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Besides being interesting in their own right, it is  essential to know the
parton density functions (PDFs) of the proton as precisely as possible in 
order to maximise the physics potential at both cur rent and future colliders
e.g. high-x gluon is dominating uncertainty in seve ral LHC processes

Introduction
_______________________________

Presented here are the results of studies that give a first lookPresented here are the results of studies that give a first lookPresented here are the results of studies that give a first lookPresented here are the results of studies that give a first look at theat theat theat the

potential impact of future HERA measurements on the proton potential impact of future HERA measurements on the proton potential impact of future HERA measurements on the proton potential impact of future HERA measurements on the proton PDFsPDFsPDFsPDFs::::

1.1.1.1. within current HERAwithin current HERAwithin current HERAwithin current HERA----II running scenarioII running scenarioII running scenarioII running scenario
---- increased luminosityincreased luminosityincreased luminosityincreased luminosity

---- cross sections cross sections cross sections cross sections optimisedoptimisedoptimisedoptimised for sensitivity to for sensitivity to for sensitivity to for sensitivity to PDFsPDFsPDFsPDFs

2.2.2.2. other running scenarios: low energy (Fother running scenarios: low energy (Fother running scenarios: low energy (Fother running scenarios: low energy (FLLLL), ), ), ), eDeDeDeD (sea quark asymmetry)(sea quark asymmetry)(sea quark asymmetry)(sea quark asymmetry)

HERA data are now very precise and cover a wide ran ge in (x,Q 2)
� determination of proton PDFs now possible within one  experiment

Most recently, ZEUS have performed a NLO QCD analys es on their full set of HERA-I 
e+ and e - structure function data and high precision jet data →→→→ the ZEUSZEUSZEUSZEUS––––JETS PDFJETS PDFJETS PDFJETS PDF

With future measurements at HERA, hope to be able t o do even better …
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Observables used in QCD fits to determine PDFs:

•••• Inclusive NC/CC DIS ep cross sections  →→→→

���� direct sensitivity to quarks
���� only indirect sensitivity to gluon (scaling violation)

•••• Jet cross sections:
���� directly sensitive to gluon through boson-gluon-fusion  →→→→
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Determination of proton PDFs at HERA
_______________________________

Q2 = -q2 = -(k-k’)2

Factorisation: Factorisation: Factorisation: Factorisation: observable = short range interaction observable = short range interaction observable = short range interaction observable = short range interaction ⊗⊗⊗ ⊗ PDFsPDFsPDFsPDFs

Gluon in protonGluon in protonGluon in protonGluon in proton

JetJetJetJet

JetJetJetJet

γγγγ, Z0, W

Now, after the HERANow, after the HERANow, after the HERANow, after the HERA----I (94I (94I (94I (94----00) phase of data00) phase of data00) phase of data00) phase of data----taking, the taking, the taking, the taking, the 
full set of inclusive NC/CC full set of inclusive NC/CC full set of inclusive NC/CC full set of inclusive NC/CC eeee++++/e/e/e/e---- data, and high precision jet data, and high precision jet data, and high precision jet data, and high precision jet 
data are available for QCD analysisdata are available for QCD analysisdata are available for QCD analysisdata are available for QCD analysis…………
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ZEUS–JETS NLO QCD fit 
_______________________________

•••• parameter constraints: 
���� momentum and quark number sum rules
���� low-x behaviour of u v and d v set equal
���� ∆∆∆∆ set consistent with Gottfried sum and Drell-Yan

���� 11 free parameters in total

•••• heavy quarks treated in variable flavour  number sc heme of Thorne and Roberts
•••• uncertainties evaluated using Offset Method

AAAA∆∆∆∆ xxxx
bbbb∆∆∆∆ (1(1(1(1----x)x)x)x)cccc∆∆∆∆dbardbardbardbar----ubarubarubarubar (x(x(x(x∆∆∆∆))))

AAAAgggg xxxx
bbbbgggg (1(1(1(1----x)x)x)x)ccccgggg (1+d(1+d(1+d(1+dggggx)x)x)x)gluon (gluon (gluon (gluon (xgxgxgxg))))

AAAASSSS xxxx
bbbbSSSS (1(1(1(1----x)x)x)x)ccccSSSStotal sea (total sea (total sea (total sea (xSxSxSxS))))

AAAAdvdvdvdv xxxx
bbbbdvdvdvdv (1(1(1(1----x)x)x)x)ccccdvdvdvdv (1+d(1+d(1+d(1+ddvdvdvdvx)x)x)x)dddd----valvalvalval. (. (. (. (xdxdxdxdvvvv))))

AAAAuvuvuvuv xxxx
bbbbuvuvuvuv (1(1(1(1----x)x)x)x)ccccuvuvuvuv (1+d(1+d(1+d(1+duvuvuvuvx)x)x)x)uuuu----valvalvalval. (. (. (. (xuxuxuxuvvvv))))

ParamParamParamParam. at . at . at . at QQQQ0000
2 2 2 2 =7 GeV=7 GeV=7 GeV=7 GeV2222PDFPDFPDFPDF

For more details on the ZEUSFor more details on the ZEUSFor more details on the ZEUSFor more details on the ZEUS----JETS fit (hepJETS fit (hepJETS fit (hepJETS fit (hep----ph/05030274), and the data included, see cont. to ph/05030274), and the data included, see cont. to ph/05030274), and the data included, see cont. to ph/05030274), and the data included, see cont. to 
this workshop, this workshop, this workshop, this workshop, ““““Proton Proton Proton Proton PDFsPDFsPDFsPDFs using Structure Functions and Jet Data from ZEUSusing Structure Functions and Jet Data from ZEUSusing Structure Functions and Jet Data from ZEUSusing Structure Functions and Jet Data from ZEUS””””, Juan , Juan , Juan , Juan TerronTerronTerronTerron. . . . 

ZEUS ZEUS ZEUS ZEUS dijetsdijetsdijetsdijets in in in in photoproductionphotoproductionphotoproductionphotoproduction (96(96(96(96----97)97)97)97)

ZEUS inclusive jets in DIS (96ZEUS inclusive jets in DIS (96ZEUS inclusive jets in DIS (96ZEUS inclusive jets in DIS (96----97)97)97)97)

all HERAall HERAall HERAall HERA----I ZEUS incl. NC/CC I ZEUS incl. NC/CC I ZEUS incl. NC/CC I ZEUS incl. NC/CC eeee++++/e/e/e/e---- (94(94(94(94----00)00)00)00)

Data:Data:Data:Data:

Parameterisation:Parameterisation:Parameterisation:Parameterisation:
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PART I:

Impact of future HERA measurements 

on the ZEUS PDF fit: within current 

HERA-II running scenario
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Current HERA-II running scenario
_______________________________
• HERA-II is running efficiently...

““““ 700pb700pb700pb700pb----1111 integrated luminosity, equally divided between integrated luminosity, equally divided between integrated luminosity, equally divided between integrated luminosity, equally divided between eeee++++/e/e/e/e----,                                     ,                                     ,                                     ,                                     
expected by the end of HERAexpected by the end of HERAexpected by the end of HERAexpected by the end of HERA----II running in midII running in midII running in midII running in mid----2007 2007 2007 2007 ””””

We are hereWe are hereWe are hereWe are here…………

2004200420042004 2005200520052005 2006200620062006 2007200720072007

Current running scenarioCurrent running scenarioCurrent running scenarioCurrent running scenario

90909090165165165165eeee++++

27272727

HERAHERAHERAHERA----I (92I (92I (92I (92----00)00)00)00)

> 50   > 50   > 50   > 50   eeee----

HERAHERAHERAHERA----II (02 II (02 II (02 II (02 →→→→ ))))

HERA delivered luminosity (pbHERA delivered luminosity (pbHERA delivered luminosity (pbHERA delivered luminosity (pb----1111))))
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Low-x from HERA dF2/dlnQ
2

Mid-to-high-x from HERA jet data

High-x from momentum sum rule

Gluon

Low-x from inclusive NC DIS                  

High-x ? Flavour ? (assumptions needed)

Sea

High Q2 inclusive NC/CC e± cross sectionsValence

Where does the information come from in a HERA-Only  fit ?

What impact will future HERA 

measurements have on the PDFs?
_______________________________

HERAHERAHERAHERA----I: I: I: I: 
statistics limited statistics limited statistics limited statistics limited 

HERAHERAHERAHERA----I: statistics limited I: statistics limited I: statistics limited I: statistics limited 
at highat highat highat high----EEEETTTT and highand highand highand high----QQQQ2222
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HERA Charged Current

Q2 = 280 GeV2

σ∼

H1 e-p

ZEUS e-p 98-99

H1 e+p 94-00

ZEUS e+p 99-00

SM e-p (CTEQ6D)

SM e+p (CTEQ6D)

Q2 = 530 GeV2 Q2 = 950 GeV2

Q2 = 1700 GeV2 Q2 = 3000 GeV2 Q2 = 5300 GeV2

Q2 = 9500 GeV2 Q2 = 17000 GeV2 Q2 = 30000 GeV2

x · u
(1-y)2x · d

x

Example: high-Q2 NC and CC data
_______________________________

FFFF2222 dominates NC cross section, dominates NC cross section, dominates NC cross section, dominates NC cross section, 

HERAHERAHERAHERA----I: I: I: I: δδδδFFFF2222/F/F/F/F2222~30%~30%~30%~30%

e+ and e- needed for flavour separation,

but high-Q2 CC statistically limited at 

HERA-I, especially e-p data

•••• HERA-II will provide greatly increased luminosity

+ 2+ 2+ 2+ 2

CCCCCCCC

- 2- 2- 2- 2

CCCCCCCC

σ =x [u+c+(1-y) (d+s)]σ =x [u+c+(1-y) (d+s)]σ =x [u+c+(1-y) (d+s)]σ =x [u+c+(1-y) (d+s)]

σ =x [u+c+(1-y) (d+s)]σ =x [u+c+(1-y) (d+s)]σ =x [u+c+(1-y) (d+s)]σ =x [u+c+(1-y) (d+s)]

%
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Low-x from HERA dF2/dlnQ
2

Mid-to-high-x from HERA jet data

High-x from momentum sum rule

Gluon

Low-x from inclusive NC DIS                  

High-x ? Flavour ? (assumptions needed)

Sea

High Q2 inclusive NC/CC e± cross sectionsValence

Where does the information come from in a HERA-Only  fit ?

What impact will future HERA 

measurements have on the PDFs?
_______________________________

HERAHERAHERAHERA----I: I: I: I: 
statistics limited statistics limited statistics limited statistics limited 

HERAHERAHERAHERA----I: statistics limited I: statistics limited I: statistics limited I: statistics limited 
at highat highat highat high----EEEETTTT and highand highand highand high----QQQQ2222
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Low-x from HERA dF2/dlnQ
2

Mid-to-high-x from HERA jet data

High-x from momentum sum rule

Gluon

Low-x from inclusive NC DIS                  

High-x ? Flavour ? (assumptions needed)

Sea

High Q2 inclusive NC/CC e± cross sectionsValence

Where does the information come from in a HERA-Only  fit ?

What impact will future HERA 

measurements have on the PDFs?
_______________________________

HERAHERAHERAHERA----I: measurements in I: measurements in I: measurements in I: measurements in 
only certain only certain only certain only certain kinematickinematickinematickinematic regions regions regions regions 
–––– potential to optimise cuts for potential to optimise cuts for potential to optimise cuts for potential to optimise cuts for 

sensitivity to gluonsensitivity to gluonsensitivity to gluonsensitivity to gluon



11

(p
b)

ob
s

p
/d

x
σ

d

obs
px

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

10

20

30

40

50

60

70

80

Opt 1

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

10

20

30

40

50

60

70

80

(p
b)

ob
s

p
/d

x
σ

d

obs
px

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

20

40

60

80

100

120

140

160

180

200

Opt 2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

20

40

60

80

100

120

140

160

180

200

(p
b)

ob
s

p
/d

x
σ

d

obs
px

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

50

100

150

200

250
Opt 3

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

50

100

150

200

250 )-1ZEUS Simulated Data (500 pb

NLO (ZEUS-S)

Gluon PDF error (ZEUS-S)

Gluon component (ZEUS-S)

Up Valence component (ZEUS-S)

Down Valence component (ZEUS-S)

Sea component (ZEUS-S)

(p
b)

ob
s

p
/d

x
σ

d

obs
px

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

5

10

15

20

25

30

35

Opt 4

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

5

10

15

20

25

30

35

(p
b)

ob
s

p
/d

x
σ

d

obs
px

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

10

20

30

40

50

60

Opt 5

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

10

20

30

40

50

60

(p
b)

ob
s

p
/d

x
σ

d

obs
px

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

10

20

30

40

50

60

70

80

90

Opt 6

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
0

10

20

30

40

50

60

70

80

90 )-1ZEUS Simulated Data (500 pb

NLO (ZEUS-S)

Gluon PDF error (ZEUS-S)

Gluon component (ZEUS-S)

Up Valence component (ZEUS-S)

Down Valence component (ZEUS-S)

Sea component (ZEUS-S)

•••• Measure jet cross sections in kinematic regions “opt imised” for sensitivity to gluon
- ongoing ZEUS study: dijets in photoproduction (Q 2 < 1 GeV2)

•••• data simulated using NLO QCD (Frixione-Ridolfi) and  CTEQ5M1 proton PDF (500 pb -1)

Optimised jet cross sections
_______________________________

OBSOBSOBSOBS

γγγγ
resolved-photon enhanced: x <0.75resolved-photon enhanced: x <0.75resolved-photon enhanced: x <0.75resolved-photon enhanced: x <0.75 OBSOBSOBSOBS

γγγγ
direct-photon enhanced: x >0.75direct-photon enhanced: x >0.75direct-photon enhanced: x >0.75direct-photon enhanced: x >0.75

jet1,2
T

jet1 jet2

E >20,15 GeV
1<η <2, 2<η <3

jet1,2
T

jet1 jet2

E >30,25 GeV
1<η ,η <2

jet1,2
T

jet1 jet2

E >35,30 GeV
-1<η ,η <2.5

jet1,2
T

jet1,2 jet1,2

E >20,15 GeV
{2<η <3} / {2.5<η <3}

jet1,2
T

jet1,2 jet1,2

E >20,15 GeV
{1.5<η <3} / {2.5<η <3}

jet1,2
T

jet1 jet2

E >20,15 GeV
1<η <2, 2<η <3

Christopher Christopher Christopher Christopher TargettTargettTargettTargett----Adams (UCL)Adams (UCL)Adams (UCL)Adams (UCL)
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Impact of HERA-II in current running 

scenario:- case study
_______________________________

37373737

37373737

16161616

61616161

16161616

63636363

L L L L of HERAof HERAof HERAof HERA----I I I I 
measurement (pbmeasurement (pbmeasurement (pbmeasurement (pb----1111)  )  )  )  

llll

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting data500500500500DijetsDijetsDijetsDijets in in in in γγγγpppp

500500500500

350350350350

350350350350

350350350350

350350350350

assumed Lassumed Lassumed Lassumed L of HERAof HERAof HERAof HERA----II II II II 
measurementmeasurementmeasurementmeasurement (pb(pb(pb(pb----1111))))

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataInclusive DIS jetsInclusive DIS jetsInclusive DIS jetsInclusive DIS jets

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 CC eCC eCC eCC e----

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 CC e+CC e+CC e+CC e+

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 NC eNC eNC eNC e----

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 NC e+NC e+NC e+NC e+

Systematic Systematic Systematic Systematic 
uncertainties uncertainties uncertainties uncertainties 
taken fromtaken fromtaken fromtaken from…………

Central values Central values Central values Central values 
taken fromtaken fromtaken fromtaken from…………

Data sampleData sampleData sampleData sample

statistically limited data-sets
• scale statistical uncerts. on existing data assumin g max. 700 pb -1 (equally between e+/e-)
• systematic uncertainties taken from existing data
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Impact of HERA-II in current running 

scenario:- case study
_______________________________

----

37373737

37373737

16161616

61616161

16161616

63636363

L L L L of HERAof HERAof HERAof HERA----I I I I 
measurement (pbmeasurement (pbmeasurement (pbmeasurement (pb----1111)  )  )  )  

llll

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting data500500500500DijetsDijetsDijetsDijets in in in in γγγγpppp
500500500500

500500500500

350350350350

350350350350

350350350350

350350350350

assumed Lassumed Lassumed Lassumed L of HERAof HERAof HERAof HERA----II II II II 
measurementmeasurementmeasurementmeasurement (pb(pb(pb(pb----1111))))

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataInclusive DIS jetsInclusive DIS jetsInclusive DIS jetsInclusive DIS jets

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 CC eCC eCC eCC e----

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 CC e+CC e+CC e+CC e+

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 NC eNC eNC eNC e----

NOT NOT NOT NOT 
INCLUDEDINCLUDEDINCLUDEDINCLUDED

NLO QCD NLO QCD NLO QCD NLO QCD Optimised Optimised Optimised Optimised dijetsdijetsdijetsdijets in in in in γγγγpppp

existing dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataexisting dataHighHighHighHigh----QQQQ2222 NC e+NC e+NC e+NC e+

Systematic Systematic Systematic Systematic 
uncertainties uncertainties uncertainties uncertainties 
taken fromtaken fromtaken fromtaken from…………

Central values Central values Central values Central values 
taken fromtaken fromtaken fromtaken from…………

Data sampleData sampleData sampleData sample

statistically limited data-sets
• scale statistical uncerts. on existing data assumin g max. 700 pb -1 (equally between e+/e-)
• systematic uncertainties taken from existing data

optimised jet cross sections
•••• include simulated data-points from NLO QCD, statist ical uncertainties assume 500 pb -1

•••• no systematics included
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HERA-II projected fit
_______________________________

Impact from optimised jet Impact from optimised jet Impact from optimised jet Impact from optimised jet 

cross sections and increased cross sections and increased cross sections and increased cross sections and increased 

statistics on jet datastatistics on jet datastatistics on jet datastatistics on jet data

•••• Impact of the projected HERA-II 
measurements has been studied  
in context of the ZEUS-JETS fit

Impact from increased Impact from increased Impact from increased Impact from increased 

statistics on highstatistics on highstatistics on highstatistics on high----QQQQ2222

NC/CC NC/CC NC/CC NC/CC e+/ee+/ee+/ee+/e---- datadatadatadata
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u-valence uncertainties 
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loglogloglog----x scale (lowx scale (lowx scale (lowx scale (low----x region)x region)x region)x region) linearlinearlinearlinear----x scale (highx scale (highx scale (highx scale (high----x region)x region)x region)x region)

•••• uncertainties on u-valence distribution significant ly reduced over visible x range
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•••• uncertainties on d-valence distribution significant ly reduced over visible x range
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loglogloglog----x scale (lowx scale (lowx scale (lowx scale (low----x region)x region)x region)x region)

• uncertainties on mid-to-high-x gluon significantly reduced
→→→→ most significant improvement comes from optimised c ross section

linearlinearlinearlinear----x scale (highx scale (highx scale (highx scale (high----x region)x region)x region)x region)



19

HERA Kinematic (x,Q2) Range
_______________________________

HERA data covers large region in (x,Q 2)

→→→→ also relevant x-region for LHC

High-p T jets, new particle searches etc 

at LHC all depend strongly on high-x 

partons →→→→ improvement to LHC cross 

section uncertainties after HERA-II 

Impact of HERA-II projected PDF on 

LHC cross sections under study
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PART II:

Alternative HERA running scenarios: 

low energy running and a precision 

measurement of FL
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•••• measured at fixed target exps. (x > 10 -3)

•••• precision F L measurement at HERA 
requires low-E p running →→→→ vary y at 
fixed (x,Q 2)

FFFFLLLL contributes at contributes at contributes at contributes at O(O(O(O(ααααssss) (and HO) ) (and HO) ) (and HO) ) (and HO) 
and is directly sensitive to and is directly sensitive to and is directly sensitive to and is directly sensitive to 

the gluon density in the protonthe gluon density in the protonthe gluon density in the protonthe gluon density in the proton

Impact of a HERA measurement of FL_______________________________
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•••• precision measurement of F L at HERA-II:  
���� pin down gluon density at low-x
���� reduce uncertainties on gluon PDF

Impact of a HERA measurement of FL_______________________________
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the gluon density in the protonthe gluon density in the protonthe gluon density in the protonthe gluon density in the proton
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•••• precision measurement of F L at HERA-II:  
���� pin down gluon density at low-x
���� reduce uncertainties on gluon PDF
���� provide tests of higher order QCD
���� test the need for extensions to DGLAP at low-x

Impact of a HERA measurement of FL_______________________________
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FFFFLLLL contributes at contributes at contributes at contributes at O(O(O(O(ααααssss) (and HO) ) (and HO) ) (and HO) ) (and HO) 
and is directly sensitive to and is directly sensitive to and is directly sensitive to and is directly sensitive to 

the gluon density in the protonthe gluon density in the protonthe gluon density in the protonthe gluon density in the proton
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Simulation of HERA-II F L:  Max Klein (DESY)Max Klein (DESY)Max Klein (DESY)Max Klein (DESY)

•••• FL simulated using GRV94 NLO PDF
•••• statistical uncertainties correspond to:

•••• systematic uncertainties from current
H1 analysis of 99-00 data (few %)  

•••• precision measurement of F L at HERA-II:  
���� pin down gluon density at low-x
���� reduce uncertainties on gluon PDF
���� provide tests of higher order QCD
���� test the need for extensions to DGLAP at low-x

Impact of a HERA measurement of FL_______________________________
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For further details, see For further details, see For further details, see For further details, see ““““On the future measurement of FOn the future measurement of FOn the future measurement of FOn the future measurement of FLLLL
at lowat lowat lowat low----x at HERAx at HERAx at HERAx at HERA””””, Max Klein, in proceedings, DIS04., Max Klein, in proceedings, DIS04., Max Klein, in proceedings, DIS04., Max Klein, in proceedings, DIS04. 24
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Simulation of HERA-II F L:  Max Klein (DESY)Max Klein (DESY)Max Klein (DESY)Max Klein (DESY)

•••• FL simulated using GRV94 NLO PDF
•••• statistical uncertainties correspond to:

•••• systematic uncertainties from current
H1 analysis of 99-00 data (few %) 

•••• precision measurement of F L at HERA-II:  
���� pin down gluon density at low-x
���� reduce uncertainties on gluon PDF
���� provide tests of higher order QCD
���� test the need for extensions to DGLAP at low-x

Impact of a HERA measurement of FL_______________________________
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FFFFLLLL contributes at contributes at contributes at contributes at O(O(O(O(ααααssss) (and HO) ) (and HO) ) (and HO) ) (and HO) 
and is directly sensitive to and is directly sensitive to and is directly sensitive to and is directly sensitive to 

the gluon density in the protonthe gluon density in the protonthe gluon density in the protonthe gluon density in the proton

Assuming L ~ EAssuming L ~ EAssuming L ~ EAssuming L ~ Epppp
2222, , , , and taking NO and taking NO and taking NO and taking NO 

account of changeover and beam account of changeover and beam account of changeover and beam account of changeover and beam 

optimisationoptimisationoptimisationoptimisation timetimetimetime, this scenario would , this scenario would , this scenario would , this scenario would 

cost ~35 pbcost ~35 pbcost ~35 pbcost ~35 pb----1111 of luminosity under of luminosity under of luminosity under of luminosity under 

nominal running conditionsnominal running conditionsnominal running conditionsnominal running conditions

For further details, see For further details, see For further details, see For further details, see ““““On the future measurement of FOn the future measurement of FOn the future measurement of FOn the future measurement of FLLLL
at lowat lowat lowat low----x at HERAx at HERAx at HERAx at HERA””””, Max Klein, in proceedings, DIS04., Max Klein, in proceedings, DIS04., Max Klein, in proceedings, DIS04., Max Klein, in proceedings, DIS04.
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Impact on gluon distribution
_______________________________

• Fit including simulated F L data compared  
to the ZEUS-JETS PDF ↑↑↑↑

•••• Gluon uncertainties reduced at low-x 
and low-Q 2 (not relevant for LHC) 26
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 points: Lsimulated F
GRV94 NLO
MRST2003 NLO
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•••• FL predictions very sensitive to underlying theory 
→→→→ choice of PDF, order of QCD calculation …

•••• how sensitive is the NLO QCD fit to inclusion of “extreme” sets of simulated F L data?

Sensitivity of the NLO QCD fit
_______________________________

NLONLONLONLOGRV94GRV94GRV94GRV94Mid. FMid. FMid. FMid. FLLLL

NLONLONLONLO

NNLO*NNLO*NNLO*NNLO*

QCD theoryQCD theoryQCD theoryQCD theory

MRST2003MRST2003MRST2003MRST2003

MRSG95MRSG95MRSG95MRSG95

PDFPDFPDFPDF

Min. FMin. FMin. FMin. FLLLL

Max. FMax. FMax. FMax. FLLLL

• ZEUS fit relatively stable to inclusion of 
extreme F L data-sets

•••• an FL measurement of this precision should
have power to discriminate between 
theoretical models

Simulated FSimulated FSimulated FSimulated FLLLL datadatadatadata
extremes provided by Robert Thorne (Cambridge)extremes provided by Robert Thorne (Cambridge)extremes provided by Robert Thorne (Cambridge)extremes provided by Robert Thorne (Cambridge)

27
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Bonus Extra:

Alternative HERA running scenarios: 

deuteron running and the sea quark 

asymmetry
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sea quark asymmetry  
a study by Max Klein and Burkard Reisert

(in the context of the H1 fit)
_______________________________

ū=ñ  was a natural assumption for long 
time, until E866, HERMES found a 
difference at x ~ 0.1

What causes the rise of FWhat causes the rise of FWhat causes the rise of FWhat causes the rise of F2222 at lowat lowat lowat low----x?x?x?x?

F2 of the proton measures 4 ū+ñ but ū 
and ñ are unknown at low x →→→→ would be 
accessible via deuteron (eD) running at 
HERA-II

2222
F  = 4/9 x(U+U) + 1/9 x(D+D)F  = 4/9 x(U+U) + 1/9 x(D+D)F  = 4/9 x(U+U) + 1/9 x(D+D)F  = 4/9 x(U+U) + 1/9 x(D+D)
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are sea quarks and antiare sea quarks and antiare sea quarks and antiare sea quarks and anti----quarks equal ?quarks equal ?quarks equal ?quarks equal ?

are up and down quarks equal at low x ?are up and down quarks equal at low x ?are up and down quarks equal at low x ?are up and down quarks equal at low x ?
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•••• No information on sea flavour composition
- only one measurement at low-x:

•••• Assume quark and anti-quark distributions 
are equal at low-x and u=d

The H1 NLO QCD fit 
_______________________________

AAAADDDD xxxx
bbbbDDDD (1(1(1(1----x)x)x)x)ccccD D D D (1+d(1+d(1+d(1+dDDDDx)x)x)x)xDxDxDxD====x(d+sx(d+sx(d+sx(d+s))))

AAAAgggg xxxx
bbbbgggg (1(1(1(1----x)x)x)x)ccccgggg (1+d(1+d(1+d(1+dggggx)x)x)x)xgxgxgxg

AAAADbarDbarDbarDbar xxxx
bbbbDbarDbarDbarDbar (1(1(1(1----x)x)x)x)ccccDbarDbarDbarDbarxDbarxDbarxDbarxDbar

AAAAUbarUbarUbarUbar xxxx
bbbbUbarUbarUbarUbar (1(1(1(1----x)x)x)x)ccccUbarUbarUbarUbarxUbarxUbarxUbarxUbar

AAAAUUUU xxxx
bbbbUUUU (1(1(1(1----x)x)x)x)ccccUUUU (1+d(1+d(1+d(1+dUUUUx+ex+ex+ex+eUUUUxxxx

3333))))xUxUxUxU====x(u+cx(u+cx(u+cx(u+c))))

ParamParamParamParam. at . at . at . at QQQQ0000
2 2 2 2 =4 GeV=4 GeV=4 GeV=4 GeV2222PDFPDFPDFPDF

0000xxxx    asasasas    1111uuuudddd    thatthatthatthat                

    meansmeansmeansmeans     which which which whichffff1111ffff1111AAAA- A- A- A- A        

bbbbbbbbbbbbbbbbbbbb- - - -         

ccccssssDDDDUUUU

qqqqDDDDUUUUDDDDUUUU

→→

−−=
≡===

/

),/().(

+ BCDMS (+ BCDMS (+ BCDMS (+ BCDMS (p,Dp,Dp,Dp,D data):                  H1+BCDMSdata):                  H1+BCDMSdata):                  H1+BCDMSdata):                  H1+BCDMS

HERAHERAHERAHERA----I H1 incl. NC/CC I H1 incl. NC/CC I H1 incl. NC/CC I H1 incl. NC/CC eeee++++/e/e/e/e---- (94(94(94(94----00):  H100):  H100):  H100):  H1----OnlyOnlyOnlyOnly

2222
F  = 4/9 x(U+U) + 1/9 x(D+D)F  = 4/9 x(U+U) + 1/9 x(D+D)F  = 4/9 x(U+U) + 1/9 x(D+D)F  = 4/9 x(U+U) + 1/9 x(D+D)

experimental errors
model uncertainties

H1H1H1H1----Only fitOnly fitOnly fitOnly fit
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Releasing the dbar-ubar constraint
_______________________________

H1H1H1H1----Only fit (default assumptions)Only fit (default assumptions)Only fit (default assumptions)Only fit (default assumptions) b)b)b)b)     A, A, A, A,onononon    constraintconstraintconstraintconstraint    (no(no(no(no     fit fit fit fitOnlyOnlyOnlyOnly----H1H1H1H1

experimental errors
model uncertainties

H1-Only PDF

experimental errors
model uncertainties

H1-Only PDF

31
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Releasing the dbar-ubar constraint
_______________________________

H1+BCDMS fitH1+BCDMS fitH1+BCDMS fitH1+BCDMS fit

experimental errors
model uncertainties

H1-Only PDF

experimental errors
model uncertainties

H1-Only PDF

b)b)b)b)     A, A, A, A,onononon    constraintconstraintconstraintconstraint    (no(no(no(no     fit fit fit fitBCDMSBCDMSBCDMSBCDMSH1H1H1H1+

32
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simulated accuracy (20 pb -1 eD, 40 pb -1 ep)

Q2 =5 GeV2

The light sea quark asymmetry is expected and has
been assumed to vanish at low x. However, F 2 rises
strongly towards low x which deserves to be studied .

Releasing the dbar-ubar constraint
_______________________________

H1+BCDMS fit
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Summary
_______________________________

Potential impact of future HERA data on proton PDFs has been investigated:

1. 1. 1. 1. Impact on Impact on Impact on Impact on PDFsPDFsPDFsPDFs of current HERAof current HERAof current HERAof current HERA----II running scenario:II running scenario:II running scenario:II running scenario:

•••• increased luminosity of HERA-II will provide
→→→→ significantly improved precision on statistically l imited data-sets 

•••• high-Q 2 NC/CC data →→→→ significant improvement to valence distributionsvalence distributionsvalence distributionsvalence distributions

•••• high-Q 2 and high-E T jet data →→→→ improvement to highhighhighhigh----x sea and gluonx sea and gluonx sea and gluonx sea and gluon

•••• measurements of jet cross sections optimisedoptimisedoptimisedoptimised for sensitivity to gluon
•••• significant improvement to highhighhighhigh----x gluonx gluonx gluonx gluon

���� impact of projected HERA-II PDFs on LHC cross sectio ns under study

2. 2. 2. 2. Low energy running scenario:Low energy running scenario:Low energy running scenario:Low energy running scenario:

•••• precise measurement of F L at low-x possible with low-E p running
•••• inclusion of simulated F L data in NLO QCD fit indicates:

- improvement in gluon uncertainties at low-x and lo w-Q2

- ability of precision HERA F L to discriminate between theoretical models
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Summary (cont.)
_______________________________

3. 3. 3. 3. Deuteron running and the seaDeuteron running and the seaDeuteron running and the seaDeuteron running and the sea----quark asymmetry:quark asymmetry:quark asymmetry:quark asymmetry:

(Max Klein, (Max Klein, (Max Klein, (Max Klein, BurkardBurkardBurkardBurkard ReisertReisertReisertReisert):):):):

•••• So far HERA has not resolved the light sea quarks a t low x
���� relaxing assumption that ū=ñ, u=ū and d=ñ at low-x leads to large uncertainties

���� deuteron data from fixed target experiments (e.g. B CDMS) help but cannot 

solve the problem since the data lie at higher-x  

���� would need deuteron running at HERA to resolve this  issue



36

Extras …
_______________________________
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Example: high-Q2/high-ET jet data_______________________________

•••• HERA-II will provide greatly increased luminosity
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 HERA-II projected fit
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•••• Uncertainties with full HERA-II inclusive data-set comparable to global fits

HERAHERAHERAHERA----II Projected PDFII Projected PDFII Projected PDFII Projected PDF

Comparison with global fit (u-val.)
_______________________________

ZEUSZEUSZEUSZEUS----S global PDFS global PDFS global PDFS global PDF
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 HERA-II projected fit
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Comparison with global fit (d-val.)
_______________________________

•••• Uncertainties comparable to or better than current global fit

HERAHERAHERAHERA----II Projected PDFII Projected PDFII Projected PDFII Projected PDFZEUSZEUSZEUSZEUS----S global PDFS global PDFS global PDFS global PDF
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Impact on sea/gluon uncertainties 
_______________________________

• blue band: ZEUS-JETS fit + 120 pb -1 (HERA-I)  optimised jet cross sections only
- already at HERA-I, optimised jet cross sections wou ld have significant impact on high-x gluon
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