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NEWS SCAN

Large Hadron Collider Experiments Bring
New Insight into Primordial Universe

After less than three weeks of heavy-ion running, the three experiments

studying lead ion collisions at the Large Hadron Collider have already brought

new insight into matter as it would have existed in the very first instants of the

Universe’s life. The ALICE experiment, which is optimized for the study of heavy

ions, published two papers just a few days after the start of lead-ion running.

Now, the first direct observation of
a phenomenon known as jet
guenching has been made by both
the ATLAS and CMS collaborations.
This result is reported in a paper
from the ATLAS collaboration
accepted for publication in the
journal Physical Review letters. A
CMS paper will follow shortly, and
results from all of the experiments
will be presented at a seminar on
2 at CERN (the European
Organization for Nuclear Research).
Data taking with ions mntinues to
Dec. 6.

Dec.

CERN-EX-1011252 tirage 04 . Events recorded
by the ALICE experiment from the first lead ion
collisions, at a centre-of-mass energy of 2.76
TeV per nuclecn pair. (Credit: @ CERN]}

elements. Instead, these
elementary particles would have
roamed freely in a sort of quark
gluon plasma. Showing beyond
doubt that we can produce and
study quark gluon plasma will bring
important insights into the
evolution of the early Universe, and
the nature of the strong force that
binds quarks and gluons together
into protons, neutrons and
ultimately all the nuclei of the
periodic table of the elements.
When lead-ions collide in the LHC,

they can concentrate enough

“It is impressive how fast the experiments have arrived at
these results, which deal with very complex physics,” said
CERN's Research Director Sergio Bertolucci. "The
experiments are mmpeting with each other to publish first,
but then working together to assemble the full picture and
cross check their results. It's a beautiful example of how
competition and wllaboration is a key feature of this field of
research.” One of the primary goals of the lead-ion
programme at CERN is to create matter as it would have
been at the birth of the Universe. Back then, the ordinary
nuclear matter of which we and the visible universe are
made could not have existed: onditions would have been
too hot and turbulert for quarks to be bound up by gluons
into protons and neutrons, the building blocks of the

energy in a tiny volume to produce
tiny droplets of this primordial state of matter, which signal
their presence by a wide range of measureable signals. The
ALICE papers point to a large increase in the number of
particles produced in the wmllisions compared to previous
experiments, and corfirm that the much hotter plasma
produced at the LHC behaves as a very low viscosity liquid(a
perfect fluid), in keeping with earlier observations from
Brookhaven's RHIC wllider. Taken together, these results
have already ruled out some theories about how the
primordial Universe behaved.

“With nuclear collisions, the LHC has become a fantastic ‘Big
Bang' machine,” said ALICE spokesperson Jlirgen Schukraft.
”In some respects, the quark-gluon matter looks familiar, still
the ideal liquid seen at RHIC, but we're also starting to see
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glimpses of something new”

The ATLAS and CMS experiments play to the strength of
their detectors, which both have very powerful and hermetic
energy measuring capability. This allows them to measure
jets of particles that emerge from wmllisions. |ets are formed
as the basic constituents of nuclear matter, gquarks and
gluons, fly away fromthe collision point. Inproton collisions,
jets usually appear in pars, emerging back toback. However,
in heavy ion ollisions the jets intemct in the tumultuous
conditions of the hot dense medium. This leads to a very
characteristic signal, known as jet quenching, in which the
energy of the jets can be severely degraded, signaling
interactions with the medium more intense than ever seen
before. |et quenching is a powerful tool for studying the
behavior of the plasmain detail.

“ATLAS is the first experiment to report direct observation
of jet quenching;’ said ATLAS Spokesperson Fabiola Gianotti.
“The excellent capabilities of ATLAS to determine jet
energies enabled us to observe a striking imbalance in
energies of pairs of jets, where onejet is almost completely
absorbed by the medium. It's a very exciting result of which
the Collaboration is proud, obtained in a very short time
thanks in particular to the dedication and enthusiasm of
young scientists.”

“It is truly amazing to be looking, albeit on a microscopic
scale, at the conditions and state of matter that existed at
the dawn of time” said CMS Spokesperson Guido Tonelli.
"Since the very first days of lead-ion collisions the quenching
of jets appeared in our data while other striking features,
like the observation of Z particles, never seen before in
heavy-ion collisions, are under investigation. The challenge is
now to put together all possible studies that could lead us to
a much better understanding of the properties of this new,
extraordinary state of matter” The ATLAS and CMS
measurements herald a new era in the use of jets o probe
the quark gluon plasma. Future jet quenching and other
measurements from the three LHC experiments will provide
powerful insight into the properties of the primordial plasma
and the interactions among its quarks and gluons.

With data taking cortinuing for over one more week, and the
LHC already having delivered the programmed amount of
data for 2010, the heavy-ion community at the LHC is
looking forward to further analyzing their data, which will
greatly contribute to the emergence of a more complete
model of quark gluon plasma, and consequently the wvery

early Universe.
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