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The current status of construction of the Large Hadron Collider LHC
and the two multi-purpose detectors ATLAS and CMS is reported. The
steps necessary to be ready for taking and understanding therst data
expected in the second half of 2007 are brie y explained. Exaples for early
measurements of Standard Model processes are given. The ppectives for
discovery of new phenomena in the elds of Higgs bosons, Supymmetry,
and Extra Space Dimensions are summarized.
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1. Introduction

The Large Hadron Collider LHC currently under construction at CERN
will come into operation in less than two years from now. It wil provide
proton proton collisions at a center-of-mass energy s = 14 TeV at a de-
sign luminosity of 103 cm 2s 1. It will thus extend the mass reach for the
discovery of new particles by almost an order of magnitude eopared to pre-
vious colliders and allow for the rst broad-band survey of rew phenomena
at the TeV energy scale. While it is di cult to predict how fas t the design
luminaosity will be reached, it is clear that this will not hap pen immediately
after turn-on. This talk will mainly address the question what physics can
be expected in the rst years after LHC turn-on. The physics aitcome in
this phase does not only depend on the integrated luminositfseveral fb *
may be expected by the end of 2008) but also on the understamtj of the
detectors as well as of the instrumental and physics backgumds. The com-
missioning and calibration of the detectors will be underten in steps, some
of which are starting already now. In addition to test-beam and cosmic data,
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understanding the detector and the backgrounds will need dbision data as
well as most advanced theoretical calculations and Monte G# generators.

This talk is organized as follows: rst the status of the LHC and the
two multi-purpose detectors ATLAS and CMS is summarized. Tlen the
strategy for detector commissioning is explained followedby a description of
early measurements of Standard Model (SM) process. Finallyhe potential
for discovery of new phenomena is summarized, focusing ondbe cases
which require only moderate integrated luminosity.

2. The LHC and the experiments ATLAS and CMS

The LHC is constructed in the former LEP tunnel at CERN. The 27km
ring will host 1232 superconducting dipole magnets each obIm length pro-
viding a 8.33T bending magnetic eld for the 7TeV proton beanms. To
achieve design luminosity, 2808 bunches of b protons each have to be
stored. The bunch crossing interval will be 25 ns and the tothenergy stored
per beam will be 350 MJ. After initial problems with the production of su-
perconducting cables and recent problems in the installatin of the cryogenic
support lines have been overcome, the installation of the LB machine is
now progressing very well. The production of the dipoles islenost nished
(see Fig. 1) and their installation in the tunnel has started The dipole
installation schedule is on the critical path to be ready forbeams in July
2007 [2].
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Fig. 1. Number of produced and delivered dipole cold masse®if the LHC ring as
of 30/09/2005 (from Ref. [1]).
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At the LHC, four interaction regions are constructed which will host
the experiments ATLAS [3] and CMS [4], designed fopp collisions at high
luminosity. A specialized detector for heavy ion collisios (ALICE) and
a spectrometer for B-physics (LHCb) are also under construction. Both
ATLAS and CMS are typical multi-component collider detectors. Charged
particle detection consists of silicon pixel vertex deteatrs, silicon strip de-
tectors and (in the case of ATLAS) a straw tube transition radiation tracker
(TRT). In ATLAS, a 2T solenoidal magnet surrounds the tracking detec-
tors in front of the calorimeter. In CMS a large volume 4T magret also
surrounds the calorimeter. Both calorimetry and muon detecion dier
considerably between ATLAS and CMS. In ATLAS, a ne-grained liquid
argon(LAr) lead electromagnetic calorimeter is surrounded by a scintillator-
iron Tile-Calorimeter and LAr Cu calorimeters in the forwa rd region. CMS
relies on lead-tungstate crystals for electromagnetic sheer detection sur-
rounded by a brass-scintillator hadronic calorimeter. Mum detection in
ATLAS proceeds through a huge air-core toroid magnet consiigig of eight
superconducting coils instrumented with monitored drift tubes (MDT) and
cathode strip chambers (CSC) for momentum measurement andesistive
plate chambers (RPC) for triggering. In CMS the muon detecton proceeds
in the return yoke of the 4T superconducting solenoid, instumented also
with MDTs, RPCs and CSCs. The construction of most sub-detetors for
ATLAS and CMS is nished or inits nal phase. While ATLAS is as sembled
in the underground hall, CMS is built in a surface building. The detector
will be lowered in ve huge pieces in 2006. Installation is adancing very
well for both detectors. For CMS, delays in the crystal prodiction require
that the end-caps will be installed after the pilot run during the shutdown in
winter 2007/08. According to current schedule it can be expeted that both
detectors will be fully operational for the rst physics run in 2008 although
in both experiments the construction of some parts had to be dferred to
a later time.

3. Commissioning of the detectors

Commissioning of the detectors has the goal to achieve the bepos-
sible day-1 performance and to improve this performance fdiner with the
help of real collision data. The main tasks in commissioningre alignment
of tracking detectors to a precision of several m, response calibration of
the calorimeter cells, mapping of dead channels, commissimg of the data
acquisition and trigger electronics and software, commissning of the GRID-
based world-wide data reconstruction and analysis chain.

This goal is approached in a multi-step procedure:

() Tight fabrication tolerances: di erences between the inital and design
performance often arise from material variations within their fabrication tol-
erances,e.g. the thickness of absorber plates in the sampling calorimets.



3346 K. Desch

It is the general strategy in the fabrication of the subdetetors to keep such
tolerances as small as possible. As an example, the distritbon of the thick-

ness of ATLAS ECAL absorber plates has a r.m.s. of only 11m at an
average of 2.2mm.

(i) Test-beam program: an extensive test-beam program was caed out
in order to test modules of the individual subdetectors as w as their in-

terplay. Furthermore, test beam data can be used to verify bth simulation

and reconstruction algorithms.

(i) Cosmic muon calibration: once the detectors are completeljnstalled,

during the cool-down of the machine a cosmic run of approximaly three
months duration will be carried out. As an example, with thee data the
inter-calibration of the ECAL cells in ATLAS can be performed to 0.5% pre-
cision, the timing can be adjusted to better than 1 ns and aligment w.r.t. to

other components can be carried out to about 1 mm precision.

After this commissioning program it is expected that the eletromagnetic
energy uniformity is calibrated to 1% (ATLAS) and 4% (CMS) and the
absolute e/ scale will be known to 1 2%. Hadronic energy uniformity will
be 2 3% and the absolute hadronic energy scale will be knowrotbetter than
10%. Tracking point resolution is expected to be between 2600 m [5].

Further improvement towards the nal detector design goalscan only be
achieved using physics samples from real collisions. In pgaular the abso-
lute electromagnetic energy scale can be obtained frod ! e*e events.
Various approaches to improve the hadronic energy scale esti Full recon-
struction of hadronic W decays intt events appears most promising. Tracker
alignment and momentum resolution can be improved withZ !  * |, but
also in general with high-momentum isolated tracks.

4. Early measurements of standard model processes

The initial measurements aim primarily at a better understanding of the
general properties of pp collisions at 14 TeV such as propeets of minimum
bias events, charged multiplicity, and rapidity distribut ion. Immediately
after turn on of the machine, the charged particle multiplicity can be deter-
mined, signi cantly constraining current extrapolations from the Tevatron
which di er by almost one order of magnitude as can be seen inif. 2.

Furthermore, hard SM processes such &-, W - and top-production have
to be established for various reasons. First, as mentionecbave, they serve
as important calibration tools. Second, SM gauge boson andp quark pro-
duction are the most important backgrounds to many new physts channels.
The measurement of di erential distributions of these proesses, such as the
pr distribution of gauge bosons is of utmost importance in ordeto estimate
backgrounds to discovery channels, compare to higher-ord¢éheoretical cal-
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Fig. 2. Measured mean charged particle multiplicity at center-of-mass energies from
300 to 2000 GeV and extrapolations to LHC as a function of the geudorapidity
(from Ref. [6]).

culations and tune Monte Carlo simulation. The number of reorded SM
events is tremendous already in a 1 sample corresponding tb f! of inte-
grated luminosity. As examples,10'W! e , 10PZ! eeand 10°tt events will
recorded. In Fig. 3, a full simulation of the reconstructed bp mass in ATLAS
is shown [7]. Signal events originate frontt ! b" bgg events. The invariant
mass of the hardest three jets is plotted. Already without ary b-tagging
a clear signal can be seen. The statistical error omy, is expected to be
below 500 MeV for 150 pb?® of data thus allowing immediately to improve
on the hadronic energy scale from comparison of the observqukak posi-
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Fig. 3. Reconstructed three-jet invariant mass for semi-lptonic tt events and ex-
pected background fromW +4 jet events passed through a simulation of the ATLAS
detector. The integrated luminosity is 150 pb * and no b-tagging is applied (from
Ref. [7]).
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tion with the known top-mass from the Tevatron. Furthermore, the two jets
from the hadronically decaying W -boson can be reconstructed allowing for
improved calibration independent of myp. Requiring only one b-tagged jet
immediately removes most of the combinatoric background. Te tt sample
will be also essential to commissiorb-tagging and determine theb-tagging
e ciency from the single- to double-b-tag ratio. In addition, the p; of the tt
system can be studied and compared to NLO Monte Carlo calcutens.

5. The road to discovery

Once the main SM processes have been observed and an initialibration
of the detector has been performed, the search for new phenema can start.
While the ultimate reach of the LHC experiments will mainly depend on
the integrated luminosity, early sensitivity will also depend on the achieved
accuracy in calibration and on the complexity of the nal states under search.

5.1. The SM Higgs boson

One of the main motivations for the construction of the LHC isits po-
tential to discover the SM Higgs boson if it is realized in Natre. Higgs
production at the LHC predominantly proceeds through the loop-induced
processgg! H, with additional contributions from vector boson fusion,
gqq! Hqg, and associated production modesWH, ZH, ttH . Due to the
strong mass-dependence of the Higgs boson branching ratiabe strategy
for Higgs discovery also depends crucially on the mass. Fony > 180GeV,
theH! Zz ! 7 decay provides a robust and clean signature for Higgs
production. Should the Higgs boson mass lie between 180 an@®GeV, an
early discovery with a few fb * is very likely. As an example, an expected
signal in the four-lepton channel is shown fomy = 300 GeV in Fig. 4 (left).

For a lighter Higgs boson, as it is preferred by electro-wealprecision
data, the situation is more complex. Due to the huge QCD backgund, the
dominant H ! bb decay cannot be seen in an inclusive search. Therefore,
one has to rely on rarer but cleaner nal states. These are thenclusive
H ! channel, the vector boson fusion modegqH! qq * andqqH'!
qqW*W and ttH ! ttbb. With 10 fbo ! of data for my < 130GeV, a5
discovery can only be established when these three modes azembined.
While at a later stage with more luminosity the complementaiity of these
di erent channels is bene cial as it provides robustness ad allows for tests
of Higgs boson properties, at an early stage their combinadin will certainly
be di cult. In Fig. 4 (right) the signal signi cance for ATLA S at 30fb 1 is
shown for the individual channels and their combination.
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Fig.4. Right: Expected signal and background in theH ! 4" channel formy =
300GeV (from Ref. [8]). Left: Expected signal signi cance in ATLAS for the SM
Higgs boson as a function of its mass assuming an integratedminosity of 30fb *
(from Ref. [9]).

5.2. Supersymmetry

If low-energy Supersymmetry (SUSY) is realized in Nature, he LHC
will be sensitive to the largest part of the theoretically preferred region of
its parameter space. Previous studies have shown that SUSYgsals can be
established for various assumptions on the SUSY breaking rolkeanism and
independent of whetherR-parity is broken or not [8]. Here the focus is on the
best-studied scenarios with conserve®-parity and gravity-mediated SUSY
breaking as it proceeds in mSugra models. In these scenari@USY particles
are mainly produced through the strong interaction viagg! &g, 99! ef
gq! g6 and similar processes. These colored superpartners typibadecay
through long decay chains to the lightest SUSY particle (LSH which is
stable and here assumed to be the lightest neutralino;-9. The signatures
from these decay chains are a high multiplicity of highpr jets, leptons and
large missing transverse energy from the escaping LSP. Beé&oindividual
production processes and decay modes will be analyzed, theasch for SUSY
at the LHC proceeds via a highly inclusive strategy, both in ader to keep
the analyses simple and to remain as model-independent as gmible.

The most inclusive search simply requires a certain numberfdcigh-pr
objects (jets and/or leptons) and large missing transverseenergy. A par-
ticular simple analysis proceeds via the calculation of theso-callede ective
mass M , which is de ned as the sum of the transverse energies of theur
highest pr jets and the missing transverse energy. Studie%.g.in Ref. [8],
have shown that SUSY events will lead to a signi cant excesstahigh val-
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ues of M (Fig. 5, upper left). With 1 (10) fbo ! of data, a>5 excess
is expected for squark/gluino masses up to 1(2) TeV. Recent] background
estimations to this inclusive search are being re-evaluatewith newer Monte
Carlo generators such as ALPGEN [10], SHERPA [11] which matt multi-
parton matrix-element calculations to parton shower emis®on as well as the
full next-to-leading generator MC@NLO [12]. Preliminary results indicate
that backgrounds, in particular from Z+ jets, have longer tails inM¢ than
previously estimated from LO+ parton shower generators, thus reducing the
mass reach for the inclusive search somewhat. It should be t&al, however,
that this inclusive SUSY search heavily relies on a well-unérstood calibra-
tion of the missing transverse energy which requires full adrol over the
entire calorimeter response. This calibration will certanly take some time
before a signal can be claimed.
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Fig.5. Upper left: Mg distribution for a mSugra benchmark point (mg = 100 GeV,
m.-, =300GeV, Ap =0, tan =2, sgn( ) =+ ) signal and background obtained
from a simulation of the ATLAS detector (from Ref. [8]). Lower left: invariant
mass spectrum of two opposite-sign, same- avor leptons fim the decay ~9 !
“+ Dfor 10fb ! of data simulated in the CMS detector (from Ref. [13]). Right:
discovery region for the inclusive SUSY search in thémg; m;-,)-plane of mSugra
for integrated luminosities from 1 to 300fb * (from Ref. [4]).
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Search topologies, which explicitely require the presencaf high-pr lep-
tons in addition to large missing transverse energy, are lssvulnerable to
uncertainties in SM background estimates. In particular, the presence of
kinematic endpoints in di-lepton mass spectra, as they ocauin signi cant
parts of the SUSY parameter space fromJ decays, provide a smoking gun
signature for SUSY (Fig. 5, lower left). The discovery potetial for the in-
clusive missing transverse energy signature in thémg; m,-,)-plane of the
mSugra model is shown in Fig. 5 (right).

Another signature of SUSY is the presence of ve physical Higs bosons
stemming from the Two-Higgs-Doublet structure of minimal SUSY. In par-
ticular, the lightest CP-even Higgs bosonh is predicted to be lighter than

140 GeV. This Higgs boson has similar properties as the SM Hig. Its
discovery has been shown to be possible over the whole paraiereplane of
(ma;tan ) for various benchmark scenarios [14,15] with 30 fo".

5.3. Extra dimensions

Models with additional compacti ed spatial dimensions canprovide a vi-
able alternative solution to the hierarchy problem. The ADD model [16]
postulates large extra dimensions of up to few 100m. In this model, at
the LHC a structureless excess of events with missing transvse energy
from the emission of a quasi-continuous tower of Kaluza Klén(KK) gravi-
ton excitations is expected. In order to establish this sigal, a very detailed
understanding of the tails of the SM background and an excetint calibration
of the detector are necessary. Furthermore, signi cant inegrated luminosity
in excess of 100 fb! may be required. Most likely, ADD signatures will not
be visible in the rst few fb ! of data.

Fig. 6. Discovery reach in the parameter space of the Randabundrum model of
warped extra dimensions (from Ref. [19]).
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On the other hand, in the Randall Sundrum (RS) model [17] of warped
extra dimensions, the KK excitations appear as narrow rescmces, which
can (partially) decay into charged di-lepton pairs. Such reonances [18, 19]
as well as new vector boson resonances [20], can be observpda masses
around 3 TeV with 10fb L. In Fig. 6, the sensitivity of CMS in the parameter
space of the RS model is shown. Already with 1fb!, a signi cant part of
the theoretically allowed parameter space can be covered.

6. Summary and conclusions

The construction of the LHC and the two experiments ATLAS and CMS
is advancing very well. First collisions are expected for tB second half of
2007 with both experiments being ready to take rst data. The commission-
ing process of the experiments has started and will continugith the aim of
being able to understand the rst data as fast as possible. Uderstanding
the detectors is, however, not a simple task and will requireigni cant e ort
and time even when the rst data arrived. Once an initial understanding
of the detectors has been established and major SM procesdesve been
measured, the road to discovery is opened. The prospects forajor discov-
eries already with the rst 10 30fb ! are very good. In particular, the SM
Higgs boson can be discovered with 10fd for my > 120GeV. Also rst
signals from SUSY may be observed, depending mainly on whahé scale
of SUSY breaking is. Narrow di-lepton resonances fronz° bosons or RS
resonances can also be observed in the rst 10f8 of data if their masses
are below 3TeV. Thus, already at the beginning the LHC program may
lead to a major breakthrough in our view of Nature.

The author would like to thank the organizers of the XXIX Conference of
Theoretical Physics and in particular Janusz Gluza for ther warm hospitality
and perfect organization. The help from many colleagues fra ATLAS and
CMS in the preparation of this talk is also greatly acknowledjed.
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