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The two Forward Silicon Vertex Trackers (FVTX) for the Pioneering High Energy Nuclear Interaction eXperiment (PHENIX) at the Relativistic Heavy Ion Collider (RHIC) extend the precision vertex capability of the PHENIX
Silicon Vertex Tracker (VTX) to forward and backward rapidities, covering the existing muon arms. The FVTX detector project was approved by the DOE Office of Science in March 2008, with first construction funds received
in April 2008. Project completion was declared in December 2011 when the full FVTX detector was installed into PHENIX. The primary technical improvement provided by the FVTX is the identification of secondary vertices
near the original event vertex. With an expected distance of closest approach (DCA) resolution of 200 µm or better at 5 GeV/c, we will see improvement in tracking from the original vertex and be able to identify secondary
particles from in-flight decays.
The FVTX is composed of two endcaps, with four silicon mini-strip planes each, covering angles (~10 to 35 degrees) that match the two muon arms. Each silicon plane consists of 48 wedges of mini-strips with 75 µm pitch in
the radial direction and lengths in the phi direction varying from 3.4 mm at the inner radius to 11.5 mm at the outer radius. The maximum occupancy reached in central Au-Au collisions is approximately 2.8%. The FVTX has
about 0.54 million strips in each forward detector that are read out with FPHX chips, developed in collaboration with FNAL, which are wire bonded directly to the mini-strips. This chip provides analog and digital processing
with zero-suppression and produces a digital output which is "data-pushed" on two parallel serial lines at 200 Mbps to an intelligent readout board (ROC) containing Field-Programmable Gate Arrays.

Detector
Assembly

The First FVTX Quadrant, Fully Assembled

Mechanical
Design

Integration
Precise Tracking at Mid and Forward Rapidity

Backplane

12°

HDI

Cage

Sensor
FPHX
Chips

Half
Disk

•…

FVTX
South
Si Wedges

FVTX
North

Readout Cards
Extension Cables

Four tracking stations with full azimuthal coverage
•75 µm pitch strips in radial direction, 3.75° staggered phi strips
•Radiation length < 2.4%/wedge to minimize multiple scattering
•Outer Support and Cooling outside active area
•Kapton cable plant primarily outside active area
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With enhanced tracking capabilities, the FVTX will allow the PHENIX Collaboration to address pressing questions in Quantum Chromodynamics, such as:

What is the mechanism for parton energy loss in Quark Gluon Plasma? How do we
explain the mass dependence?

Using precision vertex information from the FVTX, PHENIX will be able to separately identify hadrons containing the
light up and down quarks, the heavy charm quark, and the still heavier bottom quark. Measurements of the
nuclear modification and flow of these identified hadrons place meaningful constraints on models of energy loss
and cold nuclear matter effects in heavy ion collisions.

How do color screening, shadowing, and energy loss contribute to quarkonia
suppression in nuclear collisions? Is charm recombination significant at RHIC?

By reducing background sources and improving dimuon mass resolution, the FVTX will enable measurements of
the excited charmonium state ψʼ at forward rapidity. Comparisons with the more tightly bound J/ψ state can
clarify the impact of dissociation effects in the nucleus and in the Quark Gluon Plasma.

How do the constituents of the proton contribute to its intrinsic angular momentum?
Heavy flavor measurements with the FVTX will cover 0.001 < x <0.3, providing valuable constraints on global fits
to the spin structure functions. The background reduction the FVTX provides will also substantially clarify
measurements of W boson single spin asymmetries.
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ROC Board in IR downloads front-end parameters to readout
chips and collects “data-push” data coming from the wedges
Fiber optic controls slow control communications
Fiber optic 12-channel send data to counting house
FEMs in counting house organize hits by beam-clock and
package hits upon receipt of a trigger
PHENIX-standard DCMs collect packages from FEMs

Via fiber optic cables
Online
Monitoring

Readout Cables and Fibers
(plugged into ROC edges)
Data
Storage

PHENIX Magnet

Front End Module, Counting House

All FEMs

The FVTX was installed at PHENIX prior to Run-12, and
recorded data from p+p, U+U, and Cu+Au collisions. Over 90%
of the detector is operational and the detector performance
design specifications have been met. Reconstructed tracks
are being found within the detector system and can already
be matched to tracks in other PHENIX detector systems like
the Muon Trackers and the Beam Beam Counters.

The origin of tracks reconstructed in the FVTX
shows a correlation with the collision vertex
determined by the PHENIX BBCs.

Distribution of track residuals for the North and
South arms of the FVTX. Additional alignment
studies will further improve the residuals.

Tracks from a single U+U event measured by the FVTX
Stereo plot of hits for each FVTX station in the North
and South arms, also from the 200 GeV p-p run.

Reconstructed tracks in the PHENIX muon
arms match tracks in the FVTX.

