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RHIC @ Brookhaven National Laboratory

25 years of RHIC operation
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The mission of RHIC
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To probe the inner workings of the Quark  -Gluon Plasma
To map the phase diagram of QCD

To study the spin puzzle of proton
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Relativistic heavy ion collision

Courtesy of S. Bass

Initial state

Collision

QGP

Hadronization

Freeze out:
Chemical and kinetic
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Physics Goals at RHIC

Courtesy of S. Bass
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ldentify and study the properties of matter with partonic
degrees of freedom.

Penetrating probes Bulk probes

-fj et so and heavy-viA pasxooic collectivity
- spectra at low p+, particle ratios.
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Elliptic flowv

\

Non-central collisions: azimuthal anisotropy in coordinate
Interactions C asymmetry in momentum -space
Sensitive to early time 1n

-space

t

he systemos

Measurement: Fourier expansion of the azimuthal p+ distribution
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Low p+: bulk property

Elliptic flow v p+ distributions
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Sanchez, ISMD2003

Hydrodynamicaglmodels can reproduce  mass dependence of

and spectra at p,<2 GeV/c.
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Low p+: bulk property

Particle ratios: chemical freeze out
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200 GeV 19?Au + 19?Au central collision

STAR: Nucl. Phys. A 757 (2005) 102

g approach 1 in central

framework of this model.

A few parameters in the model:
Chemical freeze out temperature T,

Baryon chemical potential pg (ng=0
If pbar/p=1)

Strangeness saturation factor: g,

T,,=163+ 4 MeV, ug=24+ 4 MeV
0.=0.99+ 0.07

Au+Au collisions: thermalization within the
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High p+: penetrating probe

Binary Collision scaling
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STAR: Nucl. Phys. A 757 (2005) 102

In central Au+Au collisions at RHIC: Fragmentation (g/gA hadrons) +
energy loss at p; > 6 GeVi/c:

Significant suppression of inclusive charged hadron observed at
p+>6 GeV/c: dN,/dy~1000. M. Gyulassy et al., nucl -th/0302077.
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Intermediate p+: baryon /meson pattern

p /T ratio
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At p~2 GeV/c, pbar/ p ratio ~1. A It can not be factorized jet
fragmentation.

At 2<p.<6 GeV/c, p, L increase faster than p, Kg, K from peripheral to

central collisions. STAR: Phys. Rev. Lett. 92 (2004) 052302; PHENIX: Phys. Rev. Lett.
91 (2003) 172301, V. Greco, et al., Phys. Rev. Lett. 90, 202302 (2003).
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Recombination/Coalescence at hadronization

o — Q‘

Fragmentation works for p+p collisions for hadrons at p;>2
GeVic
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R.J. Fries, QM2004

If phase space is filled with partons , recombine /coalesce
them into hadrons . At 2 < p; <6 GeV/c, baryon
enhancement , v, number of constituent quark scaling .
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Perfect Liquid discovery

In 2005, BNL announced a discovery of perfect liquid at RHIC
https://www.bnl.gov/newsroom/news.php?a=110303
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The STAR Detector

1.
2.
3.

Time Projection Chamber
Second | argest device of its kind ever built
3D camera to take photos of the collisions
Measure i onization energy loss ( dE/dx) and momentum

Lijuan Ruan, BNL
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197Au + 197Au Collisions at RHIC

Central Event

(real-time Level 3)



Particle identification
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dE/dx vs p from TPC

dE/dx (KeV/cm)
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Pion/kaon identification less than 1 GeV/c, proton
identification less than 1.5 GeV/c
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A need to extend particle identification
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Need new experimental tool to extend particle identification
to higher momentum and separate electrons from hadrons

Lijuan Ruan, BNL
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MRPC TOFr 2003

= Detector Installation (cont.)

USTC MGRPC

CERN MGRP(

Multigap Resistive Plate Chamber (MRPC) Technology
low cost, high timing resolution <100x 10-? second

A prototype tray (TOFr) was installed in 2002-2003

Lijuan Ruan, BNL
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Structure of MRPC Module
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pad width = 32 mm
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M. Abbrescia et al., Nucl. Instr. and Meth. A 398 (1997) 173 -179
M. Abbrescia et al., Nucl. Instr. and Meth. A 431 (1999) 413 -427

Lijuan Ruan, BNL
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Particle identification from
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STAR Collaboration, PLB616(2005)8

Curve:
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dE/dx (KeV/cm)
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Electron identification

dE/dx after TOFr PID Cut

|1/b-1|<0.03 Clean electron samples!

STAR Collaboration, PRL94(2005)062301

Lijuan Ruan, BNL
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Time of Flight Detector upgrade

US-China Collaboration, 120 units in total:
2008: 4%: 2009: 72%: 2010: 100%

Lijuan Ruan, BNL
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Counts per 0.8 MeV/c?
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Beautiful particle identification at STAR
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