Functional Requirements

1.1. General Design Considerations

STAR is a large acceptance experiment with full azimuthal coverage at mid-rapidity in the pseudo-rapidity range |n| < 1.  With the TPC as a central detector and a current readout speed of about 1000 Hz STAR is considered to be a “slow” detector as far as single particle observables are concerned.  Even after the DAQ upgrade to 1000 Hz in 2009 the readout speed will be limiting the single particle capabilities of STAR.  The real strength of STAR, good particle identification and full azimuthal coverage, come into play when correlations or multi-particle final states are studied.  Good particle identification and full azimuthal coverage have been the bases for the enormous success of the STAR physics program.

When it comes to identifying rare processes, like heavy flavor production with multi-particle final states, full azimuthal coverage will be of utmost importance.  Thus, full azimuthal coverage is a prime design requirement for the HFT.

Another important requirement is to keep a very low overall material budget in order to limit the effects of multiple scattering and of conversions.  Our goal is to overall reduce the radiation length of the inner tracking and support system compared to the status when the SVT was the STAR inner tracking detector.
The performance requirements listed below are selected so that if the detector meets those requirements, the detector will be able to achieve the physics requirements.  Fulfillment of the performance requirements can be completely determined shortly after the installation of the HFT. 
The Performance requirements are summarized in Table 7.  

	Pointing resolution for kaons
	< 50 (m

	Thickness of first PXL layer
	< 0.4 % X0

	Internal alignment PXL
	< 20 (m

	Internal alignment IST and SSD
	< 300 (m

	PXL integration time
	< 200 (s

	PXL and IST Readout speed and dead time
	Follow STAR DAQ-1000, no more than 5% additional dead time

	SSD dead time
	<7% at 750 Hz

	Detector hit efficiency
	> 95%

	Live channels for PXL and IST
	> 97%

	Software and procedures ready
	Tested and functional software


	HFT Parameters

	
	Design Goal
	CD-4 Requirement

	Pointing resolution for 750 MeV/c kaons
	< 35 (m
	<50 (m

	Thickness of first PXL layer
	< 0.4 % X0
	<0.8 % X0

	Internal alignment envelope PXL
	< 20 (m
	N/A

	Internal alignment instabilities PXL
	< 20 (m
	<30 (m

	Internal/Relative alignment IST and SSD
	< 100 (m
	<300 (m

	PXL integration time
	< 200 (s
	??

	PXL and IST Readout speed and dead time
	< +5% additional dead time
	??

	SSD dead time
	<7% at 750 Hz
	??

	Detector hit efficiency
	> 95%
	>80% ??

	Live channels for PXL and IST
	> 97%
	>60% ??

	Software and procedures ready
	Functional software
	Functional software


Table 7:  HFT Performance requirements.

1.2. Pointing Resolution

Heavy flavor hadrons have extremely short life times (c( ~ 50 (m).  Identifying such a short displaced vertex requires extremely good pointing resolution.  This is especially important for the identification of low transverse momentum decays where small gains in pointing resolution lead to large gains in detection efficiency.  The pointing resolution in R-( and in Z-direction are shown in Figure 27 as a function of pT.

[image: image1.png]—
o Ty Siaion

oy oMo
o STAR St





Figure 27:  Comparison of three different types of simulations to determine the pointing resolution in the R-( direction at the vertex for kaons.  The three methods are a Toy Model, Fast Simulation, and the full STAR Simulation.  Each method has different assumptions and slightly different parameters but overall, the agreement is good.  In the figure’s legend, BP is short hand for “beam pipe”.  From Reference [4].
We require a pointing resolution of better than 50 (m for kaons of 750 MeV/c. 750 MeV/c is the mean momentum of the decay kaons from D mesons of 1 GeV/c transverse momentum, the peak of the D meson distribution.

The pointing resolution that will be achieved by the HFT can be calculated from the design parameters, and from the results of surveys of the sensor ladders
1.3. Multiple Scattering in the Inner Layers

The precision with which we can point to the interaction vertex is determined by the position resolution of the PXL detector layers and by the effects of multiple scattering in the material the particles have to traverse.  The beam pipe and the first PXL layer are the two elements that have the most adverse effect on pointing resolution. Therefore, it is crucial to make those layers as thin as possible and to build them as close as possible to the interaction point.

We have chosen a radius of 2 cm for a new beam pipe.  Making this radius even smaller would make the STAR beam pipe the limiting aperture of the RHIC ring. This is not a desirable situation. The central section of the beam pipe will be fabricated from beryllium.  Such a beam pipe will have a minimal wall thickness of 750 (m, equivalent to 0.21 % of a radiation length. The beam-pipe is not part of the HFT project, but is procured with these specifications.
The two PXL layers will be at a radius of 2.5 cm and 8 cm, respectively.  The sensors will be thinned down to 50 (m and the ladders will be fabricated in ultra-light carbon fiber technology. The total thickness of the first PXL layer will be the equivalent of 0.4 % of a radiation length.  With those parameters, the contributions to the pointing resolution from multiple scattering and from detector resolution will be about equal for 1 GeV/c particles.
The radiation lengths of the two innermost structures, the beam pipe and the first PXL layer, are design parameters.
1.4. Internal Alignment and Stability

The PXL and the IST positions need to be known and need to be stable over a long time period in order not to have a negative effect on the pointing resolution.  The quality of the data will depend on alignment and long-term stability.  This is especially important for the PXL detector that needs to be installed and removed on a short time scale.
The alignment and stability need to be better than 300 (m for the IST and SSD and better than 20 (m for the PXL.

Those parameters can be determined from a survey.
1.5. PXL Integration Time

Compared to IST and SSD, the PXL is a slow device with a long integration time. All events that occur during the integration or lifetime of the PXL will be recorded.  This makes assigning PXL hits to a particular track in the TPC a difficult pattern recognition problem.

From detailed simulations we have concluded that at RHIC II luminosities the detection and reconstruction efficiency for D-mesons is not appreciably degraded due to multiple events and tracks in the PXL if the integration time of the detector is smaller than 200 (s.

The PXL integration time is a design parameter.

1.6. Readout Speed and Dead Time

In the absence of a good trigger for D-mesons it is imperative for the measurement of rare processes to record as many events as possible and as required by the physics processes.  In STAR the speed of the DAQ-1000 is the limiting factor for the number of events recorded when the readout of the TPC is required. In order not to add significant dead-time to DAQ, the PXL and IST readout speed needs to be compatible with that of DAQ-1000 and the dead-time such that the PXL and IST do not contribute more than 5% of the total dead time.  The SSD readout speed needs to be compatible with the STAR DAQ speed and should not add more than 7% dead time at 750 Hz data acquisition rate.

Readout speed and dead time are design parameters. 

1.7. Detector Hit Efficiency

The hit efficiency of PXL and IST detectors is essential for good detection efficiency.  In the case of secondary decay reconstruction, the hit inefficiency of each detector layer enters with the power of the number of reconstructed decay particles into the total inefficiency.

In order to keep inefficiency low, we request that each individual detector layer has a hit efficiency of better than 95%.

The hit efficiency of each detector layer can be measured on the bench before installation.

1.8. Live Channels

Dead channels in the PXL and IST will cause missing hits on tracks and thus lead to inefficiencies in the reconstruction of decay tracks.  Therefore, the number of dead channels needs to be as low as possible.

The impact of dead channels on the overall performance will be minimal if more than 97% of all channels are alive at any time. 
The number of dead channels can be determined immediately after installation of the detectors.
1.9.  Software and Procedures Ready

Analysis, Alignment, and Calibration procedures and software are necessary for the ability to analyze data and to extract physics information.  The detector performance can only be realized if software and procedures are in place and fully functional.

Software and procedures are ready when test data or simulated data can be processed through the official STAR analysis chain.
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