
LHCb is a truly international collaboration. Around 700 scientists from about 
50 different universities and laboratories in 15 countries are involved in the 
project, with support from many hundreds of technicians and engineers. Many 
parts of the detector were conceived and constructed far from the CERN site. 

Due to its extreme fragility, one of 
the Cherenkov detectors had to 
travel the 8 km from the main CERN 
site slower than the walking pace 
of a tortoise.

The Large Hadron Collider beauty experimentJoining forces

From the 10 million proton collisions every second, LHCb 
records the data from just 2000. 

The job of choosing the most interesting collisions is  
carried out by an electronic trigger that performs an  
extremely rapid analysis of the signals from a few key parts 
of the detector. In just 4 millionths of a second the trigger 
must take a decision or data are lost.

This is just one aspect of the computing challenges of 
LHCb. The amount of information recorded is enough 
to fill 300 CDs every hour. Data from the experiment is 
then replicated throughout a network of 100 computer  
centres around the world. Tens of thousands of computers 
are able to analyse the data simultaneously on a new global  
computing system called the Grid.

Despite its extreme sensitivity - a 
falling pin is enough to break the 
vertex locator’s delicate wiring - the 
detector modules survived their 
1300 km road-trip from the UK 
unscathed.
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CERN, the European Organization for Nuclear Research, 
was founded in 1954. It has become a prime example of 
international collaboration, with currently 20 Member 
States. It sits astride the Franco-Swiss border near Geneva 
and is the biggest particle physics laboratory in the world. 

To find out more about the LHCb experiment and its 
discoveries, see 

http://cern.ch/lhcb-public

www.cern.ch

13.7 billion years ago, the Universe began with a bang. 
Crammed within an infinitely small space, energy 
coalesced to form equal quantities of matter and 
antimatter.

At CERN’s Large Hadron Collider, beams of protons are 
accelerated close to the speed of light and smashed 
together, recreating the conditions right after the Big 
Bang in the very heart of the LHCb experiment.

LHCb

Photos: CERN Photo Service

The LHCb experiment
Welcome to a strange world where 
quantum laws reign. Here, particles 
pop fleetingly in and out of existence, 
opening the door to new discoveries and 
giving a tantalizing glimpse on the very 
beginnings of the Universe.

The experiment’s largest, 
heaviest component, the 1600 
tonne magnet, was assembled 
underground piece by piece.
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3) The trackers 
register the positions of 

passing charged particles. 
Computers then reconstruct 

the exact trajectories.
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A cosmic mystery…
When antimatter and matter come into 
contact the result is dramatic. In the blink of  
an eye they both vanish, destroying one 
another and leaving behind a flash of 
energy.

This explosive relationship raises some 
intriguing questions. For example, if matter 
and antimatter were created in equal 
quantities during the Big Bang, why do we 
find ourselves living in a Universe made only 
of matter? Could some unknown mechanism 
have stepped in to prevent matter and 
antimatter completely annihilating each 
other? 

… a beautiful solution
LHCb has been set up to study the slight 
asymmetries between matter and antimatter 
using  particles known as beauty quarks.  
Although absent from the Universe today, 
beauty quarks were common in the 
aftermath of the Big Bang, and are generated 
in their billions inside LHCb along with their 
antimatter counterparts, anti-beauty quarks.

By studying the slight difference in decay 
between the beauty quark and its antiparticle 
to unprecedented precision, LHCb is 
shedding light on one of the Universe’s most 
fundamental mysteries.

Physics with penguins
Elusive beauty quarks exist for only about a 
million millionth of a second in LHCb before 
decaying into lighter particles.  But this is long 
enough for them to be affected by subtle 
quantum effects, for example penguin loops 
– so called because the diagram portraying 
these particle interactions looks rather like a 
penguin.

Penguin loops are quantum loopholes. 
They allow ephemeral virtual particles to be 
created for an extremely short time. 

These virtual particles can influence the 
behaviour of beauty quarks, thus leaving 
clues about particles that are too heavy to 
be produced directly. 

LHCb is on the lookout for signs of a whole 
new family of particles that could make up 
some of the dark matter that pervades the 
Universe. This mystery matter makes galaxies 
spin faster than expected and deviates the 
light from stars.

Located in a vast cavern 100 m below the 
ground, every layer of LHCb is designed to 
identify and measure a different aspect of the 
particles flying out from the collision.  

Rather than spraying out in all directions, the 
beauty quarks formed by the colliding proton 
beams stay close to the line of the beam pipe. 
This is reflected in the design of the detector - 
LHCb stretches for 20 m, with its sub-detectors 
stacked behind each other like books on a 
shelf.

1) The vertex locator 
measures the distance 
between the collision point 
and the point where the 
beauty quarks decay – to 
an accuracy of a 100th of a 
millimetre.

2) Two Cherenkov 
detectors 
measure the cones of light 
produced when charged 
particles move faster than 
light would travel through 
the detectors’ dense gas 
mixture. This gives a value 
for the particles’ speed.

4) The calorimeters 
determine the energy of 

particles.

5) The muon system 
tracks the tiny but heavy 

electron-like particles 
present in the final stages of 
many beauty quark decays. 

6) The magnet 
bends the trajectories of 

charged particles, revealing 
which are positively-charged 

and which are negatively-
charged and enabling the 

momentum to be calculated.

1

2
3

4

5

6 2



3) The trackers 
register the positions of 

passing charged particles. 
Computers then reconstruct 

the exact trajectories.

ex
pl

or
e 

th
e 

U
n

iv
er

se
di

sc
ov

er
 th

e 
ex

p
er

im
en

t

A cosmic mystery…
When antimatter and matter come into 
contact the result is dramatic. In the blink of  
an eye they both vanish, destroying one 
another and leaving behind a flash of 
energy.

This explosive relationship raises some 
intriguing questions. For example, if matter 
and antimatter were created in equal 
quantities during the Big Bang, why do we 
find ourselves living in a Universe made only 
of matter? Could some unknown mechanism 
have stepped in to prevent matter and 
antimatter completely annihilating each 
other? 

… a beautiful solution
LHCb has been set up to study the slight 
asymmetries between matter and antimatter 
using  particles known as beauty quarks.  
Although absent from the Universe today, 
beauty quarks were common in the 
aftermath of the Big Bang, and are generated 
in their billions inside LHCb along with their 
antimatter counterparts, anti-beauty quarks.

By studying the slight difference in decay 
between the beauty quark and its antiparticle 
to unprecedented precision, LHCb is 
shedding light on one of the Universe’s most 
fundamental mysteries.

Physics with penguins
Elusive beauty quarks exist for only about a 
million millionth of a second in LHCb before 
decaying into lighter particles.  But this is long 
enough for them to be affected by subtle 
quantum effects, for example penguin loops 
– so called because the diagram portraying 
these particle interactions looks rather like a 
penguin.

Penguin loops are quantum loopholes. 
They allow ephemeral virtual particles to be 
created for an extremely short time. 

These virtual particles can influence the 
behaviour of beauty quarks, thus leaving 
clues about particles that are too heavy to 
be produced directly. 

LHCb is on the lookout for signs of a whole 
new family of particles that could make up 
some of the dark matter that pervades the 
Universe. This mystery matter makes galaxies 
spin faster than expected and deviates the 
light from stars.

Located in a vast cavern 100 m below the 
ground, every layer of LHCb is designed to 
identify and measure a different aspect of the 
particles flying out from the collision.  

Rather than spraying out in all directions, the 
beauty quarks formed by the colliding proton 
beams stay close to the line of the beam pipe. 
This is reflected in the design of the detector - 
LHCb stretches for 20 m, with its sub-detectors 
stacked behind each other like books on a 
shelf.

1) The vertex locator 
measures the distance 
between the collision point 
and the point where the 
beauty quarks decay – to 
an accuracy of a 100th of a 
millimetre.

2) Two Cherenkov 
detectors 
measure the cones of light 
produced when charged 
particles move faster than 
light would travel through 
the detectors’ dense gas 
mixture. This gives a value 
for the particles’ speed.

4) The calorimeters 
determine the energy of 

particles.

5) The muon system 
tracks the tiny but heavy 

electron-like particles 
present in the final stages of 
many beauty quark decays. 

6) The magnet 
bends the trajectories of 

charged particles, revealing 
which are positively-charged 

and which are negatively-
charged and enabling the 

momentum to be calculated.

1

2
3

4

5

6 2



LHCb is a truly international collaboration. Around 700 scientists from about 
50 different universities and laboratories in 15 countries are involved in the 
project, with support from many hundreds of technicians and engineers. Many 
parts of the detector were conceived and constructed far from the CERN site. 

Due to its extreme fragility, one of 
the Cherenkov detectors had to 
travel the 8 km from the main CERN 
site slower than the walking pace 
of a tortoise.

The Large Hadron Collider beauty experimentJoining forces

From the 10 million proton collisions every second, LHCb 
records the data from just 2000. 

The job of choosing the most interesting collisions is  
carried out by an electronic trigger that performs an  
extremely rapid analysis of the signals from a few key parts 
of the detector. In just 4 millionths of a second the trigger 
must take a decision or data are lost.

This is just one aspect of the computing challenges of 
LHCb. The amount of information recorded is enough 
to fill 300 CDs every hour. Data from the experiment is 
then replicated throughout a network of 100 computer  
centres around the world. Tens of thousands of computers 
are able to analyse the data simultaneously on a new global  
computing system called the Grid.

Despite its extreme sensitivity - a 
falling pin is enough to break the 
vertex locator’s delicate wiring - the 
detector modules survived their 
1300 km road-trip from the UK 
unscathed.

CERN

European Organization for Nuclear Research

CH-1211 Geneva 23

  Communication Group, June 2009 
  CERN-Brochure-2009-007-Eng

CERN, the European Organization for Nuclear Research, 
was founded in 1954. It has become a prime example of 
international collaboration, with currently 20 Member 
States. It sits astride the Franco-Swiss border near Geneva 
and is the biggest particle physics laboratory in the world. 

To find out more about the LHCb experiment and its 
discoveries, see 

http://cern.ch/lhcb-public

www.cern.ch

13.7 billion years ago, the Universe began with a bang. 
Crammed within an infinitely small space, energy 
coalesced to form equal quantities of matter and 
antimatter.

At CERN’s Large Hadron Collider, beams of protons are 
accelerated close to the speed of light and smashed 
together, recreating the conditions right after the Big 
Bang in the very heart of the LHCb experiment.

LHCb

Photos: CERN Photo Service

The LHCb experiment
Welcome to a strange world where 
quantum laws reign. Here, particles 
pop fleetingly in and out of existence, 
opening the door to new discoveries and 
giving a tantalizing glimpse on the very 
beginnings of the Universe.

The experiment’s largest, 
heaviest component, the 1600 
tonne magnet, was assembled 
underground piece by piece.

Q
ui

ck
 th

in
ki

ng


