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Quark-Gluon Plasma

• "Normal" Plasma: Gas under such conditions that
electrons break free from atoms (or molecules).

• Analogously the Quark-Gluon Plasma (QGP): State of
strongly interacting matter where quarks and gluons are
not confined to to a single hadron, proton or pion.

• Asymptotic freedom I: At high temperatures strong
interactions become weak.

• Asymptotic freedom II: At high densities strong interactions
become weak.
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What’s the point of all this?

Part of the standard model predictions
Early universe conditions: High density, high
temperature
QGP existed at the early universe before the
phase transition to hadronic matter
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Thermodynamics I

”Standard” statistical
mechanics approach
T = temperature
µ = Baryon chemical
potential = baryon
density

Quark Gluon Phase
Diagram

Aside: High pressure, low temperature: Color
superconductor
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ALICE RUN2

One PeV
Collisions
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Particle Multiplicity in Heavy Ion Collisions

About 24 000 particles are produced in a heavy ion
collision at the LHC.

Hence: Use Concepts from Statistical Mechanics to
analyze the final state

e.g. use Energy Density, Particle Density, Pressure,
Temperature, Chemical Composition, ...

These concepts turn out to be useful at all energies, RHIC,
SPS, GSI ...
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The LS2 ALICE upgrades
New Inner Tracking System (ITS)
• improved pointing precision
• less material -> thinnest tracker at the LHC

Time Projection Chamber (TPC)
• new GEM technology for 

readout chambers
• continuous readout
• faster readout electronics

MUON ARM
• continuous

readout
electronics

Muon Forward Tracker (MFT)
• new Si tracker
• Improved MUON  pointing precision

Data Acquisition (DAQ)/                        
High Level Trigger (HLT)
• new architecture
• on line tracking & data 

compression
• 50kHz Pbb event rate

TOF, TRD, ZDC
• Faster readout

New Trigger 
Detectors (FIT)

New Central 
Trigger 
Processor
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• Primary design focus: heavy ion collisions
• Need to cope with high particle densities
• Relatively low magnetic field of 0.5 T (for comparison

ATLAS has 2 T, CMS has 3.8T). This allows tracking of low
pT pparticles

• pp programme is also possible
• central energy for Pb-Pb

√
sNN = 2.76, 5.02 TeV
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CERN
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CERN

Figure 2. Countries of origin of CERN’s visiting scientists (Users) by location of their home
institute (September 2016). India, which is listed here as an Observer, joined as an Associate
Member in January 2017.

formalized in 1980 in ICFA guidelines for free, mutual and balanced access of physicists from
di↵erent regions to regional laboratories in other parts of the world [2]. It was shaped at a time
when Europe, North America and Japan owned all major facilities for accelerator-based particle
physics, when the global HEP community was strongly dominated by scientists from the same
three regions, and when exchange between the same regions was healthy and balanced indeed.

Since 1990, however, the landscape has changed dramatically: starting with the demise of the
SSC, the shut-down of major accelerators around the globe – or their conversion into applied
science facilities – has severely broken the symmetry of scientific exchange. Since 2004, the
community of CERN’s visiting scientists (“Users”) has grown from just above 6’000 to almost
13’000 physicists and engineers from all continents. Today, these scientists come to CERN
from about 650 di↵erent institutes in more than 70 countries (Fig. 2) and represent around
100 di↵erent nationalities. This growth has been driven by non-Member States (NMS) more
than by the Member States: scientists from NMS institutes now account for almost 40% of
CERN’s Users, and their participation is expected to increase further. Whereas the numbers
are dominated by North America, in recent years important growth rates are observed for Asia
and Latin America, where new players emerge on the field of international science (Fig. 3). These
data convincingly illustrate particle physics’ strong tradition of defying political, geographical
and cultural boundaries.

From a European perspective, the unprecedented non-Member State participation in the LHC
has brought about substantial scientific, technical and political benefits. It has contributed to
establishing CERN as the world’s leading center at the high energy frontier in the awareness
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CERN

Figure 3. Evolution of the number of CERN Users from Non-Member States (NMS) grouped
by region. The apparent decrease for Africa and Middle East reflects the fact that Users from
Israel are not included any longer for 2014, when Israel became a Member State.

of governments and funding agencies, and of the general public. The LHC has convincingly
demonstrated the potential of global partnership in basic science, and is widely perceived
as a paradigm of successful world-wide cooperation on megascience projects. To take this
cooperation to the next higher level, and to fully exploit its potential to the benefit of all
stakeholders, CERN’s enlargement policy o↵ers a new institutional framework for a sustained
global partnership in particle physics research.

More important, the Geographical Enlargement policy is a first step in preparing CERN’s
membership and governance for the post-LHC future. Whereas the LHC experiments today are
truly global operations, the LHC accelerator was built as a predominantly European project,
with a contribution from outside Europe that was technically and politically significant, but
accounted for only 10% of the construction cost, and was mostly provided in-kind. This model
cannot be expected to work for a large, next-generation facility in Europe. With the CLIC
and FCC studies, CERN is exploring two di↵erent, challenging avenues to prepare its future,
and the future of our field, after the LHC. No cost estimate exists yet for either option, but it
seems inconceivable that any of them can be approved and build within the same membership,
governance and funding structures which worked more than twenty years ago – successfully, but
under great labour pains – for the LHC.

In one of the most significant developments in recent years, the three most important regional
particle physics roadmaps – i.e. the proposal of the Japanese community to host the ILC;
the 2013 Update of the European Strategy for Particle Physics [3]; and the US P5 report of
2014 [4] – have been developed in a complementary approach and with a strong focus on inter-
regional collaboration, such that together they form an important milestone on the way to a
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LAUNCH December 15 2008

Launch of the National SA-CERN Programme
December 15 2008.
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Minister of DST
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Minister of DST
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Minister of DST
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