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The Relativistic Heavy Ion Collider at Brookhaven National Laboratory is undergoing a num-
ber of upgrades, both to increase luminosity deliverable by the machine and to the experiments
to enhance their capabilities to utilize this increased luminosity. First proof-of-principle mea-
surements of luminosity-hungry correlation measurements, such as γ-hadron correlations and
full jet reconstruction, have been performed by the STAR experiment. The current status of
these measurements and prospects for future measurements over the next decade are reviewed.

1 Introduction

Over the past decade, the Relativistic Heavy Ion Collider (RHIC) at Brookhaven National Lab-
oratory has produced major discoveries.1,2,3,4 One of these is “jet quenching”, the suppression of
particle production at high pT in Au+Au collisions relative to expectations from the more ele-
mentary p+p collisions, presumed to be due to partonic energy loss in medium. The suppression
of back-to-back hadron pairs,5 which have a correlation pattern in p+p collisions consistent with
di-jet production, provides a strong set of measurements with which to investigate the interac-
tion of hard partons with the medium created at RHIC. The STAR experiment at RHIC is well
suited to such studies, as it has full azimuthal acceptance over a wide range in pseudorapidity.

While it is clear that the suppression seen in central Au+Au collisions requires that the
matter is dense, a more quantitative statement is lacking. A fundamental problem that arises
in some approaches is that the medium is too black: 6,7 the energy loss of partons is so large
that one rapidly enters into a region of diminishing returns, in which the density of the medium
can increase by large factors while the measurable suppression of the final state hadrons hardly
changes. This loss of information is not generally true in all calculational frameworks, and
depends on the geometry and expansion of the collision zone, along with the inherent fluctuations
from the distribution of energy loss of the partons. A recent detailed study under various
scenarios comes to the conclusion that the tomographic information about the collision zone
obtainable from single hadron suppression is extremely limited. 8 Therefore the challenge is to
come up with experimental probes that recover sensitivity to the properties of the medium.

Two such experimental probes have been of interest in recent years, and are expected to
benefit greatly from the upgrades both to the experiment and the machine. The first, γ-hadron
correlations, take advantage of the QCD Compton process to tag the kinematics of the partner
parton with a prompt photon that emerges unscathed from the medium. The second, full jet
reconstruction, attempts to use new techniques to track the dissipated energy and associate it
into jets in the challenging environment of heavy ion collisions.
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Figure 1: IAA, the ratio Au+Au/p+p of coincident yield of hadrons at ∆φ = π from a trigger photon with ET >8
GeV/c, as compared to theoretical calculations. Figure from11

.

2 γ-hadron Correlations

Correlations between a prompt photon and a hadron have been termed a “golden probe” of
parton energy loss in the medium, and have been discussed for more than a decade. 9 This
golden probe is unfortunately also quite rare, so it is only in the past few years that luminosities
at RHIC have increased to the level at which measurements are possible. RHIC sits at a sweet
spot in terms of backgrounds, as the dominant source of coincident photons and hadrons for
photons at moderate pT >∼ 8 GeV/c is QCD Compton scattering between a quark and a gluon,
g + q → γ + q. Two other sources of photons at this pT , decay photons from π0 and other
hadrons, and production of photons in fragmentation processes, are subdominant relative to
this Compton process. Since photons do not interact strongly with the medium, γ+hadron
correlations provide a clean method to tag the kinematics of the original hard scattering, and
so probe precisely the effects of the medium on the outgoing quark.

In central Au+Au collisions, single photons are not suppressed relative to expectations from
p+p collisions, while π0 are suppressed by approximately a factor of 5, leading to a ratio of
direct photons to decay photons > 1:1 10 at pT of 8 GeV/c, rapidly rising with increasing pT .
This background is significant enough to need to be measured and subtracted, but not so large
that it swamps the signal. The pT range of interest is low enough that the photons from π0

decay are separated in calorimeter elements such as the STAR Shower Maximum Detector,
allowing for statistical subtraction using a shower shape analysis. 11 The contribution from
fragmentation photons is expected to be small, approximately 10-20%, and can be estimated
from the correlation measurements themselves.

First results, shown at Quark Matter 2008 are shown in figure 1. While the results are,
within uncertainties, in accord with theoretical predictions, the size of the uncertainties do not
provide sufficient distinguishing power between different theoretical scenarios. Future luminosity
improvements in RHIC, made possible by stochastic cooling, will allow for a reduction of uncer-
tainties by a factor of 5. More importantly, the additional luminosity will enable an increase in
the photon pT , which allows a decrease in zT , the ratio of the hadron pT to the photon pT , at
fixed hadron pT high enough to have low combinatorial background. The distinguishing power



Figure 2: Jet yield per event in Au+Au collisions using the LOHSC algorithm, as compared to the distribution in
p+p collisions scaled by the number of binary collisions. “MB-Trig” refers to events selected with a minimum-bias

trigger, while “HT-Trig” refers to events selected with a calorimetric High Tower trigger. Figure from12.

between different models of parton energy loss is greatest at low zT . 8

3 Full Reconstruction of Jets in Heavy Ion Collisions

The reconstruction of jets in heavy ion collisions holds great promise for furthering the under-
standing of parton energy loss processes in medium. If the energy lost to the medium remains
sufficiently well collimated that it can be fully gathered back into a jet “cone”, the energy of
the parton can be fully reconstructed and kinematics tagged in an analogous way to γ-jet mea-
surements, with a much larger cross-section. Beyond this, study of the energy flow within a jet,
and its modification within medium, can provide significant new information on the mechanisms
underlying energy loss.

Fully reconstructed jets have been used in STAR for a number of years in polarized p+p
collisions at

√
s = 200 GeV. 13 Inclusive cross-sections extend to ET of ∼ 50 GeV, and are

in agreement with Next-to-Leading Order perturbative QCD calculations. Heavy ion collisions
provide significant additional challenges. First, in a reasonably sized jet area of resolution
parameter R=0.4, the energy of the underlying heavy ion event sums to approximately 45 GeV,
the same level as the jets of interest. Second, partonic energy loss is expected to broaden
the energy flow, making the gathering of energy from final-state particles into jets even more
complicated.

New algorithms 14 have been developed to deal with this situation, and have been recently
applied to central Au+Au events in STAR. 15,12 As shown in figure 2, with the sample inves-
tigated as of the time of this conference, jet spectra extend out ET of 40 GeV/c, and, within
significant uncertainties, agree with differential cross-sections measured in p+p collisions. This
result indicates that a significant fraction of the original energy of the parton remains collimated
enough to be recovered with a jet-finding algorithm.

In addition, triggering is an issue. STAR has an electromagnetic calorimeter, but not a



hadronic calorimeter, so only neutral energy is available for triggers that can sample the full
luminosity delivered. In addition, due to the energy of the underlying event, the simplest and
most selective trigger is a “High Tower” trigger, which selects on a large amount of energy
deposited in a small area, ∆η and ∆φ of 0.05. This introduces a bias towards jets that fragment
predominantly into a small number of energetic particles, a bias that can be strongly influenced
by the modification of the fragmentation process itself in heavy ion collisions. As shown in
figure 2, jets from triggered events extend much higher in ET than those from minimum bias
events, due to the larger sampled luminosity (approximately 0.5 nb−1 in this figure). However,
the spectrum for jets from triggered events appears to undershoot that from minimum bias
events, indicating significant biases for all measured ET . More advanced trigger algorithms
based on sums of neutral energy over larger ranges in η and φ are used in p+p collisions, and
are being investigated for future use in heavy ion collisions.

Jet reconstruction in heavy ion collisions is still in its infancy. Further studies were shown
subsequent to this conference at Quark Matter 2009, and much larger samples, with more
optimized triggers, will be available in the coming years with the upgrades to STAR and RHIC.

4 Outlook

RHIC is entering a new stage, termed “RHIC II”, in which luminosities will increase by more
than an order of magnitude over current performance. Due to the technological advance of
stochastic coooling, this is expected to come by 2013, sooner and at dramatically reduced cost
relative to expectations in the last Nuclear Physics Long Range Plan. I like to call this the
“fb−1” era, since in one RHIC year approximately 1 fb−1 of pp-equivalent luminosity (A2L) can
be delivered with Au beams.

Commensurate with the luminosity increase, the STAR detector has upgraded its Data
Acquisition and has installed a Time of Flight barrel for precision particle identification. Plans
are to install a state of the art silicon tracker for heavy flavor identification, the Heavy Flavor
Tracker. With these upgrades, RHIC and STAR have a luminous future for investigations of
the uniquely strongly coupled matter created at RHIC energies.
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