FGT Physics Motivation

RHIC Spin program
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The STAR Forward GEM Tracker
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strongly interacting matter produced in relativistic heavy-ion
collisions at RHIC and to provide fundamental studies of the

o b proton spin structure and dynamics in high-energy polarized

BT aa proton-proton collisions at RHIC. The FGT project will focus on

T e e S e novel spin physics measurements in high-energy polarized proton-
lepton ET (GeV) lepton ET (GeV)

L , energy of 500GeV.
The polarization of anti-quarks

Measurements aimed at determining the flavor dependence of the proton
sea are a primary future goal of the STAR spin program. These polarized
parton distribution functions (PDFs) are only weakly constrained by
polarized fixed target experiments, giving insight into the underlying
mechanisms which produce the polarizes sea. STAR plans to probe these
PDFs starting ~2010 and beyond using parity violating W production and
decay. The production of W-) bosons provides an ideal tool to study the
spin-flavor structure of the proton. W- are produced in anti-u+d (anti-d
+u) collisions and can be detected through their leptonic decays, where
only the respective charged lepton (electron/positron in case of STAR) is
measured. The sensitivity of those measurements, the longitudinal single-
spin asymmetry Ay, is enhanced in the forward /backward direction.
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proton collisions in W boson production at a center-of-mass
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FGT Technology Development

GEM technology development in industry

GEM technology 1s widely employed by current and future
experiments in nuclear and particle physics. A SBIR™ proposal
has been approved and is the basis for the development of the
industrial production of GEM foils at Tech-Etch Inc. to be
used for the forward GEM tracking system. Extensive tests
have been performed to evaluate the performance of GEM
foils produced at CERN i1n comparison to Tech-Etch GEM
foils. The optical quality (inner/outer hole diameter and pitch)
has been measured using a CCD camera setup. Comparable
performance has been found in optical uniformity and gain
performance.
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Test-beam results

The performance of three triple-GEM
detectors has been evaluated 1n a
testbeam experiment at FNAIL Good
charge sharing performance based on a
laser-etched 2D readout board
manufactured by Compunetics Inc. and a
residual of ~60um has been achieved.
This meets the FGT requirements.
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FGT Technical Realization

The discrimination of anti-u+d (anti-d+u) quark combinations requires distinguishing between high pr ¢
through their opposite charge sign, which in turn requires precise tracking information. An upgrade of the STAR
forward tracking system 1s needed to provide the required tracking precision for charge sign discrimination. This
upgrade will consist of six-triple-GEM detectors with two dimensional readout arranged in disks along the beam

axis.
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Mechanical design

Biﬁ

The FGT mechanical support structure 1s based on a
new support on one side of the STAR experiment
using light-weight carbon materials. The other side
will require a modification of the current support cone
to allow the support of the new silicon vertex tracker,
the STAR Heavy-Flavor Tracker. Each disk has a
single honey-comb support disk onto which four
individual quarter sections of triple-GEM chambers
are mounted.

Triple-GEM detector layout

Each triple-GEM quarter section detector will be
assembled onto a laser-etched 2D readout board onto
which G10 frames providing the support for three GEM
foils are glued, followed by a HV layer. The 2D readout
board 1s organized into radial and azimuthal strips
connected to a chip readout mother board using a flex-
cable connection.
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