
The ALICE Experiment
Searching for the Quark-Gluon-

Plasma at the LHC

> http://aliceinfo.cern.ch/

>A journey to the beginning of the Universe...
What happens to matter when it is heated to 100 000 times the temperature at the centre 
of the Sun?

Why do protons and neutrons weigh 100 times more than the quarks they are made of?

Can the quarks inside the protons and neutrons be freed?

...ALICE is going in search of answers to these questions, 
using the extraordinary tools provided by the LHC.

>Free quarks and gluons

The current theory of the strong interac-
tion (called quantumchromodynamics) 
predicts that at very high temperatures 
and very high densities, quarks and 
gluons should no longer be confined in-
side composite particles. Instead they 
should exist freely in a new state of mat-
ter known as quark-gluon plasma.
Such a transition should occur when 
the temperature exceeds a critical val-
ue estimated to be around 2000 billion 
degrees... about 100 000 times hotter 
than the core of the Sun! Such tempera-
tures have not existed in Nature since 
the birth of the Universe. We believe that 
for a few millionths of a second after
the Big Bang the temperature was indeed 
above the critical value, and the entire 
Universe was in a quark-gluon plasma
state.

>Back to the beginning

Can this scenario be studied experimen-
tally? Can such extreme conditions be 
recreated in the laboratory? By inducing 
head-on collisions of heavy nuclei (such 
as nuclei of lead atoms) accelerated by 
the LHC to a speed close to the speed 
of light, we should be able to obtain – al-
beit over a tiny volume, only about the 
size of a nucleus – and for a fleetingly
short instant, a drop of such primordi-
al matter and observe it as it reverts to 
ordinary matter through expansion and 
cooling. By studying such collisions at 
the LHC, ALICE should be able to explore 
deep into the physics of confinement, to 
probe the properties of the vacuum and 
the generation of mass in strong
interactions – and to get a glimpse of 
how matter behaved immediately
after the Big Bang.
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>The strong interaction

Ordinary matter is made of atoms, each of which consists of a nucleus surrounded by a cloud 
of electrons. Nuclei are made of protons and neutrons, which in turn are made of quarks.
As far as we know today, the quarks seem to be elementary constituents.
Quarks are bound together into protons and neutrons by a force known as the strong interac-
tion, mediated by the exchange of force carrier particles called gluons. The strong interaction 
is also responsible for binding together the protons and neutrons inside the atomic nuclei.
Although much of the physics of strong interaction is today well understood, two very basic 
issues remain unresolved: the origin of confinement and the mechanism of the generation of 
mass. Both are thought to arise from the way the properties of the vacuum are modified by 
the strong interaction.

>Confinement

No quark has ever been observed in isolation: the quarks, as well as the gluons, seem to be 
bound permanently together and confined inside composite particles, such as protons and
neutrons. This is known as confinement. The exact mechanism that causes it remains un-
known.

>Generation of mass

Protons and neutrons are known to be made of three quarks, but by adding together the 
masses of the three quarks one gets only about 1% of the proton or neutron mass. Where 
does the remaining 99% come from? Is the mechanism that confines quarks inside protons 
and neutrons also responsible for the generation of most of the mass of ordinary matter?

The Silicon Strip Detector (SSD) as part of the 
Inner Tracking System (ITS - see figure on the 
left) of ALICE with the Dutch hardware contri-
bution to the experiment.

The SSD consists of silicon sensors of ex-
tremely lightweight design with approximately 
2.6 million individual strips which have a pitch 
of 90 μm.

Simulation of a measured Pb+Pb collision >

The ALICE detector setup                    ITS


