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Introduction

 PDFs are essential for precision physics at LHC and other hadron colliders:
o Low x: standard candle processes, W, Z production
o High x: production of new heavy particles, study of their properties
 Separation of PDFs is important

o DIS is the tool to study PDFs:

[slide fromC. Gwenlan]
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Studied LHeC simulated scenarios

 Studied scenarios (produced by Max Klein)
 Scenario B:

o E(e±) = 50 GeV
o E(p) = 7 TeV

o Pol = ±0.4
o Lumi e+p = 50 fb-1

o Lumi e-p = 50 fb-1

 Scenario H:
o E(e-) = 50 GeV

o E(p) = 1 TeV
o Pol=0
o Lumi e-p = 1 fb-1

 The central values of the cross sections are based on the HERAPDF1.0 settings
 The uncertainties are taken from the simulated tables (Max Klein)
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LHeC simulated data

 Scenario B: Ep=7TeV, Ee=50 GeV, Pol=±0.4
o Kinematic region:

• 2 < Q2 < 500 000 GeV2, 0.000002 < x < 0.8

o Typical uncertainties:
• Statistical <1% (it ranges from 0.1% (low Q2) to 45% (highest x, Q2  CC))
• Uncorrelated systematic: 0.7 %
• Correlated systematic: typically 1-3 % (for CC high x up to 9%)

 Scenario H: Ep=1TeV, Ee=50 GeV, Pol=0
o Kinematic region:

• 2 < Q2 < 100 000 GeV2, 0.000002 < x < 0.8

o Typical uncertainties:
• Statistical <1% (it ranges from 0.1% (low Q2) to 45% (highest x, Q2  CC))
• Uncorrelated systematic: 0.7 %
• Correlated systematic: typically 1-3 % (for CC high x up to 9%)

 Also Included in the fit:
o 1% luminosity, 0.5% theoretical lumi

 At HERA: total uncertainty: up to 1% at low Q2, x and 10-20% at high Q2,  x
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Q2min=3.5GeV2
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Settings for the PDF determination

 Same settings as for HERAPDF1.0 has been used [JHEP 1001:109, 2010]:

o Data:
• To assess the impact of LHeC, published HERA I data has been used (NC, CC e±p data, P=0)

♦ Kinematics of HERA data: 0.65>x>10-4, 30 000 >Q2>3.5 GeV2

♦ Kinematics of LHeC simulated data: 0.8> x >10-6, 500 000 > Q2 >3.5 GeV2

• LHeC data: NC e+p, NC, e-p, CC e+p, CC e-p postive and negative polarisations P=±0.4
• Q2

min=3.5 GeV2

• Uncertainties are estimated using Hessian method
♦ 113 for HERA data, 0.5% on correlated lumi between all data sets
♦ 1% lumi for LHeC data, 1 total systematic uncertainty for each LHeC data (correlated)

o Theory:
• NLO DGLAP [QCDNUM package], RT scheme
• Fitted PDFs:

♦  Impose the fermion and momentum sum rules
♦  One B parameter for sea and one for valence



Voica Radescu LHeC Workshop, Chavannes 2010 7

Uncertainty treatment in the fit

 The impact of the LHeC data is studied at the level of the experimental uncertainty
 Monte Carlo techniques has been used to evaluate the experimental uncertainties:
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Impact of LHeC on PDFs: gluon

 Impressive impact of the LHeC simulated data on PDFs:
o At high x (see linear plot) and at very low x (see log x plot)!

HERA HERA

* All uncertainties are shown at the starting scale Q2=1.9 GeV2
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Impact of LHeC on PDFs: gluon

 Impressive impact of the LHeC simulated data on PDFs:
o At very low x (see log x plot) and at high x (see linear plot) too!

[Consistent with E.Perez]
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Impact of LHeC on PDFs: u valence

 Similarly for u valence (linear and log plots are shown)
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Impact of LHeC on PDFs: d valence

 It is harder to measure, but LHeC gives very good precision, nonetheless
o Scenario H (low energy runs for LHeC) has impact especially at high x
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Impact of LHeC on PDFs: sea = 2(usea+dsea)

 Beautiful reduction of the uncertainties given the precision and kinematic span of
the LHeC simulation.

Accurate high x sea is important to study production of heavy particles at the LHC, e.g. Z'
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Unconstrained setting

 Usual assumptions for light quark decomposition at low x may not necessary hold.
 Relaxing the assumption at low x u=d , we observe that uncertainties escalate, this has been

shown that would impact considerably the size of uncertainties which could propagate
further to Ws at the LHC up to 5% in the plateau region!

o One can see that for HERA data, if we relax the low x constraint on u and d, the errors are
increased tremendously!

o However, when adding the LHeC simulated data, we observe that uncertainties are visbly
improved even without this assumption.
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Impact on d/u ratios
 Standard  decomposition:

 Unconstrained sea decomposition:
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LHeC impact on the PDF+EW fits

 Simultaneous PDF and EW fit, using LHeC data alone (scenario B has been used):
o Determine neutral current axial and vector couplings (au, vu, ad, vd)

 0.196
 0.5
-0.346
-0.5 Claire’s results:
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Summary

 Studied the impact of 2 LHeC scenarios (high and lower energies) on PDFs:
o Based on the HERAPDF settings
o mix of high/low energy improves precision by better coverage at high x, hence better flavour

decomposition.
• (study performed using only proton scenario, but there is also deuteron scenario)

 Observe a significant improvement in the precision of the PDFs with the LHeC simulated data;

 All parton distributions can be pinned down

 EW+PDf fits show tight constraints on neutral current vector and axial quark couplings
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Backup

 Standard vs Unconstrained settings (HERA I)
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Effect of the unconstrained fit (using HERA data)
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Standard vs Unconstrained for gluon


