





























































































































ATLAS is a general-purpose detector designed to cover the widest
possible range of physics at the LHC, from the search for the Higgs
boson to supersymmetry (SUSY) and extra dimensions. The main
feature of the ATLAS detector is its enormous doughnut-shaped
magnet system. This consists of eight 25-m long superconducting
magnet coils, arranged to form a cylinder around the beam pipe
through the centre of the detector. ATLAS is the largest-volume
collider-detector ever constructed. The collaboration consists of
more than 1900 members from 164 institutes in 35 countries (April

2007).

Size 46 m long, 25 m high and 25 m wide
Weight 7000 tonnes

Design barrel plus end caps

Material cost 540 MCHF

Location Meyrin, Switzerland.

For more information, visit: http://atlas.ch/

CMS is a general-purpose detector with the same physics goals
as ATLAS, but different technical solutions and design. It is built
around a huge superconducting solenoid. This takes the form of a
cylindrical coil of superconducting cable that will generate a mag-
netic field of 4 T, about 100 000 times that of the Earth. More than
2000 people work for CMS, from 181 institutes in 38 countries (May

2007).

Size 21 m long, 15 high m and 15 m wide.
Weight 12 500 tonnes

Design barrel plus end caps

Material cost 500 MCHF

Location Cessy, France.

For more information, visit: http://cmsinfo.cern.ch/outreach/
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LHCb specializes in the study of the slight asymmetry between mat-
ter and antimatter present in interactions of B-particles (particles
containing the b quark). Understanding it should prove invaluable
in answering the question: “Why is our Universe made of the matter
we observe?” Instead of surrounding the entire collision point with
an enclosed detector, the LHCbh experiment uses a series of sub-
detectors to detect mainly forward particles. The first sub-detector
is built around the collision point, the next ones stand one behind
the other, over a length of 20 m. The LHCb collaboration has more
than 650 members from 47 institutes in 14 countries (May 2007).

Size
Weight
Design

Material cost
Location

21m long, 10m high and 13m wide
5600 tonnes

forward spectrometer with planar
detectors

75 MCHF

Ferney-Voltaire, France.

For more information, visit: http://lhcb.web.cern.ch/lhch/
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LHCf is a small experiment that will measure particles produced very
close to the direction of the beams in the proton-proton collisions
at the LHC. The motivation is to test models used to estimate the
primary energy of the ultra high-energy cosmic rays. It will have
detectors 140 m from the ATLAS collision point. The collaboration
has 21 members from 10 institutes in 6 countries (May 2007).

Size two detectors, each measures 30 cm long,
10 cm high, 10 cm wide

Weight 40 kg each

Location Meyrin, Switzerland (near ATLAS).

') EYR is TOTEM?

TOTEM will measure the effective size or ‘cross-section’ of the proton
at LHC. To do this TOTEM must be able to detect particles produced
very close to the LHC beams. It will include detectors housed in
specially designed vacuum chambers called ‘Roman pots’, which are
connected to the beam pipes in the LHC. Eight Roman pots will be
placed in pairs at four locations near the collision point of the CMS
experiment. TOTEM has more than 70 members from 10 institutes in
7 countries (May 2007).

Size 440 m long, 5 m high and 5 m wide

Weight 20 tonnes

Design roman pot and GEM detectors and
cathode strip chambers

Material cost 6.5 MCHF

Location Cessy, France (near CMS)

For more information visit: http://totem.web.cern.ch/Totem/

41

LHC the guide



Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 3.0.66
Copyright 2005 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

To view actual document colors and color spaces,
please contact your local Heidelberg office in order to get a free
Prinect Color Editor (Viewer) plug-in.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: ECI_RGB.icm
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: ECI_RGB.icm
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Turn R=G=B (Tolerance 0.5%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: no
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: no
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
All Colors to knockout: yes
Pure black to overprint: yes  Limit: 98%
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: no
Delete "All" Colors: no
Convert "All" to K: no



ULIELA dictates the general shape of the LHC particle
detectors?

A modern general-purpose high-energy physics detector, such as
ATLAS or CMS, needs to be hermetic, so that there is only a small
probability of a (detectable) particle escaping undetected through
a region that is not instrumented. For engineering convenience,
most modern detectors at particle colliders like the LHC adopt the
‘barrel plus endcaps’ design where a cylindrical detector covers the
central region and two flat circular ‘endcaps’ cover the angles close
to the beam (the forward region). ALICE and LHCb have asymmetric
shapes as they focus on more specific areas of physics.

U'LIEYE are the main components of a detector?

The purpose of the large detectors installed at the LHC is to identify
the secondary particles produced in collisions, and to measure their
positions in space, their charges, speed, mass and energy. To do
this, the detectors have many layers or ‘sub-detectors’ that each
have a particular role in the reconstruction of collisions. A magnet
system completes the design. Its function is to separate the differ-
ent particles according to their charge and to allow the measure-
ment of their momentum — a physical quantity linked to the mass
and speed of the particle.

There are two important categories of subdetector:

P Tracking devices reveal the tracks of electrically charged par-
ticles through the trails they leave by ionizing matter. In a
magnetic field they can be used to measure the curvature of a
particle’s trajectory and hence the particle’s momentum. This
can help in identifying the particle. Most modern tracking de-
vices do not make the tracks directly visible. Instead, they pro-
duce electrical signals that can be recorded as computer data. A
computer program reconstructs the patterns of tracks recorded.
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Two specialized types of tracking devices are vertex detectors
and muon chambers. Vertex detectors are located close to the
interaction point (primary vertex); muon chambers are located
at the outer layers of a detector assembly because muons are
the only charged particles able to travel through metres of dense
material.

There are two main techniques used to build tracking devices:

» Gaseous chambers, where the medium ionized is a gas and
the ions or electrons are collected on electrodes usually in
the form of wires or pads under strong electric fields. In drift
chambers, the position of the track is found by timing how
long the electrons take to reach an anode wire, measured from
the moment that the charged particle passed through. This
results in higher spatial resolution for wider wire separation:
drift cells are typically several centimetres across, giving a
spatial resolution of 50-100 um. In a time projection chamber
the drift volume is much larger, up to 2 m or more, and the
sense wires are arranged on one end face.

» Semiconductor detectors, where the particle creates electrons
and holes as it passes through a reverse-biased semiconductor,
usually silicon. The devices are subdivided into strips or pixels;
typical resolution is 10 um.

P> Calorimeters are devices that measure the energy of particles
by stopping them and measuring the amount of energy released.
There are two main types of calorimeter: electromagnetic (ECAL)
and hadronic (HCAL). They use different materials depending
on which type of particle they are stopping. The ECAL gener-
ally fully absorbs electrons and photons, which interact readily
through the electromagnetic force. Strongly interacting parti-
cles (hadrons), such as protons and pions, may begin to lose
energy in the ECAL but will be stopped in the HCAL. Muons (and
neutrinos) will pass through both layers. Calorimeters provide
the main way to identify neutral particles such as photons and
neutrons; although they are not visible in tracking devices, they
are revealed by the energy they deposit in the calorimeters.
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Calorimeters typically consist of layers of ‘passive’ or ‘absorbing’
high density material (lead for instance) interleaved with layers
of ‘active” medium such as solid lead-glass or liquid argon.

Detectors also often have sub-detectors measuring the speed of
charged particles, an essential factor for particle identification.

There are two important methods for measuring the velocity of
particles:

» Cherenkov radiation: when a charged particle traverses a
medium above a certain velocity, it emits photons at a specific
angle that depends on the velocity. When combined with a
measurement of the momentum of the particle the velocity
can be used to determine the mass and hence to identify the
particle. For Cherenkov emission to occur the particle must be
travelling faster than the speed of light in the medium.

» Transition radiation: when a relativistic charged particle
traverses an inhomogeneous medium, in particular the boundary
between materials with different electrical properties, it emits
radiation more or less in proportion to its energy. This allows
particle types to be distinguished from each other.

will be the Higgs boson production rate at the LHC?

Although the particle collision rate at the LHC will be very high, the
production rate of the Higgs will be so small that physicists expect
to have enough statistics only after about 2-3 years of data-taking.
The Higgs boson production rate strongly depends on the theoreti-
cal model and calculations used to evaluate it. Under good condi-
tions, there is expected to be about one every few hours per ex-
periment. The same applies to supersymmetric particles. Physicists
expect to have the first meaningful results in about one year of
data-taking at full luminosity.
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is the expected data flow from the LHC
experiments?

The LHC experiments represent about 150 million sensors delivering
data 40 million times per second. After filtering there will be about
100 collisions of interest per second.

The data flow from all four experiments will be about 700 MB/s,
that is around 15 000 000 GB (=15 PB) per year, corresponding to
a stack of CDs about 20 km tall each year. This enormous amount
of data will be accessed and analysed by thousands of scientists
around the world. The mission of the LHC Computing Grid is to build
and maintain a data storage and analysis infrastructure for the en-
tire high-energy physics community that will use the LHC.

» ATLAS will produce 320 MB/s Sounding balloon

» CMS will produce 220 MB/s (30 km) — CD stack with
» LHCb will produce 50 MB/s 1 year LHC data!
(~ 20 Km)

» ALICE will produce 100 MB/s

Concorde
(15 km)

N

Mont-Blanc
(4.8 km)

s
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m is the LHC power consumption?

It is around 120 MW (230 MW for all CERN), which corresponds more
or less to the power consumption for households in the Canton
(State) of Geneva. Assuming an average of 270 working days for the
accelerator (the machine will not work in the winter period), the
estimated yearly energy consumption of the LHC in 2009 is about
800 000 MWh. This includes site base load and the experiments.
The total yearly cost for running the LHC is therefore, about 19
million Euros. CERN is supplied mainly by the French company EDF
(Swiss companies EOS and SIG are used only in case of shortage
from France).

A large fraction of the LHC electrical consumption will be to keep
the superconducting magnet system at the operating tempera-
tures (1.8 and 4.2 K) depending on the magnets. Thanks to the
superconducting technology employed for its magnets, the nomi-
nal consumption of the LHC is not much higher than that of the
Super Proton Synchrotron (SPS), even though the LHC is much
larger and higher in energy.
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m the LHC collisions dangerous?

The LHC can achieve energies that no other particle accelerators
have reached before. The energy of its particle collisions has pre-
viously only been found in Nature. And it is only by using such a
powerful machine that physicists can probe deeper into the key
mysteries of the Universe. Some people have expressed concerns
about the safety of whatever may be created in high-energy particle
collisions. However there are no reasons for concern.

> Unprecedented energy collisions? On Earth only! Accelerators
only recreate the natural phenomena of cosmic rays under con-
trolled laboratory conditions. Cosmic rays are particles produced
in outer space in events such as supernovae or the formation of
black holes, during which they can be accelerated to energies
far exceeding those of the LHC. Cosmic rays travel throughout
the Universe, and have been bombarding the Earth’s atmosphere
continually since its formation 4.5 billion years ago. Despite
the impressive power of the LHC in comparison with other ac-
celerators, the energies produced in its collisions are greatly
exceeded by those found in some cosmic rays. Since the much
higher-energy collisions provided by nature for billions of years
have not harmed the Earth, there is no reason to think that any
phenomenon produced by the LHC will do so. Cosmic rays also
collide with the Moon, Jupiter, the Sun and other astronomical
bodies. The total number of these collisions is huge compared
to what is expected at the LHC. The fact that planets and stars
remain intact strengthens our confidence that LHC collisions are
safe. The LHC's energy, although powerful for an accelerator, is
modest by nature’s standards.

> Mini big bangs? Although the energy concentration (or density)
in the particle collisions at the LHC is very high, in absolute
terms the energy involved is very low compared to the ener-
gies we deal with every day or with the energies involved in
the collisions of cosmic rays. However, at the very small scales
of the proton beam, this energy concentration reproduces the
energy density that existed just a few moments after the Big
Bang—that is why collisions at the LHC are sometimes referred
to as mini big bangs.

LHC the guide



Prinect Printready ColorCarver
Page is color controlled with Prinect Printready ColorCarver 3.0.66
Copyright 2005 Heidelberger Druckmaschinen AG
http://www.heidelberg.com

To view actual document colors and color spaces,
please contact your local Heidelberg office in order to get a free
Prinect Color Editor (Viewer) plug-in.

Applied Color Management Settings:
Output Intent (Press Profile): ISOcoated_v2_eci.icc

RGB Image:
Profile: ECI_RGB.icm
Rendering Intent: Perceptual
Black Point Compensation: no

RGB Graphic:
Profile: ECI_RGB.icm
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent RGB/Lab Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Image:
Rendering Intent: Perceptual
Black Point Compensation: no

Device Independent CMYK/Gray Graphic:
Rendering Intent: Perceptual
Black Point Compensation: no

Turn R=G=B (Tolerance 0.5%) Graphic into Gray: yes

Turn C=M=Y,K=0 (Tolerance 0.1%) Graphic into Gray: no
CMM for overprinting CMYK graphic: no
Gray Image: Apply CMYK Profile: no
Gray Graphic: Apply CMYK Profile: no
Treat Calibrated RGB as Device RGB: no
Treat Calibrated Gray as Device Gray: yes
Remove embedded non-CMYK Profiles: no
Remove embedded CMYK Profiles: yes

Applied Miscellaneous Settings:
All Colors to knockout: yes
Pure black to overprint: yes  Limit: 98%
Turn Overprint CMYK White to Knockout: yes
Turn Overprinting Device Gray to K: yes
CMYK Overprint mode: set to OPM1 if not set
Create "All" from 4x100% CMYK: no
Delete "All" Colors: no
Convert "All" to K: no



> Black holes? Massive black holes are created in the Universe by
the collapse of massive stars, which contain enormous amounts
of gravitational energy that pulls in surrounding matter. The
gravitational pull of a black hole is related to the amount of
matter or energy it contains — the less there is, the weaker
the pull. Some physicists suggest that microscopic black holes
could be produced in the collisions at the LHC. However, these
would only be created with the energies of the colliding parti-
cles (equivalent to the energies of mosquitoes), so no micro-
scopic black holes produced inside the LHC could generate a
strong enough gravitational force to pull in surrounding matter.
If the LHC can produce microscopic black holes, cosmic rays of
much higher energies would already have produced many more.
Since the Earth is still here, there is no reason to believe that
collisions inside the LHC are harmful.

Black holes lose matter through the emission of energy via a
process discovered by Stephen Hawking. Any black hole that can-
not attract matter, such as those that might be produced at the
LHC, will shrink, evaporate and disappear. The smaller the black
hole, the faster it vanishes. If microscopic black holes were to be
found at the LHC, they would exist only for a fleeting moment.
They would be so short-lived that the only way they could be
detected would be by detecting the products of their decay.

b Strangelets? Strangelets are hypothetical small pieces of matter
whose existence has never been proven. They would be made of
‘strange quarks” — heavier and unstable relatives of the basic
quarks that make up stable matter. Even if strangelets do ex-
ist, they would be unstable. Furthermore, their electromagnetic
charge would repel normal matter, and instead of combining
with stable substances they would simply decay. If strangelets
were produced at the LHC, they would not wreak havoc. If they
exist, they would already have been created by high-energy cos-
mic rays, with no harmful consequences.
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> Radiation? Radiation is unavoidable at particle accelerators like the
LHC. The particle collisions that allow us to study the origin of mat-
ter also generate radiation. CERN uses active and passive protection
means, radiation monitors and various procedures to ensure that ra-
diation exposure to the staff and the surrounding population is as
low as possible and well below the international regulatory limits.
For comparison, note that natural radioactivity — due to cosmic
rays and natural environmental radioactivity — is about 2400 uSv/
year in Switzerland. A round trip Europe-Los Angeles flight accounts
for about 100 uSv. The LHC tunnel is housed 100 m underground,
so deep that both stray radiation generated during operation and
residual radioactivity will not be detected at the surface. Air will
be pumped out of the tunnel and filtered. Studies have shown that
radioactivity released in the air will contribute to a dose to members
of the public of no more than 10 uSv/year.

CERN’s guidelines for the protection of the environment and per-
sonnel comply with the Swiss and French National Legislations and
with the European Council Directive 96/29/EURATOM. In both the
Swiss and French legislations under no circumstances can profes-
sional activities lead to an effective dose of more than 20 mSv per
vear for occupationally exposed persons and more than 1 mSv per
vear for persons not occupationally exposed and for members of
the public.

m are the rules regarding access to the LHC?

Outside beam operation, the larger part of the LHC tunnel will be
only weakly radioactive, the majority of the residual dose rates be-
ing concentrated in specific parts of the machine, such as the dump
caverns — where the full beam is absorbed at the end of each physics
period — and the regions where beams are collimated.

Only a selection of authorized technical people will be able to access
the LHC tunnel. A specialized radiation protection technician will ac-
cess it first and measure the dose rate at the requested intervention
place, to assess when, and for how long, the intervention can take
place.
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ULIELA is the helium consumption at the LHC?

The exact amount of helium loss during operation of the LHC is
not yet known. The actual value will depend on many factors, such
as how often there are magnet quenches, power cuts and other
problems. What is well known is the amount of helium that will
be needed to cool down the LHC and fill it for first operation. This
amount is around 120 t.

What happens if the beam becomes unstable?

The energy stored in the LHC beams is unprecedented, threaten-
ing to damage accelerator equipment in case of uncontrolled beam
loss, so everything is done to ensure that this never happens. Safe
operation of the LHC requires correct operation of several systems:
collimators and beam absorbers, a beam dumping system, beam
monitoring, beam interlocks, and quench protection systems. If the
beam becomes unstable the beam loss sensors will detect it and
within three revolutions (< 0.3 ms) a set of magnets will extract
the beam from the LHC. The beam will then travel through a special
tunnel to the beam stop block, which is the only item in the LHC
that can withstand the impact of the full beam. The core of the stop
block is made of a stack of various graphite plates with different
densities.

The total energy in each beam at maximum energy is about
350 MJ, which is about as energetic as a 400 t train, like the
French TGV, travelling at 150 km/h. This is enough energy to
melt around 500 kg of copper. The total energy stored in the LHC
magnets is some 30 times higher (11 GJ).
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10 Fascinating Facts

about the LHC

Fact 1) When the 27-km long circular tunnel was excavated, between Lake
Geneva and the Jura mountain range, the two ends met up to within 1 cm.

Fact 2) Each of the 6400 superconducting filaments of niobium-titanium
in the cable produced for the LHC is about 0.007 mm thick, about 10 times
thinner than a normal human hair. If you added all the filaments together
they would stretch to the Sun and back five times with enough left over for
a few trips to the Moon.

Fact 3) All protons accelerated at CERN are obtained from standard hydro-
gen. Although proton beams at the LHC are very intense, only 2 nanograms
of hydrogen(*) are accelerated each day. Therefore, it would take the LHC
about 1 million years to accelerate 1 gram of hydrogen.

Fact 4) The central part of the LHC will be the world’s largest fridge. At a
temperature colder than deep outer space, it will contain iron, steel and the
all important superconducting coils.

Fact 5 ) The pressure in the beam pipes of the LHC will be about ten times
lower than on the Moon. This is an ultrahigh vacuum.

Fact 6) Protons at full energy in the LHC will be travelling at 0.999999991
times the speed of light. Each proton will go round the 27 km ring more than
11 000 times a second.

Fact 7) At full energy, each of the two proton beams in the LHC will have a
total energy equivalent to a 400 t train (like the French TGV) travelling at
150 km/h. This is enough energy to melt 500 kg of copper.

Fact 8) The Sun never sets on the ATLAS collaboration. Scientists working on
the experiment come from every continent in the world, except Antarctica.

Fact 9) The CMS magnet system contains about 10 000 t of iron, which is
more iron than in the Eiffel Tower.

Fact 10) The data recorded by each of the big experiments at the LHC will
be enough to fill around 100 000 DVDs every year.

(*)the total mass of protons is calculated at rest.
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Appendix 1

Scheme of filling, magnetic field and particle current in
PSB, PS and SPS

SPS Magnetic field

‘g SPS particle current

/_/\./_/_\./_/_\./_/-\ PS Magnetic field

|
_’_l_\_l_'_\_l_, _I_, ___ PS particle current

PSB Magnetic field

PSB particle current

>
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Appendix 2

Scheme of filling, magnetic field and particle current in
SPS and LHC

SPS Magnetic field

Particle current in SPS

Particle current in one LHC ring
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