Forward Silicon Vertex Detector (FVTX) Upgrade Project for PHENIX

The main goal of the Relativistic Heavy Ion Collider (RHIC) heavy ion program is the discovery of the novel ultra-hot high-density state of matter, the Quark-Gluon Plasma (QGP), predicted by the fundamental theory of strong interactions and created in collisions of heavy nuclei accelerated to near the speed of light by the collider. When a QGP is formed, the fundamental building blocks of nuclear matter, quarks and gluons, are for a short time liberated from their normal bound-state inside nucleons, providing a unique opportunity to explore the properties of these fundamental particles. The formation of the QGP was independently observed by the two large multinational experiments at RHIC - PHENIX and STAR - largely by observing how particles comprised of light quarks interacted differently with the medium formed in the heavy ion collisions than in proton-proton collisions where no QGP is formed.  It has been recognized, however, that new probes of the QGP, such as heavy quarks, are needed for the precise determination of the plasma’s density, temperature, opacity and viscosity.  Los Alamos is leading the effort to construct two Forward Silicon Vertex Detectors (FVTX) for the PHENIX experiment that will directly identify and distinguish these heavy quark charm and beauty decays within the acceptance of the PHENIX muon spectrometers. The FVTX will thus allow qualitatively new measurements of the QGP. Extracting these same heavy flavor and dimuon measurements in RHIC polarized p+p collisions can also place significant new constraints on the gluon and sea quark contributions to the proton’s spin – measurements which are needed to help solve the long-standing “spin crisis” puzzle of how the proton’s spin is formed.
The FVTX is constructed with 384 custom-designed silicon strip detectors comprising over 1 million independent sensor channels. The strips are patterned on a 75 micron pitch, which provides precise spatial resolution, allowing a very accurate measurement of the track trajectory as it exits the collision area.  With this, particles produced at the point of interaction can be separated from heavy quark mesons which travel a very short distance from the interaction point and then decay into other particles. The readout of the 1 million channels of silicon is performed by electronics designed by LANL which suppress hits below threshold in real time and transfer the data over hundreds of high speed fiber optic links, allowing all the data to be read out in the short time between nucleus-nucleus collisions. 

The FVTX mechanical structure is divided into two main components, a half-disk that holds twenty four sensor modules and a cage that holds four half disk assemblies. All of these components were fabricated using carbon composite technology and fabricated in the Composite shop at Lawrence Berkley Laboratory, with dimensional tolerances of less than 25 microns. 

LANL’s role in the FVTX detector includes providing Project Management as well as leading the silicon sensor, sensor readout chip, electronics readout, and mechanical designs. The detector is currently in its third year of construction and will be installed into the PHENIX detector in 2011, with first data taking expected in the fall of 2011. The detector construction is supported by the DOE Office of Science, Nuclear Physics department.

A picture of the mechanical model of the FVTX detector, and one of the realized disks of detectors can be found in Figure .
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Figure 1 A photograph of one built half-disk of silicon strip detectors (left), and the mechanical model for a full half-arm, which is comprised of 4 half disks (right).
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