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The Relativistic Heavy Ion Collider (RHIC)
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RHIC Experiments

4 Experiments at the start of the Program (2000) 4 Experiments at the start of the Program (2000) 
BRAHMS (particle production over large rapidity 
range, phased out in 2006)
PHOBOS (4 pi multiplicity and correlations, 
phased out in 2006)
PHENIX (tracking, electromagnetic probes near 
– mid rapidity)
STAR (precision global tracking and calorimetry
over large acceptance)

o Collaboration size: 500+ Participants
o Distribution: 50+ Institutions
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RHIC Status and Plans
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PHENIX and STAR DAQ Rates

MB/s

Dataset size
RHIC (from p+p to Au+Au) within LHC range (p+p or Pb+Pb)
PHENIX and STAR ~1 PB RAW dataset each in Run10 (2010)
RHIC will double Luminosity in ~2014
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Actual and Expected Data Volume Growth
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PHENIX & STAR Software Frameworks

Decided from early on to use the ROOT FrameworkDecided from early on to use the ROOT Framework
Addresses all basic needs – histograms, NTuple, IO, versioning, 
framework, visualization

Foundation for Experiment-specific part – OO throughout
o PhAT (Phobos Analysis Toolkit), PHool (PHenix OO Library), BRAT ) 

BrahmsAnalysis Tool), root4star

Frameworks found save time and development effort
o Analysis, calibration, data production, and eventually simulation

Focusing on Freeware & Open Source packages
o The Objectivity DB lesson

Almost no change in frameworks for several years
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Analysis – Chains, Trains, Taxis

The technology of Analysis Trains has 
matured over time and so has the community. 
We expect an expansion with increasing 
resource demands 
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Extending the (centralized) Model

Use of Grids by RHIC ExperimentsUse of Grids by RHIC Experiments
STAR is using Open Science Grid (OSG) for MC production

o Observe >97% efficiency

But, Grids are complex and too dynamic for production environment

Troubleshooting is difficult

Using dedicated sites with pre-installed software
o Little to no opportunistic use

What about Clouds?What about Clouds?
STAR uses Amazon/EC2

Nimbus Infrastructure-as-a Service

Truly opportunistic, instantly available
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RHIC Data – Evolution of derived Data 
Formats
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Resources in 2011 (all Exp)

CPU [kHEP-SPEC 2006] 1277

Disk [PB] 140

Tape [PB] 145

Year
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Potential Discoveries in ATLAS
The LHC recreates, on a small scale, The LHC recreates, on a small scale, 

the conditions of the Universe just after the conditions of the Universe just after 
the Big Bang in order to learn why the the Big Bang in order to learn why the 
Universe is like it is today. ATLAS will Universe is like it is today. ATLAS will 
investigate why the matter of the Universe investigate why the matter of the Universe 
is dominated by an unknown type of is dominated by an unknown type of 
matter called dark matter. matter called dark matter. 

If the constituents of dark matter are If the constituents of dark matter are 
new particles, ATLAS should discover new particles, ATLAS should discover 
them and elucidate the mystery of dark them and elucidate the mystery of dark 
mattermatter

Evidence for dark matter can be seen Evidence for dark matter can be seen 
in the collision of two clusters of galaxiesin the collision of two clusters of galaxies
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Potential Discoveries in ATLAS

Why do fundamental particles have Why do fundamental particles have 
such different masses? Two of the such different masses? Two of the 
greatest mysteries are how particles greatest mysteries are how particles 
gain mass and how mass and energy gain mass and how mass and energy 
are related. are related. 

To explain these mysteries, To explain these mysteries, 
theories predict a new particle, the theories predict a new particle, the 
Higgs particle. Higgs particle. 

If this particle exists, ATLAS will If this particle exists, ATLAS will 
discover it and provide great insight discover it and provide great insight 
into the origin of mass.into the origin of mass.

Prof. Peter Higgs
Visiting the ATLAS
Detector
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Potential Discoveries in ATLAS
Physicists have developed a theory Physicists have developed a theory 

called the called the Standard ModelStandard Model that explains that explains 
what the world is and what holds it what the world is and what holds it 
together. It is a theory that explains all the together. It is a theory that explains all the 
hundreds of particles and complex hundreds of particles and complex 
interactions with only: interactions with only: 

6 Quarks
6 Leptons (such as the electron) 
Force carrier particles (like the 
photon) 

All the known matter particles are All the known matter particles are 
leptons or composites made of quarks, leptons or composites made of quarks, 
and the interact by exchanging force and the interact by exchanging force 
carrier particles. carrier particles. 

A primary goal of ATLAS is to look for A primary goal of ATLAS is to look for 
discoveries that the Standard Model discoveries that the Standard Model 
cannot explain. cannot explain. 
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The ATLAS Detector
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ATLAS TDAQ Overview
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ATLAS TDAQ Layout
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ATLAS Data and Analysis Model
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ATLAS Data Formats from RAW to Analysis  
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ATLAS Data Formats – Current AOD size
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The U.S. ATLAS Tier-1 Center in the globally 
Distributed ATLAS Computing Facility

BNL

BNL

The Tier-1 at BNL is the
Largest LHC Analysis 
Center
As of May 2010
• 5500 Job Slots
• 6.0 PB Disk
• 9.0 PB Tape
• 40 Gbps WAN B/W

BNL

MB/s

2000
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ATLAS Data Formats – from RAW to Analysis
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ATLAS Data – Derived Physics Data (DPD)
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Analysis – From HLT to D3PD
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Transforming one format to another



May, 2010May, 2010M. Ernst                                                   CLAS1M. Ernst                                                   CLAS12 S/W Workshop2 S/W Workshop 30

ATLAS Software Framework Athena
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ATLAS Software Framework Athena
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Tag Data
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Tag Data
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Analysis Frameworks
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Analysis Frameworks
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AthenaROOTAccess (ARA)
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AthenaMP – Event level parallelism 
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Athena goes Parallel
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Conclusions on Software
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ATLAS Jobs on the Grid - PanDA

Workload Management System for Production and Distributed AnalysWorkload Management System for Production and Distributed Analysisis
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PanDA Attributes
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http://panda.cern.ch

http://panda.cern.ch/
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