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In May 2008 final stage of a 4 year series of meetings at DESY and CERN.

Designed to increase interaction between HERA and LHC communities.

With lots of additional smaller meetings, e.g. working weeks and working group
meetings.

Attended majority of these, including initial and final (few) meetings, and various
offshoots (later), although no formal involvement in organization.
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5 core working groups.

– Parton density functions

– Multi-jet final states and energy flows

– Heavy quarks (charm and beauty)

– Diffraction

– Monte Carlo tools.

Have been rather more involved with some of these than others, and am more qualified
to talk on some than others.

Summary will obviously reflect this, and will largely be highlights rather than a list.
No apologies to those not mentioned – default state.

Will order roughly by topic, but not always Working Group (many overlapping sessions).

(Also try not to dwell on topics covered in detail in past few days.)
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Parton Distribution Functions

At core a session acting as a PDF4LHC meeting, focusing on central topic of most
recent data and fits.

Most interesting “new” data clearly that on FL(x,Q2) (Grebenyuk, Lenderman).

Data from earliest analysis consistent with NLO predictions from various groups.
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Potentially the most important data presented (probably at whole meeting) the
averaged HERA measurement of total inclusive cross-section (Li).

Significant elimination of correlated
errors. Accuracy of 1 − 2% over
enormous range of both x and Q2.
The best test of factorization and
perturbative QCD that we have.

However, data still preliminary, and at
the meeting far more attention paid
to presenting
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Fit by HERA groups to this (still preliminary!) data

Impressive reduction in uncertainties. However, in comparing with CTEQ and MSTW
there are lots of things to consider – heavy flavour treatments, and particularly number
of parameters. Much smaller in these fits with unseen constraints

Personally would rather like to see the real final data.
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PDF Fitting Groups

Detailed presentation of the CTEQ6.6 PDFs for the first time (Nadolsky). Major
changes, adoption of general-mass heavy flavour scheme as as default (also in 6.5)
and fit to strange quarks directly (using complicated parameterization). Now 44
(previously 40) eigenvector sets.
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Also a major emphasis on presenting the correlation between different PDFs and
consequently physical quantities, e.g. anti-correlation between relatively light W, Z
production where x ∼ 0.005 and heavy tt̄ production where x ∼ 0.1.
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MSTW have preliminary 2008 set based on a fit to a very wide variety of new data.
Also have strange as free parameter, but closer to previous distribution (increases
uncertainties). Now 40 (previously 30) eigenvector sets.
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* rapidity distribution from CDFγZ/Most important inclusion of lots of
new Tevatron data which gives detailed
information of quark decomposition since
it probes different weightings than
structure functions.

Also new dynamical determination of
tolerance. No fixed ∆χ2 – analysis
eigenvector by eigenvector.
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For example, dV (x,Q2) now chooses a
different type of shape.

Mainly changed by new Tevatron W -
asymmetry data and new neutrino
structure function data.

Uncertainty growing more quickly as
x → 0 and x → 1 than before due to
better parameterisation in determining
uncertainty eigenvectors.
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uncertainties
Without systematic
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 = 55 for 76 pts.2χCDF Run II inclusive jet data, Include CDF Run II inclusive
jet data in different rapidity
bins using kT jet algorithm
and D0 Run II mid-point
cone algorithm data.

Very good fit – χ2 = 55/76
and χ2 = 115/110.

CTEQ reported inconsistencies
in preliminary fits to jet
data, but mainly due (as
I understand) to CDF Run
II mid-point cone algorithm
data.

MSTW find much softer
high-x gluon with new data.
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Now much more stability in predictions for W and Z cross-sections for LHC and
Tevatron (in brackets) with common fixed order QCD and vector boson width effects,
and common branching ratios.

Increases from MRST2006 compared to MRST2004 due to improved (NLO) or
completed (NNLO) heavy flavour prescription.

Virtually no change from MRST2006 → MRST2008. Not guaranteed to be true for
all quantities.

Consistent with CTEQ6.6, but systematic differences mirror shape of gluon/quarks.

Ringberg HERA-LHC 11



Appearance of a new set of PDFs – presentation of those from the NNPDF group.
(Final at July PDF4LHC meeting.)

Attempt to lose restriction in uncertainty due to fixed parameterization limitations.
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Data split into training and validation sets for each copy, and χ2 for one monitored
while other minimized.

Avoid overcomplicating input PDFs by stopping when fit to validation sets stops
improving. Some judgement required. Fit quality seems slightly worse at best than
global fits.
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PDFs seem rather similar to existing global fit sets (note at present ZM-VFNS and
more limited quark decomposition.

Uncertainties generally only much bigger when there is a lack of data constraint
compared to global fits. However, method of determination completely different.
Interesting to see developments.
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Standard Candles

A special session on this. Question of possible luminosity determinations.

At LHCb (and ATLAS and CMS) in early running Z production probably best (limited
by fairly realistic 4 − 5% theory error). Later pp → pp + µ+µ− good at LHCb but
total and elastic cross-section measurements using forward detectors better at ATLAS
(ALFA) and CMS (TOTEM).
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I.e use TOTEM with coverage as shown.

Get about 5% precision after 1year – 3% claimed for ALFA. Of course TOTEM and
FP420 will add much more than this to physics reach.
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Note that it is certainly necessary to include electroweak effects to get maximum
precision on W, Z cross-sections (Piccini).

EW corrections to total cross-sections only a couple of percent (depends on EW
renormalization scheme – careful when looking at predictions).

Larger corrections in MT tail due to EW Sudakov terms αW ln2(M2
T/m2

W ).

Issue with EW corrections whenever a scale À mW,Z in the calculation. Much more
work on combining EW and QCD corrections needed for LHC.
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σtt̄ also proposed as a standard candle by CTEQ. Both theory and data uncertainties
may approach 5%?

Not there at present with theory (Mangano) due to PDF and cross-section uncertainty
(PDF difference likely ok, old certainties underestimated). Doubts raised on data.
Could maybe be future PDF constraint.
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However, most obvious constraint in
immediate term are vector boson
production.

Uncertainty on σ(Z) and σ(W+)
grows at high rapidity.

Uncertainty on σ(W−) grows more
quickly at very high y – depends on
less well-known down quark.

Uncertainty on σ(γ?) is greatest as
y increases. Depends on poorly
know (even after HERA) partons at
extremely small x.
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Measurements of all these bosons (and their ratios) good enough in one detector or
another to put new constraints on PDFs quite quickly.

Most dramatic high rapidity, low mass Drell-Yan. Possible at LHCb (Anderson).

This will not only constrain the PDFs within a fixed order though.
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Small-x resummations - talk by Forte here but my quick summary

Now similar results coming from
the White-RT, Ciafaloni-Colferai-
Salam-Stasto and Altarelli-Ball-Forte
procedures, despite some differences
in technique.

Full set of coefficient functions still
to come in some cases. Fit to data
only in White-RT approach.

Note NLO corrections lead to dip
in functions below fixed order values
until slower growth (running coupling
effect) at very small x.

May possibly be significant to small x
details, and spoil 3 − 4% theoretical
accuracy.

Back to FL(x,Q2) measurements.
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So far consistent with standard predictions – NLO, NNLO, a dipole model prediction
and resummed fit. Some possibilities (LO QCD) ruled out.

Comparison of different FL predictions
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Good measurements at lower Q2 may give an idea of how well to trust precision QCD.
Very interesting to combine these with high rapidity, low mass, Drell-Yan at LHC.
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Dipole Models, Saturation

As seen on last page, small-x automatically takes us to dipole models, saturation and
overlap with Diffraction session.

Watt presented extended dipole model with impact parameter b dependence,

Free parameters determined by fit to F2(x,Q2) and results compared to variety of
exclusive processes with good results.

Ringberg HERA-LHC 23



Saturation scale at very low x even for
b = 0 – falling to lower x as b rises.

Average for inclusive processes b ∼ 2−
3GeV−1.

Similar results from most sophisticated
and recent determinations of parameters
using saturation based dipole models.

At HERA impact of saturation on
inclusive quantities seems minimal.
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Geometric scaling often cited as evidence for saturation effects.

Simplest model shown. However, always going to be broken (higher orders, quark
masses, ...) by more than size of error bars.

Now lots of variations on the type of geometric scaling depending on sophistication.
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Theoretical evidence that geometric scaling can appear from DGLAP evolution (Caola).

More revealingly demonstrated that F2(x, Q2) generated from MRST and CTEQ
PDFs display all types of geometric scaling with good quality factors (Salek).

In this case there is no saturation in the input at all, yet is displayed by output.

Results suggest saturation effects in inclusive quantities at HERA are at very low scales.
Dipole approach and very probably saturation more important for understanding
exclusive quantities. Not convinced that geometric scaling (which type?) is evidence.

Ringberg HERA-LHC 26



Developments in Perturbative QCD - Jets.

Long known that initial cone-based jet algorithms are generally infrared unsafe

with quantitative finite consequences
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Soyez presented improvements with properties similar to older algorithms.

Correspondingly strong statement in introduction – Salam

Difficult not to agree.
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From personal experience, fitting to Run II Tevatron high-ET jet data, with improved
jet algorithms (kT algorithm for CDF) results in a significant change in the gluon.
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Particularly struck by new “anti-kt algorithm” which combines all soft partons within
“cone” with hard parton to produce “cone-like” jet definition.

Useful when using jet area to subtract underlying event and pile up, where PT/A is
fairly constant except for hard jets (Cacciari).
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Developments in Perturbative QCD - Calculations.

As presented by Zanderighi, lots of developments in NLO calculations.
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Developments at NNLO. Particularly full calculations of jet event shapes (Luisoni).

Reduces uncertainty in extraction of αS(M2
Z) compared to NLO, but high value.

Combination with additional resummations necessary. Nearing (reaching) completion
– (JADE – 0.1210 NNLO→ 0.1172 NNLO+NLLA).
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Even major progress in full NNLO calculation of heavy quark production in hadron-
hadron collisions (Czakon).

Exact contributions for virtual corrections to quark annihilations. Total quark
contributions in sight?
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Heavy Flavour

Already heard easily enough on
calculating F H

i (x, Q2) this week.

Upshot – MSTW and ACOT definitions
of GM-VFNS not very different.

Note easier to define at NNLO in GM-
VFNS than in FFNS.

NNLO FFNS needs new O(α3
S) matrix

elements even for Q2/m2
H → ∞ limit.

Calculation Bierenbaum, Klein.

Excellent new data. Can compare with
anything if extracted as F H

2 (x,Q2),
but need better than old (limited)
MRST04 and (older) CTEQ5 for best
extraction.
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There will similarly be excellent coverage of heavy flavour at the LHC (Bruno)

with LHCb and particularly ALICE having triggers to extremely low pT .

LHCb also measure charm with early running?
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Enormous cross-section for heavy flavour
production at LHC.

Doesn’t really matter that bandwidth for
trigger for B physics is only about 5%.

All detectors have a wide ranging
heavy flavour physics programme.
Measurements of

– open heavy flavour production

– heavy flavour jets

– quarkonium production

– oscillations

– rare decays.
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Measurements of heavy flavours
down to low pT and at higher
rapidity will test QCD in the same
manner as the low-mass Drell-Yan
production.

Constrain small-x PDFs, check for
small-x resummations, saturation
etc.

However, theory is even more
uncertain in this case. Predictions
show uncertainties of factors of 2.

Even more scope for variations.

Lot of work for theorists here.
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Possibility of very quick results on heavy meson production (Lytken – ATLAS).
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Diffraction at HERA

Major improvements over time in consistency between measurements,

Comparison of inclusive diffraction using Large Rapidity Gap definition (Ruspa).
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In addition inclusion of jet production has stabilised results of fit dramatically (near
to fit B and MRW results).

Now time for averaged data, and (subsequently) combined fits.
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Then can be used at LHC.
However, while diffractive PDFs
obey factorization, i.e. can
determine evolution and combine
with hard coefficient functions, the
factorization is not universal.

Very simple application of extracted
PDFs to Tevatron data does not, and
was never expected to work.

Factorization known to be broken
in hadronic diffraction due to soft
interaction filling in gaps in both
initial and final states.

Interpreted as phenomenological “gap survival” probability. Can give some reasonable
accuracy for prediction of LHC processes.

Khoze – “ .. not all alike. Dependence on the nature of the basic process, kinematical
configuration, cuts ....”
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Predictions for Diffractive processes at LHC can be tested at Tevatron.

ExHuME (Monk, Pilkington) based on KMR calculation with a 4.5% gap survival
probability.
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In principle test also in diffractive photoproduction. Naive guess – direct contribution
(like DIS) satisfies factorization, resolved (like hadronic) – gap survival ∼ 0.3.

Initially ZEUS and H1 data did not agree well, and suggestion of suppression ∼ 0.5 at
all xγ.

Recent improvements in understanding data differences.
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Thorough coverage by Kramer
this week.

Suppression (gap survival)
factor of ∼ 0.4 for all
gives best match. Others
have problems at highest xγ

– but better at high ET .
Still matter of investigation
Klasen, Kramer).
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Monte Carlos and related tools

Considerable work on new shower developments noted by Gieseke.

Also new dipole showers in Sherpa – Siegert
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Update on status of all the major Monte Carlo generators and associated tools.

CASCADE – very different to standard MCs, based on generation of unintegrated
PDFs via CCFM equation. Advantages (Hautmann)

Seems very successful in some regimes.
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Also disadvantages

From experience in similar situations concern that these may be rather important in
many cases. Comparison to MC@NLO for top production Jung.

Just starting to add essential corrections, e.g. valence quark contributions (Deak).
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ARIADNE - based on colour dipole cascade model Lönnblad.
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Sherpa – various improvements outlined by Seigert.

Along with new method for calculating high multiplicity cross-sections COMIX
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Lots of improvements in new update HERWIG++.

Now available for a lot more people to start using – (Richardson).
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Particular improvement in description of underlying event (Bähr).
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Lots of improvements in new update PYTHIA8.

Point 4 due to suggestion that some PDFs, e.g. LO, are appropriate for some process,
e.g. underlying event, and others, e.g. NLO for different processes, e.g. W, Z
production. Not likely to be used. Full circle to PDF4LHC.
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One approach, obtain PDFs by fitting using Monte Carlo – PDF4MC (Jung).

A lot of work to do thoroughly.

My concern that good simultaneous
fit will be difficult.
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Problem with working entirely at LO, most NLO corrections positive, many large.
Global good fit and predictions not possible.

→ Modified LO partons for LO Monte Carlos – RT, Sherstnev. Enhancement of
LO* partons from momentum violation, plus use of NLO coupling with Monte Carlo
inspired scale in αS generally leads to best match to full NLO predictions.

Leads to much better prediction for Higgs (and many other processes) than LO or
NLO PDFs. LO* and LO** available at LHAPDF for a few months.
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Similar sets in preparation by CTEQ. Presented at PDF4LHC in June 2008 (Huston).

Based also (sometimes) on momentum violation in input and sometimes in this case
fitting to pseudodata.

Similar to MRSTLO* and not CTEQ6.6. Final version to be decided on soon.

PDFs for Monte Carlos (one of many) ongoing project(s).
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Conclusions

Consider objectives – as listed by Hannes Jung.

Clearly been very successful in all of these, and Hannes and Albert deserve both
congratulations and thanks.

Couple of minor comments:

– As talk shows, despite name of Workshop Tevatron results and people also made
big contribution and involved in collaborations.

– Lot of people at LHC who looked in at first meeting decided to forget about
importance of QCD. Will be forced to remember when data comes in.
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Future

Clearly end of Workshops in this precise form.

However, work started will undoubtedly continue in some form.

From Parton density functions working group have developed PDF4LHC committee
and series of smaller workshops – February, July and September 2008.

Already been a MC4LHC workshop, and continuing effort in MCNET network.

It would seem as though there is definitely scope for something similar along the lines
of Jets4LHC, Diff4LHC, CandB4LHC etc..

Really should build on the good work started and many collaborations established by
the HERA-LHC series.
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