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Introduction

The study of the properties of hot and dense QCD matter is one of the four main areas of nuclear
physics research described in the 2007 NSAC Long Range Plan [?]...
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Theoretical Basis

2.1

The QCD Equation of State

2.2

Initial State

please let me know if there are certain figures you feel should be included
(so far I mostly included some of my own).
2.2.1

Bulk particle production - strong coherence effects

list different models and basic ingredients

2.2.2

Introduction of CGC

main idea, MV-model, x evolution: JIMWLK, BK, rcBK, models: GBW, IPSat, bCGC
 λ
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approximating the gluon distribution with a power law x g(x, Q2s ) ∼ x−λ .

Figure 1: Left: Color charge density distribution in the two incoming nuclei of a heavy-ion collision
†
(increasing from yellow to red). Right: The correlator 1/Nc Re[Tr(VA(B)
(0, 0)VA(B) (x, y))] showing
√
the degree of correlations in the gluon fields for lead ions at s = 2760 GeV.

2.2.3

Multiplicities in RHI collisions

energy and centrality dependence: comparison of different models/implementations

Figure 2: Correlation 1/Nc Re[tr(V † (0, 0)V (x, y))] between the center position (0, 0) and the point
(x, y) for two different rapidities Y , corresponding to different energies. This illustrates the degree of
fluctuations and shows how the correlation length decreases dynamically with increasing energy.
2.2.4

p+A and d+A

tests of saturation, info on impact-parameter dependence, baseline for A+A
2.2.5

e+A

will provide a more detailed picture of the incoming highly energetic nucleus , impact parameter dependence, energ dependence, etc...
how much should we go into an EIC?
2.2.6

Initial state models and fluctuations

MC-Glauber, MC-KLN, MCrcBK, MCrcBK+NBD, IP-Glasma, also UrQMD, NEXUS, EPOS
geometric fluctuations + additional fluctuations in the particle production
Eccentricities, link to hydro evolution, initial flow? mention photon flow

2.3

Hard Probes

Placeholder text, some ideas for subsections.
Introduction on the theoretical basis. Systematically improved order by order in perturbation theory.
Well indestood expensions and computational techniques in `+ + `− , ` + p and p + p (perturbative
expansion, twist expansion, resummation). In the past decade the field of perturbarive QCD in the
nuclear environment has evolved into one of the the most active new directions of heavy ion research.

2.3.1

Light hadrons

Cold nuclear matter effects

dN/dy/(Npart/2) at τ=0.4 fm/c
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Figure 3: Left: Centrality dependence of mid-rapidity multiplicities in A+A collisions. Figures and data
by the ALICE collaboration [?]. Reference numbers in the figure refer to references in [?]. Right: Calculation of the multiplicities and their fluctuations in the IP-Glasma model comparing to experimental
data from ALICE [?] and PHENIX [?].

Figure 4: Initial energy density distributions (arbitrary units) in the transverse plane in three different
models for the initial state. From left to right, MC-Glauber, MC-KLN [?, ?], and IP-Glasma [?, ?]
models.

Leading twist vs higher twist effects, process dependence.
Collisional energy loss
Radiative energy loss
Jet quenching models, based on the concept of radiative and collisional energy loss, have been very
successful in describing the observed light hadron attenuation in the QGP. In the limit of large LPM
cancellation, for static plasmas we have:
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Based on the the very similar functional dependence on the parton E, early comparisons between
collisional and radiative energy loss pointed that these can be comparable at high pT and in the
intermediate-pT region −dEcoll /dL > −dErad /dL Subsequent developments in most theoretical approaches to parton energy loss now appear to find similar results. Collisional energy loss should be
included in a full description of parton propagation in matter, though at intermediate, except for b
quarks, and high pT (or ET ) its effects are small.

2.3.2

Photons

Prompt photons
The cross section for prompt photon production is given by the sum of its direct and fragmentation
contributions and can be written schematically as:
X
(F )
dσ γ = dσ (D) (µR , µf ) +
dσk (µR , µf , µf r ) ⊗ Dγ/k (µf r ) ,
(3)
k=q,q̄,g

Here, σ (D) (direct), σ (F ) (fragmentation) are the corresponding cross sections for a photon or a parton
and Dγ/k (µf r ) is the fragmentation function of parton k into a photon. In Eq. (??) µR , µf , µf r are
the renormalization, factorization and fragmentation scales, respectively. We denote by ⊗ the standard
convolution over the fragmentation momentum fraction.
TeV collider experiments, such as CDF and D0 at the Tevatron, ATLAS and CMS at the LHC, implement constraints on the hadronic activity that accompanies photon candidatep
events. By imposing an
upper limit on the hadronic transverse energy in a given cone of radius Riso. = (y − yγ )2 + (φ − φγ )2
around the photon direction, the cross section for isolated photons then can be obtained. The isolation
cut not only rejects the background of secondary photons coming from several decay channels, but
also affects the prompt photon cross section itself, by reducing the contributions of the fragmentation
component.
The potential that photons provide as probes of the QCD dynamics remains inexplored. Specifically,
we have in mind:
Medium-induced bremsstrahlung photons
Conversion processes

2.3.3

Open heavy flavor

The early production of heavy quarks makes them some of the most important probes of the quark-gluon
plasma (QGP) created in ultra-relativistic collisions of heavy nuclei. Precise and direct measurements
of the multiplicities and differential distributions of D and B hadrons will soon become available with
the vertex detector upgrades at the Relativistic Heavy Ion Collider (RHIC) and at the Large Hadron
Collider (LHC). Such experimental advances will allow to quantitatively address the key observable in
high temperature Quantum Chromo-Dynamics (QCD) - the apparent modification of particle production
by energetic partons traversing a region of hot nuclear matter - for heavy quark jets. In the framework
of perturbative QCD (pQCD), studies in this direction have focused so far exclusively, with varying
degree of sophistication, on the loss of the leading parton or particle energy via radiative and collisional
processes (commonly known as jet quenching). This energy loss leads to a suppression of the observed
number of energetic particles in heavy ion (A+B) collisions relative to their number in proton-proton
(p+p, or N+N) reactions, scaled by the number of binary collisions.
New directions: space time picture of hadronization, dissociation, quasi-particles
Heavy flavor provides the ideal testing ground for our first quantitative study of such many-body QCD
effects since the lowest lying Fock state in the light-cone wavefunction expansion for D and B mesons
can be related to the hadron rest-frame solution of the corresponding Dirac equation. This provides
strong motivation to take the existing studies of open heavy flavor dynamics in dense QCD matter
a step further by combining the partonic and hadronic aspects of the observed high-pT cross section
attenuation.

Collisional and radiative processes
Dissocualtion mechanisms and quasiparticles
AdS/CFT drag (There is a separate section I think for that )

2.3.4

Jets

The evolution of leading particles and leading particle correlations. Theoretical basis
Jets, final-state collimated showers of energetic particles, reactions, have been the subject of intense
theoretical studies during the past 30 years - both within the framework of the Standard Model and
beyond. Jets have been instrumental in establishing QCD as the theory of strong interactions, in
validating the parton model and in providing stringent tests of the perturbative QCD factorization
approach at high energies. Recently, important steps toward full jet reconstruction have been made
for the first time in A+A reactions at RHIC and LHC - one of the most exciting new developments
in the field of ultra-relativistic nuclear collisions. It is of the highest priority for the theoretical and
experimental communities to carry out a focused program of jet studies in reactions with heavy nuclei.
Inclusive jets
At NLO the inclusive and tagged jets cross sections can be expressed schematically as follows:
dσjet(+tag) =

1
1
dσ[2 → 2]S2 ({pi , yi , φi }2 ) + dσ[2 → 3]S3 ({pi , yi , φi }3 ) .
2!
3!

(4)

Here, pi , yi , φi are the transverse momentum, rapidity, and azimuthal angle of the i-th particle (i =
1, 2, 3), respectively, and σ[2 → 2], σ[2 → 3] represent the production cross sections with two and
three final-state partons. S2 and S3 are phase space constraints and S2 identifies the jet with its parent
parton. Hence, it is only at next-to-leading order that the dependence of the experimental observables
on the jet cone radius R, the jet finding algorithm or the trigger particle energy can be theoretically
investigated.
Di-jets
Photon-, Z 0 -tagged jets
Jets tagged by photons (γ) or electroweak bosons (W ± , Z 0 ) are particularly well suited to studying
heavy-ion collisions, since the tagging particle escapes the region of strongly-interacting matter unscathed. For example, the CMS collaboration measurements in lead-lead (Pb+Pb) collisions show
Medium →
Vacuum ↓
LO
NLO
NNLO

LO

NLO

NNLO

NNNLO

αs2
αs3
αs4

αs2 (αsmed. )
αs3 (αsmed. )
αs4 (αsmed. )

αs2 (αsmed. )2
αs3 (αsmed. )2
αs4 (αsmed. )2

αs2 (αsmed. )3
αs3 (αsmed. )3
αs4 (αsmed. )3

···
···
···

Table 1: Perturbative expansion relevant to large Q2 processes in the presence of a nuclear medium.

absence of significant modification of high transverse momentum photon production relative to the
binary collision-scaled proton-proton (p+p) result within the current statistical and systematic uncertainties Thus, in the collinear factorization approach γs can provide, on average, constraints on the
energy of the away-side parton shower. Furthermore, jets tagged by photons or electroweak bosons
are largely unaffected by the fluctuations of the soft hadronic background that may complicate the
interpretation of di-jet modification in heavy-ion collisions. By selecting a suitable range for the transverse momentum of the tagging photon (pTγ ), accessible at both RHIC and the LHC, the in-medium
√
modification of parton showers in dense matter created at very different sN N can be studied. In
the jet suppression region, where the transverse momentum of the jet pTjet ≥ pTγ , the attenuation of
photon-tagged jets and inclusive jets. can be directly compared.

2.4
2.4.1

Charmonium and Bottomonium
Theoretical foundations

• Boltzmann suppression of thermal production
• Heavy quark effective theory
• Plasma screening
• In-medium decays
• Sequential suppression
• Regeneration
2.4.2

Initial state effects

• Central rapidities
• Forward rapidities
• Experimental tests - dAu
2.4.3

Comparisons RHIC data

• Charmonium RAA
• Bottomonium RAA
• J/Ψ elliptic flow
2.4.4

Quarkonium flow

2.4.5

Bottomonium

2.5

Thermalization and Isotropization

One of the key questions in the theoretical study of the quark-gluon plasma (QGP) is to what extent
the system that is produced in relativistic heavy ion collisions is in local thermal equilibrium. Immediately after the initial nuclear impact, the quark gluon plasma is not a thermal isotropic plasma. The

constituents must interact for some period of time in order to reach a (quasi)-thermal state. In the
high-energy limit the incoming nuclei are dominated by small-x gluons whose occupation numbers are
large, n ∼ 1/αs [CITE]. The question then becomes, how does one connect such a coherent nuclear
state to an incoherent plasma of quarks and gluons on the fm/c timescale.
The answer to this question is relevant for quark-gluon plasma phenomenology since most models
assume that the state is (nearly) thermal and isotropic. Early ideal hydrodynamical fits to RHIC elliptic
flow data suggested that the quark gluon plasma had a thermalization and isotropization time on the
order of 0.5 fm/c. In the intervening decade relativistic viscous hydrodynamics has replaced ideal
hydrodynamics as the method of choice for describing the (near) equilibrium dynamics of the quark
gluon plasma. Such analyses have shown that the pre-equilibrium phase of quark gluon plasma evolution
can last for up to 2 - 3 fm/c after the initial nuclear impact [CITE].
In order to address the question of the precise thermalization and isotropization times of the quark
gluon plasma there are two prevailing approaches in the literature. The first is to take the high-energy
limit in which the plasma is weakly-coupled and extrapolate the resulting perturbative series to the
couplings relevant (αs = 0.3) for phenomenological applications. The second is to study the problem
using the conjecture anti de Sitter space / conformal field theory (AdS/CFT) formalism in the infinitely
strong coupling limit. Below I will review progress that has been made in recent years and indicate
future directions which can be taken both theoretically and experimentally.

2.6

Perturbative Thermalization

One systematic way to approach the problem of thermalization is to treat the problem perturbatively.
Note, however, perturbation theory does not necessarily imply a weakly-coupled system. In the highenergy limit one finds small-x gluon occupation numbers of order n ∼ 1/αs for scales at or below the
so-called saturation scale, Qs , which is Qs ∼ 1.4 GeV at RHIC [CITE]. This means that a whole host of
processes such as (in-)elastic scattering are enhanced in the infrared due to the high occupation number.
At the same time the high-energy limit also requires that the system be (nearly) boost-invariant. In
the limit of exact boost-invariance the initial state generated by the collision of two gluon-saturated
nuclei has zero longitudinal pressure and, if evolved forward in time, the longitudinal pressure can
−1
become negative for τ <
∼ 3Qs [CITE]. The transverse pressure of the initial state is, however, on the
4
order of Qs . As a result, the initial pressure anisotropy is large and one must study systems which are
highly-anisotropic in momentum-space

2.6.1

Bottom-up thermalization

2.6.2

Plasma instabilities

2.7

Strong-Coupling Thermalization

2.7.1

Static models

2.7.2

Dynamical models

2.8

Empirical evidence

2.8.1

Elliptic flow and soft spectra

2.8.2

Thermal hadron spectrum

2.9

Outlook

2.10
2.10.1

Collective Flow and Bulk Properties
Summarize main discoveries

Question: We have to decide what goes into the theoretical background and what into success. They
are obvioulsy strongly connected. Had there been no success of hydrodynamics, nobody would use it
anymore.
• unexpected nearly perfect fluidity
• scaling behavior of flow indicating quark+gluon degrees of freedom
• Fourier expansion gives detailed handle on initial state and transport properties
2.10.2

History and recent developments driven by RHI physics

• briefly discuss success of smooth ideal hydro
• briefly explain used initial conditions, results comparing ideal hydro with different equations of
state to data. ...
One point I want to make:
We have now gone far beyond this qualitative picture. Detailed simulations will be able to determine
quantitative features of the initial state (such as the energy dependent correlation length in the transverse plane) and transport properties of the plasma stage. Over the last years a lot of progress has been
made towards this goal. However, in order to extract detailed quantitative information on the system
created in heavy-ion collisions from comparisons to experimental data, large scale numerical simulations
are necessary. These need to encompass calculations of the structure of the incoming nuclei, the evolution of the non-equilibrium system at early times after the collision, including its isotropization (does
it happen completely? is it necessary?), event-by-event hydrodynamic simulations at the intermediate
stages with input from lattice-QCD, and finally, a Monte-Carlo simulation of hadronic rescattering at
late times.
• Viscous hydro - viscosity determined to be small first Romatschke results, ...
These are more qualitative results than quantitative - many details neglected - but one can
conclude that η/s of the plasma is close to the quantum bound of 1/4π and not orders of
magnitude larger.
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Figure 5: Energy density distribution in the transverse plane for one event with b = 2.4 fm at the initial
time (left), and after τ = 6 fm/c for the ideal case (middle) and with η/s = 0.16 (right). Figure from
[?].
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Figure 6: Left: Sensitivity of different flow harmonics vn to the shear viscosity to entropy density ratio
of the matter created in a heavy-ion collision. Right: Sensitivity to different initial state granularities:
Larger σ0 corresponds to a smoother initial structure, suppressing higher harmonics increasingly. Figures
from [?].

• event-by-event hydrodynamics introduce concept, show vn calculations, discuss possibilities (correlation studies etc.), refer to initial state chapter for different models including different fluctuations, CMB analogy
Event-by-event hydrodynamics together with a sophisticated model (or models) for the fluctuating
initial state are the main phenomenological tool to study details of the initial structure of the system
created in heavy-ion collisions and the dynamical properties of the created medium.
• combination with hadronic cascades
can be brief, mention the idea, a few examples
To handle large viscosities in the progressivley more dilute late stage a switch to a hadronic
cascade from hydrodynamics at an appropriate temperature is desirable. This also allows to
study observables with the same techniques as experiments since the system is described in terms
of individual particles.
• alternatives to hydro - parton cascades
discuss concept, advantage: non-equilibrium, some describe flow etc. More microscopic decrip-

ε [fm-4]

10

tions based on perturbative QCD (yet using typically large cross sections - large αs ) have also have
had success in describing e.g. thermalization and flow. Many of the models lack hadronization.
• anisotropic hydro - does the system need to be isotropic/thermalized? (Mike)
ask the question if the fact that hydro works really means early thermalization or just strong
coupling (maybe thermalization in transverse momentum only?)

2.11

Strong Coupling Physics (and other stuff)

• New directions in the flow analysis and data theory comparison:
1. Further measurements of higher harmonics and their correlations.
2. Estimating the uncertainties in η/s through simulations and detailed comparison to experiment
3. Detailed tests of hydrodynamics and the transition to the hydrodynamic regime. For example, what is the v5 in the Ψ2 ,Ψ3 plane.
4. Nonlinear mixing of modes in hydrodynamics provides a rich pattern of viscsous corrrections,
yielding telltale signatures as a function of centrality and transverse momentum. This
pattern of viscous corrections is sensitive to to η/s at different times during the evolution.
5. Transition from flow to energy loss as a function of transverse momentum.
• Perturbative description of non-abelian plasmas:
1. Resummed perturbation theory such as Hard Thermal Loop Perturbation Theory (HTLpt)
and EQCD provide a good description of thermodynamic quantities for T >
∼ 2Tc . Can
extensions of these calculational frameworks be used to provide similar estimate of dynamical
quantities?
2. Collinear bremmstrahlung and the kinetics of weakly coupled plasmas:
– Can precision tests of jet-quenchining in heavy ion collisions be used to constrain the
resummations needed to reliably calculate transport in high temperature plasmas. For
instance, can SCET be exported to high temperature plasmas, and can this effective
theory be used to parametrize non-perturbative power corrections to plasma kinetics at
high temperature ∼ 10 GeV.
– The interplay between 2 ↔ 3 collisions and collinear bremmstrahlung plays an important role in determining transport coefficients beyond leading order. Current efforts in
understanding jet-quenching can inform and guide the computation of transport in the
electroweak plasma.
3. Thermalization at weak coupling and the role of plasma instabilities.
• Non-perturbative methods for dynamical quantities:
1. Lattice methods for transport coefficients – the heavy quark diffusion coefficient and other
transport coefficients.
• Strong Coupling and T:
1. Thermalization at strong coupling. The approach to the hydrodynamics is currently being
studied in detail. The applicability of hydrodynamics in fairly anisotropic plasmas seems like
a universal result.

2. Transition from stongly coupled description at small momenta to a quasi-particle description
at high momenta.
√
3. Can the 1/ λ and 1/Nc corrections to the gravitational theory delineate the regime of
validity of the strongly coupled theory?

3

Interplay between Theory and Experiment

4

Discovery and Exploration of the sQGP (working title)

The sections below are not in an intended order, but are merely to get the discussion started. There
will be an opening paragraph prior to the beginning of each such section.

4.1

Success of the machine(s)

It was not clear early on that an accelerator like RHIC could work (possibly killed by W/W electrons
attaching to nuclei, heating beam pipes by strong image charges, BEAM-strah-lung, etc). Not only did
the accelerator technology work, but it was worked spectacularly well and has featured a large variety
of beam species, energies, and undergone an inexpensive but significant upgrade via stochastic cooling.
The Stochastic cooling is just fully completed in 2012, meaning that RHIC is poised to enter a regime
of significantly improved luminosity.

4.2

Success of the experiments

Numerous technical advances were necessary for the initial RHIC program, including the first-ever
implementation of on-board digitization for large detector systems, a pattern mimiced by the LHC
experiments. Furthermore, the RHICH experiments have continual and successful upgrades to enhance
their capabilities. With the exception of Run-4 being a ”high statistics version” of Run-2, no other
Au-Au run has been performed without the addition of major detector hardware advances.

4.3

Suite of experimental tools for detailed analysis

4.3.1

Centrality determination related to N-part or N-coll

4.3.2

Event-by-event reaction plane determination

4.4

Discoveries

Here is the ”top-of-my-head” list. It is HIGHLY experimentally biased and I’m hoping that you guys
can temper it. It is not in a final order, but taken from Ivan-knows-where ;)

4.4.1

High momentum hadron suppression.

4.4.2

Away-side jet Modification (Tomography)

4.4.3

Elliptic Flow at the Hydro Limit

4.4.4

Valence quark scaling of elliptic flow.

4.4.5

Quantum-Fluctuation driven high order moments.

4.4.6

Suppression & Flow of heavy Quarks

4.4.7

Sequential melting of quarkonia

4.4.8

Strong modification of low-x wave function in Au nucleus.

5

Sub-fields spawned from RHI

5.0.9

Hadro-chemistry

5.0.10

Blast-wave modeling

5.0.11

Relativistic Viscous 3D Hydrodynamics

5.0.12

AdS/CFT modeling of strongly-coupled media.

5.0.13

Coupling of pQCD processes to strongly-coupled media

6

Experimental and Fundamental Parameters measured or bracketed:

6.0.14

Energy Density (exper conditions measure)

6.0.15

Initial Temp (exper conditions measure)

6.0.16

Formation time (exper conditions measure)

6.0.17

Shear Viscosity and s (also eta/s)

6.0.18

order of the transition (really??)

6.0.19

Momentum & Energy Transport coefficients

6.0.20

Screening Length (coming soon?)

6.0.21

Sound speed –DON”T KNOW YET

6.0.22

equation of state (bracketed???)
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Accelerator Facilities

7.1
7.1.1

CERN:
Commissioning & Achievements

The Large Hadron Collider (LHC) at CERN was commissioned at the end of 2009 and started delivering
p+p collisions at a center-of-mass energy of 7 TeV. LHC delivered the first heavy ion collisions (Pb+Pb)
at a center-of-mass energy of 2.76 TeV per nucleon pair in 2011 and another one to collect larger

statistics in late 2011. The reference data of pp collisions at the same center of mass energy was
successfully collected early 2011.
7.1.2

Future Plans & Upgrades

A p+Pb run is planned for early 2013. The designed center-of-mass energy of 5.5 TeV per nucleon
pair for heavy ion collisions at LHC is expected to be delivered starting in 2015. LHC is expected to
reach nominal luminosity for PbPb. (Access to rare probes.)
Upgrades: (Dispersion collimator installation in the LHC, and stochastic cooling tests in the PS/SPS
in the LS2, an expected PbPb luminosity)

7.2

FAIR:

7.2.1

Commissioning

7.2.2

Future Plans

7.3

RHIC:

7.3.1

Achievements

7.3.2

Future Plans & Upgrades

8

Experimental Capabilities

8.1

CMS Experiment

Small but vibrant HI community. Excellent Detector System HLT (High Level Trigger)
Performance and ongoing upgrades: Data Collection & Upgrades: (?)
Accomplishments in terms of publications, Ph.D.’s;
Publications: ( Since the start of the PbPb run in 2010, 9 published, and 6 submitted journal papers)

9

Open Questions

Remark (Joern):
This section certainly strongly depends on how we phrase/summarize our current understanding of HI
physics and also how it should lead into the Future Plans section. From my personal point of view I
think it would be important to distinguish between“open questions” not yet answered, but with clear
theoretical guidance and established/proposed experimental program vs. “open questions” which are
fundamental and not yet fully addressed. In addition I feel it is also important to try to distinguish
between theoretical and experimental challenges/open issues/measurements still to be done. As an example, I feel that while 3-5 are still open questions or a level of precision, I think there is clear path and
a strong established program (at RHIC and) the LHC to (mostly) answer them (until 2018). Whereas 1
and 2 need more experimental/facilities and theoretical work, but are fundamental to describe the full
evolution of a HI collision. Not sure if I explained my view sufficiently, but I feel that this is something
we should discuss and try to coherently address throughout the document.
(Just a list with some further comments, but not yet fully phrased/combined as coherent fundamental
open questions)
1. Nature of the Initial State:

(a) Saturation/CGC physics (also as input to 2 and 3): Combined RHIC and LHC kinematic
reach and precision sufficient in trying to address some of these aspects before precision
EIC/eLHC measurements? Uniqueness of RHIC to have energy and system size scans to
test CGC models?
(b) In connection to 4 and 5 measurements of CNM effects crucial (RHIC and LHC, first pPb
run 2013). Also RHIC can probe large x effects → transport properties of CNM?
2. Process of rapid thermalization into strongly coupled QGP/pre-equilibrium effects:
Connection to 1? Thermalized or strongly coupled at τ0 , can we distinguish/does it matter? Can
a system-size scan and asymmetric AB collisions improve our knowledge/distinguish between
pre-equilibrium and equilibrium effects?
3. (Bulk) Transport properties:
Precise measurement of bulk transport properties shear and bulk viscosity? What are the limiting
factors (experiment and theory)?
4. Partonic energy loss:
Pre-equilibrium energy loss important? Initial sate effects via pPb at LHC (2013). Collisional vs.
radiative vs. AdS/CFT energy loss, do we have already the measurements, will we have them at
the LHC before 2018? If so, what is the role of RHIC? Is RHIC necessary to discriminate between
models?
5. Heavy Flavor/Color screening length:
Quasi-particles in the QGP? c vs. b vs. light flavor energy loss, consistent theoretical framework?
Ypsilon melting, clean and unambiguous signal at the LHC, what is the role of RHIC? J/psi
energy dependence RHIC to LHC crucial?
6. Electroweak probes:
Do we have the instrumentation in place for high precision measurements at RHIC and LHC?
7. (Novel) Symmetries:
Local P and CP violation, success ? U+U sufficient? Chiral Symmetry?
8. Phase transition/Critical point:
Uniqueness of RHIC, what more is needed?
9. Hadronization?

10

Future Plans
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