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“Fundamental Questions” from LRP

 In relativistic heavy-ion collisions, how do the created

systems evolve?
Does the matter approach thermal equilibrium?
What are the initial temperatures achieved?

e Can signatures of the deconfinement phase transition be
located as the hot matter produced in relativistic heavy-ion

collisions cools?
What is the origin of confinement?

 What are the properties of the QCD vacuum and w
Its connections to the masses of the hadrons?

Where are we?
the PHENIX Whrte Paper

fundamental quarks and gluons correct?
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Do central Au+Au collisions produce
a dense state of matter?

e Answer: Yes

Evidence 1: Jet suppression in Au+Au collision

— Suppression of high p- particles in Au+Au

— Jet origin of high p; particles demonstrated by two particle correlation and

X scaling

— Absence of suppression in d+Au

— T,g scaling of direct photon and charm yield in Au+Au
These observations provide a direct evidence that dense matter
formed in the final state is the cause of the suppression.

Evidence 2: Strong elliptic flow

— Scaling of v2 with eccentricity shows that a high degree of collectivity built
up at a very early stage of collision.

— Success of hydrodynamic models in reproducing the elliptic flow shows




IS It concelvable that the state of
matter consisted only of hadrons?

e Answer: No
— dE;/d 7 : The lower limit of the energy densities derived are:
e > 15 GeV/fm3 at formation - T < 0.35 fm/c
g > 2.8 GeV/fm3 at thermalisation - t < 2 fm/c

— Elliptic Flow: hydro-models require early thermalization
(therm<1fm/c) and high initial energy density € > 10 GeV/fm?

— Jet suppression: Initial gluon density dn,/dy~1000 and initial
energy density e~15 GeV/fm?3 are obtained from GLV model. A
similarly high initial energy density is obtained by others.

All these estimates of energy density are well in excess
of ~1 GeV/fm3 obtained in lattice QCD as the energy density

needed to form a deconfined phase.




|s the state of matter a QGP?

or a =trongly interacting CJuark luon ~lasma?

e Answer: We don't know.

+ We know that the matter is extremely dense and it thermalizes very
rapidly. The estimated energy densities are all well in excess of the
density needed for a QGP.

But

— We currently do not have a consistent model of Au+Au collision
that can describe spectra, v,, and HBT. This prevents us from
drawing guantitative conclusions on the properties of the matter
such as the equation of state and the presence of a mixed phase.

In addition

— There is no obvious and common definition of QGP. — no evidence
for and as the




Key Scientific Questions
 Deconfinement?

new measurements

Upgrades

note: we probably don’t ngg® all of
these to declare “victory”



Upgrades in the context of a General Theoretical Picture
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Initial State —a CGC
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Equilibration — Elliptic flow starts
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‘Mixed Phase — Latent heat-recombination
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Hadronic Phase

» Tch ~ 160 MeV
» Hard EOS again
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Models:

from Sid Bass |
g Theory Is progressing, and may o
be different tommorrow. FES

Our measurements should be
comprehensive — We cannot
depend completely on theory to
tell us what to do now.

-
o

e.g. high pt hadron PID,
forward hadrons

I —  reco/SM?
evolutlon
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Key measurements

« Thermal di-leptons, photons
« Photon-jet measurements

e Onium spectroscopy

 Open heavy flavor production

-



Intrmediate mass thermal Mentons
thermal photons

A measure of the temperatare 1
P




We want the NDOF — just count em!

=Counting the Degrees of freedom
» Assume Stefan-Boltzman (S-B)

£ 7 T’ T’
—2flavor)=(2;-2.-2_-3 -—+2_ -8 )— =37—=12(2 flavor); 15(3 flavor
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» Do it "for real” on the lattice
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Measureing the Temperature
Intermediate mass u* u

- Pairs at RHIC
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Measureing the temperature: “Thermal” Photons
*QGP shows up for p;> 15 GeV

g, dN/d’q [GeV ]
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Jet Tomograpiy

Measuring the energy density

Tt




Jet quenching

N e = = = e T —
= High pt particle suppression was THE major find at RHIC
= Assuming partonic energy loss, we get

> dN/dYgluons

» Energy density
- [needs some assumed EOS,consistent with hydro-flow, dN/dE (t~.35 fm)]

= But energy loss depends on

» Order of QCD calculation But we need

» Detailed balance or not reliable ways to turn

» EOS our measurements

» Into an energy density

» Time evolution of system
» Path length traveled

» identity of leading parton We (theorists and
- light quark? experimentalists) must
- heavy quark? identify the correct
- gluon? Ingredients to a

calculation

—
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Tagged, Identified Jet Tomography

Leading hadrons

s [ light

= Energy loss calculation
» M. Djordjevic, M. Gyulassy

charm
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Coverage for y-jet Tomography
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Deconfinement

Ameasure of the femperature 2
P




Onium sytem as
a sSi nature of deconfinement- a thermometer

=Recently the lattice calculations  agPsS :is the “kink" real?
show that the J/y persists to 3 T,

NAS0 DATA
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Can PHENIX do this?
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Note: this chart is NOT consistent with figure on previous slide!
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Onen heavy flavor

chiral symmetry

—““



Why open heavy flavor?

Does charm thermalize with other quarks?
=» charm flow
Charm as another thermometer

— |Is there thermal (or pre-thermal?) charm formed after
the initial hard collision —

=» charm enhancement

D mesons and chiral symmetry restoration?
=» affect production of various D meson states

Heavy quark energy loss
— constraint of jet quenching models

Background to thermal di-leptons




Open heavy flavor
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Can the forward upgrades say anything about chiral symmetry restoration?

Chiral partners of D-mesons?

from B. Friman

D-mesons:
heavy-light system
*hydrogen atom of QCD

:

Light-quark-cloud
probes chiral symmetry

Heavy-quark-symmetry
+ chiral symmetry:

chiral doubling of D-mesons
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Chiral mass shifts = 420 MeV
(constituent quark mass)

D) —> D(O)+ T

(Nowak-Rho-Zahed and Bardeen-Hill, 92-93)
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Chiral symmetry restoration in the D system?

If chiral doubling scenario for D mesons correct

Harada, Rho, Sasaki (2003) then m(0")-m(0°) — 0O efc.
as <qg> — O (chiral limit)

m(0*)-m(0")

€.9. Mpe+ = Mp,)

ike ~ m =my,

<qa >O 0] <qa>

Will D-meson production of the various types change
at high temperature matter? Can phenix see it?
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Summary

« Critical Scientific questions for RHI

— Deconfinement? we probably don't
need all of

these to declare
“victory”

— Degrees of freedom?

— Chiral symmetry restoration?
« Key measurements

— Thermal di-leptons, photons

— Photon-jet

— Onium spectroscopy

— Open heavy flavor production
« Upgrades

— Endcap Silicon

— Muoen Trigger

— Nosecone Calorimeter




Some Nosecone calorimeter
physics simulations




What is proposed?

*Nose cone calorimeter (NCC)

- 0.9<|y|<3.0 \BB

X

hiulD

-Questions
- Can you really find the y.?
- use invariant mass

- Can you find direct photon for y-jet
- go to higher p;

- Use atoy MC
Upgraded muon
trigger and NCC also
on South side
S—
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NCC Iin Au-Au Cenﬂal
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m,,,-m,, (real yc only) .
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Central 0-10% Au-Au m, -m,, (with background)
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= Assume RHIC IT statistics, i.e. 10x our plan
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dAu — Central 0-20%
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pp min bias
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NCC in central Au+Au

» Problem is pile up faking a photon, pessimistic evaluation
» Problem worst at high y since the effective segmentation is larger
» Statistics is central 10% of run 8 — 1500 ub-1

10" : ean x
"1« Dbkg (simulated) I
10*‘;— pi0’s is from fitting y=1-1.5
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/
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= Ok ton~25
= At n~l require pT~6 GeV
= Below that we have to subtract statistically
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A summary of the =° pile up problem — dAu, pp

central 20% dAu PP
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Summary

First look at occupancy problems in NCC with Toy MC

* Xc
— measurements possible to n~2.5 in central Au-Au

* Direct photon measurements

— in Au-Au (for y-jet measurements)
* n~1,p>6
e n~15,p>8
* N~2, p>10

— In pp and dAu
 all n~2, p:> 2-4 depending on n

— in Au-Au using statistical methods — can we go after thermal
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