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These figures show sequential snapshots (left to right) of the temperature
distribution of nuclear matter produced in collisions of deuterons (d) with gold
nuclei (Au) at the highest and lowest collision energies (200 billion electron
volts, or GeV, top, and 20 GeV, bottom) of the beam energy scan, as predicted
by a theory of hydrodynamics. According to these calculations, the temperature
reached in these collisions exceeds a trillion degrees Kelvin, which is sufficient
to melt the nuclei into a state of matter composed of their constituent quarks and
gluons. The system then expands at close to the speed of light as a nearly perfect
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fluid and rapidly cools down. The white arrows depict the velocity of the fluid as
it expands at different rates. Measurements from the PHENIX experiment match
the particle flow patterns predicted by this theory describing the behavior of
quark-gluon plasma, which is consistent with the interpretation that these particle
collisions, even at low energy, are creating this early universe quark-gluon
plasma. Credit: US Department of Energy

What was matter like moments after the Big Bang? Particles emerging
from the lowest energy collisions of small particles with large heavy
nuclei at the Relativistic Heavy Ion Collider (RHIC) could hold the
answer. Scientists revealed the particles exhibit behavior associated with
the formation of a soup of quarks and gluons, the building blocks of
nearly all visible matter. These results from RHIC's PHENIX
experiment suggest that these small-scale collisions might be producing
tiny, short-lived specks of matter that mimic the early universe. The
specks offer insights into matter that formed nearly 14 billion years ago,
just after the Big Bang.

Scientists built RHIC to create and study this form of matter, known as 
quark-gluon plasma. However, they initially expected to see signs of the
quark-gluon plasma only in highly energetic collisions of two heavy ions,
such as gold. The new findings add to a growing body of evidence from
RHIC and Europe's Large Hadron Collider that the quark-gluon plasma
may also be created when a smaller ion collides with a heavy ion. The
experiments will help scientists understand the conditions required to
make this remarkable form of matter.

In semi-overlapping gold-gold collisions at RHIC, more particles emerge
from the "equator" than perpendicular to the collision direction. This
elliptical flow pattern, scientists believe, is caused by interactions of the
particles with the nearly "perfect"—meaning free-flowing—liquid-like
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quark-gluon plasma created in the collisions. The new experiments used
lower energies and collisions of much smaller deuterons (made of one
proton and one neutron) with gold nuclei to learn how this perfect liquid
behavior arises in different conditions—specifically at four different 
collision energies. Correlations in the way particles emerged from these
deuteron-gold collisions, even at the lowest energies, matched what
scientists observed in the more energetic large-ion collisions.

These results support the idea that a quark-gluon plasma exists in these
small systems, but there are other possible explanations for the findings.
One is the presence of another form of matter known as color glass
condensate that is thought to be dominated by gluons. RHIC scientists
will conduct additional analyses and compare their experimental results
with more detailed descriptions of both quark-gluon plasma and color
glass condensate to sort this out.

  More information: C. Aidala et al. Measurements of azimuthal
anisotropy and charged-particle multiplicity in d + Au collisions at
sNN=200 , 62.4, 39, and 19.6 GeV, Physical Review C (2017). DOI:
10.1103/PhysRevC.96.064905
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