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Introduction: Why we want(ed) the LHC?

From “low” Q2 pp physics to W, Z and other medium Q2
LHC questions and answers.

QCD, TOP and “known” (?) SM physics at the LHC,
status and perspectives.

Higgs@LHC and searches for new phenomena, status and perspectives.

“Some kind of PPP2 “Summary”: The next few years at the LHC.



Hadron Collider Physics:
PPP-II Lecture 12 (22.5.2012)

Status and prospect for LHC running.
QCD physics at the LHC.
Physics with the top quark at the LHC.

“known’ electroweak SM physics at the LHC.



Status and Prospects for LHC data taking (I)

e (HC started at /s = 7 TeV (2010)
collecting roughly 0.05 fb~! (50 pb~1!) in 2010, 5 fb~! in 2011.

e Already 2.5 fb~! collected April/May at 8 TeV
and with a new peak luminosity 5 x 1033/sec/cm?!).

CMS Integrated Luminosity Per Day, 2012, {s = 8 TeV
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Status and Prospects for LHC data taking (II)

e The ¢(HC will end 2012. We expect 15 fb~! at 8 TeV
e Long Shutdown (LS) 1 (2013-14) for upgrade and repair
e Real LHC at 13 (147) TeV running between 2015-2017.

e Long Shutdown (LS) 2 in “2018" to increase luminosity and upgrade experiments for
high luminosity LHC (a few 100 fb—!/year)

@ Draft 10 years plan (z7/10/11)
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+ ATLAS: - Consolidation and new forward beam pipes

*  ALICE: detector completion

*  CMS:FWD muons upgrade + Consolidation & infrastructure
improvements

* |HCh: consolidations

2017 2018 2019 2020 2021
R R R R P R PR N R R R T FER R R |
0oP2 Long Shutdown 2 Operation period 3 {OP3)
(Ls2)




Status and Prospects for LHC data taking (III)

How do people predict sensitivities and integrated Luminosities? Neyent = o x L(umi)

e Peak and average luminosity? Record so far in 2012: 5 x 1033/sec/cm?
Average “fill luminosity” ~ 1/2 X Lypeqk.

e One “good(?)"” day = 24 x 3600 sec = 86400 sec (=~ 10° sec). Expected integrated daily
luminosity = 2.5 x1033/sec/cm? x 4 x 10%sec (collisions for 50% of the time)
L(day) ~ 1038 /cm? = 100 pb~1!/ day!
For a cross section of 1 pb(arn) = 10712 x 107%*cm? and L(umi) = 100 x 1038 /cm? expect
100 events/day!

(with 1 barn=! = 1072*cm~2 more at http://en.wikipedia.org/wiki/Barn_(unit))

e LHC (2012): expected luminosity 10-20 fb~1.
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http://en.wikipedia.org/wiki/Barn_(unit)

Status and Prospects for LHC data taking (IV)

hard QCD physics, top production, W, Z production with

many jets and

high mass Z*, and pair production of WW, WZ and ZZ.
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hard QCD Physics at the 7 TeV LHC (I)
hard QCD physics with Q? to multi TeV?2:

gg,qg,qq — Mmulti jet final states.

Comparing data versus theory for different “observables’:
d?c/dp:/dn for jets (or jet systems); invariant mass of jet system(s);
jet multiplicity versus mass of the jet system, substructure of jets.
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hard QCD Physics at the 7 TeV LHC (II)

Comparing data versus theory for different “observables”:

invariant mass of jet system(s);
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Figure 1: Measured double-differential dijet production cross sections (points), scaled by the
factors shown in the figure, as a function of the dijet invariant mass, in bins of the variable

|9, compared to the theoretical predictions {curves). The horizontal error bars represent the
bin widths, while the vertical error bars represent the statistical uncertainties of the data,
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Figure 2: Ratio of the measured double-differential dijet production cross section over the the-
oretical prediction in different rapidity bins. The solid band represents the experimental sys-
tematic uncertainty and is centered around the points. The error bars on the points represent
the statistical uncertainties. The theoretical uncertainties due to PDF and the strong coupling
constant as{ M) (solid blue), renormalization and factorization scales (dashed red), and non-
perturbative effects (dashed-dotted green) are shown as curves centered around unity.
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hard QCD Physics at the 7 Tev LHC (III)

A particular sensitive “QCD" final state: pp — vvX
(NNLO calculation, M. Grazzini et al 2012!)
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Physics with top quarks at the LHC (I)

Top quark: What we would like to know?
mass of the top quark, decays other than ¢t — Wb, production cross
section and the mass of the ttX system.
(Or, as always: properties, decays and production/interaction dynamics)
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Physics with top quarks at the LHC (II)

Identification of pp — tt — WtbW b events:
Require 1 or 2 isolated leptons, some missing transverse momentum and
some b-flavored jets. Next measure ‘“event” dynamics and “correct’” for
background, efficiency and detector effects.
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Figure 2. Distribution of Fr for events with at least two selected jets and passing the full dilepton
selection criteria without b tagging, except for the Jr requirement for ete~ (left), u*u~ (centre),
and e pT (right) from data (points). The signal and background predictions from simulation are
shown as the histograms. The last bin includes the overflow contribution.
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known electroweak SM physics at the LHC (I)

W (Z) production with many jets,
in agreement with theoretical calculations (so far!)
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Figure 5. Exclusive number of reconstructed jets in events with W — ev (left) and W — uw
(right). Points with error bars are data, histograms represent simulation of the signal (yellow),
tt and single top backgrounds (orange) and other backgrounds (purple). Error bars represent the
statistical uncertainty on the data. These distributions have not been corrected for detector effects
or selection efficiency. The ratio between the data and the simulation is shown in the lower plots.
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known electroweak SM physics at the LHC (II)

High (v, Z)* production: no excess found!
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known electroweak SM physics at the LHC (III)

WW (and WZ, ZZ) production so far “unfortunately” in good agreement
with theory
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Summary and outlook for the final lecture
(next week 29.5.2012)

SM measurements at the 7 TeV LHC demonstrated:

e EXxcellent agreement between theory calculations and experiments.
Some deviations can be understood from the absence from higher
order theory calculations.

e Little “room” left to observe surprises with such measurements.

e Unfortunately also little room left for significantly higher precision
measurements in many areas!

Next week 29.5.2012 (final lecture): Status and Prospects of Higgs,
Supersymmetry and other searches. Followed by a *‘“discussion’” about
future collider physics after the 7-8 TeV LHC and ..

a little round table apero chat!
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