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Preface to the Series

The RIKEN BNL Research Center (RBRC) was established in April 1997 at
Brookhaven National Laboratory. It is funded by the "Rikagaku Kenkyusho" (RIKEN,
The Institute of Physical and Chemical Research) of Japan. The Memorandum of
Understanding between RIKEN and BNL, initiated in 1997, has been renewed in 2002 and
again in 2007. The Center is dedicated to the study of strong interactions, including spin
physics, lattice QCD, and RHIC physics through the nurturing of a new generation of
young physicists.

The RBRC has both a theory and experimental component. The RBRC Theory
Group and the RBRC Experimental Group consists of a total of 25-30 researchers.
Positions include the following: full time RBRC Fellow, half-time RHIC Physics Fellow,
and full-time, post-doctoral Research Associate. The RHIC Physics Fellows hold joint
appointments with RBRC and other institutions and have tenure track positions at their
respective universities or BNL. To date, RBRC has -SO graduates of which 14 theorists
and 6 experimenters have attained tenure positions at major institutions worldwide.

Beginning in 2001 a new RIKEN Spin Program (RSP) category was implemented
at RBRC. These appointments are joint positions of RBRC and RIKEN and include the
following positions in theory and experiment: RSP Researchers, RSP Research
Associates, and Young Researchers, who are men to red by senior RBRC Scientists. A
number of RIKEN Jr. Research Associates and Visiting Scientists also contribute to the
physics program at the Center.

RBRC has an active workshop program on strong interaction physics with each
workshop focused on a specific physics problem. In most cases all the talks are made
available on the RBRC website. In addition, highlights to each speaker's presentation are
collected to form proceedings which can therefore be made available within a short time
after the workshop. To date there are ninety- two proceeding volumes available.

A 10 teraflops RBRC QCDOC computer funded by RIKEN, Japan, was unveiled
at a dedication ceremony at BNL on May 26, 2005. This supercomputer was designed and
built by individuals from Columbia University, IBM, BNL, RBRC, and the University of
Edinburgh, with the U.S. D.O.E. Office of Science providing infrastructure support at
BNL. Physics results were reported at the RBRC QCDOC Symposium following the
dedication. QCDSP, a 0.6 teraflops parallel processor, dedicated to lattice QCD, was
begun at the Center on February 19, 1998, was completed on August 28, 1998, and was
decommissioned in 2006. It was awarded the Gordon Bell Prize for price performance in
1998.

N. P. Samios, Director
June 2009

*Work performed under the auspices ofU.S.D.O.E. Contract No. DE-ACO2-98CHIO886.
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INTRODUCTION 
 
 
 

 
Fifth Annual PHENIX Spinfest and School 
 

Since 2005, the PHENIX Spin Physics Working Group has set 

aside several weeks each summer for the purposes of training 

and integrating recent members of the working group as well 

as coordinating and making rapid progress on support tasks 

and data analysis. One week is dedicated to more formal 

didactic lectures by outside speakers. The location has so far 

alternated between BNL and the RIKEN campus in Wako, Japan, 

with support provided by RBRC and LANL. Originally this year’s 

Spinfest School was slated to take place in Japan, however, due 

to the H1N1 virus; this year's PHENIX Spinfest School 2009 will 

take place July 01 – 31, 2009 at BNL.  

The mornings of July 7, 8, 9, and 13th lectures will take place 

in Bldg. 510 Small Seminar Room, Physics bldg. 510. The 

mornings of July, 27 -31, Bldg 510 Small Seminar room, the 

invited speaker will be Dr. Markus Diehl, DESY. All are welcome.  

 

The Organizers 

July 2009 
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J. Lajoie, Iowa State University

The role of a trigger in a particle physics experiment is to efficiently select rare physics events while
suppressing background events. The degree to which this must be accomplished is determined by the
requirements of the experiments data acquisition system (DAQ) and the ability to archive data to
permanent storage. The trigger system must ultimately reduce in the input, or physics event rate, to the
rate at data acquisition rate. These two rates can often differ by many orders of magnitude, and the
challenge for the experimenter is to achieve this reduction while simultaneously maintaining a high

efficiency for physics events of interest.

Experimental constraints determine the optimal approach in designing a triggers system. Cosmic rays
experiments have no fixed timing structure, while accelerator experiments can take advantage of the
accelerator RF structure to provide fixed time references. Fixed target experiments typically deal with
an extracted beam cycle of order Hz, with microstructure within the extracted beam that may have Mhz

components. At collider experiments, bunch spacing determines the relevant timescale for a trigger
decision. Electron-positron colliders typically have physics event rates of a few hundred Hz, but are

dominated by beam backgrounds. Hadron colliders have many soft QCD processes providing
backgrounds to the trigger, while the desired events are relatively rare. In addition, high luminosities at
hadron colliders mean that multiple interactions per bunch crossing must also be dealt with.

A given trigger system can be characterized by its efficiency for the events of interest, and it deadtime.
Deadtime is defined as the fraction of the time the detector is unavailable to capture a physics event,
and if determined by the trigger decision time and the readout time of the DAQ. Minimizing deadtime is
a critical parameter in modern particle physics experiments, as a reduction in deadtime translates
directly into more events per unit time (or dollar of running time spent). Modern trigger systems use
pipelining of the trigger and front-end electronics to provide an essentially "deadtimeless" first level

trigger for the experiment.

Often the required rate reduction cannot be accomplished in a single trigger step, with the limited
information available at an early stage in the trigger process. This has led to the evolution of the
multilevel trigger system, in which the trigger decision is refined at higher levels as the input rate to
each level is reduced. This approach permits increasingly sophisticated trigger decisions at higher levels

which make use of the full detector data in the trigger decision.

The development of trigger systems for particle physics experiments has been driven by increasing

commercial availability of commodity hardware (FPGA's, PC's, networking, high-speed communication

links, etc.) This trend will likely continue in the future, with only part of the first-level trigger system

continuing to be designed in custom hardware, and full detector readout occurring at earlier stages in

the trigger process.
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PYTHIA at RHIC - Helen Caines, Yale University, July 13th 2009

PYTHIA is based on the Lund Model ofhadronization via strings, which was started
by the Lund Theory Group in 1978. The Lund model assumes that all final state
hadrons stem from the force between partons and not the partons themselves. Due
to the self-interaction of gluons (the force carriers) the field lines between partons
form narrow colored tubes, or strings. These strings that fragment causing a spray
of particles between separating partons - i.e. a jet. PYTHIA models the whole of a p-
p event by splitting the event into several distinct parts

.

.

.

.

Hard sub-processes, which are described via matrix elements.
Resonance decays (such as the W), which are associated with the hard sub-
process.
Initial State Radiation (ISR), via space like parton showers.
Final State Radiation (FSR) ,via time like parton showers.
Multiple Parton Interactions (MPI) with their ISR and FSR
Beam-Beam remnants.
Reconnection of all objects via color confinement strings.
Hadronization and decay of unstable particles.

The jet properties are well modeled at RHIC despite there being significant gluons
scattering at these energies and gluon FF not being well measured. The intrinsic kT
of the proton used in PYTHIA was extracted from COF 1.8 TeV data on the Z boson,
a value of2.1 GeV Ic is used. This seems low compared to values extracted from di-
hadron correlations by PHENIX which is <kr>2.68:i:O.O4 GeV Ic.

By studying the underlying event it appears that there is very little large angle
ISR/FSR at RHIC. This is in stark contrast to the significant contributions measured
at the Tevatron. To describe all the details of the underlying event, including the
multiplicity dependence, MPI are required. The probability of MPI is best simulated
when the proton is assumed to have double-Gaussian hard core matter distribution.
More "central" events have harder scattering and more MPI leading to a rising mean
p-rwith increased multiplicity in the event. RHIC data is helping constrain the
collision energy dependence of MPI. The activity in the RHIC underlying events
shows that the old default scaling value in PYTHIA of £=0.16 is incorrect and £=0.25
should be used instead. The new value results in increased activity at RHIC but a
significant decrease of26% at the LHC.

The strange baryons and heavy flavor production are currently not well modeled by
PYTHIA A different K-factor (a simple scaling factor used to take into account the
fact that PYTHIA is only a LO calculation) is required to reproduce the measured PT
spectra resulting in the inability to simulate the light-flavor hadrons at the same
time as the particles containing heavier (s,c,b).

For details on the latest and greatest tune please take a look at arXiv:O90S.3418 and
the PYrHIA manual available from their webpage.
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M. Diehl

Deutsches Elektronen-Synchroton DESY, 2~609 Hamburg, Gennany

In these lectures I review some of the basic concepts of QCD that underly
the interpretation of high-energy scattering experiments.

After a brief general introduction, the first lecture recalls the necessity
of ultraviolet renormallzation and then disc~ some of its practical con-
sequences. The connection between the renormalization scale dependence of
perturbative results and the estimate of higher-order corrections is presented
in some detail.

In the second lecture, I take the example of e+ e- annihilation into hadrons
to discuss a characteristic feature of QCD perturbation theory: the occur-
rence of soft and collinear divergences and their cancellation in suitable ob-
servables. I then recapitulate the optical theorem and discuss its practical
value and some of its physical implications. Finally, I recall the notation of
chirality and present a set of useful properties of Dirac spinors.

The third lecture reviews in broad lines the logic of collinear factorization,
a cornerstone for the application of perturbative methods to lepton-hadron
and hadron-hadron scattering. As a by-product, definitions and some prop-
erties of parton densities in QCD will be obtained. In the fourth lecture, I
discuss the need to introduce a factorization scale and the corresponding scale
dependence of parton densities. I give a brief account of the peculiarities of
the evolution for polarized quark and gluon densities.

A different version of factorization is presented in the fifth lecture, where
transverse-momentum dependent parton densities and fragmentation func-
tions are introduced. I highlight the special role of Wilson lines in this
context and show how they are related with time-reversal odd observables
like the givers or Boer-Mulders asymmetries. Differences and similarities
between collinear and ~ factorization will be discussed, as well as their
complementarity in the description of final states with moderately large PT.

Throughout the lectures, emphasis is put on the physics underlying the
theoretical methods on one hand, and on simple calculations illustrating their
technical implementation on the other hand.
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