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RHIC Accelerator Complex and DetectorsRHIC Accelerator Complex and Detectors
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First four years of operation and plans for current run:

                                      Heavy-Ion Collisions            Polarized p (spin 
physics)
Run-1 (2000)        Au + Au at 130 GeV
Run-2 (2001-2)    Au + Au at 200 GeV               p + p at 200 GeV
Run-3 (2002-3)    d + Au at 200 GeV                  p + p at 200 GeV
Run-4 (2003-4)    Au + Au at 200, 62.4 GeV;    p + p at 200 GeV
Run-5 (2004-5)    Cu + Cu at 200 GeV;              p + p at 200 GeV 

What’s in a name?   What is RHIC?What’s in a name?   What is RHIC?

RelativisticRelativistic:   :   something traveling at something traveling at 
nearly the speed of lightnearly the speed of light

    Heavy IonHeavy Ion:  :  Typically fully-stripped Typically fully-stripped 
gold ions (bare gold nucleii) gold ions (bare gold nucleii) 

     ColliderCollider:   :   Two ion beams aimed at  Two ion beams aimed at  
each other to hit head-on.each other to hit head-on.



RHIC School, Dec 1-3 2004, Budapest       T. Csörgő after B. Johnson et al, PHENIX Collaboration 

World’s First Polarized Proton ColliderWorld’s First Polarized Proton Collider
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RHIC Detectors (Collaborations):  2 large; 2 smallRHIC Detectors (Collaborations):  2 large; 2 small
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Tracking Detectors Measure Charge and MomentumTracking Detectors Measure Charge and Momentum

Event 
Displays

Left/Right
tells charge

Curvature is 
proportional 

to 1/p
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Quarks, Gluons, and LeptonsQuarks, Gluons, and Leptons

  Proton      RHIC?  
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            Hadrons:   Baryons and MesonsHadrons:   Baryons and Mesons

BaryonsBaryons

MesonsMesons
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2004 Nobel Prize in Physics for Asymptotic Freedom2004 Nobel Prize in Physics for Asymptotic Freedom

http://www.physicstoday.org/vol-57/iss-10/nobel.html
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Disclaimer: slides are borrowed “whole hog”Disclaimer: slides are borrowed “whole hog”

Many of my much more expert colleagues have given similar talks.
Rather than borrow bits and pieces and give the impression that I have 
created all of the slides for this talk, I have chosen to borrow “whole 
hog” many of the slides from three excellent recent talks:

Recent Discoveries at RHIC:  
Do They Indicate a New State of Matter?
Professor William (Bill) Zajc, Columbia University 
(PHENIX Spokesperson)
General RHIC Colloquium, Fermilab (FNAL), July 30, 2003.

Status of QGP Search at RHIC:  A PHENIX Perspective
Dr. David d’Enterria, Nevis Labs, Columbia University
Institute fur Kernphysik, Frankfurt, September 30, 2004

Has a new state of matter been observed at RHIC?
Professor Brant M. Johnson for the PHENIX Collaboration, BNL

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                                       David d’Enterria, Columbia          

RHIC Colloquium, FNAL, July  30, 2003                                                             W. A. (Bill) Zajc, Columbia          

CAARI, Oct 11, 2004                                                       Brant M. Johnson, BNL          
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What is a Quark Gluon Plasma?What is a Quark Gluon Plasma?

Phases of Water:

      …Water 
Vapor
  …Liquid Water
 Ice …

Phases of Matter:   Quarks and gluons become 
deconfined as the temperature and/or density is 
increased through and beyond a phase boundary
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How did the universe come to be?How did the universe come to be?

The U.S. High Energy Physics Advisory Panel (HEPAP) asked in

 Quantum Universe: The Revolution in 21st Century Particle Physics:

Question 8:  How did the universe come to be?
Currently, the most intensely studied cosmic phase transition is 
connected with quantum chromodynamics (QCD), the theory of the 
nuclear force.    During the QCD phase transition, the baryonic matter in 
the present universe condensed from a plasma-like state of quarks and 
gluons.     The Relativistic Heavy Ion Collider (RHIC) facility at BNL is The Relativistic Heavy Ion Collider (RHIC) facility at BNL is 
currently creating collisions of heavy ions to study quark-gluon plasma; currently creating collisions of heavy ions to study quark-gluon plasma; 
the laboratory plans upgrades to enhance these studiesthe laboratory plans upgrades to enhance these studies.

The completion of RHIC at Brookhaven has ushered in a new eraThe completion of RHIC at Brookhaven has ushered in a new era. 
Studies are now possible of the most basic interactions predicted by 
QCD in bulk nuclear matter at temperatures and densities great enough 
to excite the expected phase transition to a quark-gluon plasma. 
   

By colliding beams of ions from protons to gold, with center- of-mass 
energies from 20 to 200 GeV per nucleon pair, RHIC will create 
conditions favorable for melting the normal vacuum and creating states 
of matter unknown in the universe since the Big Bang.
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Physics at One Millionth of a Second After the Big Bang Physics at One Millionth of a Second After the Big Bang 
Today is ~14 billion years later. 

 

Most particles detected are 
hadrons after Freeze Out
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Theoretical GuidanceTheoretical Guidance

RHIC Colloquium, FNAL, July  30, 2003                                                             W. A. (Bill) Zajc, Columbia          

At a critical temperature (Tc ) quarks and gluons  become 
deconfined as the confining potential drops to zero   
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Questions Related to Formation of “New” State of MatterQuestions Related to Formation of “New” State of Matter
  Are the Temperature and Energy Density High 

Enough?

  Are There Strong (Collective) Pressure Gradients?

  Is There Evidence of a Dense Final-State System?

  Is the Thermalization Time Realistic?

  Is the System Chemically Equilibrated?

  Is There Evidence for Quark Recombination?
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The test of all knowledge is experiment.  
EXPERIMENT is the SOLE JUDGE of SCIENTIFIC TRUTH.  

-- Richard P. Feynman         

Experiment:  Sole Judge of Scientific TruthExperiment:  Sole Judge of Scientific Truth

This is especially true when a model or theory is falsified.
 
                                             Example:    Rutherford Scattering                       
                                                                    Falsified the 
                                                                    Plum Pudding Model
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Soft Scattering:  
   Low pT like in plum pudding 
   model prediction.
Hard Scattering:  
   High pT, like in Rutherford 
   scattering results.
⇒Hard scattering implies substructure

Most particles Produced Most particles Produced 
at RHIC are “Soft” (Low pat RHIC are “Soft” (Low pTT))

Soft and Hard ScatteringSoft and Hard Scattering

Transverse 
Momentum

Longitudinal Momentum

pL

pTp

p0

pL

pT
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Is the Temperature (T) High Enough?  Yes!Is the Temperature (T) High Enough?  Yes!
Planck distribution describes intensity as a 
function of the wavelength of emitted 
radiation

“Blackbody” radiation is the 
spectrum  of  radiation emitted 
by an object at temperature T

in
te

n
si

ty
 →

transverse momentum →

Systematic Errors not shown

Phobos Preliminary

From transverse momentum distribution  
deduce temperature of 120 MeV or 1 trillion 

K

Courtesy:  Dave Morrison, BNL



RHIC School, Dec 1-3 2004, Budapest       T. Csörgő after B. Johnson et al, PHENIX Collaboration 

Kinematics:  Angle (Kinematics:  Angle (θθ), Rapidity (y), Psuedorapidity (), Rapidity (y), Psuedorapidity (ηη))

RHIC Colloquium, FNAL, July  30, 2003                                                             W. A. (Bill) Zajc, Columbia          
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Longitudinal DynamicsLongitudinal Dynamics

RHIC Colloquium, FNAL, July  30, 2003                                                             W. A. (Bill) Zajc, 
Columbia          
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High Parton Densities in Nuclear MatterHigh Parton Densities in Nuclear Matter
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Multiplicity and CentralityMultiplicity and Centrality

Multiplicity: 

A large 
number 

or wide range 

(of something).

At RHIC: 

the something 

is particles

Centrality:   
The state 

of being 
central; 

tendency 

towards 

a center.

RHIC

collisions 

are:

peripheral
  

 semi-central
        

  most 
central. 
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Number of Participants (NNumber of Participants (Npartpart) and Collisions () and Collisions (NcollNcoll))
  

RHIC Colloquium, FNAL, July  30, 2003                                                             W. A. (Bill) Zajc, 
Columbia          
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Gobal Measurements: EGobal Measurements: ET  T  and Nand Nchch

Total Transverse Energy ( EET  T  ) and No. of Charged Particles ( NNch ch ) 

Systematic Studies of the Centrality and √sNN Dependence of dET/dη and 
dNch/dη  in Heavy Ion Collisions at Mid-Rapidity, S.S. Adler, et. al, PHENIX 
 Collaboration
Submitted to Physical Review C                    nucl-ex/0409015 
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Is the Energy Density (Is the Energy Density (εε) High Enough?    Yes!) High Enough?    Yes!

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                                      David d’Enterria, Columbia          
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Is the Thermalization Time Realistic?  YesIs the Thermalization Time Realistic?  Yes

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                                   David d’Enterria, Columbia   
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Is the System Chemically Equilibrated?  YesIs the System Chemically Equilibrated?  Yes

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                                David d’Enterria, Columbia      
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Intermediate pIntermediate pTT:  Unsuppressed Baryon Production:  Unsuppressed Baryon Production

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                              David d’Enterria, Columbia        
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Is There Evidence of Quark Recombination?  Yes

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                              David d’Enterria, Columbia        
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Are There Strong Collective Pressure Gradients?   Yes!Are There Strong Collective Pressure Gradients?   Yes!

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                               David d’Enterria, Columbia       
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Dense Final State?       Jets at RHICDense Final State?       Jets at RHIC

RHIC Colloquium, FNAL, July  30, 2003                                                     W. A. (Bill) Zajc, Columbia       
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Systematizing RHIC KnowledgeSystematizing RHIC Knowledge

Text

RHIC Colloquium, FNAL, July  30, 2003                                                    W. A. (Bill) Zajc, Columbia        
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Systematizing Our ExpectationsSystematizing Our Expectations

RHIC Colloquium, FNAL, July  30, 2003                                                    W. A. (Bill) Zajc, Columbia        
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Is There Evidence of a Dense System?     Yes!Is There Evidence of a Dense System?     Yes!

Inst. Kernphysik, Frankfurt, Sept. 30, 2004                                                       David d’Enterria, Columbia          

PRL Cover – 14 January 2002
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Control Experiment:  d + Au  (cold nucleus)Control Experiment:  d + Au  (cold nucleus)

.   

Au + Au Experiment d + Au Control Experiment

Preliminary DataFinal Data

Some theorists suggested that the  observed high pT suppression 
in Au+Au central events was an initial state effect.  If so, then at 
least some suppression should also be seen in 
d + Au collisions.   Experimental results falsified the initial-state 
conjecture.   Conclusion:  Au+Au result is a final-state effect. 
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Further Evidence of Final State EffectFurther Evidence of Final State Effect

Text

RHIC Colloquium, FNAL, July  30, 2003                                                             W. A. (Bill) Zajc, Columbia          
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Is There Evidence of a Dense Final State System?  Yes!Is There Evidence of a Dense Final State System?  Yes!

Presented at a BNL “Press Event” 
18 June 2003.

     PRL Cover 
     15 August 2003
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CERN Press Release, February 10, 2000CERN Press Release, February 10, 2000

Question:

If we have
seen a 

New State 
of Matter
at RHIC, 

then
how does 

it differ 
from the 

one CERN 
claimed 
to have 

discovered 
in 2000?
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Students are welcome to join the age of discoveries!Students are welcome to join the age of discoveries!
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Experimental Evaluations by RHIC CollaborationsExperimental Evaluations by RHIC Collaborations

BRAHMS:

nucl-ex/0410020

PHENIX:

nucl-ex/0410003

PHOBOS:

nucl-ex/0410022

STAR:

(to be released)

Quark Gluon Plasma and Color Glass Condensate at 
RHIC?   The perspective from the BRAHMS  
experiment.

Formation of dense partonic matter in relativistic 
nucleus nucleus collisions at RHIC:  Experimental 
evaluation by the PHENIX collaboration

The PHOBOS Perspective on Discoveries at RHIC

Are We There Yet?  The STAR Collaboration’s Critical 
Evaluation of the Evidence Regarding Formation of a 
Quark Gluon Plasma in RHIC Collisions.
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Answers to the Questions at RHICAnswers to the Questions at RHIC

✔ Yes at RHIC

✔ Yes at RHIC; 

✔ Yes at RHIC; 

✔ Yes at RHIC; 

✔ Yes at RHIC;

✔ Yes at RHIC;

  Are the Energy Density and Temperature High?

  Are There Strong (Collective) Pressure Gradients?

  Is There Evidence of a Dense Final-State System?

  Is the Thermalization Time Realistic?

  Is the System Chemically Equilibrated?

  Is There Evidence for Quark Recombination?


