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NLO issues - Maitre
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Issue in dijet production. Scale for high-rapidity jets.

For jet production probed at the Tevatron scale and PDF uncertainty similar (and
both similar to data systematic uncertainty)
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Consider two dijet processes with similar energy jets, but with one at much smaller
angle to beam.
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Generally use scale based entirely on pT . Is the second event really that much less
hard than the first?

1983 paper from S. Ellis, Kunszt and Soper suggests

µ ∼ MJJ/(4 cosh 0.7y∗) ≈ pT/2 exp(0.3y∗)

as stable choice over full range. Mainly pT but some acknowledgement of hardness
not associated with pT . Qualitatively what seems to solve problems. Seems sensible
to me. Personally would prefer pT exp(0.3y∗) (avoiding small scales), but same idea.
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Why is highest pT and particularly highest MJJ at high y a problem for stability in
scale variation, i.e. why can pT/4 or even pT/2 give negative results.

Highest pT
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In first case one x very large other quite small, in second both x values very large. In
both cases pT not too large.

Possibility – at large x values PDFs fall quickly and roughly exponentially with scale.

Small scale choice instead of f(x1, Q
2) get PDF and correction at NLO like

f(x1, µ
2
F ) + αS(µ2

R) ln(Q2/µ2
F )P 0

qq ⊗ f(µ2
F )

where second term large and negative, and in dijet a term from each PDF.

Like writing exp(−2x) ≈ exp(−x) ∗ (1 − x) when x not that small – unstable.
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Of course, NNLO corrections (Grazzini) would be useful in quantifying these issues.

Use NNLO PDFs.Would ideally like NNLO calculations for the important data sets in
fits, e.g jets.
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Consideration of NNLO

Very good evidence that one should use NNLO if at all possible rather than NLO –
many physical cross-sections, particularly gg → H, not very convergent.

Fewer PDF sets available (soon to change?), can study differences between them
better at NLO, but for central prediction need NNLO.

Related to issue of use and uncertainty of αS(M2
Z). Noted systematic change in value

from fit as one goes from NLO to NNLO. Seen in (most) other extractions. Also
highlighted in stability of predictions.

Consider percentage change from NLO to NNLO in MSTW08 predictions for best fit
αS compared to fixed αS(M2

Z) = 0.119.

σW (Z) 7TeV σW (Z) 14TeV σH 7TeV σH 7TeV
MSTW08 best fit αS 3.0 2.6 25 24
MSTW08 αS = 0.119 5.3 5.0 32 30

αS(M2
Z) is not a physical quantity. In (nearly) all PDF related quantities (and many

others) shows tendency to decrease from order to order. Noticeable if one has fit at
NNLO. Any settling on, or near common αS(M2

Z) has to take this into account.
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Living with NLO. Presentation and analysis of results.

Very new results from D0 (arXiv 1104.1986) - i.e. this Tuesday.

Best fit by eye?
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Seems like an excellent way to present significance of results. Groups can then study
effects on central values uncertainties (consistency) etc..
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Electroweak Issues - Muc̈k

This scheme is not always the default, so be careful.

In particular “official” PDF4LHC benchmark does not use this, so σZ a bit low.
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Need consistent, and clear, presentation of results on W and Z results regarding this.
Particularly interested in effect on effect on cuts on pT in lepton asymmetries. Results
very sensitive indeed to this.

At present PDF fits are not including any allowance for the photon radiation, assuming
all effects accounted for in data.
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Is there an urgent need for an update of PDFs including QED evolution?

Change in quark and gluon PDFs very small, rather smaller than many other effects,
particularly change in MSTW2008 compared to MRST2004. (Unless you are interested
in charge symmetry violation.)

If γ(x,Q2) distribution needed, this will be similar to that in MRST2004. Uncertainty
dominated by model assumptions, e.g. effective light quark masses.
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CDF mW determination trying building EW effects on top of RESBOS and alternatively
pT resummation on top of HORACE. Not sure of results.
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How significant is the breaking of factorisation likely to be? Is the assumption good
enough?
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PDFs – Forte.

Indeed PDF uncertainties are statistical. PDF fits very strongly correlated. naively
should largely agree but some have greater uncertainties than others.

IPPP – April 2011 17



Variations in Cross-Section Predictions – NLO

Is this what happens.
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Unfortunately not. Dotted lines show how central PDF predictions vary with αS(M2
Z).

Plots based on PDF4LHC benchmark criteria, but from extensive independent study
by G. Watt.

Clearly much more variation in predictions than uncertainties claimed by individual
groups.
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W+ + W− cross-section. αS(M2
Z) dependence now more due to PDF variation with

αS(M2
Z).

Again variations somewhat bigger than individual uncertainties.

Roughly similar variation for ŝ up to a few times higher.

All plots and more at http://projects.hepforge.org/mstwpdf/pdf4lhc
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Differences also clear in
rapidity distributions.

Plot from PDF4LHC Interim
Report.

Shape discriminating and
improved normalisation uncertainty
is important.

Would prefer absolute cross-
section to normalised cross-
section if possible.
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Deviations In predictions clearly much more than uncertainty claimed by each.

In some cases clear reason why central values differ, e.g. lack of some constraining
data, though uncertainties then do not reflect true uncertainty.

Sometimes no good understanding, or due to difference in procedure which is simply
a matter of disagreement, e.g. gluon parameterisation at small x affects predicted
Higgs cross-section.

What is true uncertainty. PDF4LHC interim recommendation take envelope of global

sets, MSTW, CTEQ NNPDF (check other sets) and take central point as uncertainty.

Not very satisfactory, but not clear what would be an improvement, especially as a
general rule.

Usually a factor of 2, or less, expansion of MSTW uncertainty.

Only to b used to make calculations when necessary to have some conservative (but

not too conservative) estimate of uncertainties from PDFs, e.g. exclusion limits,
acceptance corrections (if necessary).

For measurement testing PDFs compare to different PDFs (whichever you like – as
many as possible), e.g. like D0 3-jet measurement.
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Top-antitop Cross-section – Signer

Inclusive cross-section known approximately to NNLO
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Intrinsic theory uncertainty not very large.

Data getting precise. Main uncertainty in PDFs, not in individual uncertainty but
choice of set.

IPPP – April 2011 23



Plots by G. Watt
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Differences between groups significant at NLO, and at NNLO.

Approx NNLO using HATHOR - (Aliev et al), includes scale-dependent parts and
large threshold corrections at NNLO. Hence some theoretical uncertainty, but NNLO
corrections not large at LHC. See lower NNLO αS improves stability.

Top cross-section measurement potential discriminator of PDF sets, and correlated
to Higgs predictions. ATLAS and CMS preliminary combined very naively σtt̄ =
0.169 ± 0.14pb.
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From PDF4LHC talk at CERN, March by Watt
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