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Deep Inelastic Scattering (DIS)
Charged Current (CC)
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4 types of measurements
NC, CC each in e+ and e-
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Neutral Current Cross Section

Generalized structure functions:

Sum of quarks and 
anti-quarks

Valence quarks
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Example NC cross sections
Precise measurements 
from two experiments
For Q2 ≤ 100 GeV2

δstat≤1%,δsys≤3%
for Q2 ≥ 1000 GeV2

δstat > δsys

Combine dataset from 
both experiments: 
Key assumption  

H1 and ZEUS measure 
the same cross section 
at the same x,Q2,y

Model independent 
combination by 
minimizing a χ2    
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Charged Current Cross Section

CC reduced 
cross section

e+/e- sensitive to different quark densities:

CC gives sensitivity to different combinations of quarks as NC. 
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Quark Antiquark Decomposition
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Datasets in HERAPDF
NC and CC Inclusive Data

Combined HERA I inclusive data
[JHEP01(2010) 109]:

HERAPDF1.0
In other PDF sets: NNPDF2.0, CT10, ABKM

Combined HERA I + high Q2 HERA II Data
[prelim]

Accurate measurements in high Q2 region 
sensitive to the valence distributions
HERAPDF1.5

Additional Datasets
Low Energy Data HERA II [prelim]

Accurate measurements in Q2≥2.5GeV2, 
sensitive to structure function FL

Combined Charm F2 data [prelim]
HERA Jet Data [published data]
fits [work in progress]

HERAPDF1.0
HERAPDF1.5
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HERAPDF Analysis Framework
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Sources of HERAPDF uncertainties

In addition variation of αs is available:  0.1176 (central), 0.1156 (low), 0.1196 (high)  
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HERAPDF1.5 vs. HERAPDF1.0
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HERAPDF1.0 at NNLO
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HERAPDF1.5 vs. DIS data
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Sensitivity to the Gluon and αs
via Scaling violations

αs

αs
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Longitudinal Structure Function FL

QPM QCD

Scattering of longitudinally polarized photons on quarks in helicity frame

access to gluon density
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H1 + ZEUS Combined FL

ZEUS
measurements

Good agreement between data and predictions for Q2>10 GeV2.
FL at low Q2 above prediction using HERAPDF1.0
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Variants of Predictions for FL

Variation of
heavy flavour
treatment 

Higher Order calculation
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Combined F2 vs. various Theoriescc

c

c
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Z cross sections at LHC
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Z cross sections at LHC
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Jet data example:
Dijet in Photoproduction

Highly sensitive to  
Proton PDF                
(gluon density)
Resolved photon PDF 
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Summary

HERA delivered a wealth of ep DIS data

H1 and ZEUS measurements reach      their 
ultimate precision

Flavour separated sets of PDFs extracted

Work in progress:
Use Jet data, low energy and F2charm to 
simultaneously extract as and gluon
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Backup

More material on 
PDF parameterization 
FL extraction
F2charm
LHC W cross sections
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PDF Determination in HERAPDF1.0
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Measurement of FL

• Extended measurement to high y region
y = 1-E’e/Ee(1-cosθ) high y means low E’e

Measure cross sections                                          
at same x and Q2 but different y = Q2/x·s  vary s
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• Change proton beam energy 
to change cms energy
- Ep = 920 GeV, High Energy Run (HER)
- Ep = 575 GeV, Medium Energy Run (MER):
- Ep = 460 GeV, Low Energy Run

• Large lever arm in y2/Y+

• Measure at high y  in LER

MER
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Combined low Ep Cross Sections

ZEUS
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Extracted FL and F2

Most precise F2
measurement from ZEUS       
in kinematic region studied  

First F2 measurement without 
assumptions on FL

Data support a non-zero FL

Predictions for F2 and FL
are consistent with data

ZEUS
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H1 + ZEUS Combined FL

ZEUS
measurements

Good agreement between data and predictions for Q2>10 GeV2.
FL at low Q2 above prediction using HERAPDF1.0
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Adding combined F2 to HERAPDF1.0 Fitcc
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H1-ZEUS combined F2  vs. HERAPDF1.0cc
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W+ cross sections at LHC
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W- cross section ay LHC


	HERAPDF
	Deep Inelastic Scattering (DIS)
	Neutral Current Cross Section
	Example NC cross sections
	Charged Current Cross Section
	Quark Antiquark Decomposition
	Datasets in HERAPDF
	HERAPDF Analysis Framework
	Sources of HERAPDF uncertainties
	HERAPDF1.5 vs. HERAPDF1.0
	HERAPDF1.0 at NNLO
	HERAPDF1.5 vs. DIS data
	Sensitivity to the Gluon and as�via Scaling violations
	Longitudinal Structure Function FL
	H1 + ZEUS Combined FL
	Variants of Predictions for FL
	Combined F2  vs. various Theories
	Z cross sections at LHC
	Z cross sections at LHC
	Jet data example: �          Dijet in Photoproduction
	Summary
	Backup
	PDF Determination in HERAPDF1.0
	Measurement of FL
	Combined low Ep Cross Sections
	Extracted FL and F2
	H1 + ZEUS Combined FL
	Adding combined F2 to HERAPDF1.0 Fit
	H1-ZEUS combined F2  vs. HERAPDF1.0
	W+ cross sections at LHC
	W- cross section ay LHC

