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MAIN TOPICS

The Large Hadron Collider (LHC) at CERN has started taking data in Autumn 2009 and collected, through the Summer of 2010, a large amount of data, which allowed a first complete assessment of the features of QCD processes at the center of mass energy of 7 TeV.  In particular, measurements were available at the time of the Workshop on all key QCD observables:
· global properties of the final state structure of pp collisions

· production rates and distributions of high transverse momentum jets

· production rates and distributions of W and Z gauge bosons

· production rates and distributions of heavy quarks
The Workshop provided therefore a very timely opportunity to discuss, among world-leading experts of the field, these important results, and to plan future efforts for the interpretation and the exploitation of these valuable data.  In parallel, the Workshop provided a unique forum for the presentation of recent theoretical calculations, notably of advances in the techniques for the estimates of higher-loop processes, of the theoretical Monte Carlo modelling of pp collisions, and of more accurate determinations of the proton structure in terms of parton distributions. These three topics were covered in great detail during the afternoon meetings of the three discussion groups, dedicated to “multilegs and higher-loops”, to “MC modelling”, and to “parton distribution functions” (PDFs). 
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SCIENTIFIC REPORT:
About 50 invited participants attended the Workshop, partly supported by ECT*, partly self-supported. All LHC experiments, as well as experiments from the ppbar Tevatron collider and from the ep HERA collider, were represented, and contributed by giving detailed reports on the ongoing analyses, as well as by actively participating and steering the discussions of the working groups. Of particular value in promoting the interaction of theorists and experimentalists were some sessions dedicated to the PDFs and to the MC generators, where all outstanding issues in the comparisons of current data with the theoretical QCD calculations were discussed. For example, one session of the MC WG focused on recent measurements, by the CMS experiment, of a “ridge structure” in pp final states with large particle multiplicity. This measurement, which indicates important discrepancies between the QCD modelling and the data, and which appears to suggest some connection with similar structures observed in collisions among relativistic nuclei at RHIC, had been reported only few weeks before the Workshop. The discussions that took place at ECT* were the first coherent effort to identify the sources of these discrepancies, and led to several suggestions towards their understanding. 

Important discussions took place also in the PDF sessions, where members from all the groups engaged in the parameterization of the parton densities of the proton were represented. The ECT* Workshop, in fact, was used as the occasion for a meeting of the PDF4LHC working group, which is currently preparing a report of a several-year-long activity. The ECT* meeting provided the ideal environment to openly discuss several outstanding issues, ranging from the treatment of heavy quarks in the proton, to the determination of the QCD coupling constant from PDF fits, to the assessment of the systematic uncertainties in these fits. 

The landscape of QCD phenomenology at the LHC was completed with reviews of the plans for the forthcoming heavy ion run, and with the discussion of the theoretical issues facing the interpretation of the data on b-hadron decays which are being analysed by the LHCb experiment.
RESULT AND HIGHLIGHTS
All key questions that were included in our initial proposal for the Workshop have been covered:

1. What is the outcome of the first comparisons of data and predictions at the LHC? How does the current description of QCD at LHC energy score?

2. Which theoretical predictions about key hard scattering processes to be measured need further improvement?

3. What are the scattering processes for which further, resp. more detailed, theoretical calculations have to be performed ?

4. What is the detailed behaviour of parton distributions in the kinematic region at the LHC and which strategies have to be employed to extract these distributions with the highest possible precision?

5. What is needed to improve the main Monte Carlo simulation codes?

6. Did we reach an understanding of the standard candle processes which is sound enough for the luminosity monitoring required?

7. Do we understand the backgrounds to the first important searches for new particles, such as the Higgs boson(s) and supersymmetric signatures ?

8. What is the theoretical status to understand key measurements in $B$-physics?

9. What is the theoretical status to understand key measurements in heavy ion collisions ?

In several cases, clear-cut answers have emerged. For example, we can certainly claim that indeed perturbative QCD emerges from this first comparison against LHC data as a robust theoretical framework. The agreement of theory and data is impressive, possibly far better than one could have anticipated. Observables in the non-perturbative regime have also been identified where some theoretical improvement is required (e.g., the ‘ridge” mentioned above, as well as some other global-event properties, such as inclusive multiplicities of strange  particles). More accurate estimates of the multi-jet backgrounds to new-physics searches have been presented, for the first time, at this meeting, and many ideas on new observables with reduced theoretical systematic uncertainty have been discussed (e.g. cross-section ratios).

The detailed agenda, as well as the slides of the talks, can be found at the URL   http://indico.cern.ch/conferenceOtherViews.py?view=standard\&confId=93790. We had 24 plenary talks, plus 3 plenary WG reports at the end of the meeting. In the discussion sessions we had 36 presentations, triggering ample discussion, which continued during the various coffee breaks and the valuable common dinners. 

On behalf of all participants, we would like to acknowledge and thank the secretarial support, which handled very efficiently the logistics of the meeting, both before and during the Workshop. The facilities were impeccable, the accommodations in the Hotels of high quality, and the dinner venues very pleasant.
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