V. Chekelian, Proton Structure and 12
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Charm contributions to proton str. functions F¢, |

H1 and ZEUS . '
e Q=25GeV? | Q*=5GeV? | Q’=7 GeV? P — d"e™ zQ
° T dzd@? 2me2(Q?) (1+ (1-y)?)
— e y2 e
_ I T (e
0_2 o Q°=12GeV® | @°=18 GeV* | G°=32 GeV* FFNS: Fixed Flavour Number Scheme

three light quarks (u,d,s) and
massive c¢,b (boson-gluon fusion)

Global fit ABM (MS running mass m.(m,))

IIIIIIuJ IIIIILuJ | IIIII|_|] IIIIIIuJ L 11T
Q’=60 GeV* | Q’=120 GeV? | Q=200 GeV?

VFNS: Variable Flavour Number Scheme

: ) : \ from three to five active quarks (u,d,s.c.b)
- - ¢,b massive at low Q2, massless at high Q2
[ N N\ - different approximations (matching)

0 g 02—350 G.ev2 B Q’=650 GeV? | Q°=2000 GeV? in between
) e HERA
i | = HERAPDF1.5 Global fits MSTW, CTEQ, NNPDF
\- \ pole mass (PDG : m.=1.67)
1 IIIII|,|J I IIIIL|,|J Lo IIIILLll 1 IIIII|,|J 1 IIIIL|,|J 1 IIIII_IIIIL|,|J 1 IIIIILll 1 IIIII|,|J I} mC:1'4 Gev r‘ecommended by RT
104 10° 102 10®* 10° 102  10* 10° 102
X

> described well by HERAPDF1.5 fit to inclusive data (VFNS) consider Mc as an additional
- large error band due to 1.35 <Mc < 1.65 GeV effective parameter >

PHOTON 2013 V. Chekelian, Proton Structure and 13
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Optimal charm mass parameter M

x2 scans of the QCD fits with different
implementations of the VFNS to HERA I
inclusive data and to combined charm data
as function of the charm mass parameter Mc

4}
o
o}

red

H1 and ZEUS

-~ N e e
go 750 - Charm + HERA-I inclusive y
R - . BT optimised j
- - ACOT-full ]
- e S-ACOT-y -
700 | ZM-VFNS |
| * Mgpt ]

650
600 1 1 1 —
1.2 14 1.6 1.8

M, [GeV]

— RT standard - - ACOT-full ZM-VFNS
---RT optimised - - S-ACOT-y H1 and ZEUS
Q’=2.5 GeV? Q’=5 GeV? Q’=7 GeV?

N
L1y 1 IIIIIIII 1 IIIIIIII N

Q?=350 GeV?

\y

N

0 ol |;|\|'|

Q%=650 GeV?

Q?=2000 GeV?
e HERA

IIII|,|_|] IIIIII|,|J L1l .

10* 10° 1072

10* 10° 102

10* 10° 1072
X

- good description of the charm data at Q2 > 5 GeV2 using optimal mass corresponding to min x2

PHOTON 2013
Paris 20.05.2013
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Measurement of charm mass in DIS (WS scheme)

In FFNS, MS running mass m (m,) is a well defined _
physics concept with clear relation to the pole mass S.Alekhin et al. PLB 718 (2012) 550

ABM FFNS. DIS NC, CC and charm production
H1 and ZEUS
o 700 T T T T T T T T —— This anaIVSis NNLoappmx
Charm + HERA-I inclusive
- B 0+ This analysis NLO
e FF (ABM)

B ® World Average (PDG 2012)
680 — mc(mc)=-| 26 + 0.05 GeV ] e NARISON PL B706 412

B T P BODENSTEIN PR D83 074014

i N L O ] —r LASCHKA PR D83 094002
660 i ] — AUBERT PR D81 032003

= BLOISSIER PR D82 114513

= . =

i ] A MCNEILE PR D82 034512

| 1 e CHETYRKIN PR D80 074010
6 40 | _ —A— SIGNER PL B672 333

o
R ® ® _ + BOUGHEZAL PR D74 074006
.. Q.

B ....... . _— BUCHMULLER PR D73 073008

B ] —a— HOANG PL B633 526
620 L L L l L L L l L L L l 1 | 1 | 1 | 1 | 1 | 1 1 1 | | 1 1 [ | 1 1 | 1 1 1 | 1

1 1.2 1.4 1.6 1 12 1.4 16 1.8 2 2.2
c-QUARK MASS [G
m.(m ) [GeV] (GeV)
C

> charm mass from DIS in the FFN scheme is in a good agreement with e+e- and lattice
- comparable precision with world average.

PHOTON 2013 V. Chekelian, Proton Structure and 15
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Impact of the charm data on PDFs

H1 and ZEUS

Q*=10 GeV?

[ ]| HERAPDF1.013p
08 - T N 08

H1 and ZEUS

Q*=10 GeV?

A xg (x 0.05) |:] HERAPDF1.0 13p

77| HERAPDF1.0 + charm

0 1 11 11111 1 L1 L1111 1 IIIII — e
10* 107 102 107 1

> charm distribution function uncertainty is drastically reduced
- impact on gluon (through vg > cc) and light sea

PHOTON 2013 V. Chekelian, Proton Structure and
Paris 20.05.2013 PDFs at HERA



Z., W cross section predictions for LHC

For different implementations of VFNS:

spread of 6% at fixed value of Mc = 1.4 GeV

- optimal Mc reduces uncertainty to below 2%

H1 and ZEUS
S : T | T T T | T T T | T T T :
c - Charm + HERA-I inclusive .
= 32| 7 -
N B — RT standard 1
@) [ e RT optimised * opt ]
31 __ === ACOT-full Mc __
L -.-. S-ACOT-y .
i ZM-VFNS L 4
30| e
200k e e
28| -
E \s=7TeV E
27 __ l | l l l | l l l | l l l __
1.2 1.4 1.6 1.8

M, [GeV]

PHOTON 2013 V. Chekelian, Proton Structure

Paris 20.05.2013

PDFs at HERA

oy« [Nb]

oy [nb]

H1 and ZEUS
T ‘ T T T -]

1
64~ Charm + HERA-l inclusive ]
i —— RT standard W+ :
| -=--- RT optimised o |
62 L --- ACOT-full * M E
I -.- S-ACOT-x R
60 i ZM-VFNS m
58 .t
56
54| Vs=7Tev -
! | ! ! ! | ! ! ! | ! L
1.2 14 1.6 1.8
M, [GeV]
H1 and ZEUS
44F 1 L B —
Charm + HERA-I inclusive i
—— RT standard W = |
----- RT optimised o)
=== ACOT-full * Mcp‘ 1
42| --- S-ACOT- .

38

ZM-VFNS

\s

=7TeV

and
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HERAH’[Z‘@[

HERAFitter Project

HERAFitter project is an open source QCD fit framework ready to extract
PDFs and assess the impact of new data

ZEUS
L - o + HERAINC
i M oms
; om o
u WE e
L'E
) 0 -
W L
I

SELET S

axperimental input

Tevatron inchusive jot cross

= | experiments:
| HERA, Tevatron,
LHC, fixed target

Rt e processes:
- i NC, CCDIS, jets, diffraction,
%] heavy quarks (c,bt)

Drell-Yan, W production

) (

H1 and ZEUS HERA I+1I PDF Fit
1

Q' =10Gev? i
i

N\

theoretical calculations/tools

MSTW, CTEQ, ABM
fastNLO, Applgrid

Heavy quark schemes:
Jets, W, Z production:

Top production NNLO (Hathor)
QCD Evolution DGLAP (QCDNUM)

kr factorisation
Alternative tools NNPDF reweighting
Other models Dipole model

+ Different error treatment models
+ Tools for data combination (HERAaverager)

_L
B wow w? ' <!
= PDF or DPDF...
\ )
! g
) o ( as (Mz),me,mb,me, T, .. )
L
L ( Theory predictions )
( Benchmarking )
( Comparison of schemes )

www. herafitter.org

H1 and ZEUS

(charm studies and HERA PDF)
EPJ C73 (2013) 2311

JHEP 1209 (2012) 061
ATLAS (s-quark density

determination, jets)

PRL 109 (2012) 012001
ATLAS-CONF-2012-128

few ongoing studies in CMS

LHeC studies
J.Phys. G39 (2012) 075001

- well integrated into the high energy community (both, experiment and theory)

PHOTON 2013
Paris 20.05.2013

V. Chekelian, Proton Structure
PDFs at HERA

and

18



Summary

HERA | and HERA Il inclusive NC and CC cross section measurements are
completed and published both by H1 and ZEUS

Combination of the H1 and ZEUS inclusive NC and CC e*p data

all HERA I results are combined using a model independent approach leading to significant
reduction of systematic uncertainties; combination is extended to include prelim. HERA Il data
—> aiming for combination of the complete final HERA I+Il H1&ZEUS data

HERAPDF: QCD analyses of the HERA data only

HERAPDF 1.0 (HERAl); HERAPDF 1.5 (HERA| + prel. HERAIl, recommended), ...
- aiming for HERAPDF 2.0 using final combined inclusive data from HERA I+ll

Combined charm production cross sections in DIS at HERA
control of the heavy quark treatment in the QCD evolution
improve precision of PDFs, _reduce uncertainties related to charm mass in predictions for LHC
measure charm mass in the MS scheme

HERAFitter

an open source QCD platform ready to extract PDFs using new (LHC) data

PHOTON 2013 V. Chekelian, Proton Structure and 19
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HERAPDF for LHC (few examples)

Jets ATLAS W.,Z cross sections
S e I L dt =020 p" Phys Rev D85(2012)072004
g AL el S | ATLAS ]
8 P anti-k, R = 0.6 ‘? 5.5 - ]
= - Data with | r ]
o 3 —e— stafistical é i ]
2' 282y <36 ] unoena‘nfy % |
E J O Systematic 9.§ 5_— -
. uncertantias :
p— ’—b N - . «1 B
2 1 Momacoe r I L dt = 33-36 pb :
2 : non-pert. correctons 4.5~ @ Data20108s=7TeV) wem totaluncertainty — —
-~ - T O msTwos -@-sta@sys 1
e = cT10 [ [ HERAPDF1s uncertainty E
3 <y <44 3 _— L A ABKMo9 68.3% CL ellipse area |
a E — MSTW 2008 - JRo9 -
— _— 0. PR PP .
. --- NNPDF2.1 0.4 0.45 0.5 0.55
arXiv:1304.4739 . . L
- . HERAPDF 15 ofid. BR(Z/v*— I'T) [nb]
30 40 16, P : rr ABM 11 NLO S H +i
Cross section
P, [GeV] 99 "
w char'ge GSymmeTr'y N;:LO gg—H atthe LHC (\s =8 TeV) for M = 126 GeV
— L N B L L B L N LN L T L B
Kol = =
<—0.3 T ] L 06 =2 21.55— es;c.l.u:zm }E
B Data 2010 (Vs =7TeV) St uncatany | <€ py>20GeVic Dz 215 | @ cmo -3
4 MSTWOB | E E
i B 7ol uncertaimty | 04 = A NNFOFZ3 notHe -
' HERAPDF1.5 . S5 =
03 O ABKMO9 ¥ L . 20.5 E v N3 E
JROS 02 R §oarst 20 ;_ () HERAPDFLS _;
LHCh, =7 TV agt 1951 =
0.25 0F o e - 3 E
-0 2 Daa,, o ABKMOY ’ . 19 ;— —';
0.2 ' B e 1855 ¥
0.4 « HERALS 18 é-i:: ’ —E
« CTEQ&M (NLO) 6+hH Rl z’&“z 3
1 1 1 — —
0.15 o 1 06 17.5¢5 ggh@nnlo (V1411 =p_=M,/2 E
N ATLAS 0 rxiv:1304.1626 3 4 - y:,;.AlA.A.IAAAAl..r.l‘....l....l. ool
o‘- P,RD§5, (2.012) 07200.4 . - 112 0113 0114 0115 0116 0117 0.118 0.119 M2.12
b 05 1 15 2 25 cg(M)
PHOTON 2013 V. Chekelian, Proton Structure and 20

Paris 20.05.2013

PDFs at HERA



