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1 Detector Design

2 Environment

We expect the FVTX detector to sustain a maximum doseage of approximately 20 kRad per year or 200 kRad over the lifetime of the detector, assuming the lifetime is approximately 10 years and taking into account future upgrades to the luminosity of the accelerator (RHIC II).

The FVTX detector will sit in an axial  (pointing along the beam axis) magnetic field.  The strength of this field is shown in Figure 1 versus r.  The nominal running condition is “Outer+Inner” (filled boxes) where you have a maximal field of slightly less than 10000 gauss (1T) at r=0 and falls to about half this value at r=1m (outside the FVTX volume).
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Tig, L. Total field strength Basea(R) vs. R for + (Outer), ++ (Outer+Inner), and
+ (OuterTnner) field configurations

in the measurement of e*e~ pairs praduced at RHIC. This measurement is a
Jey ingredient in the PHENIX physics program. Also the ++ field plotted in
Fig. 4, used with an upgraded charged particle tracking system, will imprave
the momentum resalution

Fabrication and Assembly

The yoke of the CM (and that of the MMN, discussed belaw) was fabricated
at the Izhora Steel Works in St. Petersburg from low-carbon steel (the Rus-
sian equivalent of 1006 steel) forgings and hotrolled plate. 1006 steel has
2 maximum carbon content of 0.08%. Trial assembly for fit was performed
successfully at Lzhora, but the yoke was not married to the coils until final
assembly at BNL. Quality Assurance (QA) for permeability and uniformity of
the steel at the factory in Russia could therefore not rely on magnetic exci-
tation tests. QA was done on the magnet components with a combination of
x-ray and ultzasonic inspection. Chemical analysis on melt samples was per-
formed at Izhora and at LLNL. The results from these tests were integrated
into the models used to design the magnets to verify that the steel properties
would meet the design requirements. The results were excellent, as confirmed
by powering and mapping the CM at BNL

The outer coils of the CM were fabricated in Japan at Tokin Corporation [3]

Each coil pack comprises 6 bifilar wound double pancakes made with 20.3 mm x
20.3 mm copper conductor insulated with fiberglass reinforced epoxy. The
cuter coils consist of two assemblies each having 144 turns, The eoils are
water-cocled via a 128-mm hole in the conductor. The full current testing
of two coil assemblies was performed at KEK before the shipment to BNL

Mapping of and performance experience with the CM is all with only the
cuter coils installed. The inner coils will be fabricated and installed (and the





Figure 1 B-field in the central region of the PHENIX detector, versus r.

***Something about dew point here***

3 Radiation Length Requirements

Simulations of the detector have used a radiation length of 1.6% to account for the silicon sensor, readout chip, HDI and support panel.  Additional radiation lengths from the beam pipe, theVTX detector, etc. are separately in the simulation.  With this radiation length (1.6%) we achieve reasonable performance with the detector.  We would therefore like to maintain the performance, in terms of DCA resolution, to within ~10% of this.  Simulations show that this means that the radiation length of the sensor plus HDI plus support panel could increase to up to 2.74% and still keep our resolution to within 10% of nominal.

4 Alignment and Stability Requirements

Our coordinate system is defined as: z is along the center of the beam pipe, r is in the radial direction of a detector plane and phi is the azimuthal coordinate around the detector plane.
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Unless stated otherwise, all “placement” requirements below will be met if the detectors are either placed in the nominal position to within the accuracy stated or if they are placed with less precision but the actual position is surveyed to within the precision stated.

Non-linear distortions, e.g. bowing of a sensor, should be kept to less than the detector resolution wherever possible since they are difficult to measure and correct for in offline software.

The nominal detector resolution is ~20 m or better in r and much larger in phi.  However, since most misalignments or distortions will not cleanly separate into r and phi components we generally take the r and phi or x and y requirements to be the same.
4.1 Internal Detector Requirements

4.1.1 Sensors within a Detector Station

R, phi placement of sensors with respect to each other within a plane must be done to less than the resolution of the detector because sensor-to-sensor alignment cannot be done with straight-through tracks (at least not easily).  The resolution of the detector is determined by the 75 m strip pitch in the radial direction, and the assumption that we will use clusters of strips to get a position.  This ultimately results in a detector resolution of approximately 20 m or better.  In order to make the placement resolution contribute less to the track resolution than the intrinsic detector resolution, we require that the sensors be placed and surveyed on a plane to an accuracy of 10 m in x and y.

Static distortions of the planes that occur upon power-up, cooling system under operation should also be at or below the 10 m in x and y.

Non-linear, static distortions in z within a plane will translate into displacements in x and y of our measurement points.  The maximum track angle that will be measured by the FVTX system is approximately 35° so we request that distortions which result in a sensor being out of plane in z be kept to 10m/tan(35) = 14 m or less in z.  Linear translations in z can be larger as they are more easily measured and corrected (see below).

Stability requirements are the same as the placement requirements, i.e. vibrational motion must be less than 10 m in x and y.
4.1.2 Station-to-Station Alignment

Station-to-station alignment, within a given FVTX arm, can be measured with straight-through tracks so the placement/survey requirements of a full plane into the cage are less stringent than the final detector resolution requirements.  We request that the station-to-station positions be known to whatever is reasonably achievable and state that a 75 mm resolution would be preferable but something as large as 200 m would be acceptable.

Stability requirements are the same as the detector resolution requirements, i.e vibrational motion of the stations must be less than the place and survey accuracies listed under the internal requirements.
4.2 Global Requirements

Global alignment is necessary to:

· Know the alignment of the detector with respect to the magnetic field map

· Know the alignment of each arm with respect to the PHENIX hall interaction point so that the primary vertex can be determined in the global coordinate system

· Know the alignment of each arm with respect to each other and to the VTX so that tracks from each FVTX arm and the VTX can be used together to determine a primary vertex.

Global alignments can also be determined with straight tracks so we just request that the placement/survey get the position known to within a typical survey measurement accuracy, again assumed to be ~200 m.

5 Temperature Requirements

We expect the temperature gradients allowed across the detector wedge will be determined primarily by meeting the above stability requirements and satisfying mechanical issues like avoiding delamination of detectors, etc..  Beyond this, we would like the electronics to be kept at a temperature >-10° C so that off-the-shelf electronics can be used and the silicon sensor to be at or below room temperature to maintain the noise levels of the sensor at or below nominal values.

The temperature for the ROC, in the “big wheel” portion of the enclosure should also not go below -10 C but can go as high as 50 C.

The sensors should be kept at room temperature (nominally 20( C) or lower.
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