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HERA at DESY

[0 HERA is an electron-proton collider at
DESY, HAMBURG

B In operation for 15 years until June 2007

......

[J 4 experiments:
B Fixed Target: HERMES and HERA-B

B Collider: The H1 and ZEUS
[0 general purpose detectors

Status: 1-July-2007
— ] S S

E., ol HERA-I 1992-2000 | Ep=820,920 GeV
2 HERA-II | 2003-2007 | Ep=920,460,575 GeV
o Only HERA-I data is used in this analysis
(~ 115 pb-* of integrated luminosity per experiment)
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Deep Inelastic Scattering at HERA

[1 Kinematic Variables:

2 _ 2 _ 1 N\2
B  Q?2:4-momentum transfer Q" = _q2 =—(k—FK)
B x Bjorken scaling variable 2 =
2p - q

: . _pb-q

B y:inelasticity ¥ = -
p- _ 2

B s: centre-of-mass energy s = (k+p)

R e [0 The variables are related via: Q2 = SxyY
B Neutral Current (NC): V=y or Z°

B Charged Current (CC): V=W*
[J The reduced differential cross section for the NC process:

d’o(etp) Qz y? Y_
2 2 2 2
T Y o o Y, T N, Y, [ Y,
o.(z,Q°) 12dQ? 2ma?Y, Fo(x,Q7) Y, Fr(z,Q°) F Y+mP3(x Q°)
Yi=14(1-19%
B F, - dominates: sensitive to sea and valence

B F, -contributes at highy: sensitive to gluon
M xF, - contributes at high Q2: sensitive to valence
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Combination of H1 & ZEUS data - Motivation

[1 Main goal is to know the structure of the proton with highest
possible precision

[1 The purpose of combining the H1 and ZEUS data is to
produce a consistent and more precise cross section
measurements which are further used for the extractions of
parton distribution functions (PDFs)

B A new model-independent averaging method is used with a coherent
treatment of the systematic uncertainties [A.Glazov DIS05]

[0 Experiments “cross-calibrate” each other = significant error reduction

[l This new precise data is used within NLO QCD framework to
extract PDFs with higher accuracy
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Data used for Combination of H1 & ZEUS

[J Published HERA-I inclusive NC and CC DIS data (1994-2000)

®m  Ep=2820 (v s=301) and 920 (N s=319) GeV, L =240 pb

0 Kinematic coverage: 1.5<Q?<30000 GeV? and 0.00006<x<0.65

data set x range Q* range L comment
(GeV?) pb—1
H1 NC min. bias 97 | 0.00008 0.02 | 3.5 12 1.8 etp /s = 301 GeV
H1 NC low Q? 96 — 97 | 0.000161 0.20 | 12 150 | 17.9 | eTp+/s =301 GeV
H1 NC 94 — 97 | 0.0032 0.65 | 150 30000 | 35.6 | eTp+/s=301GeV
H1 CC 94 — 97 | 0.013 0.40 | 300 15000 | 35.6 | eTp+/s =301GeV
H1 NC 98 — 99 | 0.0032 0.65 | 150 30000 | 16.4 | e p+/s =319 GeV
H1 CC 98 — 99 | 0.013 0.40 | 300 15000 | 16.4 | e~ p+/s =319 GeV
H1 NC 99 — 00 | 0.00131 0.65 | 100 30000 | 65.2 | eTp+/s =319 GeV
H1 CC 99 — 00 | 0.013 0.40 | 300 15000 | 65.2 | eTp+/s =319 GeV
ZEUS NC 96 — 97 | 0.00006 0.65 [ 2.7 30000 | 30.0 | eTp+/s=301GeV
ZEUS CC 94 — 97 | 0.015 0.42 | 280 17000 | 47.7 | eTp+/s =301 GeV
ZEUS NC 98 — 99 | 0.005 0.65 | 200 30000 | 15.9 | e~ p+/s=319GeV
ZEUS CC 98 — 99 | 0.015 0.42 | 280 30000 | 16.4 | e p+/s=319GeV
ZEUS NC 99 — 00 | 0.005 0.65 | 200 30000 | 63.2 | eTp /s =319 GeV
ZEUS CC 99 — 00 | 0.008 0.42 | 280 17000 | 60.9 | etp /s =319 GeV
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Cross sections prior combination

[0 H1and ZEUS published
precise measurements of
the NC and CC DIS cross
sections
B For Q2<100 GeV=z:

[0 Stat error <1%
[0 Sys error <3%
B  For Q2>1000 GeVZ:
[1 Stat error > Sys error

[1 Plot shows NC reduced
cross sections for ZEUS
[red] and H1 [black] for
selected x bins

HERA 1 e"p Neutral Current Scattering — H1 and ZEUS
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Averaging Method (I)

[l The only assumption: H1 and ZEUS measure the same
cross-sections at the same kinematic points.

[1 Prior Combination:

Move to a common grid in (x,Q2): H1 x, ZEUS Q2
[0 Using H1PDF 2000
(checked against the ZEUS-Jets PDFs: very good agreement)
Move to 920 GeV E, beam energy:
[0 Using H1PDF 2000
[1 Correction sizeable at large y: up to 5% for few points
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Averaging Method (ll) - 2

Data is combined using model-independent Hessian fit, in which correlated
systematic uncertainties are floated coherently:

|:Mz',true _ (M’L + Zj 8% o

2
2 it >} § : o]
Xexp (M% -, aj) = Z 62 + 5Tj
i oo

% (]

0 M" - measured cross sections at (x,Q?)

O 0 - statistical and uncorrelated systematic uncertainty

[0 & - sources of the correlated systematic uncertainties

O 0o, - correlated systematic uncertainty

0 OM® - sensitivity of data point i to the systematic source j
Oa;j

OO M“*"_ trye value we determine

0 By construction: x2=0for M = M* & a; =0
The 2 definition true if uncertainties are absolute (additive)

[0 For relative (multiplicative) errors there is a bias: smaller M will have smaller
relative errors and hence smaller 2

u modify 2 definition: translate relative errors to the absolute  9; —

1,true

—0);
M’L
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Uncertainties

[J Uncorrelated uncertainties:
B Statistical errors
B Poin-to-point uncorrelated systematic uncertainties:
[J e.g statistical errors due to MC simulations
[J Are added in quadrature to the statistical errors
[J Correlated uncertainties:
B Point-to-point correlated systematic uncertainties
] e.g. electromagnetic and hadronic energy scales calibration
[J Often common for CC and NC for a given experiment and run period
[1 Overall normalisation uncertainty
B Correlated for all data points for a given experiment and run period

[1 Correlations between H1 and ZEUS:

B H1 and ZEUS use similar analyses methods

B 12 sources are identified, largest from photo-production MC and
hadronic energy scales - procedural errors
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Results

0 1153 individual NC and CC data are NC e*p at fixed x
averaged to 573 unique cross section
points (Xz =51 O) HERA I e'p Neutral Current Scattering - H1 and ZEUS
W 43 systematic sources from separate G 0,002
experiments and 4 from the 3 e = . )
combining procedure o* ¢ HERAIe'p (prel)
[0  All uncertainties lie within 1o of the . ‘ : i’fUS
published central values, except H1 |
NC low Q2 96-97- shifted up by 1.6 o ;
[0 Overall precision improved: 0 ..° . x=002
B Q%<12 GeV?: <2% precision . R R
B Q2~100 GeV2 1.5% precision .
B For highest Q2: 10% precision I
benefiting from increased statistics 04 x=0.25
[0 Most significant improvements . Sesevanran,
B H1 backward calo energy scale (x3) » * s
B ZEUS forward energy flow modeling o ‘ |
(X4) 1 10 10° 10° 1(1“ 2
Q*/ GeV
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Results

0 1153 individual NC and CC data are NC e*p at fixed x
averaged to 573 unique cross section
points (Xz =51 O) HERA I e'p Neutral Current Scattering - H1 and ZEUS

B 43 systematic sources from separate
experiments and 4 from the .
combining procedure 0 ZEUSe'p

14 X=0002

or(x.Q?“)

0  All uncertainties lie within 1o of the . ° Hle'p
published central values, except H1 |
NC low Q2 96-97- shifted up by 1.6 o
[0 Overall precision improved: " L x=002
B Q2%<12 GeV2: <2% precision bod | i
B Q%100 GeV?: 1.5% precision 06
B For highest Q2: 10% precision
benefiting from increased statistics 04 x=0.25
[0 Most significant improvements
B H1 backward calo energy scale (x3) -
B ZEUS forward energy flow modeling o ! |
(x4) ‘ ¢ o
Q" /GeV
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Results

O 1153 individual NC and CC data are NC e*p at high Q?
averaged to 573 unique cross section
points (x2=510)

O 43 systematic sources from HERA I ¢"p Neutral Current Scattering - H1 and ZEUS
separate experiments and 4 from the
combining procedure

[0  All uncertainties lie within 10 of the

published central values, except H1 T vmow T oo T oemver T oommoer
NC low Q2 96-97- shiftedup by 1.6 0 |

[0 Overall precision improved:

Q" = 150 GeV* Q=200 GeV* Q" =250 GeV* Q° = 300 GeV”

0,(x,Q")

/
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B Q2<12 GeVZ <2% precision | emmeey | ommey | gnwey | cmncey
B Q%100 GeV?: 1.5% precision
B For highest Q2: 10% precision 0 \ \ \\
benefiting from increased statistics bg | TRV | Q0G| QemonGeyt | Qe imGey
[0 Most significant improvements \ \ :
®m  H1 backward calo energy scale (x3) 0 S : \
B ZEUS forward energy flow modeling ., T e
(x4) N - — ZEUsIETS
[0 H1PDF 2000 and ZEUS-Jets PDFs 0 . >
describe well the combined data v cr
11/09/2008 voica@mail.desy.de

Diffraction2008, France



QCD Analysis

[1 Context

Previously, H1 and ZEUS released their separate sets of PDFs -
H1PDF 2000 and ZEUS-Jets - using as sole input their NC and CC
inclusive measurements:

[J Results comparable, but there is difference in the gluon shape

New combined precise HERA-| data can be used as sole inputin a
common QCD analysis to extract HERA PDF set

L1 first release version is labeled HERAPDFO.1
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HERA PDF Earametrisation

[0 The HERA PDFs combines the best features of H1 and ZEUS for the
parametrisation form and choice of partons to be fit

[0 A generic functional form has been considered:
zf(z,QF) = AzB(1 —2)°(1 4 Dz + Ex? + Fz?)
B This is used to parametrise the following PDFs: B
LUy, Tdy, cU =20+ €, TD = xd + x5+ b, 2g
with the sea flavour break-up at Q%, and 7,=0.15, 7 =0.33
s= fsD, c= f.U
B The number of parameters are chosen by saturation of the 2
(i.e. only parameters that bring significant contribution to 2 are let to vary)

PDF A B C D E
xg Sum rule FIT FIT

XU, Sum rule FIT FIT FIT FIT
xd, Sum rule =B(xu,) FIT

xU lim T/D — 1 FIT FIT

xD FIT =B(xU) FIT

B Thisresults in 11 free parameters (denoted with FIT in the table)
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QCD Analysis details

NLO predictions using DGLAP evolution equations

The input scale Q?, = 4 GeV?

Calculations in Zero-mass variable-number flavour scheme
Renormalisation and Factorisation scales set to the Q?

The choices for heavy quark masses: Mc=1.4 GeV, Mb=4.75 GeV
The strong coupling a,= 0.1176 [PDG 2006]

Minimum Q2= 3.5 GeV?
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Uncertainties

[ Experimental uncertainties:
B The combined data yields in smaller systematic than statistical uncertainties

B The 43 systematic errors are combined in quadrature with the statistical
errors and the 4 sources of errors from the combination are Offset.

0 x?/dof = 476.7/562

[0 Following sources for the model uncertainty are considered:
B Mc=145GeV =>»1.30-1.55GeV

B Mb=475GeV =>»4.30-5.00GeV
m f =033 = 0.25-0.40

m f =015 = 0.10-0.20

|

Q?,= 4.GeV? = 2.0-6.0 GeV?
B Q2 . =35GeVZ =»25-5.0GeV?
[J Results are compatible with
B Other choices of parametrisations: a la H1PDF 2000 and ZEUS-Jets PDFs

B Variation of the strong coupling ag(Mz)=0.1176 =» 0.1156 - 0.0196

11/09/2008 voica@mail.desy.de 16
Diffraction2008, France



[0 The improved precision of the _
combined H1 and ZEUS data
yields improved precision of the z 00 Lemr L

HERAPDFO.1 fit

[1 Plots show the extended

Fit Results

10’

Q) x2
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e x = 0.00005, i=21
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H1 and ZEUS Combined PDF Fit

April 2008
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Fixed Target
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kinematic range of the HERA . - ceeeny XSO 2
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Fit Results

[J The improved precision of the
combined H1 and ZEUS data
yields improved precision of the %=
HERAPDFO.1 fit

[1 Plots show in more detail three
X bins:

B Scaling violations

® HERAPDFO.1 fit is compared
to H1PDF 2000 and ZEUS-Jets
PDFS

[1 Plots include uncertainties on
both data and fit

0.8

0.6

S

4

02

H1 and ZEUS Combined PDF Fit

x=0.002

— HI1 2000 PDF
——  ZEUS-JETS

e HERAIe'p (prel.)
HERAPDFO.1 (prel.)

x=0.02

x=0.25

10*
Q% / GeV?
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H1 and ZEUS Combined PDF Fit

Fit Results: NC and CC e*p data

H1 and ZEUS Combined PDF Fit

P 72 . 22 o0 — 2 2 o0
> 15 250 GeV 300 Gev? | = = Q* =300 GeV? 500 GeV? 1000 Gev? =
=) I t = ® 15 ! =
T 1 3 LY [ 1= . =
e . X [ < o) <
05 \ ‘\\ 1 | [ 1 . 4 |
™ ~ ) S .
.~ \. .
o . | 05 t "
650 GeV? 800 GeV? k
'i,‘ : . 1500 GeV? 2000 GeV? 3000 GeV?
0s . R ' :
‘(‘\ \ £ 08 T e 4
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0 .~ ! . 4 Ty . 2
1500 GeV? 2000 GeV* = 04 =~ + o
1 2 . 20
038 ¢ Z (Z 02 ' =
0.6 % | g 0 - - — =
04 ‘~“ “ | = ] 5000 GeV? 8000 GeV? | 15000 GeV? é
02 A N = 08 t 2
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0 — = 4 0.6 f g : <
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P 04 | -]
0.6 1 5 { [ Z
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04 X X \ ; 02 * R t Sj
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HERA 1 PDF (prel.) 04 HI'TRA I LL €p (prel.)
04 HERA I CC ep (prel.)
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o 0
10"
x

[J Precision is needed to exploit the different flavour dependence of the e* and e-
Cross sections
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HERAPDFO.1 at Q?=4 Ge\?2

H1 and ZEUS Combined PDF Fit

H1 and ZEUS Combined PDF Fit

R®
g ! g ! z 2 = 2 g
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08 | Q¥ 17 0sh ¢ T s Q?=4 GeV* = Q*=4Gev? | 2
— HERA-I PDF(prel) = 15 ¥ 1s 1 5‘
0.6 0.6 o — HERA-I PDF(prel.)
exp. uncert. 1 B exp. uncert 1
04 04 model uncert. 1 1 1 P ’ ]

1 model uncert. 1
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0F ‘ 0
02 — y ‘ 02

T /

HERA Structure Function Working Group
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HERA Structure Function Working Group

0 xu,, xd,,xSea, xg, xU, xUbar, xD, xDbar
[J Total experimental uncertainty shown in red; model uncertainty shown in yellow

B f, dominates model uncertainty of the sea PDFs
B Q?%, Q%,, dominate model uncertainty of the valence and gluon PDFs
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3%) HERAPDFO.1 at Q2=10000 GeV/2

H1 and ZEUS Combined PDF Fit

H1 and ZEUS Combined PDF Fit

> 1 g ! § o =
5 Q?=10000 GeV? = Q?=10000 GeV? & w Q*=10000 GeV? 5 Q?=10000 GeV>
038 08 iy 8 * 8 1
06 06 — HERA-I PDF(prel) = P \ ] p \ — HERA-I PDF (prel.}
B exp. uncert. 1 B exp.uncert.
04 04 model uncert. 4 h 4 model uncert.
02 0.2
2 2
0 o
0 0

10 107 10° 10" 1 10‘ 0" ) 5 10 107 10° 10" 1 10° 107 10 10! 1
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=
20 9 40 %
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w E C
0 0 3 0 ——w 0F
02 02 = 02 02
10 107 107 10° 10° 10" X 10 107 10° 10" X 10 10°

[0 Uncertainties decrease with increasing Q2
[J Impressive precision at the scale relevant for the LHC
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HERAPDFO.1 vs H1PDF2000 and ZEUS-Jets

1 TTT

TTTTT]

k- , R H1 and ZEUS Combined PDF Fit
Q’ =10 GeV? - 1 %
(=]
. Q*=10 GeV? ]
— ZEUS-JETS Fit T
081~ D total uncert <«
08 —— HERA-I PDF (prel.)
xu, B exp. uncert.
H1 PDF 2000 odel uncert
0.6 - - GXP. uncert. g.
- total uncert. 5:
=T"
£
1
B
=
04 — xg (X 0.05) =
k5
3]
=
=
=
18
0.2 8
xS (X 0.05) é
@
o | I T ' 0 =
11 L |||||||‘ L |||||||“ L Lo L Lo 10-4 10-3 10-2 10-1 l
10* 107 10 10! 1

e

[0 Impressive precision for the HERAPDFO.1 as result of data combination
compared to H1PDF 2000 (includes variation of the strong coupling in
the model uncertainty) - in blue/green and ZEUS-Jets PDFs - in yellow
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HERAPDFO0.1 vs Global Fits

H1 and ZEUS Combined PDF Fit H1 and ZEUS Combined PDF Fit
1 ) 1 %0
= Q*=10 GeV?> 2 = Q*=10 GeV?> 2
& &
08 —— HERA I PDF fit (prel.) 08 —— HERA I PDF fit (prel.)

B crEQsam

HERA Structure Functions Working Group
HERA Structure Functions Working Group

10* 10° 10 10! 1
X X

[0 HERAPDFO0.1 is compared to CTEQG6.1M (left) and MRSTO1 (right)
B The precision of HERAPDFO0.1 is impressive
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Impact of HERAPDFO.1

[1 Discovery potential at the LHC relies on the PDF accuracy

[J Simulation studies at the LHC show the impact of
HERAPDFO.1 on the W production

[J The errors do not include the model uncertainty on PDFs
[A. Cooper-Sakar & E. Perez HERA-LHC May 2008]

, _Without HERA Data , HERA | Data . HERA | Combined
2> : - (one experiment)
6 BvE N N e — ey o BF .
= Y e N ' [ ]
S L A\ N ;
v asll/ /  HERAPDFO0.1 \
S F [ E
&% = B oftlg ods .
9 0 - 0
A E rrres reven: 1 008 - - - - 008 - ~
4 321012 3 4 W 0 1 2 3 1 M Ay e 2 s
y y y
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Summary and outlook

[J A model-independent averaging method has been developed to
combine the H1 and ZEUS NC and CC cross sections (HERA-I)

B This results in a consistent data set with significantly reduced systematic
and statistical uncertainties

[0 The precise combined HERA-I data is further used in the NLO QCD fits
to extract a more precise PDFs - HERAPDFO.1

B The fit to HERA-I data alone has no need for target mass and heavy target
corrections

B impressive precision of the HERAPDFO.1 is observed as compared to the
separate H1, ZEUS PDFs and to the global fits

[J Stay tuned for even higher precision HERA cross section
measurements and PDFs to come!
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