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Background to the presentation
• Three different energies run for each stage

➡ 5(20)x50
➡ 5(20)x75
➡ 5(20)x100

• The total integrated luminosity is divided 20/40/40 amongst the energies 
due to running time.  

➡ i.e. 10 fb-1 

- 5(20)x50: 2 fb-1

- 5(20)x75: 4 fb-1

- 5(20)x100: fb-1

• This of course could be changed but I don’t think it would have a large 
effect on the conclusions

• Where systematic errors are included, a 3% uncertainty is added in 
quadrature with the statistical uncertainty
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White paper plot:
• Ratio of F2(FL) in A to F2(FL) in p.  

• No actual values of F2(FL) shown here, just error bars.

• Stat errors are tiny (scaled to be made visible), 
systematic uncertainties are to scale
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Reduced Cross-sections: A ∫Ldt = 10 fb-1
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Reduced Cross-sections: A ∫Ldt = 10 fb-1
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Extracted F2 and FL: A ∫Ldt = 10 fb-1
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x

HERA data on F2:



Extracted F2 and FL: A ∫Ldt = 10 fb-1
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Extracted F2 and FL: A ∫Ldt = 10 fb-1
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Reduced Cross-sections: A ∫Ldt = 10 fb-1

8

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.07

0.075

0.08

0.085

0.09

 / ndf 2χ  0.5422 / 1
p0        0.002759± 0.0952 
p1        0.004353± 0.02637 

 / ndf 2χ  0.5422 / 1
p0        0.002759± 0.0952 
p1        0.004353± 0.02637 

hRedCrossSecQ2_0_Yplus_0

0.1 0.2 0.3 0.4 0.5 0.6 0.7
0.086

0.088

0.09

0.092

0.094

0.096

0.098

0.1

0.102

 / ndf 2χ  0.03621 / 1
p0        0.003093± 0.102 
p1        0.006635± 0.01794 

 / ndf 2χ  0.03621 / 1
p0        0.003093± 0.102 
p1        0.006635± 0.01794 

hRedCrossSecQ2_0_Yplus_1

0.1 0.2 0.3 0.4 0.5
0.098

0.1

0.102

0.104

0.106

0.108

0.11

0.112

0.114

0.116
 / ndf 2χ  0.1755 / 1

p0        0.003497± 0.113 
p1        0.01018± 0.02126 

 / ndf 2χ  0.1755 / 1
p0        0.003497± 0.113 
p1        0.01018± 0.02126 

hRedCrossSecQ2_0_Yplus_2

0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4

0.12

0.122

0.124

0.126

0.128

0.13

0.132
 / ndf 2χ  0.0133 / 1

p0        0.004046± 0.1289 
p1        0.01684± 0.01575 

 / ndf 2χ  0.0133 / 1
p0        0.004046± 0.1289 
p1        0.01684± 0.01575 

hRedCrossSecQ2_0_Yplus_3

0.05 0.1 0.15 0.2 0.25
0.14

0.142

0.144

0.146

0.148

0.15

0.152

0.154

 / ndf 2χ  0.1092 / 1
p0        0.004564± 0.1501 
p1        0.02826± 0.01964 

 / ndf 2χ  0.1092 / 1
p0        0.004564± 0.1501 
p1        0.02826± 0.01964 

hRedCrossSecQ2_0_Yplus_4

0.04 0.06 0.08 0.1 0.12 0.14 0.16
0.172

0.174

0.176

0.178

0.18

0.182

0.184

 / ndf 2χ  0.0002892 / 1
p0        0.006002± 0.178 
p1        0.06063± -0.004085 

 / ndf 2χ  0.0002892 / 1
p0        0.006002± 0.178 
p1        0.06063± -0.004085 

hRedCrossSecQ2_0_Yplus_5

0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
0.216
0.218
0.22
0.222
0.224
0.226
0.228
0.23
0.232
0.234
0.236

 / ndf 2χ  0.1698 / 1
p0        0.007149± 0.2249 
p1        0.1338± -0.0577 

 / ndf 2χ  0.1698 / 1
p0        0.007149± 0.2249 
p1        0.1338± -0.0577 

hRedCrossSecQ2_0_Yplus_6

0.005 0.010.015 0.02 0.025 0.030.035 0.040.045
0.3

0.305

0.31

0.315

0.32

0.325

0.33
 / ndf 2χ  0.08891 / 1

p0        0.008771± 0.3109 
p1        0.3223± -0.2033 

 / ndf 2χ  0.08891 / 1
p0        0.008771± 0.3109 
p1        0.3223± -0.2033 

hRedCrossSecQ2_0_Yplus_7

0.004 0.006 0.008 0.01 0.012 0.014 0.016

0.5

0.505

0.51

0.515

0.52

0.525

0.53

0.535

0.54

0.545
 / ndf 2χ  0.004432 / 1

p0        0.01824± 0.5121 
p1        1.921± -0.9284 

 / ndf 2χ  0.004432 / 1
p0        0.01824± 0.5121 
p1        1.921± -0.9284 

hRedCrossSecQ2_0_Yplus_8

sta
t +

 3%
 sy

s



Reduced Cross-sections: A ∫Ldt = 10 fb-1
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 / ndf 2χ  0.002746 / 1
p0        0.01465± 0.4825 
p1        0.03147± 0.08363 
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 / ndf 2χ  0.02422 / 1
p0        0.01467± 0.4751 
p1        0.04262± 0.09289 
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p0        0.01467± 0.4751 
p1        0.04262± 0.09289 
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 / ndf 2χ  3.032e-05 / 1
p0        0.01462± 0.4654 
p1        0.06092± 0.05459 
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p0        0.01392± 0.4571 
p1        0.08633± 0.05613 

 / ndf 2χ  0.03491 / 1
p0        0.01392± 0.4571 
p1        0.08633± 0.05613 
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p1        0.151± 0.001435 
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p1        0.257± -0.1178 

 / ndf 2χ  0.08685 / 1
p0        0.01371± 0.431 
p1        0.257± -0.1178 
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 / ndf 2χ  0.01652 / 1

p0        0.01177± 0.4165 
p1        0.4332± -0.2931 

 / ndf 2χ  0.01652 / 1
p0        0.01177± 0.4165 
p1        0.4332± -0.2931 
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p0        0.01369± 0.3861 
p1        1.438± -0.452 
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p0        0.01369± 0.3861 
p1        1.438± -0.452 

hRedCrossSecQ2_0_Yplus_8

sta
t +

 3%
 sy

s



Reduced Cross-sections: A ∫Ldt = 10 fb-1
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 / ndf 2χ  0.5422 / 1
p0        0.002759± 0.0952 
p1        0.004353± 0.02637 
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 / ndf 2χ  0.03621 / 1
p0        0.003093± 0.102 
p1        0.006635± 0.01794 
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p1        0.01684± 0.01575 
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p1        0.02826± 0.01964 
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p0        0.004564± 0.1501 
p1        0.02826± 0.01964 
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p0        0.006002± 0.178 
p1        0.06063± -0.004085 
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p0        0.007149± 0.2249 
p1        0.1338± -0.0577 

 / ndf 2χ  0.1698 / 1
p0        0.007149± 0.2249 
p1        0.1338± -0.0577 
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 / ndf 2χ  0.08891 / 1

p0        0.008771± 0.3109 
p1        0.3223± -0.2033 

 / ndf 2χ  0.08891 / 1
p0        0.008771± 0.3109 
p1        0.3223± -0.2033 

hRedCrossSecQ2_0_Yplus_7
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 / ndf 2χ  0.004432 / 1

p0        0.01824± 0.5121 
p1        1.921± -0.9284 

 / ndf 2χ  0.004432 / 1
p0        0.01824± 0.5121 
p1        1.921± -0.9284 
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 / ndf 2χ  0.3777 / 1

p0        0.01462± 0.5039 
p1        0.02309± 0.1388 

 / ndf 2χ  0.3777 / 1
p0        0.01462± 0.5039 
p1        0.02309± 0.1388 
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 / ndf 2χ  0.002746 / 1

p0        0.01465± 0.4825 
p1        0.03147± 0.08363 

 / ndf 2χ  0.002746 / 1
p0        0.01465± 0.4825 
p1        0.03147± 0.08363 
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 / ndf 2χ  0.02422 / 1
p0        0.01467± 0.4751 
p1        0.04262± 0.09289 

 / ndf 2χ  0.02422 / 1
p0        0.01467± 0.4751 
p1        0.04262± 0.09289 
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 / ndf 2χ  3.032e-05 / 1
p0        0.01462± 0.4654 
p1        0.06092± 0.05459 

 / ndf 2χ  3.032e-05 / 1
p0        0.01462± 0.4654 
p1        0.06092± 0.05459 
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p0        0.01392± 0.4571 
p1        0.08633± 0.05613 

 / ndf 2χ  0.03491 / 1
p0        0.01392± 0.4571 
p1        0.08633± 0.05613 
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p0        0.01498± 0.4456 
p1        0.151± 0.001435 
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p0        0.01498± 0.4456 
p1        0.151± 0.001435 
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 / ndf 2χ  0.08685 / 1

p0        0.01371± 0.431 
p1        0.257± -0.1178 

 / ndf 2χ  0.08685 / 1
p0        0.01371± 0.431 
p1        0.257± -0.1178 
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p1        0.4332± -0.2931 

 / ndf 2χ  0.01652 / 1
p0        0.01177± 0.4165 
p1        0.4332± -0.2931 
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p0        0.01369± 0.3861 
p1        1.438± -0.452 

 / ndf 2χ  0.05238 / 1
p0        0.01369± 0.3861 
p1        1.438± -0.452 
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p0        0.01466± 0.5039 
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p0        0.01466± 0.5039 
p1        0.02318± 0.1388 

hRedCrossSecQ2_0_Yplus_0_2

0.1 0.2 0.3 0.4 0.5 0.6 0.7

0.41

0.42

0.43

0.44

0.45

0.46

0.47

0.48

0.49
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 / ndf 2χ      0 / 1
p0        0.01466± 0.4825 
p1        0.03148± 0.08363 
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p0        0.01466± 0.4751 
p1        0.04258± 0.09289 
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p0        0.01466± 0.4751 
p1        0.04258± 0.09289 
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p0        0.01462± 0.4654 
p1        0.06092± 0.05459 

 / ndf 2χ      0 / 1
p0        0.01462± 0.4654 
p1        0.06092± 0.05459 
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p0        0.01394± 0.4571 
p1        0.08645± 0.05613 
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p0        0.01394± 0.4571 
p1        0.08645± 0.05613 
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 / ndf 2χ      0 / 1
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p0        0.01178± 0.4165 
p1        0.4337± -0.2931 
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p0        0.01369± 0.3861 
p1        1.438± -0.452 

 / ndf 2χ      0 / 1
p0        0.01369± 0.3861 
p1        1.438± -0.452 
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Extracted F2 and FL: A ∫Ldt = 10 fb-1

9

-310 -210

0.1

0.2

0.3

0.4

0.5

F2 vs x

-310 -210
-0.4

-0.35

-0.3

-0.25

-0.2

-0.15

-0.1

-0.05

0

0.05

0.1
FL vs x

sta
t +

 3%
 sy

s



Extracted F2 and FL: A ∫Ldt = 10 fb-1
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What was wrong?

• Cross-section requires knowledge of “dx”

• I was binning in y and my transform to x had a 
mistake.

• This mistake was also in the cross-sections 
that Hannu was fitting but as he was fitting a 
ratio, these cancel….
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• Q) Do we need luminosities of 1034?

• Q) Can we perform F2 and FL measurements 
with integrated luminosities of < 10 fb-1?
➡ How many bins in FL can we measure?
➡ How do we do in comparison to HERA’s FL 

measurement?
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FL in HERA

12

Ep = 920 GeV (Q2 > 8 
GeV2): 97 pb-1

Ep = 920 GeV (Q2 < 8 
GeV2): 5.9 pb-1

Ep = 575 GeV: 4.9 pb-1

Ep = 46 GeV: 12.2 pb-1



Extracted F2 and FL: A ∫Ldt = 10 fb-1
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1 < Q2 < 1.778: Reduced Cross-sections: A ∫Ldt = 10 fb-1

14

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9

0.07

0.075

0.08

0.085

0.09

 / ndf 2χ  0.5422 / 1
p0        0.002759± 0.0952 
p1        0.004353± 0.02637 

 / ndf 2χ  0.5422 / 1
p0        0.002759± 0.0952 
p1        0.004353± 0.02637 
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 / ndf 2χ  0.03621 / 1
p0        0.003093± 0.102 
p1        0.006635± 0.01794 
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p0        0.004046± 0.1289 
p1        0.01684± 0.01575 

 / ndf 2χ  0.0133 / 1
p0        0.004046± 0.1289 
p1        0.01684± 0.01575 
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p0        0.004564± 0.1501 
p1        0.02826± 0.01964 

 / ndf 2χ  0.1092 / 1
p0        0.004564± 0.1501 
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p0        0.007149± 0.2249 
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To go lower in x, need to go to higher 
energy (20 GeV e- beams)
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Extracted F2 and FL: A ∫Ldt = 10 fb-1
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Summary and conclusions

• Bug fixed!

• F2 and FL calculation is NOT luminosity 
dependent!
➡ Systematic uncertainties drive the 

measurement

- Need to be understood as well as possible
➡ Acceptance (and hence beam energy) is 

crucial for getting into a regime where we 
can have x and Q2 dependence of F2, FL.
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