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Oour Mission

LHC will deliver proton-proton collisions at 14 (7 + 7) TeV.

This will allow us to explore a new energy domain were the matter
constituents (partons) will collide with an unprecedented centre-of-
mass energy up to 14 lel/

.. With expected peak collision rates ~ 30 MHz for a beam
Luminosity= 10°¢ cm< s+

\/(SX]_XZ) — \/(SX) [ “Hard scattering partons” ]
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Over several decades, the study of elementary particles
and fields and of their interactions
has consolidated the present
Standard Model

gauge particles

X8

>
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Today the Standard Model (SM) legacy is :

and we are left with a big puzzle

Dark matter (and, perhaps, “dark energy”)

Baryogenesis and Leptogenesis (Matter-Antimatter asymmetry)
Grand Unification of the gauge couplings

The gauge hierarchy problem

The strong CP Problem (why is 6 ~ 0 ?)
Neutrino masses

NN N N N N

Gravitation

All SM extensions have in common that they solve these
problems by introducing new particles at the TeV scale.
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Cross Sections and Production Rates at 14 TeV (LHC)

Rates for L = 10°¢ cm? s1: (LHC)

v Inelastic proton-proton reactions: 10° /s

v" bb pairs 5x106 / s
v it pairs 8 /s
vV W —sev 150 /s
v Z —>ee 15 /s
v Higgs (150 GeV) 0.2/s
v Gluino, Squarks (1 TeV) 0.03/ s

(The challenge: we have to detect them !)
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But it will not be so easy ....

Event rate:
N=LXxo (pp) = 10° interactions/s
Mostly soft (low p;) events —~20

< Interesting hard (high-p; ) events are rare

Selection of 1 in
10,000,000,000,000

Particle
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100 M open channels/ detector

MB of data collected every 25 ns
30 MHz of bunch collisions—=> ~ PB/sec

Unfold energy from other collisions

Big reduction factor necessary ~10°

Survive severe radiation environment (MRAD)

300-600 MB/s can be stored on disk

/-8 months of data storage/year - few PB/year

to be distributed everywhere for offline analysis
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So what we need Is

v" A solid experimental program, strongly supported by the scientific community

v Complex detectors around the interaction point:

capable of facing such an environment (high enerqy, large backgrounds,
fast timing, huge amount of data)

capable of exploring the variety of signals and enerqy deposition pattern
capable of facing new physics, ready for surprises

LR ¢ )LP
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Two General Purpose Detectors

ATLAS

CMS
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Side C

Length =55m

Width =32 m

Height =35m
Side A

The Underground
Cavern at Point-1 for
the ATLAS Detector Side A

Side C
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~7000 tons,
~100M readout channels

_—

26m<

Status of ATLAS

46 m
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Detector concept

Collisions tak& piace in the centre of the detector
Collision products move outwards from the centre
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ATLAS
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5 | i ATLAS has a complex magnet
arrel torol system (4 independent magnets)

‘\' - 2 T central solenord,
around the inner detector
with return flux via the
hadron tile calorimeter

central
solenoid

/I

barrel end cap 1 parrel and 2 end-cap toroids,
each one built out of 8 individual

superconducting coils
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= 20.1 m diameter x 25.3 m length
= ~12000 P volume

= 118 t superconductor

= 370 t cold mass

" 830 t total weight

= 56 km superconductor
m205kKAat4.6T

" 1.05 GJ stored Energy
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Inner Detector Barrel

N AN |

= Trangition
RadiationTracker
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Inner Detector Barrel
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\ Fibres or foils

Transition radiation

TR increa
signal

Charged particle

Electrons radiate more -2 higher
signal; info by counting high
threshold hits




Inner Detector Barrel
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Liquid Argon Calorimeters

v

LAr forward
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0.1 inox

0.1 inox

1.8 Lead

* a very stable and radiation-hard detector
* easy to calibrate
* a lot of freedom in spacial resolution

 .... difficult to construct ... because of cryogenics
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0.8988

0.996

O.9894

0.992

02/15/2009

-
-
-

Detector linear within £0.25% (+ 0.1%) for
E >10 (40) GeV
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Muon Spectrometer
H e

Precision chambers

7 Trigger chambers
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Muon Spectrometer (with stand-alone capability)

Muon momentum resolution
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Underground installation

A gigantic 3D puzzle of 20’000 m3
..... 5 years of great fun !
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Over the years we have exposed
some % of it to particle beams
(SPS, reactors,..)

During assembly we collected
millions of cosmics events

10-11 September 2008 first LHC
beams



Thanks to cosmic rays ... a nice help
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Cosmic rays
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10 September: first beam

tertiary BPTX
collimators 175 m

140 m

We had no chance to have some beam in advance to test our readout
synchronization, all was extrapolated from cosmics runs

Active detectors near to the beam pipe (inner tracker, forward
calorimeters,....) were set at reduced HV .... Pixel detector off

..... and it worked ... first shots, first detector pictures ... a lot of energy
released in the detector

..... once beam RF captured, we started looking for beam halo
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Each LHC experiment will produce ~10 000 TB of data each year

Data analysis requires 100 000 of the fastest PC processors

ATLAS collaboration spread all over the world - need distributed computing
Transfer of data from CERN at 10 Gbits/s rate to 11 world-wide computing centres
These centres send and receive data to 200 smaller centres within “clouds”

User analysis philosophy: “Avoid copying data: run the program where the data is”
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What is next (experiments desiderata) ?

b table b E
eam stable beams
4to5 TeV commissioning (physics) : S-
\/\ push intensity 2 6TeV
with Xing angle \/\
colls 900 GeV collsat By, \L
i i Physat Eyg,
l \l// Egéé,a:taih'gh Egﬁi,aétrﬁ"'g“ 50/25ns, 2m
run —
run 2 + HI consoljdatio -
I 1 -
Beginning
October : : :
2009 v we will be running over winter (~10 months)

v 4+4 going to 5+5 TeV in 2010
v' ~100 pb-! to match today’s Tevatron statistics
v' ~200 pb-! to open discovery windows

02/15/2009 M.Nessi - CERN



Early Physics Roadmap

Higgs discovery sensitivity (M,;=130~500 GeV)

Explore SUSY and new resonance to O(TeV)

1 fb-1 K
R4
.,’
Accurate in-situ alignment & EM/Jet/ETmiss calibration
Understand SUSY and Higgs Qaékground from SM 10 TeV
100 pb-1 = Initial SUSY and MSSM Higgs sensitivity (E;~2 TeV) 2010
I“
0“
.
’O
10 pb-1 L Ini_tia_l dgtegg? _& trigger syr_mhronisation, _
commissioning, calibration & alignment, material
Test beam, cosmic Us%sﬁﬂ processes as “standard candles”
1 u \\\g& . . .
runs, pre-alignment Search for extraordinary new physics signatures
& calibration ... Ty

o?

i time

Recall: 1 pb=103% cm=2
1 second at L = 103! cm=2s1 > [Ldt= 1075 pb!
10h running day at £ = 103! cm2s~t 2 [Ldf= 0.36 pb~!

v
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What about new physics
~ 200 pb1 ?

mid-end 2010 ?
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Easiest ....

1 fbt

m(ll) GeV

Heavy di-Lepton Resonances

Z'>I*- with SM-like couplings (Zssy)

Discovery (10 events u*u-, 1TeV, >50)
with 100 pb-, possible at E_,=10 TeV

1025_ [ |||||| .|

T KK resonance In

Extra-dimension

10 theories

1
,1_
10 =
.27

0 =

2000 4000 6000 8000
m(ll) GeV
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Simulation of a Supersymmetry event in ATLAS

N

— spectacular signatures

(many jets, missing transverse energy, leptons) For m(Q,9) ~ 1TeV
expect 10 evts/day at L=103%?
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What about SUSY discovery in 2010 ?

Finding the signal already at 100-200 pb* should not be a problem
— the problem is to be sure it is real

E_I_miss
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=2 i e N oW i
S 107 [, & E
1oL H ! m~1TeV |
T4 | Prellmlna_“__"_ 3
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Missing ET [GeV]

50 discovery beyond current limits possible with
~20 pb1 at 10 TeV
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Higgs discovery will need time

Inclusive SM Higgs production cross section and branching fractions

| SM Higgs Branching Fractions (HDECAY 2.0) |
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Higgs discovery will need time (few years)

The “golden” channel
H—Z7* > 4

2011-2012 ?

Most difficult region:
very low mass region of 120 GeV

need to combine many *Higgs discovery channel in the mass
channels range from 130-500 GeV with 30fb-?
(eg.H— vy, H— ZZ* — 4l) (except ~ 160 GeV WW turn on)

*A 160-170 GeV Higgs (to WW ->ll)
could be discovered with 1 fb-1-
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We have never been so ready for
big discoveries 1111






