. {Establishing Standard Model @ LHC

Physics at the Energy Frontier
—QCD
- Soft Particles - Hard Jets
— Flavor sector
- J/Y, Upsilon, B mesons, b-jets
— Electroweak
» Direct Photons = Z cross section
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About 47pb-1 delivered by LHC and ~43pb-! of data collected by CMS. Overall data
taking efficiency ~92%. 6pb-! of data integrated in a good fill. Excellent performance in
coping with more than 5 order of magnitude increase in instantaneous luminosity.
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Average operational channels per CMS sub-system still >99%.
Quality of the data for physics ~80% (likely 85% after re-reco)
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Figure 7: The evolution of the mean charge multiplicity with the centre-of-mass energy for
i7| < 24, including data from lower-energy experiments for || < 2.5 [37, 70-72]. The data
are compared with predictions from three analytical Regge-inspired models [41-43] and from

a saturation model [44].
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EXPERIMENT
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leading track

toward
|Ag| < 60°

ransverse
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away
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Study underlying event
characteristics using
particles transverse to
leading track
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Mean vs Multiplicity
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Both ATLAS and CMS
have determined best
“tunes” for pythia
underlying event soft

QCD model

Especially important for
data-MC agreement
needed for event
quantities (MET) and
1solation ...
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(a) CMS MinBias, pr>0.1GeVIc (b) CMS MinBias, I.OGOVfc<p'<3.0GeVIC
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Figure 7: 2-D two-particle correlation functions for 7 TeV pp (a) minimum bias events with
pr > 0.1GeV/¢, (b) minimum bias events with 1 < pr < 3GeV/¢, (c) high multiplicity
(N";Ti“" = 110) events with pr > 0.1 GeV/c and (d) high multiplicity (Ngffi“"' = 110) events
with 1 < pr < 3GeV/c. The sharp near-side peak from jet correlations is cut off in order to
better illustrate the structure outside that region.
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Figure 1: Ag g distributions in different leading jet pf** regions. The curves represent pre-
dictions from PYTHIA, HERWIG++, and MADGRAPH. Detector resolution effects on jet p and
position have been included in the MC predictions at the generated particle level (GEN-SMR).

The data points include statistical (inner ticks) and systematic uncertainties.
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J/W Production
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Upsilon Production
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b-Jet Production
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@ATLAS W Signal and P; Spectrum
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P of the boson is a
laboratory for
understanding soft
QCD at low P and
hard QCD (NLO)
at high P
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EWK Cross-sections

, arXiv:1012.2466v1 [hep-ex] 11 Dec 2010
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@ATLAS W & Z Cross section

EXPERIMENT
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GRAPH are shown, normalized to the NLO cross section from MCFM. On the left, the jet
Et threshold is 15 GeV; predictions obtained from PYTHIA with different tunes (PO [38] and
ProPTO0 [39]) are also shown. On the right, the jet Er threshold is 30 GeV. The error bars are

statistical only.
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CMS PAS EWK-10-001 22 Jul 2010

CMS preliminary 2010 Ns=7TeV
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@ATLAS

W + Jets Multiplicity
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SEA W + Jets Py

arXiv:1012.5382vl1 [hep ex] 24 Dec 2010
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EXPERIMENT

@ATLAS W + Jets Ratio

arXiv:1012.5382v1 [hep-ex] 24 Dec 2010
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Early study comparing to NLO QCD event generators
Both CMS and ATLAS have x30 data already
Expect new results in Spring for both W and Z
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W Lepton py Fits

W Transverse Mass Fits
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Summary

LHC is off to a wonderful start in 2010
— The detectors and accelerator are working well
— The Standard Model is well established at 7 TeV scale

- Several strong and electro-weak processes are
measured already

— Look forward to several fb—! data at 8 TeV in 2011-2012

 Detailed measurements, e.g., charge asymmetries, to
Improve parton distribution functions, improve W, top
mass ...

 Firmly establish vector-boson + jets and other processes
to validate QCD NLO calculations and event generators

 Multi-boson production

 Prepare stage for unambiguous discoveries of higgs,
SUSY and exotic new physics
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