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Scope of Proposal: Characterization/operation of detectors
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Proposal Summary (Abstract)

This is a proposal to assist the NGST Project in selecting the best near-infrared (NIR) detectors for the NGST. We will characterize competing HgCdTe and InSb technologies in NGST-like operating environments, obtaining test data relevant to the success of the NGST science program. We will measure first-order detector properties (read noise, dark current, persistence, quantum efficiency, etc.) as functions of environmental parameters (radiation exposure, thermal conditions, operating modes) for both detector types, using the same procedures, setups, dewars, light sources, targets, electronics, acquisition software, analysis software, and staff. We will publish these data and use them in an "optimal use" study to determine the best way to operate either technology, given the cost and system requirements for NGST. Our results will enable critical assessment of detector performance in a simulated NGST environment, advancing a crucial technology through the NGST development program. All aspects of this work will be public, including test procedures, intermediate and final data, and will be made available to the NGST Project, other detector testing groups, instrument designers, and future NASA missions related to the Origins theme program. Our team has extensive experience in characterizing and operating NIR detectors, designing near-infrared space missions, operating observatories, building ground-based near-infrared instruments, and includes recognized pioneers in detector research and development. Several team members will go on to be part of the NGST operations team, thus ensuring that the lessons learned during detector testing will be transferred to successful mission operations. The effort extends over 2 years, and the requested funding is $992K. The proposal offers considerable cost sharing ($347K), and does not request substantial funds for hardware. Given the expected NIR detector flight procurement budget of >$40M, this proposal requests a prudent investment to help ensure a successful NGST.
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Comparative NIR Detector Characterization for NGST

1.0
Abstract

This is a proposal to assist the NGST Project in selecting the best near-infrared (NIR) detectors for the NGST. We will characterize competing HgCdTe and InSb technologies in NGST-like operating environments, obtaining test data relevant to the success of the NGST science program. We will measure first-order detector properties (read noise, dark current, persistence, quantum efficiency, etc.) as functions of environmental parameters (radiation exposure, thermal conditions, operating modes) for both detector types, using the same procedures, setups, dewars, light sources, targets, electronics, acquisition software, analysis software, and staff. We will publish these data and use them in an “optimal use” study to determine the best way to operate either technology, given the cost and system requirements for NGST. Our results will enable critical assessment of detector performance in a simulated NGST environment, advancing a crucial technology through the NGST development program. All aspects of this work will be public, including test procedures, intermediate and final data, and will be made available to the NGST Project, other detector testing groups, instrument designers, and future NASA missions related to the Origins theme program. Our team has extensive experience in characterizing and operating NIR detectors, designing near-infrared space missions, operating observatories, building ground-based near-infrared instruments, and includes recognized pioneers in detector research and development. Several team members will go on to be part of the NGST operations team, thus ensuring that the lessons learned during detector testing will be transferred to successful mission operations. The effort extends over 2 years, and the requested funding is $992K. The proposal offers considerable cost sharing ($347K), and does not request substantial funds for hardware. Given the expected NIR detector flight procurement budget of >$40M, this proposal requests a prudent investment to help ensure a successful NGST.

2.0
A Detector Testing Program to Deliver the Promise of NGST

2.1
NIR Detectors Are Key to A Successful NGST Mission

The Next Generation Space Telescope (NGST) is the centerpiece of the NASA Office of Space Science (OSS) theme: the Astronomical Search for Origins. The core NGST program to study the origins and evolution of galaxies was recommended by the “HST & Beyond” committee in 1996. The NGST will need to have the sensitivity to see the first light in the Universe to determine how galaxies formed in the web of dark matter that existed when the Universe was in its infancy (z ~10-20). To achieve this, the NGST is being designed as a cold (<40 K) 8-m class telescope located near L2 and optimized for the 1-5 m waveband. Its goal is to detect sources as faint as magnitude 33 (<one photon per second at the detector), to fully exploit its potential. 

 The NGST Ad-hoc Science Working Group has encapsulated the scientific goals of NGST into a set of 27 programs requiring ~1/2 of NGST’s design lifetime of 5 years to execute. Approximately 60% of the time, and five of the seven highest priority programs, in the DRM utilize NIR detectors.  The reason for the dominance of the NIR for studying the origins of galaxies and stars is straightforward to explain since their light is redshifted to the IR by cosmological expansion.   A natural limitation to such observations is presented by sunlight scattered by and thermal emission from interplanetary (zodiacal) dust in the Solar System (See Figure 1). Fortunately, the surface brightness of the foreground emission of that dust is least in the 1–4 m range, a range in which the apparent spectral energy distributions of high-z (z~1–10) galaxies are maximum. Both imaging and spectroscopic observations are required in the NIR, and as a result, two of the three instruments recommended by the ASWG for the NGST are a wide-field NIR imager (44, R=5) and a NIR multiobject spectrograph (33, R=100–1000). In addition, NIR detectors will be the primary sensors for guiding and establishing/maintaining the wave front performance of the telescope.  For all these reasons, although there are a number of critical technologies required for NGST, none is more crucial than the successful development of very sensitive NIR detectors.

There are two basic challenges associated with the NGST detectors. First, to achieve NGST’s planned sensitivity limit, detector manufacturers must produce detectors that are more sensitive than those flown on previous missions. As illustrated in Figure 1 (left), the total noise resulting from dark current and read noise must be extremely low to assure that NGST imaging is zodiacal light limited. Indeed, the detector will be the dominant noise source for spectroscopy of faint sources, even if we assume optimistic goals for read noise (3 e) and dark current (0.02 e/s). By comparison, the NICMOS HgCdTe detectors on the Hubble Space Telescope have minimum read noise of 18 e(25 samples, up-the-ramp) and dark current ~0.05 e/s, while SIRTF InSb detectors are expected to exhibit a minimum read noise of 10 e (64 samples, Fowler sampling) and dark current <1 e/s. The achieved detector performance will translate directly into the time required to complete the DRM.  For example as shown in Figure 1 (right), the time required to execute the imaging and spectroscopic portions of the DRM (and any General Observer Science) is directly related to basic detector properties like dark current and read noise. Second, to provide appropriate spatial sampling for the NIR camera and spectrograph, detector manufacturers must produce many more detectors than have ever been produced before. Indeed, the current reference instrument complement on NGST requires ~80 Megapixels, in comparison to 0.2 Megapixels and 0.13 Megapixels in the NICMOS and SIRTF NIR [image: image9.png]Ilaw heﬂll Raytheon Systems Company

75 Coromar Drive
Goleta, CA 93117
{805) 968-3511

February 8, 2000

Dr. Donald F. Figer

Space Telescope Science Institute
3700 San Martin Drive

Baltimore MD 21218

Dear Don,

It was a pleasure hosting you during your visit to the IRCoE in November of last year. The meeting
and subsequent discussions with you provided a clear understanding of your plans to develop an
independent test lab in the service of the NGST down-select process and other future missions. We
strongly believe that such a capability would significantly benefit the NGST program.

Raytheon IR CoE endorses the development of the STSci Independent Detector Testing Laboratory
(IDTL). Such a lab would be a valuable asset for the NGST program. It would ensure that
independent and unbiased detector performance data is available for the NGST Project Office to
utilize in the selection of the detector manufacturers for the flight procurement. In addition, such data
would be very useful for the instrument Principal Investigators and contractors in optimizing the
design of the NIR and MIR instruments.

In the interest of fostering the IDTL, Raytheon IR CoE will provide assistance to the STSci during the
lab’s initial development period by loaning Aladdin III InSb and IBC engineering arrays for initial
test set-up, calibration and operation of the IDTL test stations. The quantity, delivery schedule, array
quality and terms of the loan will be defined through a bailment agreement. Raytheon IR CoE will
also provide a limited amount of consultation, as is done with all of our customers, to STSci
personnel to assist in setting up the arrays for proper operation

Raytheon IR CoE supports the development of a dedicated and independent detector test facility for
NGST at the STSci and looks forward to future interactions to ensure the successful implementation
of this effort.

Director of Technology
Raytheon IR CoE

CC: K. J. Ando
J. Garnett




detectors, respectively.
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Science Center

January 19, 2000

Donald F. Figer

Space Telescope Science Institute
3700 San Martin Drive
Baltimore, MD 21218

Dear Donald,

Thank you for your visit to Rockwell Science Center on November 2, 1999. The meeting and discus-
sion of NGST and of your plans for an Independent Detector Testing Laboratory at STScl was very
informative, and productive. RSC looks forward to continued cooperation as STScI develops its de-
tector test lab in service of the NGST detector down-select process and the greater mission.

Specifically, the following three points summarize the primary agreements to come out of our meeting:

1. Rockwell Science Center (RSC) supports the STScl Independent Detector Testing Laboratory
(IDTL), finding that the lab would be a valuable and unique asset for the NGST program and the
greater community of detector manufacturers/users.

2. RSC will loan HAWAII and HAWALII-2 engineering grade arrays to the STScI IDTL during the
lab's initial development period. The quantity, delivery schedule, array quality, and term of the
loan, will be determined by RSC in a non-binding agreement.

3. RSC will provide assistance to the STScI IDTL during the lab's initial development period to
ensure that the lab is properly running the arrays. The extent of the assistance will be deter-
mined by RSC in a non-binding agreement.

Again, we look forward to a continuing productive interaction with STScI, and a highly success-
ful NGST mission.

Sincerdy’j/
~ Katﬂ {Vural,”

Director of Imaging

bece: K. Vural
J. Montroy




NASA has recognized these challenges and is conducting an aggressive technology development program with the two primary NIR detector manufacturers, Raytheon and Rockwell, and their respective university partners, the University of Rochester/NOAO (InSb) and the University of Hawaii (HgCdTe). Both technologies show promise for NGST. For instance, InSb detectors have benefited as the choice for many ground-based instruments and SIRTF. Consequently, they have demonstrated some of the requirements for the NGST, specifically moderately high quantum efficiency (QE) over the 1-5 m band, read noise < 10 efor multiple samples and dark current <0.1 e/s. Most of the existing experience for HgCdTe is based on devices with a long wavelength cutoff of 2.5 m.Recently, Rockwell and the University of Hawaii have demonstrated devices with cutoffs of 4.7 m, as large as 4 Megapixels, and with dark currents <0.01 e/s, although no single device exhibits all these properties over the required fraction of an array. The development of these two detector technologies is expected to continue with the goal of “prototype demonstration in a relevant environment” (Technology Readiness Level of 6) in advance of the detector down-selection and the NGST Non-Advocate Review (~2003 according to this NRA); note that to achieve TRL6, the detectors must be shown to achieve the required performance, given an L2 radiation environment over the life of the mission. Based on the results of this development, NASA expects to procure the NGST flight detectors.


Achieving these goals with current detectors, or detectors being designed is not assured, as can be seen in the “Status” column of Table 1. Indeed the status numbers only pertain to some unspecified fraction of pixels on any given array, and several of the numbers have only been demonstrated for a single array. In addition, the data were not obtained in comparative test setups. Finally, some of the detector properties are simply not known well. Clearly, a new generation of detectors will be required that meet the NGST requirements, and new independent testing is needed to measure their performance in a systematic, comparative way. 

While noise and QE are the key characteristics of the NIR detectors, it will be necessary to procure detectors that minimize other undesirable characteristics to achieve the NGST’s ambitious goals in a cost-constrained mission. Sensitivity to cosmic rays, persistence of bright images and cosmic rays, and temperature sensitivity of bias and noise are examples of such undesirable characteristics. Figure 2 shows these and other examples that have been critical for the HST/NICMOS (Bergeron et al. 1999; Böker et al. 1999; Böker et al. 2000). These effects both reduce data quality and increase the effort required to calibrate and to use the detector. As demonstrated by experience at STScI in operating the NICMOS-3 detectors on-orbit, a vigorous ground-testing program could have identified important deficiencies before launch. This would have translated into greater scientific productivity and reduced operations costs.

The purpose of this proposal is to provide the comparative detector characterization needed to allow the NGST Project and the instrument developers to select the best NIR detector technology for the NGST. The right choice is critically important, not only because it will determine the ultimate scientific performance of NGST, but also because it will greatly enhance the probability that NGST can meet its goals within the overall cost cap of the mission. We have assembled an expert team from around the world to perform the work described in this proposal, including scientists and engineers from STScI, JHU, ESO, NOAO, Gemini, Rockwell, and Raytheon. This team has over 100 years of combined expertise in designing, characterizing, and using NIR array detectors, for a variety of ground-based and space-based platforms, including the NGST. An important objective for the proposed effort is to bring together this expertise in service of the NGST mission so that the most competent, sophisticated, and revealing comparative testing is done and reported to everyone in the NGST community.

Table 1: NIR Detector Requirementsa
	Parameter
	Requirement
	Goal
	Statusb

	
	
	
	InSb
	HgCdTe

	System Noise per imagec
	10 e RMS
	3 e RMS
	10.8 e RMS
	6.7 e RMS

	Read Noised (nFowler(16)
	~7 e  RMS
	~2.1 e RMS 
	10.6 e RMS
	4.6 e RMS

	Dark Currente
	~0.05 e/s
	~0.005 e/s
	0.004 e/s 
	0.02 e/s 

	QE
	>80%
	95%
	>80%
	~74%f

	Latent Image
	0.1%
	0
	<0.5%
	<0.5 % 

	Fill Factor
	>95%
	100%
	>98
	>98%

	Radiation Immunity
	minimal effect
	no effect
	minimal
	unknown

	Frame Time
	<12 s
	<12 s
	<12s
	<12 s

	MTF
	TBD
	TBD
	Ill-defined
	Ill-defined

	aAdapted from NGST Detector Requirements Panel report (McCreight et al. 1999).

bAlso from “Recommendations of the NGST Detector Requirements Panel.” Red indicates value does not satisfy requirement, black indicates value is between requirement and goal, green indicates value meets goal. Note that the status values have not been achieved by the required number of pixels on any single array at the full wavelength range for NGST.

cQuadrature sum of contributions from read noise, shot noise from dark current, shot noise from glow, 1/f, timing fluctuations, temperature drifts, and temperature gradients across the array, etc., for a 1000 second exposure.

dAssumes that read noise contributes ½ of the system noise and Fowler sampling with 16 samples. Note this number of Fowler samples leads to a 19% overhead just from the reading, thus consuming 2/3 of the total allowable overhead for all of NGST. 

eAssumes that the dark current contributes ½ of the system noise. 

fMeasured over the wavelength range of 1.3 – 4.7 (m.


2.2
The IDTL Serves NGST

Our objectives are to characterize the two competing near-infrared detector types in the parameters indicated in Table 1 as a function of relevant operating conditions using the same procedures, setups, dewars, light sources, targets, electronics, acquisition software, analysis software, and staff. This effort is necessary because high quality devices are required to take advantage of the very low background levels of the NGST. By operating the detectors in low-background conditions that resemble those at L2, we will measure the required data at a time when one must make critical design tradeoffs to minimize mission cost. In studying the performance of the detectors using various readout approaches, i.e Fowler sampling, up-the-ramp sampling, differential sampling, off-chip cryogenic amplification, etc., we will identify the approach that yields the best system performance. In addition, we will determine the operational problems that attend the various read modes, including sensitivity to environmental effects, such as a harsh radiation environment and temperature variations induced by the readout approach.
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I acknowledge that I am identified by name as a Co-I to the investigation entitled “Comparative NIR
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Technology Development (SITD), and that I intend to carry out all responsibilities identified for me in this
proposal. I understand that the extent and justification of my participation as stated in this proposal and the
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April 24, 2000

Donald F. Figer

Space Telescope Science Institute
3700 San Martin Drive

Baltimore, MD 21218

Dear Don:

} acknowledge that | am identified by name as a Collaborator to the i_nvestigqtuon
entitied “Comparative NIR Detectar Characterization for NGST” that is submitted
by Donald F. Figer to the NASA Research Announcement (_NRA 00-0SS-03)
entitled Next Generation Space Telescope (NGST) Science Instrument
Technology Development (SITD), and that | intend to carry out the
responsibilities identified for me in this proposal consistent with a budget of 20 hr
of my unfunded time, as agreed to by the PI. | understan_d that the extent qnd
justification of my participation as stated in this proposal will be evaluated during
peer review in determining the merits of this proposal. :

Sincerely,

Cornell University




A “public” test facility, without strong ties to, but with the cooperation and involvement of the two major vendors, is important to ensure that test results are unbiased and accepted by the NGST community because only one basic NIR detector technology will be incorporated into the NGST. In recognition of the need for such a facility, STScI/JHU will establish the Independent Detector Testing Laboratory (IDTL), with strong encouragement by both Raytheon and Rockwell (see attached letters). The manufacturers will provide engineering grade NGST detectors to the IDTL, with anticipated delivery before the onset of any funding resulting from this NRA. In addition, they will work with us as collaborators on the proposed effort, ensuring that the protocols and operational procedures provide optimal comparisons between the two systems. In operating the IDTL, we will develop and publish a set of standardized characterization protocols and make available detailed descriptions of the test setups. Our effort will help lay the groundwork for the high volume testing to be done during the manufacturing stages of the NGST Project.

2.3
The IDTL Provides Independent Detector Testing for NGST 

The proposed testing complements technology-focussed work being done elsewhere by the University of Hawaii and Rockwell to develop HgCdTe detectors, and the University of Rochester and Raytheon to develop InSb arrays. Several other groups have participated in detector testing without a formal association with the NGST Project. Among these, Co-I Fowler is a recognized leader for his role in designing and characterizing the InSb ALADDIN array (Fowler et al. 1996). Likewise, Co-I Finger has led the ESO group in comparative characterization of both potential NGST NIR detectors (Finger et al. 1999, 2000). As a result, both InSb and HgCdTe detectors have made great strides in recent years (see e.g. Table 1; Hall et al. 2000; Ando et al. 2000; Finger et al. 2000). 

The NICMOS on HST has provided a wealth of practical experience in operating NIR arrays in space. As a result, the STScI team is best prepared to assess how array parameters measured in the lab will effect NGST’s performance at L2. This NICMOS experience has allowed us to measure the major detector characteristics as functions of operational parameters and quantify some properties, such as pedestal drift, that were much more important in low-background on-orbit conditions than in comparatively high-background ground-based applications.
 Our work will extend that done by the Hawaii and Rochester groups and by our Co-investigator organizations by independently assessing both detector types in similar setups, with public results (data, test setups, procedures). In addition, this testing will be specifically geared toward determining the optimal use of either detector type in an NGST environment (low background, low signal, high cosmic ray flux). We will particularly assess the impact of the NGST radiation environment on operating the candidate detectors. The data we produce will be accessible via the web and DVD up until launch, so that instrument developers, the NEXUS Project, and the NGST Project will have measured data to use in the detector down-select process and in simulations. Full test descriptions will accompany the data, thus enhancing their usability. The “optimal use” study could be used to assist the electronics and systems designers to choose designs that maximize the performance of the chosen detector technology. The test procedures and protocols developed will assist the project in performing the high volume array testing program. In addition, our effort will assist the Project in implementing the system to obtain, calibrate, and archive data from the NGST, an effort to be led by the STScI. Having STScI involved in this type of testing, at an early enough time before launch, is a major benefit of our proposal. In addition to these benefits for the NGST, our open approach will benefit ground-based astronomy (see attached letters from Gemini Telescope Project and ESO) in selecting and operating the latest array technologies and detector systems for the low-background operations made feasible by diffraction-limited adaptive optics imaging systems and high resolution spectrometers.  

2.4
Comparative Detector Testing is Needed for NGST


InSb and HgCdTe detectors will be tested in an NGST-like low-background environment, using similar test procedures, to measure dark current, read noise, persistence, absolute QE, MTF, and short- and long-term radiation effects. Both detectors will be characterized in similar ways, although the controller voltage levels, clock patterns, and operating temperatures will be individually optimized, as guided by our own findings and those of our collaborators at Rockwell Science Center and Raytheon Systems Company. Aside from these operational differences, the setups will be identical, i.e the same dewars, light sources, targets, electronics, acquisition software, and analysis software. The setups will initially be customized for the HAWAII-1R and ALADDIN III multiplexers, although future designs will be accommodated. Engineering grade devices will be delivered directly to our laboratory from the manufacturers. These devices will be used to verify our electronics, software, dewars, and test procedures. Science grade devices will be delivered to us by the NGST project around July, 2001. The tests will be carried out in laboratory space at JHU that is being instrumented for IR detector characterization by JHU and the STScI. We are acquiring an IR array controller, test dewars and vacuum/cryogenic equipment using funds that are already available to us. We will use a Leach II controller (IR Labs/Astronomical Research Cameras, Inc.), electronics which several of us have used in the past. The ability of this controller to operate both HgCdTe and InSb arrays will be verified before delivery by the manufacturer (see attached letter from Astronomical Research Cameras, Inc.). We are procuring two dewars, based on the IRATEC design (see Figure 3), which are well suited to the calibration of NGST. JHU will be supplying much of the necessary infrastructure, including clean benches, vacuum equipment, and optical tables, for the proposed activity.  Detailed descriptions for the individual tests are given below. We envision that each experiment would be repeated three times during the initial phase to verify the performance of our lab. For the final phase (see section on Work Plan and Management), the tests will be repeated twice for each of the two detector types; these tests will be repeated by our Co-Is at ESO (HgCdTe) and NOAO/Gemini (InSb). 
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2.4.1
Experiments

A general setup will serve the proposed experiments with little modification between experiments. Blackbody and monochromator sources are placed outside the dewar upstream from the warm focal plane targets. The pinhole target is controlled by a 3-axis motorized stage. There is a cold mechanism (employing a cold motor) just in front of the detector that contains a lens for the MTF experiments, filters, and a cold blank for the dark current and latent charge tests. The detector head will be outfitted to accommodate a cover plate, if necessary, for the dark current tests. There is also an open position used for the absolute QE experiment. 

2.4.2
Dark Current

Dark current is the signal that accumulates linearly in the absence of any light source. In an ideal detector diode, the most important contributors to dark current include charge diffusion, thermal generation-recombination of charges within the semiconductor, and small leakage currents (McLean 1997). Diffusion should be negligible for the operating temperature of NGST. Instead, most of the dark current will arise from thermal generation-recombination which decreases exponentially with decreasing temperature. 
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With a nominal exposure time of up to 1000 seconds for moderate resolution spectroscopy (R > 100), shot noise
 in the dark current is potentially NGST’s most important noise source for near-IR spectroscopy. For example, the near-IR detector requirements, as outlined by the NGST Detector Requirements Panel Report (see Table 1), are total noise of 10 e and dark current <0.05 e/s. Under these conditions, essentially all of the noise in an R > 100 exposure would arise from detector noise, half of which will be from shot noise on the dark current. Given its importance in determining NGST’s near-IR spectroscopic sensitivity, dark current is clearly an important parameter, but can be difficult to measure accurately, due to a wide variety of systematic effects, including light leaks in the dewar, bias drifts, and multiplexer glow. Fortunately, many of these difficulties, while challenging, can be overcome by proper experiment design. 

To measure the NGST dark current goal to 10% accuracy, we require that light leaks (including amplifier glow) contribute no more than 0.001 e/s/pixel. This goal can be met by enclosing the detector inside two shields, and by allowing for a metal blank-off to be placed over the detector. When used with an off-chip amplifier and on-chip “reference pixels,” we have used a setup to measure dark currents as low as 0.004 e/s for an 1K2 InSb ALADDIN array (see Figure 4) and 0.014 e/s for a 1K2 HAWAII array using HgCdTe detectors on an Al2O3 substrate (PACE1)
. In the case of the Aladdin array, the “reference pixels” were naturally occurring unbonded pixels that were empirically found to be stable on long timescales. One can use these pixels, which are scattered about the array, to make a “bias map” allowing one to correct for bias drifts across the array.

We envision obtaining long
, up-the-ramp sampled exposures, similar to the method used to measure the data shown in Figure 4 (with reference pixels). Similarly, using 16 samples spread over 2 hour long ramps, Don Hall has measured total noises meeting the NGST requirements in 4.7 m cutoff HgCdTe arrays, although the operability for this particular device was too low for NGST requirements (Hall & Hodapp 2000). Our experiment will separate the intrinsic dark current from on-chip amplifier glow using a series of ramp exposures alternately using on-chip amplifiers and off-chip amplifiers. We will decompose shift-register glow from the intrinsic dark current by varying the number of samples taken in going up the ramp.

For both Raytheon and Rockwell arrays, efforts are now underway to engineer stable reference pixels into the arrays, i.e. in the HAWAII-1R multiplexer which includes a band of 5 reference pixels on all 4 sides of the 1K2 array. Because the multiplexer reads from the outside in, it is envisioned that one would use these pixels like pre-scan data to remove drifts. The reference pixels are not all the same. The outermost pixels will be connected to external capacitors, with capacitances chosen to mimic the capacitance of a real pixel. The inner 4 reference pixels will have fixed capacitance, allowing one to average these pixels to reduce the read noise before making a bias correction. Output amplifier and shift register glow can be important. This is especially true for Rockwell’s HAWAII class HgCdTe detectors (although steps have been taken to minimize shift register glow in the HAWAII-1R multiplexer); these detectors are limited by shift register glow when off-chip amplifiers are used (see Finger et al. 2000). However, there is some hope that shift register glow might be greatly reduced, or even eliminated, by operating the shift registers at very low voltages. In any case, contributions from glow will be modeled and understood by varying the number of samples per ramp, and by selectively bypassing the output amplifiers for some tests.

2.4.3 
Read Noise, Gain, and Linearity


Read noise (read) expresses the uncertainty in measuring the charge in a pixel. Often, it is determined by measuring the RMS variation in pixel values in a small patch of the array for a short exposure, or by studying the RMS variation of all pixel values in a sequence of short exposures. Alternatively, one can measure read noise and system gain (g; the number of electrons per ADU) using the photon transfer method (Janesick et al. 1987). Using this same experiment, one can also measure linearity.

Customarily, read noise is regarded as a property of the detector. In practice, however, the full readout system is important. For example, drifts from 
bias voltages can couple to the output with unity gain. Recognizing the importance of the full readout system in determining the noise, NGST places limits on the total RMS noise in a nominal 1000 second exposure, rather than factoring the noise into individual components such as read noise and shot noise in integrated dark current. Specifically, the NGST requirements on total noise are for the sum of contributions from read noise, shot noise from dark current, shot noise from glow, 1/f noise, timing fluctuations, temperature drifts, temperature gradients across the array, and other systematic effects (McCreight et al. 2000). Within the detector hybrid, physical mechanisms contributing to the read noise include resetting the detector capacitance (kTC noise; although this is easily removed using correlated sampling schemes), generation-recombination noise in the semi-conductor and multiplexer, 1/f noise in the multiplexer’s FETs, capacitive coupling within the multiplexer and associated sensing circuitry, and inductive coupling from ground through the detector diode and to sense lines.

Read noise can be reduced by reading the same pixel value many times, cycling through all pixels in a video channel between samples. When using multiple non-destructive reads to reduce read noise, samples can either be grouped at the beginning and ends of an exposure (“Fowler sampling”) or spread throughout an exposure (“up-the-ramp sampling”). When using Fowler sampling, the relatively long time interval between samples (compared to the time required to digitize a single pixel) averages white noise as well as some 1/f components. In this way, noise reductions of 3-5( or more are achievable in practice (Fowler & Gatley 1990; Garnett & Forrest 1993). The amount of reduction is primarily a function of the number of multiple non-destructive reads, up to the point where systematic errors and multiplexer glow start to dominate. In practice, when using multiple non-destructive reads, the read noise diminishes as n1/2, but shot noise due to glow becomes important for high n (see Figure 5). The nominal plan for NGST is to perform some as yet undetermined number of Fowler reads for each on-orbit exposure.
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Though this letter I would like to express Gemini’s interest in participating in your detector
characterization program. Gemini views the development and optimization of advanced infrared
detectors to be a fundamental component in its ground based instrumentation program. We are
open to sharing with your team engineering results derived through our own ground based
detector development efforts, and look forward to a fruitful exchange of ideas and expertise
through the international collaboration that you are forging.

Sincerely,

Dr. Douglas A. Simons
Gemini Head of Instrumentation
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r. Matt Mountain
Gemini Director

Operated by the Association of Universities for Research in Astronomy Inc. (AURA) under cooperative agreement with the National Science Foundation



 The amount of reduction that can be accomplished using Fowler sampling is limited by the planned 12 seconds it will take to read out the NIR detectors. Thus, read noise will always contribute significantly to the total detector noise ((total). In fact, for some cases it will be the dominant source of noise. For example, cosmic rays may necessitate exposure times as short as 250 seconds (Rauscher, Isaacs, & Long 2000). In this case, if dark current and read noise contribute equally to the nominal system noise in a 1000 seconds exposure, these short exposures would be dominated by read noise. Read noise has an additional impact on the science attainable by NGST through its influence on guiding. The yardstick design for NGST uses a single chip of the near infrared camera to acquire and track a guide star. Since the frequency of this operation will nominally be 30 Hz, the major source of noise in the determination of the guide star centroid is the read noise (Regan 2000). The short integration times needed for guiding severely limit the number of non-destructive reads that can be used to increase the signal-to-noise ratio. Thus, the inherent read noise of a detector is related to how faint a guide star can be.


Although there are many ways of measuring read noise, we feel that the photon transfer method is particularly informative. In making such a measurement, one models the total noise in an exposure as a function of intensity using a noise model that incorporates read noise and shot noise in the collected charge,
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where S is the signal (integrated flux) expressed in ADU. Moreover, as more noise components are identified, the model used in equation 1 can easily be expanded to incorporate the additional information. 

At very low signal levels, we will extract data for photon transfer measurements from the dark current experiments. At higher signal levels, we will obtain a series of exposures having a range of signals by varying the exposure time. By plotting signal versus exposure time, we will be able to measure linearity. Using this same method, we have measured read noise, gain, and linearity for NICMOS, NIRSPEC/Keck, detectors for the VLT, and facility NIR instruments at a number of 4-m class observatories.

Because it is also important to characterize the temporal and spatial relationship of the read noise, we anticipate a series of tests. These include several sets of double-correlated reads with varying times between them, several sets of Fowler-sampled reads with varying spacing, multiple reads of the same pixels and columns with no or minimal clocking to establish the power spectral distribution of the read noise and the variation in this distribution from pixel to pixel, and special on-chip differential sampling per pixel. All of these tests are geared to understand the strength and origin of the readout noise in order to ultimately design an optimum readout strategy for NGST.

2.4.4
Latent Charge



Latent charge, or “persistence,” is the portion of the signal that is produced by sources in previous images. Anything that liberates charge into the conduction band can result in latent charge, i.e. a bright star or a cosmic ray. Note that latent images are distinguished from spurious sources produced by settling effects in the post-detector analog electronics, i.e. electronic “ghosts” or crosstalk between electronic readout channels. 

Experiments suggest that some fraction of the charge produced by light and/or cosmic rays incident on a detector migrates into charge traps, instead of flowing into the depletion region. In general, this charge is not liberated when the pixel is reset. Instead, it slowly escapes the trap according to an exponential profile, in time, and migrates to the PN junction during subsequent exposures. The charge appears as a latent image that grows fainter in successive exposures. There is evidence that some of the latent charge can be flushed by multiple resets, implying that some fraction of the traps are in the silicon multiplexer (Finger et al. 1999); however, this is not true for the NICMOS detectors on-orbit (Bergeron & Najita 1998). In addition, cycling the power can flush out the charge; however, the system then needs considerable settling time to become stable afterwards (Hodapp et al. 1996). 
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Sincerely,
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Dr. Douglas A. Simons
Gemini Head of Instrumentation
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Latent charge reduces the S/N obtainable with an infrared array, and complicates analysis of deep images. It is particularly important in space-based applications, where the sky background is very low, the dynamic range of observed sources is very high, and the radiation environment is intense and variable. Indeed, the sensitivity to this effect was predicted from pre-launch testing of the NICMOS/HST detectors (Young & Rieke 1999) and fully realized on-orbit as elevated dark current after passage through the South Atlantic Anomaly. Even extreme measures, like powering down the NICMOS detectors during SAA passage, yield no change in the resultant latent charge effect. For NICMOS, latent charge affects data quality and significantly increases the data reduction effort compared to that expected before launch.


It is especially important in the context of NGST to characterize, and attempt to reduce, the effects of persistence. For instance, we have measured the distribution of induced charge from cosmic rays arriving at an altitude of 2600 meters, and estimate an average contribution of ~103 efor a typical cosmic ray hit (Finger et al. 2000). Assuming a typical persistence of 1%, that translates to 10 ein trapped charge which would likely leak to the depletion region during the following exposure, assuming that the integration time was longer than 1 minute. This effect is comparable to the system noise requirement for the pixel in question. One could argue that such an effect can be modeled and removed through sophisticated data processing algorithms, but it would be much better to minimize this effect by choosing a detector technology that exhibits low persistence. In any case, persistence needs to be measured and understood before detector down-select for the NGST to be successful.


Our experiment will be conducted with an external monochromator light source. We will calibrate the light source by measuring the induced charge rate on the detector as a function of wavelength, using calibrated filters. A set of baseline data will be obtained under no illumination using a sequence of non-destructive reads to measure dark current, residual bias, and cosmic ray induced charge. The array will then be flooded with varying light levels from the internal light source up to 100X the detector full well. The pupil wheel will then be commanded to insert the cold blank, and dark frames will be obtained using the same exposure parameters as those used to obtain the baseline data. The two sets of data will then be subtracted from each other so that only latent charge remains. The differences give latent charge release as a function of time and incident light level. This test will be repeated for a range of detector temperatures. In addition, we will try different operating modes in order to test mitigation techniques and to distinguish the fraction of the induced charge that can be eliminated by annealing and multiple resets. We will repeat all experiments using an external laboratory radiation source (Co-60 or Americium) in order to determine latent charge effects due to cosmic ray hits. 



Our team (Co-I Finger) has measured latent charge for 1K2 InSb and HgCdTe devices using the IRATEC, low-background test instrument. We found a latent charge rate of 0.25%, with respect to the flux produced by illumination in the previous image, for a HgCdTe device, and an exponential decay timescale of a few minutes to a rate of 0.001% (Figure 6). We (PI Figer) have also performed persistence tests on the NIRSPEC/Keck ALADDIN InSb array that revealed up to 3% total latent charge after saturating the array. The latent charge was a function of the exposure time and could not be “drained” by simply reading the multiplexer. Instead, the charge appeared to decay linearly, at least on short timescales. In addition the stored charge was a function of exposure time for the saturated image. 

2.4.5
Absolute Quantum Efficiency



Absolute QE describes the photoelectron 
production rate as a function of incoming photon flux. In general, the response of any solid-state detector is proportional to the incoming photon flux; however, different pixels, in general, have different gains (e/photon). At short wavelengths, input photons can produce more than one photoelectron because the energy of the photon is far in excess of the detector material band gap.
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Pixel-to-pixel variations in QE (relative QE) result from differences in the crystal structure of the light sensitive material, as created when the crystal is grown. Other causes are geometrical and can be traced to the manufacturing process: 1) variations in the effective detector area and collecting volume (depletion region), 2) variations of integration capacity, 3) changes in the thickness of the substrate and/or in the antireflection coating. In principle, relative QE can be calibrated and corrected, as long as the detector performance remains stable over time. Several phenomena like cosmic rays, thermal cycling, temperature drifts (also related to variations of the radiative thermal background), may change the relative QE and require frequent calibration. Thus, excellent QE stability under these varying conditions is required.


Absolute QE generally varies by 20% over an array and can be calibrated in science data. However, as with many detector properties, it can vary as a function of temperature, so thermal stability is important. This variation jeopardizes achieving the nominal DRM requirement of 1% photometric accuracy, so QE variations of less than this amount are required between calibrations, i.e. week timescales, at least. 


An additional potential distinguishing parameter between the two array technologies is the variation in the QE within a bandpass. When observations made with a broad-band filter of a scientific source are calibrated using a standard object with a different spectral energy distribution, variations in the QE over the filter window will lead to a calibration error, which manifests itself as a color term. Strong color terms can necessitate additional calibration to tie the observations to a standard photometric system. An example of this is shown in Figure 7 where a K-giant at z=4 is observed at 2 m. The photometric error as a function of the amplitude of the variations in the QE over the filter bandpass is shown. For comparison to real devices, note that data in Finger et al. (1998) imply QE amplitude variations ~20% for HgCdTe across the H-band, implying photometric error >5% from Figure 7. As expected, this problem is more severe as the filter bandpass increases. 


A highly uniform field is needed to measure absolute QE. We plan to illuminate the detector through a cryogenic Offner relay, which has the advantage of being achromatic and producing a relatively low-distortion field. A blackbody will be used as a light source, and calibrated filters will be placed close to the pupil image to measure absolute QE. The final goal is to reliably produce a 30x30 mm field uniform within 1% at any wavelength between 0.5 and 5 m. From this, we will be able to measure both the absolute QE and the change in QE with wavelength. 


Our team has considerable experience in measuring detector response as a function of intra-pixel source location. The PI developed a system for measuring the intra-pixel sensitivity for PICNIC3 and ALADDIN arrays (Figer 1998) and for far-infrared photometers and polarimeters. Co-I Finger has measured absolute QE for both the HAWAII and ALADDIN arrays and finds concurrence with the manufacturers results (Finger et al. 2000). In particular, he finds over 80% QE from 1 to 5 m for the InSb detector and substantially less, and varying as a function of wavelength, for the HgCdTe detector.

2.4.6
MTF and Intra-pixel Sensitivity


The Modulation Transfer Function (MTF) describes how well the detector preserves the original sharpness of the signal. More rigorously, the MTF is defined as the Fourier transform of the spatial response of the detector. The primary reasons for deviations from an ideal MTF are crosstalk between the pixels and intra-pixel sensitivity variations. At near-infrared wavelengths, photon absorption occurs at depths in the detector material that are significant relative to the width of a pixel. Because of this, a photoelecton experiences a three-dimensional random walk until it recombines to the valence band or reaches the edge of a depletion region. Thus, a photoelecton generated under one well may eventually land in an adjoining well (crosstalk), blurring the image and reducing the MTF. In addition, the photoelectons generated near pixel boundaries have to travel larger distances to reach the depletion region and thus have a higher probability of being lost through recombination. This variation in detection probability leads to a variation in intra-pixel sensitivity.
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Dear Don:

I am happy to support your laboratory (the IDTL) by providing a new IR controller system that you will
purchase before the onset of funding from the NRA. Here is a summary of our agreement:

1. The system shall process data from 32 channels at 1 MHz, 16-bits.
. The system shall be able to control/read both InSb and HgCdTe detectors.
3. The system shall demonstrate NGST requirements, BEFORE delivery, through a series of well-
defined tests (<1e” read noise for shorted-input and N>2 reads, frame time < 2 seconds).
4. The system shall be delivered before the latter of two dates, either (a) three months after receipt of

order or (b) within one month of receipt of the testing specifications in item 3 and the supporting
materials, such as arrays, cooling systems or multiplexers that may be required to perform such
tests.

5. The system shall allow differential sampling and be delivered with Fowler- and up-the-ramp read
modes.

Sincerely,

BL (2ad

Bob Leach
Astronomical Research Cameras, Inc.



The effects of crosstalk and intra-pixel sensitivity variations become important when the detector is operated in an under-sampled regime. In this case, a high inter-pixel crosstalk will degrade the image that could be reconstructed via dithering, while a large variation in intra-pixel sensitivity will lead to photometric errors. The right hand panel of Figure 8 shows photometric errors encountered on NICMOS when camera 3 was used with the F160W filter. When the near-infrared camera of the NGST is operating at its blue limit, it will under-sample the PSF by a factor greater than three and thus concentrate a large fraction of the light of a point source onto a single pixel. In this regime, low values for the crosstalk and intra-pixel sensitivity variation will be desirable. Unfortunately, a very high MTF requires very small diffusion lengths and well separated depletion regions. These requirements work against the desire to have small pixels, high QE, and the absence of dead space between pixels, characteristics that are desirable for performance and manufacturing considerations. Evidently, these contrary desires require that accurate comparative testing be done, and a significant trade-off be made in the detector design and selection phase. 

The simplest measurement of the detector MTF can be done by focussing a calibrated target onto the detector. The major concern in this kind of measurements is the quality of the optics used for re-imaging, which should produce an Airy disk much smaller than the pixel size. This constrains the f/# of the cryogenic relay system. For example, an Airy disk with FWHM=1.22(f/#)<5m can only be produced for f/#<2 at 2 m. At these extreme f/numbers, optical aberrations and alignment errors can be larger that the Airy disk size. Instead of forcing the relay optics to operate in these conditions, we prefer to adopt a novel approach for the ultimate in MTF measurement. In order to create a small image, a special achromatic ultra-fast imaging system has been developed by Co-I Finger (Finger et al. 2000). The system uses an inverted Cassegrain telescope (f/2) directly realized onto a glass substrate, suitable for cryogenic use. In this case, a single diffraction-limited spot is produced, chromatic aberration is minimal, and the MTF is measured by scanning the pinhole (5 m); note that the imaged size of the pinhole will be dominated by diffraction only, given the very large optical demagnification of our system. We will use an automated system with a motorized 3-axis stage in order to focus and scan the pinhole along detector rows and columns, and scan the monochromator in wavelength. The output from these measurements will allow us to measure the two components of the MTF, crosstalk and intra-pixel sensitivity variations, as well as the composite MTF value as a function of wavelength.

2.4.7
Environmental Effects Will Dominate Science Performance

2.4.7.1
Radiation and Long-term Damage


High energy charged particles pose a threat to spaceborne electronics and detectors. The flux of these particles can be reduced, but not eliminated by shielding; beyond a certain thickness of shielding, the number of primary cosmic rays is reduced, whereas the number of energetic secondaries increases. An obvious manifestation of cosmic ray hits in a detector is a spurious signal that results when electrons are excited into the conduction band. Pipher et al. (1999) simulated cosmic ray exposure of SIRTF InSb detectors (27 m pixels) by exposing them to energetic protons in the Harvard cyclotron. Based on our analysis of their data (Rauscher, Isaacs, & Long 2000), we find that a typical hit raises ~5 pixels 5 sigma above the noise floor. Average hits on the NICMOS HgCdTe (40 m pixels) raise ~2 pixels significantly above the noise floor, however median hit intensity in the accelerator data is much higher than on-orbit. Rauscher, Isaacs, & Long (2000) are conducting a study to i) determine the importance of cosmic ray hits on NGST science, and ii) evaluate strategies for minimizing the effects of cosmic ray hits.


Energetic charged particles damage solid-state detectors via bulk displacement or by the deposition of ionizing energy in oxides (total ionizing dose, or TID, effects). Displacement damage gives rise to permanent electrically active bulk traps. A potential example of such effects, the NICMOS HgCdTe detectors developed an anomalous dark current bump at temperatures between 75K and 87K after ~2 years on-orbit (Böker et al. 1999). There is an apparent correlation between the morphology of the anomalous dark current and the morphology of the measured DQE at 2.1 m. Bergeron et al. (1999) suggest that the anomaly may have been caused by the NICMOS detectors cumulative exposure to ~400 rads(Si) TID during the first two years in orbit. While this hypothesis has yet to be proven, testing of a pristine unirradiated NICMOS detector at the University of Arizona (Böker et al. 2000) failed to reproduce the anomalous dark current bump. Radiation damage is insidious for calibrations when it causes long-term degradation in detector performance.


It is critically important to distinguish between displacement damage and TID effects. Displacement damage might be annealed by raising the temperature of the detector above a certain threshold temperature (activation energy), although it is generally thought that flat band shift cannot be annealed. This has important consequences for the design of the NIR instruments since offset of the flat band shift may require on-board capability to adjust the clock and bias voltages. Indeed, flight electronics for the STIS CCD detector and the ACS HRC and WFC CCD detectors provide commandable biases and clock voltages. The effect of annealing is uncertain and may even result in an increase in the density of interface states (the phenomenon of reverse anneal).


Evaluating the two types of NIR detectors for radiation damage may reveal that one type is superior to the other. Amelioration strategies to reduce the impact of radiation damage on performance will be explored. The possibility of annealing the radiation damage by raising the temperature of the detectors would be a major thrust of our test program; motivation for this emphasis comes from the fact that relatively little is known about the annealing properties of IR hybrid detectors in the space radiation environment. Prior to exhaustion of cryogens, the temperature of the NICMOS HgCdTe detectors was not raised for the purpose of annealing. Furthermore, attempts to assess the effect of annealing on dark current activation during the SIRTF radiation test program were hampered by experimental difficulties (McKelvey et al. 1998; 1999).


We will follow a procedure that is similar to the one used by the IRS/SIRTF, STIS and ACS instrument teams. We will begin by using models for the radiation environment at L2 (Barth & Isaacs 1999). These models will be transported through the shielding surrounding the detectors to the level of accuracy possible given the maturity of the NGST design at the time the test is performed. Generation of secondary particles in the shielding will be simulated using a well accepted computer tool such as BRYNTRN (Wilson et al. 1989). It is important to understand the shielding configuration for the NGST detectors in detail as soon as possible in order to properly simulate the exiting secondary particle spectra. After thorough pre-rad performance characterization of the InSb and HgCdTe detectors, we will irradiate the detectors to two NIEL and TID exposure levels equivalent to one-half of the mission lifetime and the full mission lifetime. In order to separate TID effects from displacement damage effects, we will expose one set of HgCdTe and InSb detectors to a lab gamma source such a Co-60. TID effects can be decoupled from displacement damage effects using a gamma source because high energy photons produce relatively little displacement damage (have lower NIEL) compared to protons. Displacement damage in the L2 space radiation environment will be simulated by proton irradiation of a second set of detectors at the UC Davis Crocker Nuclear Laboratory cyclotron. After returning to the IDTL, the detectors will be characterized to determine: 1) the extent of the radiation damage, 2) the effects of the radiation damage, 3) the possibility of annealing to reverse the effects of the damage, and 4) the anneal temperature. Discrimination between TID and displacement damage effects, if there are indeed significant differences, will by achieved by comparison of the post-rad performance of the detectors exposed to gamma radiation and the detectors exposed to protons.

Our team has experience in evaluating the effects of radiation on the NICMOS arrays, IRS/SIRTF, and the CCD detectors in ACS. We know a good deal about the on-orbit phenomenology of cosmic ray persistence in the NICMOS arrays (Daou & Skinner 1997; Najita et al. 1998). All aspects of the ACS CCD radiation test program, from environment definition to post-radiation performance characterization were either executed or managed by STScI and JHU. External environment modeling was performed using the NASA AP8/AE8 trapped radiation models. Shielding transport calculations and NIEL/TID equivalence analysis was executed by STScI utilizing the BRYNTRN and SHIELDOSE-2 (Seltzer 1994) computer codes. STScI and JHU personnel were on-site at UC Davis to supervise of the irradiation of the detectors. Characterization of the detectors was performed in the JHU CCD characterization laboratory and the Ball ACS CCD characterization facility. The pre-rad and post-rad detector characterization test plans were defined for both facilities by STScI and JHU. Finally, reduction of the data was performed by personnel at STScI and JHU. 

2.4.7.2
Temperature Effects



The requirement on detector operating temperature is somewhat flexible and comes from the desire to operate the detectors with as little cooling power as possible. The detector technologies are advancing at a rapid pace, and it is too early to know optimal operational temperatures. For instance, the HAWAII 5 m cutoff 1K2 devices perform well in the 50 K range, whereas the comparable InSb devices require much cooler temperatures, 30-40 K. The present NGST architecture demands that the observatory thermal design be able to provide a 30 K stage for the NIR detector (Geithner 2000). 


Separate from the issue of determining the optimal temperature, one must know the thermal stability that is needed to achieve the performance requirements in Table 1, given a realistic NGST environment, i.e. changes in telescope pointing and spacecraft thermal exposure. Such effects can be important, given that the most challenging DRM programs require photometric stability on the order of 0.1% (McCreight et al. 1999). Unfortunately, very small temperature variations can induce large DC offsets in the measured signal and variable “shading” amplitudes in the HgCdTe detectors (Böker et al. 2000). This induces an imprint of the QE pattern onto the reduced image, inducing several hundred electron variations across the NICMOS detector for 100 mK drift within a single HST orbit. Variable shading is a much greater problem. We expect to see residual bias in the target minus bias frame on the order of 0.3 e/mK due to thermal drifts. Lallo et al. (1998) find that the NGST sunshield-to-instrument module thermal circuit produces about 20 mW of parasitic heating in the instrument module, and that this load is a function of telescope pointing. Of course, this is separate from the effects of detector self-heating. A change of a few mW of heating power can induce temperature changes on the order of 30 mK, or 30 e in variable DC offset and 10 e in variable “shading,” or much greater than the whole NGST system noise requirement. An effect of similar magnitude can be seen in the InSb detectors, where Finger et al. (2000) measured a drift of 1.7 e/mK for dead pixels.


Our experiment will be similar to the NICMOS dark bump tests that were done on-orbit and post warm-up at the University of Arizona (Böker et al. 2000). We will measure dark current, read noise, absolute QE, intra-pixel sensitivity, linearity, and latent charge at 100 mK intervals, over several intervals bracketing optimal operating temperatures. In addition, we will obtain these same measurements over larger temperature intervals. The measurements will be done at one wavelength (2 m). We can extrapolate the behavior to other wavelengths by assuming that the wavelength dependence will be independent of temperature. This latter dependence will be determined in other tests where the temperature is kept fixed and the light source is scanned in wavelength. Temperature control will be done with a Lakeshore system, similar to the one used in the ESO setup by Co-I Finger. We will verify the on-chip temperature using a calibrated relationship between reset level and temperature, i.e. was done for the NICMOS dark bump tests (Böker et al. 2000). Our setup will provide 5 mK control.

2.4.8
Optimal Use Study - How Would Either Detector Be Operated for NGST?



Throughout this document, we have referred to various schemes for detector readouts that are aimed at optimizing signal to noise under different conditions: double-correlated sampling, fast-chopping, nodding, Fowler-sampling, up-the-ramp etc. Ultimately, for the NGST, the operating modes will be designed to optimize scientific performance under system and financial constraints. In particular, the number, speed, and duration of readouts will affect the observing efficiency as well as the overall thermal balance of the ISIM (direct on-chip dissipation, analog electronics power dissipation, and the parasitic heating by the wire bundles). Thus, the choice and design of operating modes will be an exacting engineering exercise that must leave some flexibility for on-L2 experience. One of the key goals of the characterization effort is to provide the low-level performance characteristics needed to model and design optimum operating modes, test a specific subset of these modes to validate the models, and compare the two NIR technologies with their optimum readout modes. We do not expect the detailed optimum operations for InSb and HgCdTe to be identical. Characteristics that will affect the design of the readout scheme will include: relative values of read noise and dark current, induced signal from clocking and readout, white-noise levels, true pixel-level 1/f noise (usually unmeasureable), sensitivity to thermal drifts (read-induced and external) and externally-supplied bias levels, availability of reference signals (per pixel, per column, per frame), and the uniformity of these sensitivities across the device. 


Not withstanding engineering and financial constraints, the optimum operating modes for the NGST will depend on the typical background and maximum integration time (cosmic ray effects). In general, they may consist of a combination of up-the-ramp (for cosmic ray rejection), multiple (Fowler) samples (for thermal drifts), with long “integrations” per pixel (for white noise reduction). The spacing per ramp-sample, number of Fowler samples, and integration period will be designed to maximize the overall SNR or minimize the RMS variance including cosmic ray effects and the loss of integration time due to readouts. Part of this study will be the creation of a simple model for each device that includes the principle read-noise effects and their amelioration. Given a background level and cosmic ray flux, the model will produce a range of operating modes with comparable signal-to-noise performance. 

2.5
The IDTL Effort Enables Future NASA Origins Missions



The proposed program is designed to inform NASA, NGST international partners, and instrument PIs in the selection of the optimum technology and operating modes (InSb or HgCdTe) for the NGST NIR camera and spectrograph(s). This effort, as well as the testing done by our collaborators and other university groups, will have great significance for other infrared observatories. On the ground, high- resolution spectrographs (R~20,000) on the VLT and Gemini 8-m class telescopes with adaptive optics will have 12 m backgrounds between the OH lines approaching those encountered on NGST at lower resolutions (R~1000). Low-noise NIR detectors will enable breakthrough high-resolution spectroscopic studies of distant galaxies and obscured star formation regions. 


The OSS strategic plan for the period 2000-2015 shows that the Terrestrial Planet Finder (TPF) will immediately follow NGST launch. Although several TPF pre-Phase A architecture studies are now underway, we anticipate that the basic concept described by Beichman, Woolf, and Hindensmith (1999) will be followed: a long-baseline, mid-infrared (MIR) nulling and imaging interferometer. In the MIR, the zodiacal background will be significant at the resolutions of R=20-200 needed for the interferometer. However, the requirement on the stability of the interferometric baselines will be inversely proportional to the readout rate. To reduce technological risk and enable long baseline MIR imaging with TPF, the designs will choose detectors and readout schemes with the fastest possible response while still being zodiacal light-limited. We can calculate from Figure 1 that the zodiacal light signal will be less than 1e/s with a readout rate of 1 Hz and R ~ 200 and dividing the beams among 4 telescopes. Clearly, low readout noise will be essential to reduce the baseline stability requirements for TPF to second-to-minute timescales. Since InSb and Si:As BIB detectors utilize common multiplexer technologies, our study will be important for the TPF detector technology development program and the design of the Phase A TPF architecture.

2.6
The IDTL Delivers Public Products 



The primary products from the proposed effort are: 1) test reports, 2) test suites, 3) data packs, 4) an “optimal use” study, and 5) data processing software. The test reports, summarized at national and international meetings, give measured results and describe the tests in sufficient detail so that another group could reproduce them. The test suite is a compilation of the test procedures. The data packs will contain all the data used to derive our results. The “optimal use” study will prescribe the best ways to run either detector technology in light of NGST system and budget constraints. The primary outlet for our products will be the IDTL web site, on which we will publish results, reports, and data processing and analysis software. In addition, the data packs will be available for distribution as a single archive on DVD; small data packs, i.e. from the MTF experiments, will be available on the web site. The data packs will become an invaluable archive for the instrument builders, other testing labs, and the NGST Project operations planning group. In addition, these products will leverage the testing activities to the NGST Project's benefit by allowing many other researchers to learn about potential NGST detectors.


The proposed activities will be reported to the NGST Project through regular reports, to an internal review board through project review documents, and to the astronomy community through the laboratory web site, PASP papers, SPIE papers, and workshops sponsored at STScI. We have scheduled reviews shown in the accompanying table. The first NGST Project Review will coincide with the test suite product (code and a technical description of the tests). The second NGST Project Review will coincide with release of the remaining products. 
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2.7
Work Plan and Management Approach


The project follows a two-phase plan. Phase I includes simple tests using vendor-provided engineering grade devices to validate the performance of the laboratory. Due to the fact that JHU and STScI have elected to make a strategic investment by establishing an infrared laboratory, most of the hardware (dewars, optical components, electronics, vacuum pumps, cryo-coolers, etc.) will be in place, within 1 month of the project start date. In parallel with the laboratory validation, we will draft detailed protocols for the detector characterization, based on our previous experience with operating NICMOS on HST, and testing detectors in laboratories at UCLA (Figer), University of Chicago (Rauscher, Figer), Durham (Rauscher), NOAO (Fowler) and ESO (Finger). The results will be presented to an external review committee in April 2001, and suggested changes will be incorporated into the hardware and the protocols. In addition, we will then implement the code to allow motion control, and changing read mode and temperature in an automated and controlled way. 
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We will rerun the tests from Phase I in Phase II, this time using project-provided science grade detectors (Matt Greenhouse, priv. comm.), and iterate until there is concurrence with the earlier results. We will then move on to more exploratory testing to determine the detector characteristics as a function of temperature, wavelength, and operations mode. The radiation testing for latent images will be done in the middle of Phase II, and that for permanent damage will be done at the end of Phase II. We will send a HgCdTe device to our collaborators at ESO (pending export license; past experience exporting 1K2 and 2K2 arrays to ESO suggests that this will not be a problem), and an InSb device to our collaborators at Gemini/NOAO to verify our results. We anticipate that the NGST Project will verify our results with those from other labs in the network of NGST testing labs, via “round-robin” testing. In the last part of Phase II, we will complete the optimal use study to determine how each detector type would be operated under the constraints of other NGST system and cost requirements. 

PI Figer (60%=level of commitment) will have direct responsibility for all aspects of the project, including the quality and accuracy of the results. He will participate in designing and performing the tests and publishing the results. He will be supported by Co-Is Regan (30%), Rauscher (10%), McCandliss (15%), Fowler (10%), and Finger (10%), in the development, execution and analysis of the various tests needed to characterize NGST prototype detectors. In addition, he will be assisted by a post-doc (50%), a data analyst (50% for 1st year, 100% second year), a technician (40%), the JHU Instrument Development Group, and an administrative assistant (25%). Two graduate students (50% each) will be trained in NIR detector testing techniques and will assist in writing software and obtaining data. Co-I Stockman (10%) will lead the optimal use study. Co-I Ford (10%) will lead the radiation testing effort, assisted by a Test Instrument Scientist (10% first year, 30% second year).

The project will be carried out under the auspices of the Center for Astrophysical Sciences, in laboratory space provided by the Center. Senior management oversight will be provided by STScI Lead Instrument Scientist for NGST Co-I Long (10%). The STScI and the JHU understand the criticality of meeting program milestones so they will hold internal progress reviews on a monthly basis. Co-Is Long and Ford will also be responsible for convening an advisory committee to review the activities of the project in detail and to advise on future directions. The membership of the committee will consist of a mixture of those who are involved in the project and those in the community. Project members will consist of the non-local Co-Is – Fowler (NOAO) and Finger (ESO), and representatives from Raytheon and Rockwell. The remaining membership will involve individuals and institutions involved in other aspects of detector development for NGST (and NASA’s other premier infrared mission, SIRTF). 
A summary of personnel contributions can be found on the page entitled, “Summary of Personnel, Commitments, and Costs.”
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4.0
Facilities and Equipment


The primary laboratory work will be performed in an Independent Detector Testing Laboratory (IDTL) currently being established the Center for Astrophysical Sciences, in the Johns Hopkins University Department of Physics and Astronomy. JHU has a long-standing and broad-ranging scientific capability in space astrophysics. This capability is complemented, and was originally nurtured, by a strong experimental capability in the area of designing and building advanced state-of-the-art telescope/spectrometer systems, which have had an impact in space research far beyond the confines of the Johns Hopkins program. During the past three decades, we have developed the laboratory capabilities to handle the assembly and integration of sounding rockets and other space-based instrumentation, having developed the (absolute) calibration techniques necessary for performance assessment and acceptance testing of the component hardware. Previous experience includes: the absolute calibration of the Apollo-17 UVS (Fastie et al. 1973), the development of space qualified platinum hollow cathode lamps for IUE (Mount et al. 1977), a study of candidate gratings for IUE (Mount & Fastie 1978), the absolute calibration of HUT on the Astro-1 and -2 missions (Davidsen 1993, Kruk 1999), the absolute calibration of lumigen coated and backside thinned CCD's (Morrissey et al. 1994, 1995), the project development and mission operation of the FUSE observatory (Moos et al. 2000), and the development of the HST Advanced Camera for Surveys (Ford et al. 1996).

In 1990, the Department of Physics and Astronomy moved into a new building, the Bloomberg Center for Physics and Astronomy, located at the north end of the campus across from the Space Telescope Science Institute. Bloomberg contains almost twice as much laboratory space as previously and includes special facilities and equipment that will be made available to this project as in-kind cost sharing. These include two class 10,000 clean rooms, vacuum pumping systems, 1300 ft2 of laboratory space (including power, water and exhaust plumbing), optical benches, flow tables, light sources, monochromator, power supplies, general lab electronics, and full computer network and systems support. In addition, real dollar cost sharing will include, partial salary support for JHU research, engineering staff, and administrative support. The department maintains a Machine Shop and Instrument Design Group, which have been critical to the timely fabrication of rocket hardware and have provided the engineering expertise to the HUT and FUSE projects. Use of the shop and engineers will be offered at subsidized rates. 

While many of the resources required to establish an IR lab are already in existence at JHU, some hardware will need to be obtained prior to the start of this program. Since both JHU and STScI have identified IR expertise as critical to our long-term productivity in space and ground-based research, we are funding these from other funds independently of this proposal.  Specifically we are procuring two identical dewars, based on the IRATEC (Figure 3), with the associated optics, mechanisms, mechanical housings, optical baffles, and electrical feedthroughs. Dual-stage closed-cycle refrigerators (CTI Model 1050) with thermal circuits connected to the detectors, optics, and baffles will be used to allow precise thermal control and array operation between 20-70 K. In addition, one warm and one cold mechanism will be used for the proposed effort. The warm mechanism will be procured and the cold mechanism will be designed and built by the IDG, in collaboration with Co-I Fowler. We will use the fan-out boards that have already been designed by ESO, although we will make a minor modification in order to accommodate changes in the HAWAII-1R design versus previous HAWAII designs. We are procuring the array controller from Astronomical Research Cameras, Inc. (see attached letter), through IR Labs. The system will be delivered by September, 2000. These electronics are being tested to operate both InSb or HgCdTe detectors in formats including 2K2 pixels, and with performance suitable for the application (i.e. low noise). 
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CV


5.1
Donald F. Figer, STScI/JHU


PI Figer received his PhD in 1995 from UCLA and is currently an Assistant Astronomer at STScI and Adjunct Assistant Professor at JHU. His primary responsibilities are leading the joint STScI/JHU Infrared Detector Testing Laboratory (IDTL) and serving as instrument scientist from STScI for the NEXUS project. He has 9 years of experience with near-infrared detectors (NICMOS-2, NICMOS-3, 2562 InSb, PICNIC3, and ALADDIN) and infrared instrumentation. He has designed, built, and tested automated detector characterization systems, motion-control systems, cryogenic thermometry systems, warm and cryogenic optics, high-speed/low-noise detector readout electronics, data analysis software, and instrument user-interface software. He will have responsibility for delivering all products in this proposal.

Served as Principal Investigator, FLITECAM ($921,000, developed system-level requirements)

Principle Optical Designer, NIRSPEC (designed optics and managed $750,000 and 7 vendor contracts)

Local Project Scientist, NIRSPEC

Electronics Designer, GEMINI (designed original high-speed, low-noise, analog electronics to read both InSb and HgCdTe detectors)

Chief Engineer, MIST, Inc. (designed photonics and electronics system for medical transilluminescence imaging)

Technician, GRIM (implemented motion-control and thermometry systems)

Graduate Student, STOKES (designed FIR detector characterization system and motion-control system)

Selected Publications:

Figer, D. F., Becklin, E. E. , McLean, I. S. , Gilbert, A. M., Graham, J. R., Larkin, J. E., Levenson, N. A., Teplitz, H. I., Wilcox, M. K., & Morris, M. 2000, “2-micron Spectroscopy within 0.3” of Sgr A*,” ApJ, 533, L49

Figer, D. F., Kim, S. S., Morris, M., Serabyn, E., Rich, R. M., & McLean, I. S. 1999, “HST/NICMOS Observations of Massive Stellar Clusters Near the Galactic Center,” ApJ, 525, 750

Figer, D. F., Morris, M., Geballe, T. R., Rich, R. M., McLean, I. S., Serabyn, E., Puetter, R., & Yahil, A. 1999, “High Resolution Infrared Imaging and Spectroscopy of the Pistol Nebula: Evidence for Ejection,” ApJ, 525, 759

Figer, D. F., McLean, I. S., & Becklin, E. E. 1998, “FLITECAM: a 1-5 micron camera for testing the performance of SOFIA,” SPIE Vol. 3354, 1179

Figer, D. F., & McLean, I. S. 1998, “Wavefront error budget and optomechanical tolerancing for NIRSPEC,” SPIE 3354, 1005

Figer, D. F., Najarro, F., Morris, M., McLean, I. S., Geballe, T. R., Ghez, A. M., & Langer, N. 1998, “The Pistol Star,” ApJ, 506, 384

Robichaud, J. L., Zellers, B., Philippon, R., McLean, I. S., & Figer, D. F. 1998, “Cryogenic performance of the NIRSPEC three-mirror anastigmat,” SPIE 3354, 1068

McLean, I. S., Becklin, E. E., Bendiksen, O., Brims, G., Canfield, J., Figer, D. F., Graham, J. R., Hare, J., Lacayanga, F., Larkin, J., Larson, S. B., Levenson, N., Magnone, N., Teplitz, H., & Wong, W. 1998, “The Design and Development of NIRSPEC: A Near-Infrared Echelle Spectrograph for the Keck II Telescope,” SPIE 3354, 566

Figer, D. F. 1998, “NIRSPEC Optics Design Note 26.00: NIRSPEC Optomechanical System Acceptance Test Plan,” NIRSPEC project internal document

McLean, I. S., Becklin, E. E., Figer, D. F., Larson, S., Liu, T. & Graham, J. 1995, “NIRSPEC: a near-infrared cross-dispersed echelle spectrograph for the Keck II telescope,” SPIE, 2475, 350

McLean, I. S., Macintosh, B. A., Liu, T., Casement, L. S., Figer, D. F., Lacayanga, F., Larson, S., Teplitz, H., Silverstone, M. & Becklin, E. E. 1994, “Performance and results with a double-beam infrared camera,” SPIE, 2198, 457

Figer, D. F. 1993, “A Preamp for the Gemini Camera,” GEMINI project internal document

McLean, I. S., Becklin, E. E., Brims, G., Canfield, J., Casement, L. S., Figer, D. F., Henriquez, F., Huang, A., Liu, T., Macintosh, B. A. & Teplitz, H. 1993, “UCLA double-beam infrared camera system,” SPIE, 1946, 513

Hildebrand, R. H., Davidson, J. A., Dotson, J., Figer, D. F., Novak, G., Platt, S. R. & Tao, L., 1993, “Polarization of the Thermal Emission from the Dust Ring at the Center of the Galaxy,” ApJ, 417, 565

Donald F. Figer
STScI

3700 San Martin Drive

Baltimore, MD 21218

Telephone: 410-338-4377 Fax: 410-338-5090 figer@stsci.edu

EDUCATION

Ph.D., University of California, Los Angeles, Astronomy
June, 1995




M.S., University of Chicago, Astron. and Astroph.
September, 1989 to September, 1991

B.A., Northwestern University, Evanston, IL. Triple Major: Physics (Honors), Mathematics, Astronomy (Honors)
September, 1985 to June, 1989

EXPERIENCE

Adjunct Assistant Professor, JHU
April, 2000 to current




Assistant Astronomer, STScI
July, 1999 to current

STScI Verification Lead for NEXUS. Served NGST project on the Wavefront Sensing and Control panel, and developed the Independent Detector Testing Laboratory.

Assistant Research Astronomer, UCLA, Division of Astronomy & Astrophysics, Department of Physics & Astronomy.
October, 1996 to June, 1999

Continued role as Local Project Scientist and optical designer for NIRSPEC project. Primary work involved wavefront error and optomechanical tolerance analysis, alignment of individual subassemblies, and development of optical system qualification procedure.

Led team that identified the “Pistol Star” as being one of the most massive stars known (STScI-PR97-33). Led team that identified the Arches Cluster as containing more O-stars than any other cluster in the Galaxy (STScI-PRC99-30).




Principal Investigator of FLITECAM, the First-light Infrared Test and Experiment Camera for SOFIA.
June, 1998 to January, 1999




Principal Investigator on HST GO7364: Compact Young Clusters and the r2 Cusp near the Galactic Center.
September, 1997 to September, 1999




Postdoctoral Research Fellow, UCLA, Division of Astronomy & Astrophysics, Department of Physics & Astronomy.
June, 1995 to October, 1996

Designed optics for the NIRSPEC high-resolution spectrometer to be used on the Keck II telescope. Performed optical design, opto-mechanical tolerance analysis, and managed subcontracts with Optics 1, Inc., Breault Research Organization, Speedring Systems, Inc., and SSG, Inc. Procured vendors for assembling the opto-mechanical modules. Continued researching the hot, young stellar population at the Galactic Center.




Principal Opto-mechanical Designer, MIST (Medical Imaging and Scanning Technologies).
November, 1994 to October, 1995

Designed prototype non-invasive imaging systems for brain hematoma and breast cancer detection. Wrote SBIR proposals for emergency room and battlefield diagnostic hardware. Assisted in the development of one of the first NIR transilluminescence brain hematoma detectors.




Ph.D. candidate, UCLA, Division of Astronomy & Astrophysics, Department of Physics & Astronomy.
June, 1992 to June, 1995

Researched and discovered members of the hot, young stellar population near the Galactic Center.




Research Assistant, UCLA, Department of Astronomy.
June, 1992 to May, 1994

Designed high-speed low-noise analog electronics for controlling and reading InSb and HgCdTe IR focal plane arrays in the UCLA Gemini camera. Designed optics for NIRSPEC, the high resolution IR spectrometer for the Keck II Telescope.




Research Technician, University of Chicago, Department of Astronomy and Astrophysics.
November, 1991 to June, 1992

Designed and constructed 68HC11-based motion-control and sensing system for the Astrophysical Research Consortium GRIM IR camera. The design work included: reading a multiplexed array of potentiometer shaft encoders, cryo-mechanical thermal issues, FORTH-based embedded controller programming, and cryogenic thermometry.

Research Assistant, University of Chicago, Department of Astronomy and Astrophysics.

June, 1989 to November, 1991

Researched the direction of interstellar magnetic fields in star-forming regions and at the Galactic Center. Designed and constructed two-axis motion control electronics with automated computer control, position encoder electronics, and manual front-panel button controls. Designed and constructed robotic lab testing system for far-infrared cameras and polarimeters. These systems produce an image of a black-body source at the focal-plane of the far-infrared cameras. Separate motion-control electronics were built to spin a half-wave plate inside the polarimeter (T=2 K) where a wire-wound resistor was used for feedback information.




Teaching Assistant, University of Chicago, Department of Astronomy and Astrophysics.







September, 1989 to January, 1990

Assisted in the implementation of CCD camera for a teaching telescope laboratory. Taught introductory level students how to use the associated software.




Undergraduate Researcher, Northwestern University, Department of Physics and Astronomy.
September, 1987 to June, 1989

Designed, built, and used a high-speed photoelectric photometry data acquisition system on 1 meter telescope. The system was built for research and teaching purposes. Investigated occurrence of rare short time transient variable stars. This system contained pulse-counting electronics which could measure incident flux on the Starlight-1 (PMT) photometer.




Experiment Assistant, Fermilab, Batavia, Illinois.
June, 1987 to September, 1987

Performed diagnostic testing of experiment data acquisition electronics. Built experiment hardware and wrote temperature probe display software.




Undergraduate Researcher, Northwestern University, Department of Physics and Astronomy.
September, 1986 to June, 1987

Programmed pattern recognition software for Fermilab experiment, D0 (proton-antiproton annihilation).

5.2
Hervey S. Stockman, STScI

Co-I Stockman is presently an Astronomer at STScI and heads the NGST Division. He received his PhD in 1973 from Columbia and AB in 1968 from Princeton University. 
Previous positions: 

Astronomer, Deputy Director, Space Telescope Science Institute, 1987-1995

Astronomer, Chief, Research Support Branch, Space Telescope Science Institute, 1983-1987

Associate Astronomer, Steward Observatory, University of Arizona, 1978-1983

Research Associate, Steward Observatory, University of Arizona, 1975-1978

Project Officer, Technology Division, Air Force Weapons Laboratory, 1973-1975

Major Awards: 

NASA Public Service Medal
Headquarters, 1994, membership in HST First Servicing Mission Review

NASA Public Service Medal
Goddard Space Flight Center, 1998, editing The Next Generation Space Telescope: Visiting a Time When Galaxies were Young

NGST-related Activities:

Member, NGST Study Team (1995-present), Received NASA Group Achievement Award 1997. 
Member, Astronomical Search for Origins and Planetary Systems Advisory Subcommittee (1996-present).

Member, ESA HST 2002 Study Team (1995)

Member, HST and Beyond Committee (1993-1995).

Member, Astrophysics Subcommittee (AS, 1992-1994).

Member, Hubble Program Review Team (1992-1994). Received NASA Public Service Medal 1994

Chairman, Space Telescope Observatory Performance Assessment Team (STOPAT, 1985-1987).

Project Scientist, Science Certification Review (SCR, 1987).

Member, Astronomy and Relativity Mission Operations Working Group (ARMOWG, 1985-l987).

Member, Orbital Verification Planning Team (OVPT, 1983-1986).

Member, Science Verification Working Group (SVWG, 1983-l985).

Member, Maintenance and Refurbishment Workshop (1987).

Member, Level l Requirements Working Group (1987).

Member, MSFC Optics Review Panel (1983-1986).

Selected Publications:

A Large-Area Lithium-Flouride Bragg Spectrometer for Stellar X-Ray Astronomy, (H.S.
Stockman, Jr., J. R. P. Angel, B. E. Woodgate and R. A. Nidey). Nuc. Inst. and Methods, 126, 217, 1975

Null Circular Polarization Measurements for the Controversial White Dwarf LDS 678B (EG131), (J. Liebert, H. S. Stockman and J. R. P. Angel). M.N.R.A.S., 185, 1P, 1978

High Speed Polarimetry of AM Herculis, (H. S. Stockman, T. A. Sargent). Ap. J., 227, 197, 1979

Optical and Infrared Polarization of Active Extragalactic Objects, (J. R. P. Angel and H. S. Stockman). Annual R. Astron. Astrophys., 18, 321, 1980

Optical Polarization of the Seyfert Galaxies Mrk 3, Mrk 231, NGC 3227 and NGC 3516, 
(I. Thompson, J. D. Landstreet, H. S. Stockman, J. R. P. Angel and E. A. Beaver). M.N.R.A.S., 192, 53, 1980

Circular Polarization Measurements of Selected White Dwarfs, (J. Liebert and H.S. Stockman). P.A.S.P., 92, 657, 1980

Differential Imaging Using Charge-Coupled Device Imagers with On-Chip Charge Storage, (H. S. Stockman). SPIE Proc. Vol. 331, 76, 1982

HST Time Resolved Spectroscopy of ST LMi and UZ For: Resolving the Accretion Stream. (H.S. Stockman and G.D. Schmidt), Ap. J. 468,883, 1996.

5.3
Bernard J. Rauscher, STScI

Co-I Rauscher is presently an Assistant Scientist at STScI working in the NGST Division. His primarily responsibilities are NIR detectors and detector issues for NGST. He received his Ph.D. in 1995 from the University of Chicago. He has 14 years of laboratory experience including building, training staff, and supervising the lab in Durham as well as hands-on testing of NICMOS-3, NICMOS-2, and Rockwell 64(64 PANIC detectors at U. Chicago. His primary research interests are infrared astronomy instrumentation and galaxy formation and evolution.

Previous positions: 

Lecturer, Head IR Astronomy Instrumentation, University of Durham (UK), 1995-1999

Post-doctoral Research Associate, University of Chicago, 1993-1995

NGST-related Activities:

STScI Lead, Study of the effect of cosmic rays on NGST observations

Member, ISIM IPT at GSFC

Member, NGST Detector Readout Committee at GSFC –this group is charged with developing a Reference Readout Architecture for NGST

Selected Publications:

David Barnaby, Doyal A. Harper, Robert F. Loewenstein, Fred Mrozek, Mark Thoma, James P. Lloyd, Bernard J. Rauscher, Mark Hereld, and Scott A. Severson 2000, Near-infrared Extinction and Photometric Stability During the South Pole Winter”, PASP, submitted

Eric F. Bell, David Barnaby, Richard G. Bower, Roelof S. de Jong, Doyal A. Harper, Mark Hereld, Robert F. Loewenstein, and Bernard J. Rauscher 2000, “The Star Forming Histories of Low Surface Brightness Galaxies”, MNRAS, 312, 470

Eric F. Bell, Richard G. Bower, Roelof S. de Jong, Mark Hereld, and Bernard J. Rauscher 1999, “The Stellar Populations of Low Surface Brightness Galaxies”, MNRAS, 302, L55

Bernard J. Rauscher, James P. Lloyd, David Barnaby, Doyal A. Harper, Mark Hereld, Robert F. Loewenstein, Scott A. Severson, and Fred Mrozek 1998, “Near Infrared Halo Emission in the Edge-on Spiral Galaxy ESO~240-G11”, ApJ, 506, 116

Deqing Ren, Jeremy Allington-Smith, and Bernard J. Rauscher 1997, “A Compact all-Reflective Near Infrared Spectrograph and Imager”, in SPIE Vol. 3122 - Infrared Spaceborne Remote Sensing V, San Diego, California, 30 July-1 August 1997, eds. Marija Strojnik and Bjorn F. Andresen, p. 280

Bernard J. Rauscher, David Barnaby, Doyal A. Harper, Mark Hereld, James P. Lloyd, Robert F. Loewenstein, Scott A. Severson, and Fred Mrozek 1997, “South Pole Near Infrared Astronomy: Site Characteristics and Deep Spiral Galaxy Imaging”, proceedings of XVIIth RENCONTRES DE MORIOND – “Extragalactic Astronomy in the Infrared”, 1997 March 15--22, Les Arcs, Savoie, France, eds. G. A. Mamon, T. X. Thuan, and J. T. Thanh Van, Editions Frontieres:Paris, p. 551

H. T. Nguyen, Bernard J. Rauscher, Scott A. Severson, Mark Hereld, D. A. Harper, R. F. Loewenstein, F. Mrozek, and R. J. Pernic 1996, “The South Pole Near Infrared Sky Brightness”, PASP, 108, 718

Bernard J. Rauscher 1995, “Near Infrared Surface Photometry and Morphology in Virgo Cluster Spiral Galaxy Nuclear Regions”, AJ, 109, 1608

John Bally, David Devine, Mark Hereld, and Bernard J. Rauscher 1993, “Molecular Hydrogen in the IRAS 03282+3035 Stellar Jet”, ApJ Lett., 418, L75

Harley A. Thronson, Jr., Mark Hereld, Steve Majewski, Matthew Green, Paul Johnson, Earl Spillar, C. E. Woodward, D. A. Harper, and Bernard J. Rauscher 1989, “Near-Infrared Images of NGC 1068: Bar-Driven Star Formation and the Circumnuclear Composition”, ApJ, 343, 158

Bernard J. Rauscher, Mark Hereld, Hien Nguyen, and Scott Severson 1995, “The South Pole Infrared Explorer (SPIREX): Near Infrared Astronomy at the South Pole”, ASP Conf. Ser., 79, 195

Mark Hereld, Bernard J. Rauscher, D. A. Harper, and Robert J. Pernic 1990, “GRIM - A near-infrared grism spectrometer and imager”, in SPIE Vol. 1235 - Instrumentation in Astronomy VII, Tucson, Arizona, 11-17 February 1990, ed. David L. Crawford, p. 43

Mark Hereld, D. A. Harper, Robert J. Pernic, and Bernard J. Rauscher 1990, “pNIC - A near-infrared camera for testing focal plane arrays”, in SPIE Vol. 1235 - Instrumentation in Astronomy VII, Tucson, Arizona, 11-17 February 1990, ed. David L. Crawford, p. 84

5.4
Michael W. Regan, STScI


CO-I Regan received his PhD in 1996 from the University of Mayland and is currently an Assistant Astronomer at STScI. His primary responsibility is being the instrument scientist for the multi-object spectrograph for NGST. His research interests are bar gas kinematics and dynamics, molecular gas in spiral galaxies, the fueling of AGN, and galaxy evolution.

Previous Positions:

Hubble Fellow, Carnegie Institution of Washington, Department of Terrestrial Magnetism, 1997–1999

Research Associate, University of Maryland, Department of Astronomy, 1997

Research Assistant, University of Maryland, Department of Astronomy, 1993–1996

Teaching Assistant, University of Maryland, Department of Astronomy, 1990–1992

Staff Programmer, IBM, 1982–1990

NGST-related Activities:

STSCI lead on study of the use of the near infrared camera for guiding NGST Member, ISIM IPT at GSFC

Selected Publications:

Regan, M. W. & Vogel, S. N. “The Near Infrared Structure of M33” 1994, ApJ, 434, 536.

Regan, M. W. & Vogel, S. N. “NGC 6946: Molecular Spiral Arms Masquerading as a Bar?” 1995, ApJ, 452, L21.

Regan, M. W., Vogel, S. N., & Teuben, P. J. “The Mass Inflow Rate in the Barred Spiral Galaxy NGC 1530” 1997, ApJL, 482, L143. 

Mulchaey, J. S., Regan, M. W., & Kundu, A. “The Role of Bars in Fueling of Active Galaxies: I.  A Near-Infrared Imaging Survey of Seyfert and Normal Galaxies” 1997, ApJS, 110, 229.

Regan, M. W. & Elmegreen, D. M. “K-band Observations of  Barred Spiral Galaxies” 1997, AJ, 114, 965.

Regan, M. W. & Mulchaey, J. S. “Using HST Imaging of Nuclear Dust Morphology to Rule Out Bars Fueling Seyfert Nuclei”, 1999, AJ, 117, 2676.

5.5
Knox S. Long, STScI/JHU

Co-I Long is an Astronomer at STScI and Adjunct Professor at JHU. His primary duty is Lead Instrument Scientist for the NGST. As such, he is one of the team of scientists and engineers at GSFC and STScI attempting to design the integrated science instrument module (ISIM).  He brings to this proposal approximately 30 years of experience with space instrumentation, from X-ray sounding rockets, to the Hopkins Ultraviolet Telescope which flew on the Space Shuttle in 1990 and 1994, to Hubble Space Telescope, where as Head of the Science Support Division, he had overall responsibility for the calibration of HST instrumentation. He received his PhD in 1976 from the California Institute of Technology and AB in 1971 from Harvard College. His primary research interests are supernova remnants, x-ray properties of normal galaxies, cataclysmic variables, and space instrumentation.

Previous positions: 

Head, Science Support Division, STSCI 1995-1999

Lead, Data Systems Operations Branch, STSCI 1992-1995

Project Scientist, Data Archive and Distribution System, STScI 1990-1992

Research Scientist, Department of Physics and Astronomy, JHU – 1982-1990

Asst. Professor of Physics, Columbia Univ., 1977-1982

Research Associate, Columbia Astrophysics Lab., Columbia Univ., 1975-1977

Projects: 

Co-Investigator and Project Scientist, Hopkins Ultraviolet Telescope

Instrument team, Einstein Observatory

Instrument team, OSO-8 Bragg Crystal Spectroscopy and Polarimetry Experiments

Guest Investigator – AXAF, FUSE, HST, ROSAT, EUVE, IUE, KPNO, CTIO, VLA, Las Campanas Observatory

Selected Publications:

Long, K. S., Bowers, C. W., Tennyson, P. D., & Davidsen, A. F. 1985, “An Intensified Photo Diode Array Detector for Space Applications”, Advances in Electronics & Electron Physics, 64A, 239

Davidsen, A. F., Long, K. S., Durrance, S.T., Blair, W. P., Bowers, C., W., Feldman, P. D., Ferguson, H. C., Fountan, G. H., Kimble, R. A., Kriss, G. A., & Moos, H. W. 1992, “The Hopkins Ultraviolet Telescope: Performance & Calibration During the Astro-1 Mission”, ApJ, 392, 264

Long, K. S., Charles, P. A., Blair, W. P., Gordon, S. M. 1996, “A Deep X-ray Image of M33”, ApJ, 466, 750

Long, K. S., Mauche, C. W., Raymond, J. C., Szkody, P., & Mattei, J. A. 1996, “EUVE Observations of U Gem in Outburst”, 1996, ApJ, 469, 841

Winkler, P. F., & Long, K. S. 1997, “X-ray and Optical Imagery of the SN 1006 Supernova Remnant”, ApJ, 491, 829

Long, K., & Gilliland, R. L., 1999, “GHRS Observations of the White Dwarf in U Geminorum”, ApJ, 511, 916

Greenhouse, M. A., Geithner, P. H., Jurotich, M. M. 2000, “NGST Integrated Science Module” in “UV, Optical, and IR Space Telescopes”, ed. by J. M. Breckenridge & P. Jakobsen, Proc. of the SPIE, Vol 4013, in press

5.6
Holland Ford, JHU/STScI

Co-I Ford is concurrently a Professor at the Johns Hopkins University Department of Physics and Astronomy and an Astronomer at the Space Telescope Science Institute. Ford was a Co-Investigator on the Hubble Space Telescope Faint Object Spectrograph, and is presently the PI of the Advanced Camera for Surveys (http://adcam.pha.jhu.edu/instrument/papers/), which will be installed in Hubble in June 2001. In 1990, he and Dr. Robert Brown co-chaired the Hubble Space Telescope Strategy Panel, a group of scientists and engineers who sought solutions for the spherical aberration in the Hubble Telescope. The Strategy Panel recommended COSTAR, the corrective optics for the Hubble Space Telescope. Dr. Ford became project scientist for COSTAR and was responsible for the scientific performance of the instrument. In 1992, Ford received the NASA Exceptional Achievement Medal awarded for unusually significant scientific contributions toward achievement of aeronautical or space exploration goals. In 1994, Ford received a NASA Public Service medal for leadership in the development of the COSTAR.

Co-I Ford's research interests include planetary nebulae and novae, active galactic nuclei and massive black holes, stellar dynamics, the extragalactic distance scale, and spacecraft instrumentation. 

Selected Publications:

Ford, H.C., Harms, R.J., Tsvetanov, Z.I., Hartig, G.F., Dressel, L.L., Kriss, G.A., Davidsen, A.F., Bohlin, R.A., and Margon, B. 1994, “Narrow Band HST Images of M87: Evidence for a Disk of Ionized Gas Around a Massive Black Hole,” ApJ, 435, L27

Harms, R.J., Ford, H.C., Tsvetanov, Z.I., Hartig, G.F., Dressel, L.L., Kriss, G.A., Bohlin, R.A., Davidsen, A.F., Margon, B., and Kochhar, A.K. 1994, “HST FOS Spectroscopy of M87: Evidence for a Disk of Ionized Gas Around a Massive Black Hole,” ApJ, 435, L35

Ford, H.C., Hui, X., Ciardullo, R., Jacoby, G.H., and Freeman, K.C. 1995, “The Stellar Halo of M104. I. A Survey for Planetary Nebulae and the PNLF Distance,” ApJ, 458, 455

Ford, H.C., Feldman, P., Golimowski, D., Tsvetanov, Z., Bartko, F., Crocker, J., Bely, P., Brown, R., Burrows, C., Clampin, M., Hartig, G., Postman, M., Rafal, M., Sparks, W., White, R., Broadhurst, T., Illingworth, G., Kelly, T., Woodruff, B., Cheng, E., Kimble, R., Krebs, C., Neff, S., Lesser, M. and Miley, G., 1996, “The Advanced Camera for the Hubble Space Telescope,” SPIE, 2807, 184

Ferrarese, L., Ford, H.C., and Jaffe, W. 1996, “Evidence for a Massive Black Hole in the Active Galaxy NGC 4261 from Hubble Space Telescope Images and Spectra,” ApJ, 470, 444

Ford, H.C., Tsvetanov, Z.I., Ferrarese, L., and Jaffe, W. 1998, HST Detections of Massive Black Holes in the Centers of Galaxies,” in the Proc. IAU Symp. No. 184, The Central Regions of the Galaxy and Galaxies, ed. Yoshiaki Sofue (Kluwer Academic Publishers, Dordrecht).

Ford, H.C. and the ACS Science Team 1998, The HST Advanced Camera for Surveys, in Space Telescopes and Instruments V, eds. P.Y. Bely and J.B. Breckinridge, Proc. SPIE, Vol. 3356, 234.

Ford, H.C., Angel, J.R.P., Burrows, C.J., Morse, J.A., Trauger, J.T., and Dufford, D.A. 2000, "HST to HST10X: A Second Revolution in Space Science", SPIE, in press 

5.7
Karl Glazebrook, JHU

Co-I Glazebrook received his PhD in 1991 from University of Edinburgh, and is presently Assistant Professor at JHU. His primary role over the last few years was as Instrument Scientist with the Two-Degree Field facility (2dF), a 400-fibre multi-object spectroscopic system mounted at the 4m Anglo-Australian Telescope's prime focus. He was responsible for the scientific commissioning of the facility, including issues involving astrometric and photometric performance, instrument evaluation, field configuration, documentation and data reduction. During his time at the AAO 2dF progressed from a bare fibre system (no spectrographs) to a full 400 fibre operational system. More recently he was responsible for the inception and development of the LDSS++ project. This involved a major upgrade of the multi-slit Low Dispersion Survey Spectrograph, increasing the optical performance by a factor of 2 using new Volume-Phase Holographic grating and Deep-Depletion CCD technology and increasing the object multiplexing by a factor of 10 (up to 300 objects in a 9 arcmin field) with the new techniques of microslits, charge-shuffling and telescope nodding. This project took one year from conception to commissioning. 
Selected Publications:

Glazebrook K., Blake C. A., Economou F., Lilly S. J., & Colless M. M. 1999, “Measurement of Star-Formation Rate from H-alpha in field galaxies at z=1,” MNRAS, 306, 843

Glazebrook K., Offer A. R., & Deeley K. 1998, “Automatic Redshift Determination by use of Principal Component Analysis --- I: Fundamentals,” ApJ, 492, 98

Glazebrook K, Abraham R. G., Santiago B. X., Ellis R. S, & Griffiths R. E. 1998, “The physical parameters of the evolving population of faint galaxies,”, MNRAS, 297, 885

Glazebrook K., Ellis R. S., Santiago B. X., & Griffiths R. E. 1995, “The morphological identification of the rapidly evolving population of faint galaxies,” MNRAS, 275, L19

Glazebrook K., Peacock J. A., Miller L., & Collins C. A. 1995, “An imaging K-band survey -- II: The redshift survey and galaxy evolution in the infrared,” MNRAS, 275, 169

Glazebrook K., Ellis R. S., Colless M. M., Broadhurst T. J., Allington-Smith J. R., & Tanvir N. R. 1995 “A faint galaxy redshift survey to B=24,” MNRAS, 273, 157

Glazebrook K., Lehar, J., Ellis R. S., Aragon-Salamanca A., & Griffiths R. E. 1994, “An unusual high redshift object discovered with HST: peculiar starburst galaxy or new gravitational lens?,” MNRAS, 270, L63

Glazebrook K., Peacock J. A., Collins C. A., & Miller, L. 1994, “An Imaging $K$ Band Survey --- I. The Catalogue and Galaxy Counts,” MNRAS, 266, 65

5.8
Stephan R. McCandliss, JHU

Co-I McCandliss received a B.S. in Physics and one in Astronomy from the University of Washington, Seattle in 1980. He completed his Ph.D. in Astrophysics at the University of Colorado, Boulder in 1988. He has over 20 years of experience in astrophysical research, both ground and space based. His research interests range from hot stars to comets, with a specialization in high efficiency space based instrumentation. He is currently a Co-Investigator with the JHU/NASA sounding rocket program and has flown 10 sub-orbital missions since 1988. His duties with the JHU rocket group include complete responsibility for the design, procurement, fabrication, calibration, integration and launch of spectroscopic telescope experiments. He is intimate with microchannel plate and ccd detector designs and all aspects of their operation and absolute calibration. He has built several evacuated spectrographs, housing holographic gratings fabricated to his specification.  With the GSFC mirror coating group, he developed and flew the first large glass mirror (400 mm diameter) coated with ion-beam sputtered SiC. He is also the PI on a NASA UV/Visible Supporting Technology grant, entitled, “Windowless Lamps.”

Selected Publications:

McCandliss, S. R., Feldman, P. D., McPhate, J. B., Burgh, E. B., Pankratz, C., Pelton, R., Nikzad, S., Siegmund, O. & Vallerga, J. 1999, “Current and planned FUV technology development at the Johns Hopkins University,” ASP Conf. Ser., 164, 437

McPhate, J. B., Feldman, P. D., McCandliss, S. R., & Burgh, E. B. 1999, “Rocket borne long-slit ultraviolet spectroscopy of comet Hale-Bopp,” Ap. J., 521, 920

McCandliss, S. R., McPhate, J. B., & Feldman, P. D. 1998, “Narcissistic ghosts in Rowland gratings mounted with beta = 0 degrees; a cautionary note,” Appl. Opt. 37, 5070

Morrissey, P. F., McCandliss, S. R., & Feldman, P. D. 1995, “Vacuum ultraviolet quantum efficiency of a thinned, backside illuminated charge-coupled device,” Appl. Opt. 34, 4640

Morrissey, P. F., McCandliss, S. R., Feldman, P. D., & Friedman, S. D. 1994, “Vacuum ultraviolet quantum efficiency of a phosphor-coated charge-coupled device,” Appl. Opt. 33, 2534

Sahnow, D. J., Feldman, P. D., McCandliss, S. R., & Mackey, E. F. 1994, “Two-dimensional intensified photodiode array detector for spaceflight use,” Rev. Sci. Instr., 65, 813

McCandliss, S. R., Martinez, M. E., Feldman, P. D., Pelton, P., Keski-Kuha, R. A. M., & Gum, J. S. 1993, “The design and fabrication of a 40 cm diameter, SiC coated, normal incidence telescope and spectrometer,” SPIE, 2011, 310

McCandliss, S. R., Buss Jr., R. H., Blair, W. P., Bowers, C. B., Davidsen, A. F., Feldman, P. F., & Kruk, J. W. 1993, “The spectrum of EZ Canis Majoris (HD 50896) to the Lyman limit with the Hopkins Ultraviolet Telescope,” Ap. J., 416, 372

5.9
Albert M. Fowler, NOAO

Education:
B.S. (Electrical Engineering), University of Missouri at Rolla (1960)


M.S. (Electrical Engineering), California State University, Fullerton (1970)

Employment:
Manager, R & D Group, AURA/NOAO, 19801984

Manager, Infrared Program, AURA/NOAO, 19841992

Manager, Infrared Detector R & D Program, AURA/NOAO, 19921999

Semi-Retired, Infrared Technical Specialist, AURA/NOAO, 2000
Research Field:
Infrared Detectors and Arrays with emphasis on InSb for astronomical uses

Experience Relevant to this Proposal:

Co-I Fowler has worked on infrared detectors for over 20 years at AURA, and, before that, another 15 years at Rockwell/Boeing. He has extensive experience in infrared arrays for the 1-5 micron bands, and was one of the principal developers of the Aladdin 1K2 InSb focal plane along with the engineers at SBRC/Raytheon. His  particular research interests are optimization and performance improvements of InSb focal planes for ground based astronomy. In that pursuit, he was the developer of the multiple sampling technique, which bears his name, that has resulted in read noise improvements of up to a factor of 10 over conventional correlated double sampling techniques previously used to read infrared focal planes. He was recently the Principal Investigator and designer of the “Abu” infrared camera, which operated at the South Pole on the SPIREX telescope from 1997-1999 and will go to Chile for use on the Gemini South 8M telescope in 2000.

Selected Publications:

Fowler, A. M., "Demonstration of an Algorithm for Read‑Noise Reduction in Infrared Arrays," (with 1. Gatley), The Astrophysical Journal, Vol. 353:L33‑34, (April 1990)

Fowler, A. M., "Noise reduction strategy for hybrid IR focal plane arrays," (with I. Gatley), SPIE Vol. 1541-15 (July 1991

Fowler, A. M., "Evaluation of SBRC 256x256 InSb Infrared Array for Astronomy," (with J. Heynssens), SPIE Vol. 1946, April 1993. NOAO Preprint No. 528

Fowler, A. M., Valley Oak/Cincinnati Electronics 256x256 InSb Array Evaluation," (with J. Heynssens), SPIE Vol. 1946, April 1993. NOAO Preprint No. 530

Fowler, A. M., “Next Generation in InSb Arrays:  ALADDIN, the 1024x1024 InSb Focal Plane Array Readout Evaluation Results (with D. Bass, J. Heynssens, I. Gatley, F. Vrba, D. Ables, A. Hoffman, M. Smith, and J. Woolaway) SPIE Proceedings, Vol. 2268 (July 1994)

Fowler, A. M., “Controlling an ALADDIN 1Kx1K Array with Wildfire” (with G. Heim and N. Buchholz), SPIE Proceedings on Infrared Detectors and Instrumentation for Astronomy, Vol. 2475, April 1995.  NOAO Preprint No. 654

Fowler, A. M.,  “ALADDIN, the 1024x1024 InSb Array: Design, Description, and Results”, (with I. Gatley, P. McIntyre, F. Vrba, and A. Hoffman), SPIE Proceedings on Optical Science, Engineering and Instrumentation, Vol. 2816, August 1996

Recent Research Collaborators:

Alan Hoffman, Raytheon Infrared Center of Excellence

Ian Gatley, Rochester Institute of Technology

Frederick Vrba, U.S. Navel Observation, Flagstaff, Arizona

Michael Merrill, National Optical Astronomy Observatories

Nigel Sharp, National Optical Astronomy Observatories

Jim Jackson, Boston University

John Storey, University of New South Wales, Australia

Al Harper, Yerkes Observatory, CARA

5.10
Gert Finger, ESO

Co-I Finger studied physics at the Swiss Institute of Technology from 19701975 and received his diploma in low temperature physics. From 19751976, he worked at the University of Zuerich on high temperature superconductors employing pulsed nuclear magnetic resonance. In 1976, he joined the group of Prof. F.K. Kneubuehl at the Swiss Institute of Technology working on infrared spectroscopy, where he received his PhD in 1983. Since 1983, he has been a member of the infrared instrumentation group at the European Southern Observatory ESO. He is in charge of the Infrared Dectector Development Programmes for the VLT instruments at ESO.

Selected Publications:

Meyer, M., Finger, G., Mehrgan, H., Nicolini, G., Stegmeier, J. 1998, “ESO infrared detector high-speed array control and processing electronic IRACE,” SPIE, 3354, 87

Finger, G., Biereichel, P., Mehrgan, H., Meyer, M., Moorwood, A. F., Nicolini, G., Stegmeier, J. 1998, “Infrared detector development programs for the VLT instruments at the European Southern Observatory,” The Messenger,94, 7

Moorwood, A., Cuby, J.-G., Biereichel, P., Brynnel, J., Delabre, B., Devillard, N., van Dijsseldonk, A., Finger, G., Gemperlein, H., Gilmozzi, R., Herlin, T., Huster, G., Knudstrup, J., Lidman, C., Lizon, J.-L., Mehrgan, H., Meyer, M., Nicolini, G., Petr, M., Spyromilio, J., Stegmeier, J. 1997, “ISAAC sees first light at the VLT,” SPIE, 2871, 1160

Finger, G., Biereichel, P., Lizon, J. L., Mehrgan, H., Meyer., M., Moorwood, A. F., Nicolini, G., Silber, A., Stegmeier, J. 1995, “Megapixel infrared arrays at the European Southern Observatory,” SPIE, 2475, 97

Meyer, M., Finger, G., Mehrgan, H. 1995, “Connection between detector front end and number cruncher with a 1-gigabit-per-second multiplexing fiber optic link,” SPIE, 2475, 15

Finger, G., Biereichel, P., Meyer, M., Moorwood, A. F. M. 1994, “Infrared Arrays at the European Southern Observatory,” SPIE, 2198, 763

Finger, G., Biereichel, P., van Dijsseldonk, A., Meyer, M., Moorwood, A. F. 1994, “Real-time image sharpening without adaptive optics by on-chip tracking,” The Messenger, 77, 8

Finger, G., Biereichel, P., Meyer, M., Moorwood, A. F. M. 1993, “A novel sampling technique for image sharpening in infrared array cameras,” SPIE, 1946, 134

Finger, G., Biereichel, P., Meyer, M., Moorwood, A. F. 1992, “Image sharpening by on-chip tracking in IRAC2,” The Messenger, 69, 61

Moorwood, A., Finger, G., Biereichel, P., Delabre, B., van Dijsseldonik, A., Huster, G., Lizon, J.-L., Meyer, M., Gemperlein, H., Monetti, A. 1991, “IRAC2 at the 2.2-m telescope,” The Messenger, 64, 66

Moneti, A., Moorwood, A., Finger, G., Meyer, M., Gemperlein, H. 1990, “Broadband imaging performance of IRAC with the new Philips 64x64 array,” SPIE, 1308, 194

Martin, C. J., Niblack, C. A., Timlin, H. A., Finger, G. 1988, “Performance of a InSb hybrid focal plane array,” SPIE, 865, 94

Finger, G., Meyer, M., Moorwood, A. F. M. 1988, “Test results with Mullard CMT-CCD hybrid focal plane arrays,” The Messenger, 54, 56

5.11
Jeffrey Van Cleve, Cornell University

Date of Birth:  20 September 1960

Current Position:  SIRTF/IRS Resident (Senior Research Associate)

Scientific Goals

Co-I Van Cleve’s long-term scientific goal is to assess the prevalence of habitable worlds by linking studies of the Solar System to astronomical observations of other planetary systems, extant and forming.  His near-term interests are the thermophysical properties of the surface of Mars and the Galilean satellites; formation and dissipation of circumstellar dust disks; the taxonomy of gas giant planets and brown dwarfs; and the detailed cartography of the nearby stars. He currently pursues these interests with observations at Palomar, and as a Co-Investigator for the Infrared Spectrograph of the Space Infrared Telescope Facility (SIRTF), due to launch in Dec. 2001.

Recent Publications
· P. D. Nicholson et al., ``Palomar observations of the R impact of comet Shoemaker-Levy 9,'' GRL 22, 1613-1620 (1995)

· K. A. Marsh, J. E. Van Cleve, M. J. Mahoney, T. L. Hayward, and J.R. Houck, ``Detection of a Clearing in a Young Circumstellar Disk, From High-Resolution Mid-Infrared Observations,'' ApJ 451, 777 (1995)

· J. E. Van Cleve, B. E. White, and R. O. Pohl,"Elastic Properties of Quasicrystals," Physica B 219&220, 345 (1996)

· J. E. Moersch, T. L. Hayward, P.D. Nicholson, S. W. Squyres, J. Van Cleve, and P. R. Christensen,"Identification of a 10 (m Silicate Absorption Feature in the Acidalia Region of Mars", Icarus 126, 183 (1997)

· D. S. Bayard, T. Kia, and J. Van Cleve, “Reconfigurable Pointing Control for High Resolution Space Spectroscopy,” NASA Tech Briefs (1998).

· Jeffrey Van Cleve, R. Brown, W. Blalock, G.E. Gull, J.D. Smith, John Wilson and J.R. Houck, “SCORE, a Mid-infrared Echelle Format Spectrograph with No Moving Parts,”  PASP 110, 1479 (1998).

· Jeffrey Van Cleve, “Detecting Europan Thermal Palimpsests,” submitted to Icarus.
Published Proceedings

· J. E. Van Cleve, T. L. Hayward, J. W. Miles, G. E. Gull, J.Schoenwald, and J. R. Houck, ``10 micron Images and Spectra of T Tauri Stars,'' Planetary Systems: Formation, Evolution, and Detection, B.Burke, J. Rahe, and E. Roettger, eds., Astrophysics and Space Science 212, 231 (1994)

· James R. Houck and Jeffrey E. Van Cleve, ``IRS: an infrared spectrograph for SIRTF,'' SPIE 2475, 456 (1995)

· Jeffrey Van Cleve, T. Herter, R. Butturini, G. Gull, J. R. Houck,B. Pirger, and J. Schoenwald,``Evaluation of Si:As and Si:Sb Blocked Impurity Band Detectors for SIRTF and WIRE,'' SPIE 2553, 502 (1995)

· J. E. Van Cleve, G. Rieke, and D. Cruikshank,``Infrared Inferences of Planetary Systems among the Nearby Stars,'' Journal of the British Interplanetary Society 49, 3 (1996)

Recent Presentations

·  “Thermal Emission Remote Sensing of Europan Cryovolcanism and Tectonism,” AGU 1997 Fall Meeting.

· “Thermal Palimpsests on Europa: how to detect sites of current activity, “ with R. Pappalardo and J. Spencer, LPSC XXX March 1999.
· “Cold Bodies, Hot Topics: The Ice Worlds of the Outer Solar System,” IBM Almaden Research Center science seminar, May 1999.
Technical Portfolio

· attitude control system requirements definition

· optical system design and radiometric sensitivity calculation

· mid-IR (5-40 (m) focal plane array development and radiation testing

· system engineering and technical contractor oversight

Instrumentation Projects and Grants

· SIRTF-IRS

· SCORE, the SIRTF-Cornell Echelle Spectrograph, used at Palomar.  Wrote grant proposal for upgrades and operations, awarded $250,000 by NASA ISR branch (NAG5-4376).

· SCORE2, a proposal to build a version of SCORE for the Keck 10m telescope.  Wrote grant proposal, awarded feasibility study for $90,000. 
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1 May 2000

Donald F. Figer

Space Telescope Science Institute
3700 San Martin Drive

Baltimore, MD 21218

Dear Don:

| acknowledge that | am identified by name as a collaborator to the investigation
entitted "Comparative NIR Detector Characterization for NGST" that is submitted
by Donald F. Figer to the NASA Research Announcement (NRA 00-0SS-03)
entitted Next Generation Space Telescope (NGST) Sclence Instrument
Technology Development (SITD), and that | Intend to carry out all responsibilities
identified for me as stated in the letter of February 8, 2000 from Raytheon
Systems Company to Donald F. Figer. | understand that the extent and
Justiflcation of my participation as stated in this proposal will be evaluated during
peer review in determining the merits of this proposal.

Sincerely,

Ao T 2l

Ken J. Ando
Raytheon Electronics Systems
Infrared Center of Excellence
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Donald F. Figer

STScl

3700 San Martin Drive
Baltimore, MD 21218

Dear Don:

We acknowledge that we are identified by name as Co-Investigators to the investigation entitled “Comparative NIR
Detector Characterization for NGST” that is submitted by Donald F. Figer to the NASA Research Announcement
(NRA 00-OSS-03) entitled Next Generation Space Telescope (NGST) Science Instrument Technology Development
(SITD), and that we intend to carry out all responsibilities identified for us in this proposal. We understand that the
extent and justification of our participation as stated in this proposal will be evaluated during peer review in
determining the merits of this proposal.

Sincerely,

Bernard J. Rauscher

Michael W. Regan
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Director General

May 2, 2000
A 79/00
Donald F. Figer
Space Telescope Science Institute
3700 San Martin Drive
Baitimore, MD 21218

Dear Dr Figer,

This letter is to confirm the strong interest of the European Southern Observatory in your
NRA proposal for Comparative NIR Detector Characterization for NGST. if you are
successful, ESO will be happy to provide the necessary resources for the detector
characterization activities to be carried out under the responsibility of Dr Finger as
specified in the proposal.

Yours sificerely,

——

Catherine Cesar{ky








 





8.0
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Review Milestones�
�
Nov 1 00�
Internal test plan review�
�
Apr 1 01�
Phase I External Review�
�
Aug 1 01�
NGST Project Review�
�
May 1 02�
Phase II External Review�
�
Jul 1 02�
NGST Project Review�
�



Figure 8. DRM-quality photometry (1%) cannot be achieved according to our measurements of intra-pixel sensitivity. (Left) Intra-pixel sensitivity of HgCdTe to a point source measured by Co-I Finger. (Right) NICMOS magnitude errors as a function of intra-pixel source location (Stiavelli, private communication).





Figure 7. DRM-quality photometry (1%) cannot be achieved for modest QE variations across the bandpass.





Figure 6. Persistent charge adds significant noise, even after waiting many minutes after the initial exposure.
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Figure 5. Non-destructive reading reduces effective read noise. Data (red) for ALADDIN array, as measured by Co-I Fowler, compared to 1/n1/2 (blue).











 - without reference pixels


( - with reference pixels





Figure 4. Reference pixels are crucial for removing the effects of drift and measuring ultra-low dark currents.





Figure 3. IRATEC dewar.





Through














Figure 2. STScI experience with NICMOS shows that many detector noise sources could limit DRM science.





Figure 1. NGST needs low noise detectors. (Left) Background rates as a function of wavelength from zodiacal light, and thermal emission and scattered light from the primary and secondary mirrors. (Right) Time required to complete NIR portion of NGST DRM Science versus read noise.











�Strictly speaking, noise in dark current may not follow the Poisson statistics that are applicable to shot noise. Until more is known, however, we follow the current convention of relating noise in dark current, sdark, to the accumulated dark signal, idarkt by dark = (idarkt)1/2.


� Rockwell’s new MBE arrays are grown onto a CdZnTe substrate. Because this material is a better lattice-match to HgCdTe, there should be fewer charge traps and correspondingly better dark current in MBE devices.
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		1.000000		5.409161		5.355931		5.035149		1.469872		5776.000000				81.0		6.8		1.0		4.7						43.002830		42.579651				42.850791		0.152039				41.620485		0.959167		1.147203		39.181528		39.1815109222

		1.000000		5.734778		5.322248		5.270683		20.763980		5776.000000																45.591485		42.311872				42.850791		2.740694				41.620485		0.691387		1.167065		38.886883		38.8868652517

		1.000000		5.372128		5.314060		4.269468		1.312702		5776.000000																42.708418		42.246777				42.850791		-0.142373				41.620485		0.626292		1.187272		38.594453		38.594435322

		1.000000		5.388693		5.318532		5.075110		1.317990		5776.000000																42.840109		42.282329				42.850791		-0.010681				41.620485		0.661845		1.207828		38.304222		38.3042044706

		1.000000		5.399493		5.308591		5.385563		2.672100		5776.000000																42.925969		42.203298				42.850791		0.075179				41.620485		0.582814		1.228741		38.016174		38.0161561605

		1.000000		5.330307		5.242188		4.943234		1.321020		5776.000000																42.375941		41.675395				42.850791		-0.474850				41.620485		0.054910		1.250015		37.730292		37.7302739788

		1.000000		5.404872		5.277222		4.629823		3.184974		5776.000000																42.968732		41.953915				42.850791		0.117942				41.620485		0.333430		1.271658		37.446560		37.4465416364

		1.000000		5.357191		5.260202		5.075023		1.304444		5776.000000																42.589668		41.818606				42.850791		-0.261122				41.620485		0.198121		1.293675		37.164961		37.1649429663

		1.000000		5.403711		5.348653		4.545317		1.308652		5776.000000																42.959502		42.521791				42.850791		0.108712				41.620485		0.901307		1.316074		36.885480		36.8854619232

		1.000000		5.382247		5.298310		4.643842		1.316228		5776.000000																42.788864		42.121565				42.850791		-0.061927				41.620485		0.501080		1.338861		36.608101		36.6080825827

		1.000000		5.524243		5.336917		5.545031		5.707428		5776.000000																43.917732		42.428490				42.850791		1.066941				41.620485		0.808006		1.362042		36.332808		36.3327891399

		1.000000		5.742110		5.394518		4.981252		7.351724		5776.000000																45.649775		42.886418				42.850791		2.798984				41.620485		1.265934		1.385624		36.059585		36.0595659087

		1.000000		5.423094		5.335978		5.361610		3.184775		5776.000000																43.113597		42.421025				42.850791		0.262807				41.620485		0.800541		1.409615		35.788417		35.7883973211

		1.000000		5.389375		5.320451		5.308245		1.940364		5776.000000																42.845531		42.297585				42.850791		-0.005259				41.620485		0.677101		1.434021		35.519287		35.5192679262

		1.000000		5.461865		5.369740		5.425035		3.104774		5776.000000																43.421827		42.689433				42.850791		0.571036				41.620485		1.068948		1.458849		35.252182		35.2521623893

		1.000000		5.384555		5.336489		4.690207		1.326448		5776.000000																42.807212		42.425088				42.850791		-0.043578				41.620485		0.804603		1.484108		34.987085		34.9870654908

		1.000000		5.432806		5.348300		5.207449		2.365843		5776.000000																43.190808		42.518985				42.850791		0.340017				41.620485		0.898500		1.509804		34.723982		34.7239621257

		1.000000		5.502242		5.341869		5.290092		4.642823		5776.000000																43.742824		42.467859				42.850791		0.892033				41.620485		0.847374		1.535944		34.462857		34.4628373028

		1.000000		5.566124		5.348573		5.374445		7.699286		5776.000000																44.250686		42.521155				42.850791		1.399895				41.620485		0.900671		1.562538		34.203696		34.2036761432

		1.000000		5.578654		5.344092		4.996802		4.907340		5776.000000																44.350299		42.485531				42.850791		1.499509				41.620485		0.865047		1.589591		33.946484		33.9464638802

		1.000000		5.443328		5.261395		4.984101		4.719963		5776.000000																43.274458		41.828090				42.850791		0.423667				41.620485		0.207606		1.617114		33.691206		33.6911858581

		1.000000		5.477981		5.289800		5.192401		9.840374		5776.000000																43.549949		42.053910				42.850791		0.699158				41.620485		0.433425		1.645112		33.437848		33.4378275313

		1.000000		5.380265		5.312111		4.737853		1.269268		5776.000000																42.773107		42.231282				42.850791		-0.077684				41.620485		0.610798		1.673596		33.186395		33.1863744638

		1.000000		5.529078		5.287513		5.240725		9.971162		5776.000000																43.956170		42.035728				42.850791		1.105379				41.620485		0.415244		1.702572		32.936833		32.9368123278

		1.000000		5.588317		5.386527		5.712965		7.901906		5776.000000																44.427120		42.822890				42.850791		1.576329				41.620485		1.202405		1.732051		32.689148		32.6891269036

		1.000000		5.628152		5.396568		5.534548		8.617720		5776.000000																44.743808		42.902716				42.850791		1.893018				41.620485		1.282231		1.762040		32.443325		32.4433040783

		1.000000		5.651564		5.366777		5.148546		11.747810		5776.000000																44.929934		42.665877				42.850791		2.079143				41.620485		1.045393		1.792547		32.199351		32.1993298451

		1.000000		5.450692		5.342961		4.530474		1.433994		5776.000000																43.333001		42.476540				42.850791		0.482211				41.620485		0.856055		1.823584		31.957211		31.9571903025

		1.000000		5.379743		5.303834		4.830471		1.285015		5776.000000																42.768957		42.165480				42.850791		-0.081834				41.620485		0.544996		1.855157		31.716893		31.7168716537

		1.000000		5.414651		5.339520		4.945659		1.701574		5776.000000																43.046475		42.449184				42.850791		0.195685				41.620485		0.828699		1.887277		31.478382		31.4783602055

		1.000000		5.411273		5.334702		4.673058		1.306628		5776.000000																43.019620		42.410881				42.850791		0.168830				41.620485		0.790396		1.919954		31.241664		31.2416423676

		1.000000		6.118873		5.331638		5.038942		24.748120		5776.000000																48.645040		42.386522				42.850791		5.794250				41.620485		0.766038		1.953196		31.006726		31.0067046522

		1.000000		5.445906		5.387032		5.095448		1.319052		5776.000000																43.294953		42.826904				42.850791		0.444162				41.620485		1.206420		1.987013		30.773555		30.7735336726

		1.000000		5.814702		5.356138		5.583340		17.301860		5776.000000																46.226881		42.581297				42.850791		3.376090				41.620485		0.960813		2.021416		30.542138		30.542116143

		1.000000		5.703820		5.347017		5.343186		17.019290		5776.000000																45.345369		42.508785				42.850791		2.494578				41.620485		0.888301		2.056415		30.312461		30.3124388775

		1.000000		5.365587		5.304513		4.836236		1.455783		5776.000000																42.656417		42.170878				42.850791		-0.194374				41.620485		0.550394		2.092020		30.084511		30.0844887891

		1.000000		5.466494		5.352278		5.375154		3.379513		5776.000000																43.458627		42.550610				42.850791		0.607837				41.620485		0.930126		2.128241		29.858275		29.8582528895

		1.000000		5.368918		5.292043		5.019577		1.532141		5776.000000																42.682898		42.071742				42.850791		-0.167893				41.620485		0.451257		2.165090		29.633740		29.6337182879

		1.000000		5.453942		5.310292		4.501434		4.549955		5776.000000																43.358839		42.216821				42.850791		0.508048				41.620485		0.596337		2.202576		29.410894		29.4108721907

		1.000000		5.453981		5.309258		5.309944		4.530812		5776.000000																43.359149		42.208601				42.850791		0.508358				41.620485		0.588117		2.240711		29.189724		29.1897019001

		1.000000		5.566692		5.328912		5.374966		10.803030		5776.000000																44.255201		42.364850				42.850791		1.404411				41.620485		0.744366		2.279507		28.970217		28.9701948141

		1.000000		5.891330		5.328732		4.877736		19.763810		5776.000000																46.836074		42.363419				42.850791		3.985283				41.620485		0.742935		2.318974		28.752361		28.7523384253

		1.000000		5.419098		5.362210		5.335567		1.299825		5776.000000																43.081829		42.629570				42.850791		0.231038				41.620485		1.009085		2.359125		28.536143		28.5361203205

		1.000000		5.370772		5.316793		5.578222		1.310926		5776.000000																42.697637		42.268504				42.850791		-0.153153				41.620485		0.648020		2.399971		28.321551		28.3215281798

		1.000000		5.342548		5.257016		4.981410		1.969609		5776.000000																42.473257		41.793277				42.850791		-0.377534				41.620485		0.172793		2.441524		28.108572		28.1085497759

		1.000000		5.640508		5.324093		5.050699		14.551290		5776.000000																44.842039		42.326539				42.850791		1.991248				41.620485		0.706055		2.483797		27.897196		27.8971729734

		1.000000		5.669992		5.328398		5.652718		17.115740		5776.000000																45.076436		42.360764				42.850791		2.225646				41.620485		0.740280		2.526801		27.687408		27.6873857282

		1.000000		5.887969		5.315000		5.182678		16.559970		5776.000000																46.809354		42.254250				42.850791		3.958563				41.620485		0.633765		2.570550		27.479199		27.479176087

		1.000000		5.526076		5.268734		5.273045		14.849120		5776.000000																43.932304		41.886435				42.850791		1.081514				41.620485		0.265951		2.615057		27.272555		27.272532186

		1.000000		5.641756		5.317451		5.352446		13.894720		5776.000000																44.851960		42.273735				42.850791		2.001170				41.620485		0.653251		2.660334		27.067465		27.0674422509

		1.000000		5.409379		5.317623		5.721576		2.129032		5776.000000																43.004563		42.275103				42.850791		0.153772				41.620485		0.654618		2.706395		26.863917		26.8638945958

		1.000000		5.732964		5.322222		4.876909		14.540520		5776.000000																45.577064		42.311665				42.850791		2.726273				41.620485		0.691180		2.753253		26.661901		26.6618776228

		1.000000		5.311608		5.234577		5.038239		1.302875		5776.000000																42.227284		41.614887				42.850791		-0.623507				41.620485		-0.005597		2.800923		26.461403		26.461379821

		1.000000		5.443089		5.319338		5.022971		4.798118		5776.000000																43.272558		42.288737				42.850791		0.421767				41.620485		0.668253		2.849418		26.262413		26.2623897664

		1.000000		5.330616		5.271290		4.400913		1.282146		5776.000000																42.378397		41.906756				42.850791		-0.472393				41.620485		0.286271		2.898753		26.064919		26.0648961205

		1.000000		5.555155		5.222507		5.627537		12.506430		5776.000000																44.163482		41.518931				42.850791		1.312692				41.620485		-0.101554		2.948942		25.868911		25.8688876305

		2.000000		3.952346		3.753539		3.475678		6.463779		5776.000000		30.3														31.421151		29.840635				32.097609		-0.676458				30.685504		-0.844869		3.000000		25.674376		25.6743531278

		2.000000		4.110997		3.771289		3.727161		11.484200		5776.000000		1.3														32.682426		29.981748				32.097609		0.584817				30.685504		-0.703756		3.051942		25.481305		25.4812815281

		2.000000		3.860980		3.820613		3.768826		0.941586		5776.000000																30.694791		30.373873				32.097609		-1.402818				30.685504		-0.311631		3.104783		25.289685		25.2896618303

		2.000000		3.885417		3.809983		3.768067		1.080221		5776.000000																30.889065		30.289365				32.097609		-1.208544				30.685504		-0.396139		3.158540		25.099506		25.0994831162

		2.000000		3.890652		3.824382		3.802124		1.668001		5776.000000																30.930683		30.403837				32.097609		-1.166926				30.685504		-0.281667		3.213226		24.910758		24.9107345494

		2.000000		4.227113		3.786692		3.754865		19.432820		5776.000000																33.605548		30.104201				32.097609		1.507939				30.685504		-0.581303		3.268860		24.723429		24.7234053752

		2.000000		3.861550		3.818928		3.491494		1.091653		5776.000000																30.699323		30.360478				32.097609		-1.398287				30.685504		-0.325026		3.325457		24.537508		24.5374849198

		2.000000		3.951509		3.795518		3.780033		5.844169		5776.000000																31.414497		30.174368				32.097609		-0.683113				30.685504		-0.511136		3.383034		24.352986		24.3529625896

		2.000000		3.852165		3.810863		3.529648		0.915414		5776.000000																30.624712		30.296361				32.097609		-1.472897				30.685504		-0.389143		3.441608		24.169851		24.1698278706

		2.000000		3.833938		3.787825		3.924975		1.319027		5776.000000																30.479807		30.113209				32.097609		-1.617802				30.685504		-0.572295		3.501196		23.988094		23.988070328

		2.000000		3.895627		3.838104		3.917735		1.818299		5776.000000																30.970235		30.512927				32.097609		-1.127374				30.685504		-0.172577		3.561816		23.807703		23.8076796055

		2.000000		3.850783		3.816239		3.345995		0.918547		5776.000000																30.613725		30.339100				32.097609		-1.483884				30.685504		-0.346404		3.623485		23.628669		23.6286454244

		2.000000		3.900139		3.771880		3.571897		4.086770		5776.000000																31.006105		29.986446				32.097609		-1.091504				30.685504		-0.699058		3.686222		23.450981		23.4509575837

		2.000000		4.181377		3.804552		3.724279		13.356470		5776.000000																33.241947		30.246188				32.097609		1.144338				30.685504		-0.439316		3.750045		23.274629		23.2746059587

		2.000000		3.872549		3.768324		3.483058		3.182739		5776.000000																30.786765		29.958176				32.097609		-1.310845				30.685504		-0.727328		3.814974		23.099604		23.0995805011

		2.000000		3.867000		3.751605		3.488823		4.381400		5776.000000																30.742650		29.825260				32.097609		-1.354959				30.685504		-0.860244		3.881026		22.925895		22.9258712381

		2.000000		3.956703		3.818814		3.989664		3.757765		5776.000000																31.455789		30.359571				32.097609		-0.641820				30.685504		-0.325933		3.948222		22.753492		22.7534682719

		2.000000		3.859058		3.805229		3.546892		0.932613		5776.000000																30.679511		30.251571				32.097609		-1.418098				30.685504		-0.433933		4.016582		22.582385		22.5823617791

		2.000000		4.112061		3.829712		4.121994		14.063350		5776.000000																32.690885		30.446210				32.097609		0.593276				30.685504		-0.239294		4.086125		22.412566		22.4125420103

		2.000000		4.117178		3.840344		3.928543		10.638400		5776.000000																32.731565		30.530735				32.097609		0.633956				30.685504		-0.154769		4.156872		22.244023		22.2439992891

		2.000000		3.900688		3.775773		3.565011		3.367099		5776.000000																31.010470		30.017395				32.097609		-1.087139				30.685504		-0.668109		4.228844		22.076748		22.0767240123

		2.000000		3.842261		3.801870		3.666468		0.923426		5776.000000																30.545975		30.224867				32.097609		-1.551634				30.685504		-0.460638		4.302062		21.910730		21.9107066486

		2.000000		3.878057		3.833946		3.617649		0.925353		5776.000000																30.830553		30.479871				32.097609		-1.267056				30.685504		-0.205633		4.376548		21.745961		21.7459377385

		2.000000		3.915842		3.811108		3.674052		2.613976		5776.000000																31.130944		30.298309				32.097609		-0.966665				30.685504		-0.387195		4.452323		21.582431		21.5824078936

		2.000000		3.861110		3.816212		3.912294		0.932879		5776.000000																30.695825		30.338885				32.097609		-1.401785				30.685504		-0.346619		4.529411		21.420131		21.420107796

		2.000000		4.760413		3.807691		3.708715		27.519870		5776.000000																37.845283		30.271143				32.097609		5.747674				30.685504		-0.414361		4.607833		21.259052		21.2590281981

		2.000000		4.122045		3.838963		3.841212		9.560892		5776.000000																32.770258		30.519756				32.097609		0.672649				30.685504		-0.165748		4.687613		21.099183		21.0991599217

		2.000000		3.889894		3.814791		3.838377		1.671487		5776.000000																30.924657		30.327588				32.097609		-1.172952				30.685504		-0.357916		4.768774		20.940517		20.9404938577

		2.000000		3.797138		3.743665		3.463188		0.963199		5776.000000																30.187247		29.762137				32.097609		-1.910362				30.685504		-0.923367		4.851341		20.783044		20.7830209653

		2.000000		3.820802		3.763243		3.655003		0.939903		5776.000000																30.375376		29.917782				32.097609		-1.722233				30.685504		-0.767722		4.935337		20.626756		20.6267322719

		2.000000		3.952725		3.819262		4.009492		5.672048		5776.000000																31.424164		30.363133				32.097609		-0.673445				30.685504		-0.322371		5.020788		20.471642		20.4716188723

		2.000000		3.840319		3.776228		3.328920		1.557685		5776.000000																30.530536		30.021013				32.097609		-1.567073				30.685504		-0.664491		5.107717		20.317695		20.3176719282

		2.000000		3.951903		3.795108		3.654983		5.289985		5776.000000																31.417629		30.171109				32.097609		-0.679980				30.685504		-0.514395		5.196152		20.164906		20.164882668

		2.000000		4.001597		3.782175		3.802659		7.069990		5776.000000																31.812696		30.068291				32.097609		-0.284913				30.685504		-0.617213		5.286119		20.013266		20.0132423858

		2.000000		3.869009		3.831926		3.925579		0.930751		5776.000000																30.758622		30.463812				32.097609		-1.338988				30.685504		-0.221692		5.377642		19.862766		19.8627424412

		2.000000		3.890460		3.814454		4.184398		0.957759		5776.000000																30.929157		30.324909				32.097609		-1.168452				30.685504		-0.360595		5.470751		19.713398		19.713374259

		2.000000		3.913047		3.780076		3.871706		3.595893		5776.000000																31.108724		30.051604				32.097609		-0.988885				30.685504		-0.633900		5.565471		19.565153		19.5651293281

		2.000000		4.264430		3.805447		3.656237		26.138970		5776.000000																33.902219		30.253304				32.097609		1.804609				30.685504		-0.432200		5.661832		19.418023		19.4179992019

		2.000000		4.189904		3.838422		3.746726		17.218990		5776.000000																33.309737		30.515455				32.097609		1.212128				30.685504		-0.170049		5.759861		19.271999		19.2719754968

		2.000000		3.857054		3.816883		4.097404		0.917333		5776.000000																30.663579		30.344220				32.097609		-1.434030				30.685504		-0.341284		5.859587		19.127073		19.1270498926

		2.000000		3.858348		3.792510		3.823509		0.928797		5776.000000																30.673867		30.150455				32.097609		-1.423742				30.685504		-0.535050		5.961040		18.983237		18.9832141316

		2.000000		3.852355		3.761212		3.451582		1.795270		5776.000000																30.626222		29.901635				32.097609		-1.471387				30.685504		-0.783869		6.064249		18.840483		18.8404600182

		2.000000		3.939922		3.826095		3.811568		4.150554		5776.000000																31.322380		30.417455				32.097609		-0.775229				30.685504		-0.268049		6.169246		18.698803		18.6987794182

		2.000000		3.994813		3.814761		3.764022		4.840801		5776.000000																31.758763		30.327350				32.097609		-0.338846				30.685504		-0.358154		6.276060		18.558188		18.5581642589

		2.000000		3.825628		3.771700		3.573145		1.155084		5776.000000																30.413743		29.985015				32.097609		-1.683866				30.685504		-0.700489		6.384724		18.418630		18.4186065282

		2.000000		3.848070		3.797168		3.713217		2.359897		5776.000000																30.592157		30.187486				32.097609		-1.505453				30.685504		-0.498018		6.495269		18.280122		18.2800982741

		2.000000		3.891421		3.807122		3.944398		3.966812		5776.000000																30.936797		30.266620				32.097609		-1.160812				30.685504		-0.418884		6.607728		18.142655		18.1426316046

		2.000000		3.975835		3.784273		3.762259		9.120141		5776.000000																31.607888		30.084970				32.097609		-0.489721				30.685504		-0.600534		6.722134		18.006222		18.0061986869

		2.000000		3.860871		3.793677		3.393258		0.940127		5776.000000																30.693924		30.159732				32.097609		-1.403685				30.685504		-0.525772		6.838521		17.870815		17.8707917473

		2.000000		3.926645		3.833092		3.606447		2.457469		5776.000000																31.216828		30.473081				32.097609		-0.880781				30.685504		-0.212423		6.956923		17.736426		17.7364030702

		2.000000		3.886369		3.806768		3.687050		2.531812		5776.000000																30.896634		30.263806				32.097609		-1.200976				30.685504		-0.421698		7.077375		17.603048		17.6030249985

		2.000000		4.002246		3.872448		3.891843		4.475801		5776.000000																31.817856		30.785962				32.097609		-0.279753				30.685504		0.100458		7.199913		17.470673		17.4706499322

		2.000000		4.436688		3.809559		3.640036		18.743210		5776.000000																35.271670		30.285994				32.097609		3.174061				30.685504		-0.399510		7.324572		17.339293		17.3392703289

		2.000000		4.015455		3.848999		3.757063		8.696604		5776.000000																31.922867		30.599542				32.097609		-0.174742				30.685504		-0.085962		7.451390		17.208902		17.2088787025

		2.000000		3.952940		3.867190		3.980561		3.275520		5776.000000																31.425873		30.744161				32.097609		-0.671736				30.685504		0.058656		7.580403		17.079491		17.0794676236

		2.000000		4.013269		3.813206		3.702297		5.672271		5776.000000																31.905489		30.314988				32.097609		-0.192121				30.685504		-0.370516		7.711650		16.951053		16.9510297183

		2.000000		4.061876		3.810498		3.788080		10.928750		5776.000000																32.291914		30.293459				32.097609		0.194305				30.685504		-0.392045		7.845170		16.823581		16.8235576683

		2.000000		3.864806		3.797536		3.520765		1.445082		5776.000000																30.725208		30.190411				32.097609		-1.372401				30.685504		-0.495093		7.981001		16.697067		16.6970442105

		2.000000		4.027350		3.825671		3.940453		4.992816		5776.000000																32.017433		30.414084				32.097609		-0.080177				30.685504		-0.271420		8.119184		16.571505		16.5714821362

		2.000000		3.840163		3.789181		3.281035		0.927937		5776.000000																30.529296		30.123989				32.097609		-1.568313				30.685504		-0.561515		8.259760		16.446887		16.4468642909

		2.000000		3.914916		3.823128		4.191364		2.829922		5776.000000																31.123582		30.393868				32.097609		-0.974027				30.685504		-0.291636		8.402769		16.323206		16.3231835741

		2.000000		3.856546		3.789368		3.932124		0.926054		5776.000000																30.659541		30.125476				32.097609		-1.438068				30.685504		-0.560028		8.548255		16.200456		16.2004329385

		2.000000		3.918813		3.819184		3.920626		4.547236		5776.000000																31.154563		30.362513				32.097609		-0.943046				30.685504		-0.322991		8.696259		16.078628		16.0786053899

		2.000000		3.817488		3.771354		3.527886		0.916097		5776.000000																30.349030		29.982264				32.097609		-1.748579				30.685504		-0.703240		8.846826		15.957717		15.9576939867

		4.000000		2.859140		2.729381		2.921798		3.723133		5776.000000		21.9														22.730163		21.698579				24.042882		-1.312719				22.623479		-0.924900		9.000000		15.837714		15.8376918394

		4.000000		2.811442		2.715084		2.715664		4.579922		5776.000000		1.2														22.350964		21.584918				24.042882		-1.691918				22.623479		-1.038561		9.155826		15.718615		15.7185921104

		4.000000		2.929032		2.720927		2.719223		7.930484		5776.000000																23.285804		21.631370				24.042882		-0.757078				22.623479		-0.992109		9.314350		15.600411		15.6003880136

		4.000000		3.133679		2.719768		2.609422		16.551870		5776.000000																24.912748		21.622156				24.042882		0.869866				22.623479		-1.001323		9.475619		15.483095		15.4830728137

		4.000000		2.886106		2.714744		2.753195		8.035460		5776.000000																22.944543		21.582215				24.042882		-1.098339				22.623479		-1.041264		9.639679		15.366662		15.3666398262

		4.000000		3.031983		2.714705		2.541093		20.875730		5776.000000																24.104265		21.581905				24.042882		0.061383				22.623479		-1.041574		9.806581		15.251105		15.2510824169

		4.000000		2.890821		2.735188		2.810952		5.919551		5776.000000																22.982027		21.744745				24.042882		-1.060855				22.623479		-0.878734		9.976372		15.136416		15.1363940014

		4.000000		2.787411		2.754825		2.547406		0.675376		5776.000000																22.159917		21.900859				24.042882		-1.882965				22.623479		-0.722620		10.149103		15.022590		15.0225680449

		4.000000		2.834335		2.715176		2.374023		4.192049		5776.000000																22.532963		21.585649				24.042882		-1.509919				22.623479		-1.037830		10.324824		14.909620		14.9095980616

		4.000000		2.916775		2.709796		2.642022		9.547444		5776.000000																23.188361		21.542878				24.042882		-0.854521				22.623479		-1.080601		10.503588		14.797500		14.7974776146

		4.000000		2.827833		2.737668		2.694165		3.030284		5776.000000																22.481272		21.764461				24.042882		-1.561610				22.623479		-0.859018		10.685447		14.686223		14.6862003154

		4.000000		2.765936		2.746717		2.548687		0.662759		5776.000000																21.989191		21.836400				24.042882		-2.053691				22.623479		-0.787079		10.870455		14.575782		14.5757598235

		4.000000		3.205979		2.720780		2.567177		15.972910		5776.000000																25.487533		21.630201				24.042882		1.444651				22.623479		-0.993278		11.058666		14.466172		14.4661498461

		4.000000		2.789188		2.718610		2.793840		2.105727		5776.000000																22.174045		21.612950				24.042882		-1.868837				22.623479		-1.010529		11.250136		14.357386		14.3573641377

		4.000000		2.744456		2.717609		3.062880		0.660174		5776.000000																21.818425		21.604992				24.042882		-2.224457				22.623479		-1.018487		11.444921		14.249419		14.2493964999

		4.000000		2.741941		2.694431		2.468057		1.407090		5776.000000																21.798431		21.420726				24.042882		-2.244451				22.623479		-1.202752		11.643078		14.142263		14.1422407806

		4.000000		2.947270		2.778291		2.745086		5.738019		5776.000000																23.430797		22.087413				24.042882		-0.612086				22.623479		-0.536065		11.844666		14.035913		14.0358908742

		4.000000		2.770835		2.727044		2.391227		0.672436		5776.000000																22.028138		21.680000				24.042882		-2.014744				22.623479		-0.943479		12.049745		13.930363		13.9303407211

		4.000000		2.780732		2.755128		2.554803		0.684718		5776.000000																22.106819		21.903268				24.042882		-1.936063				22.623479		-0.720211		12.258374		13.825606		13.825584307

		4.000000		2.988643		2.757015		2.996956		8.217113		5776.000000																23.759712		21.918269				24.042882		-0.283170				22.623479		-0.705210		12.470615		13.721637		13.7216156631

		4.000000		2.800505		2.768397		2.656790		0.675253		5776.000000																22.264015		22.008756				24.042882		-1.778867				22.623479		-0.614723		12.686531		13.618451		13.6184288652

		4.000000		3.022921		2.763403		2.705145		13.555400		5776.000000																24.032222		21.969054				24.042882		-0.010660				22.623479		-0.654425		12.906186		13.516040		13.5160180339

		4.000000		3.251339		2.728791		2.568583		16.162660		5776.000000																25.848145		21.693888				24.042882		1.805263				22.623479		-0.929590		13.129644		13.414399		13.4143773339

		4.000000		3.135324		2.759466		2.735996		11.867000		5776.000000																24.925826		21.937755				24.042882		0.882944				22.623479		-0.685724		13.356970		13.313523		13.3135009739

		4.000000		3.073039		2.776721		2.627100		12.093950		5776.000000																24.430660		22.074932				24.042882		0.387778				22.623479		-0.548547		13.588233		13.213405		13.2133832059

		4.000000		3.009336		2.772846		2.828432		14.219220		5776.000000																23.924221		22.044126				24.042882		-0.118661				22.623479		-0.579353		13.823499		13.114040		13.1140183253

		4.000000		2.765974		2.731980		2.494500		0.670251		5776.000000																21.989493		21.719241				24.042882		-2.053389				22.623479		-0.904238		14.062839		13.015422		13.0154006704

		4.000000		3.029222		2.742873		2.702585		6.911109		5776.000000																24.082315		21.805840				24.042882		0.039433				22.623479		-0.817639		14.306323		12.917546		12.917524622

		4.000000		2.776067		2.734335		2.486965		0.689238		5776.000000																22.069733		21.737963				24.042882		-1.973149				22.623479		-0.885516		14.554023		12.820406		12.8203846033

		4.000000		2.767126		2.706790		2.839803		1.858691		5776.000000																21.998652		21.518981				24.042882		-2.044230				22.623479		-1.104498		14.806011		12.723996		12.7239750793

		4.000000		2.763628		2.730141		2.282794		0.776267		5776.000000																21.970843		21.704621				24.042882		-2.072039				22.623479		-0.918858		15.062363		12.628312		12.6282905567

		4.000000		2.773459		2.747755		2.637737		0.666731		5776.000000																22.048999		21.844652				24.042882		-1.993883				22.623479		-0.778827		15.323152		12.533347		12.5333255834

		4.000000		3.246296		2.772778		2.643808		14.602750		5776.000000																25.808053		22.043585				24.042882		1.765171				22.623479		-0.579894		15.588457		12.439096		12.4390747484

		4.000000		2.924578		2.780310		2.767559		4.728674		5776.000000																23.250395		22.103465				24.042882		-0.792487				22.623479		-0.520014		15.858356		12.345554		12.3455326814

		4.000000		2.816329		2.775013		2.721773		0.687773		5776.000000																22.389816		22.061353				24.042882		-1.653067				22.623479		-0.562126		16.132927		12.252715		12.2526940524

		4.000000		2.996338		2.832468		2.920983		5.353093		5776.000000																23.820887		22.518121				24.042882		-0.221995				22.623479		-0.105358		16.412253		12.160574		12.1605535717

		4.000000		2.809131		2.778868		2.960531		0.682371		5776.000000																22.332591		22.092001				24.042882		-1.710291				22.623479		-0.531478		16.696414		12.069127		12.0691059889

		4.000000		3.136406		2.771783		2.645884		16.913990		5776.000000																24.934428		22.035675				24.042882		0.891546				22.623479		-0.587804		16.985496		11.978367		11.9783460937

		4.000000		3.033669		2.782394		2.744489		15.824430		5776.000000																24.117669		22.120032				24.042882		0.074786				22.623479		-0.503447		17.279583		11.888289		11.8882687145

		4.000000		3.397916		2.813149		2.799013		27.416830		5776.000000																27.013432		22.364535				24.042882		2.970550				22.623479		-0.258944		17.578762		11.798889		11.7988687189

		4.000000		2.888497		2.763912		2.742226		5.147526		5776.000000																22.963551		21.973100				24.042882		-1.079331				22.623479		-0.650379		17.883120		11.710162		11.7101410128

		4.000000		2.862551		2.763717		2.623514		2.652833		5776.000000																22.757280		21.971550				24.042882		-1.285602				22.623479		-0.651929		18.192748		11.622101		11.6220805407

		4.000000		3.131327		2.805423		2.827056		18.370180		5776.000000																24.894050		22.303113				24.042882		0.851168				22.623479		-0.320366		18.507738		11.534703		11.5346822849

		4.000000		3.103101		2.815916		2.826752		16.113200		5776.000000																24.669653		22.386532				24.042882		0.626771				22.623479		-0.236947		18.828180		11.447962		11.4479412655

		4.000000		2.983127		2.764302		2.587409		6.299647		5776.000000																23.715860		21.976201				24.042882		-0.327022				22.623479		-0.647278		19.154172		11.361873		11.3618525403

		4.000000		3.258568		2.753263		2.622167		15.296310		5776.000000																25.905616		21.888441				24.042882		1.862734				22.623479		-0.735038		19.485807		11.276432		11.2764112037

		4.000000		3.081522		2.746468		2.702747		11.222610		5776.000000																24.498100		21.834421				24.042882		0.455218				22.623479		-0.789058		19.823184		11.191633		11.1916123876

		4.000000		3.054413		2.777369		2.801164		13.371910		5776.000000																24.282583		22.080084				24.042882		0.239701				22.623479		-0.543395		20.166402		11.107471		11.1074512601

		4.000000		2.850904		2.771890		2.495441		2.260901		5776.000000																22.664687		22.036526				24.042882		-1.378195				22.623479		-0.586953		20.515564		11.023943		11.0239230258

		4.000000		2.841233		2.771908		2.675056		2.107107		5776.000000																22.587802		22.036669				24.042882		-1.455080				22.623479		-0.586810		20.870770		10.941043		10.9410229254

		4.000000		2.879134		2.785598		2.778344		3.587415		5776.000000																22.889115		22.145504				24.042882		-1.153767				22.623479		-0.477975		21.232126		10.858766		10.8587462352

		4.000000		3.111205		2.787322		2.612768		18.181390		5776.000000																24.734080		22.159210				24.042882		0.691198				22.623479		-0.464269		21.599739		10.777108		10.7770882672

		4.000000		2.988034		2.739782		2.634929		9.356506		5776.000000																23.754870		21.781267				24.042882		-0.288012				22.623479		-0.842212		21.973717		10.696064		10.6960443686

		4.000000		2.902060		2.782167		2.837516		4.218229		5776.000000																23.071377		22.118228				24.042882		-0.971505				22.623479		-0.505251		22.354170		10.615630		10.6156099215

		4.000000		2.876320		2.771967		2.758822		3.755648		5776.000000																22.866744		22.037138				24.042882		-1.176138				22.623479		-0.586341		22.741210		10.535800		10.535780343

		4.000000		3.042328		2.795208		2.649640		15.755480		5776.000000																24.186508		22.221904				24.042882		0.143626				22.623479		-0.401575		23.134951		10.456571		10.4565510844

		4.000000		2.795787		2.767783		2.928064		0.675047		5776.000000																22.226507		22.003875				24.042882		-1.816375				22.623479		-0.619604		23.535510		10.377937		10.3779176311

		4.000000		2.821250		2.759511		2.767437		1.753503		5776.000000																22.428938		21.938112				24.042882		-1.613945				22.623479		-0.685366		23.943003		10.299895		10.2998755029

		4.000000		2.809193		2.771127		2.956881		0.792278		5776.000000																22.333084		22.030460				24.042882		-1.709798				22.623479		-0.593019		24.357552		10.222440		10.2224202529

		4.000000		2.812308		2.759983		2.719273		1.528424		5776.000000																22.357849		21.941865				24.042882		-1.685033				22.623479		-0.681614		24.779279		10.145567		10.1455474678

		4.000000		2.866122		2.784528		2.774673		2.606050		5776.000000																22.785670		22.136998				24.042882		-1.257212				22.623479		-0.486481		25.208307		10.069272		10.0692527674

		4.000000		2.924595		2.767477		2.683903		5.742303		5776.000000																23.250530		22.001442				24.042882		-0.792352				22.623479		-0.622037		25.644764		9.993551		9.9935318046

		4.000000		2.849974		2.742120		2.990906		3.221974		5776.000000																22.657293		21.799854				24.042882		-1.385589				22.623479		-0.823625		26.088777		9.918400		9.9183802647

		4.000000		2.905190		2.751408		2.638433		4.352221		5776.000000																23.096261		21.873694				24.042882		-0.946622				22.623479		-0.749785		26.540478		9.843813		9.8437938658

		9.000000		2.108972		1.908316		1.813762		9.342683		5776.000000		15.1														16.766327		15.171112				17.146565		-0.380238				15.837692		-0.666580		27.000000		9.769787		9.769768358

		9.000000		2.046570		1.915799		1.998700		3.684476		5776.000000		1.0														16.270232		15.230602				17.146565		-0.876334				15.837692		-0.607090		27.467478		9.696319		9.6962995233

		9.000000		1.939769		1.899549		1.873772		0.796191		5776.000000																15.421164		15.101415				17.146565		-1.725402				15.837692		-0.736277		27.943050		9.623402		9.6233831756

		9.000000		2.059993		1.912831		1.827580		6.198721		5776.000000																16.376944		15.207006				17.146565		-0.769621				15.837692		-0.630685		28.426856		9.551034		9.5510151601

		9.000000		1.996744		1.911860		1.911614		4.512946		5776.000000																15.874115		15.199287				17.146565		-1.272450				15.837692		-0.638405		28.919038		9.479210		9.4791913535

		9.000000		2.015059		1.906518		1.866637		3.103195		5776.000000																16.019719		15.156818				17.146565		-1.126846				15.837692		-0.680874		29.419742		9.407926		9.4079076631

		9.000000		1.905805		1.881948		1.758109		0.456340		5776.000000																15.151150		14.961487				17.146565		-1.995415				15.837692		-0.876205		29.929115		9.337179		9.3371600274

		9.000000		1.979282		1.874433		1.757750		5.925704		5776.000000																15.735292		14.901742				17.146565		-1.411273				15.837692		-0.935949		30.447308		9.266963		9.2669444152

		9.000000		2.165533		1.903751		1.944200		9.680318		5776.000000																17.215987		15.134820				17.146565		0.069422				15.837692		-0.702871		30.974473		9.197275		9.1972568256

		9.000000		1.972511		1.889061		1.827074		4.029456		5776.000000																15.681462		15.018035				17.146565		-1.465103				15.837692		-0.819657		31.510765		9.128112		9.128093288

		9.000000		1.946370		1.906122		1.882698		1.422840		5776.000000																15.473642		15.153670				17.146565		-1.672924				15.837692		-0.684022		32.056342		9.059468		9.0594498615

		9.000000		2.003736		1.894381		1.861234		6.670625		5776.000000																15.929701		15.060329				17.146565		-1.216864				15.837692		-0.777363		32.611365		8.991341		8.9913226347

		9.000000		2.438822		1.899221		1.882399		30.524720		5776.000000																19.388635		15.098807				17.146565		2.242070				15.837692		-0.738885		33.175998		8.923726		8.923707726

		9.000000		1.921634		1.906279		1.956271		0.468969		5776.000000																15.276990		15.154918				17.146565		-1.869575				15.837692		-0.682774		33.750407		8.856620		8.8566012825

		9.000000		2.009261		1.881111		1.783090		4.588867		5776.000000																15.973625		14.954832				17.146565		-1.172940				15.837692		-0.882859		34.334762		8.790018		8.7899994808

		9.000000		2.100424		1.869691		1.768447		5.867094		5776.000000																16.698371		14.864043				17.146565		-0.448194				15.837692		-0.973648		34.929234		8.723917		8.7238985257

		9.000000		1.913209		1.884544		1.853529		0.466603		5776.000000																15.210012		14.982125				17.146565		-1.936554				15.837692		-0.855567		35.533998		8.658313		8.6582946511

		9.000000		2.391239		1.898057		1.888494		17.930000		5776.000000																19.010350		15.089553				17.146565		1.863785				15.837692		-0.748139		36.149234		8.593202		8.5931841188

		9.000000		1.911660		1.883629		1.974207		0.728651		5776.000000																15.197697		14.974851				17.146565		-1.948868				15.837692		-0.862841		36.775122		8.528581		8.5285632189

		9.000000		2.115874		1.904866		1.829880		10.827430		5776.000000																16.821198		15.143685				17.146565		-0.325367				15.837692		-0.694007		37.411846		8.464446		8.4644282693

		9.000000		1.912217		1.886210		1.868123		0.460736		5776.000000																15.202125		14.995370				17.146565		-1.944440				15.837692		-0.842322		38.059594		8.400793		8.4007756157

		9.000000		2.172750		1.895592		1.915324		7.327580		5776.000000																17.273363		15.069956				17.146565		0.126797				15.837692		-0.767735		38.718558		8.337619		8.3376016312

		9.000000		1.971857		1.882872		1.865615		2.276231		5776.000000																15.676263		14.968832				17.146565		-1.470302				15.837692		-0.868859		39.388931		8.274920		8.2749027161

		9.000000		1.949075		1.882020		1.792437		1.976242		5776.000000																15.495146		14.962059				17.146565		-1.651419				15.837692		-0.875633		40.070911		8.212693		8.2126752981

		9.000000		2.028286		1.889058		1.885031		5.556247		5776.000000																16.124874		15.018011				17.146565		-1.021691				15.837692		-0.819681		40.764699		8.150933		8.1509158314

		9.000000		1.919781		1.880994		1.841095		1.014662		5776.000000																15.262259		14.953902				17.146565		-1.884306				15.837692		-0.883790		41.470498		8.089638		8.089620797

		9.000000		1.912703		1.890914		1.829349		0.471930		5776.000000																15.205989		15.032766				17.146565		-1.940576				15.837692		-0.804926		42.188518		8.028804		8.0287867023

		9.000000		2.002200		1.888463		1.874610		4.020163		5776.000000																15.917490		15.013281				17.146565		-1.229075				15.837692		-0.824411		42.918970		7.968427		7.9684100812

		9.000000		1.944525		1.869874		1.820915		2.417555		5776.000000																15.458974		14.865498				17.146565		-1.687591				15.837692		-0.972194		43.662069		7.908505		7.9084874933

		9.000000		2.354820		1.883117		1.916513		14.315490		5776.000000																18.720819		14.970780				17.146565		1.574254				15.837692		-0.866912		44.418034		7.849033		7.8490155244

		9.000000		1.998510		1.872230		1.722683		3.339434		5776.000000																15.888155		14.884229				17.146565		-1.258411				15.837692		-0.953463		45.187088		7.790008		7.7899907857

		9.000000		1.881395		1.865471		1.923347		0.457392		5776.000000																14.957090		14.830494				17.146565		-2.189475				15.837692		-1.007197		45.969457		7.731427		7.7314099142

		9.000000		2.139666		1.901658		1.930253		16.577180		5776.000000																17.010345		15.118181				17.146565		-0.136220				15.837692		-0.719511		46.765372		7.673287		7.6732695719

		9.000000		1.927116		1.900277		1.788171		0.468559		5776.000000																15.320572		15.107202				17.146565		-1.825993				15.837692		-0.730490		47.575067		7.615583		7.6155664459

		9.000000		2.094621		1.911789		1.974833		8.856544		5776.000000																16.652237		15.198723				17.146565		-0.494328				15.837692		-0.638969		48.398782		7.558314		7.5582972486

		9.000000		1.976458		1.912851		1.902382		2.764871		5776.000000																15.712841		15.207165				17.146565		-1.433724				15.837692		-0.630526		49.236758		7.501476		7.5014587166

		9.000000		1.991304		1.904473		1.831350		3.753466		5776.000000																15.830867		15.140560				17.146565		-1.315698				15.837692		-0.697131		50.089243		7.445064		7.4450476115

		9.000000		1.968000		1.901248		1.712054		2.358026		5776.000000																15.645600		15.114922				17.146565		-1.500965				15.837692		-0.722770		50.956488		7.389077		7.3890607188

		9.000000		1.913142		1.881686		1.713885		0.466443		5776.000000																15.209479		14.959404				17.146565		-1.937086				15.837692		-0.878288		51.838749		7.333512		7.3334948486

		9.000000		1.936811		1.885047		1.799312		1.806919		5776.000000																15.397647		14.986124				17.146565		-1.748918				15.837692		-0.851568		52.736285		7.278363		7.2783468348

		9.000000		2.098166		1.914742		1.918130		11.854010		5776.000000																16.680420		15.222199				17.146565		-0.466145				15.837692		-0.615493		53.649360		7.223630		7.223613535

		9.000000		2.028380		1.903618		1.728086		6.958927		5776.000000																16.125621		15.133763				17.146565		-1.020944				15.837692		-0.703929		54.578245		7.169308		7.1692918306

		9.000000		2.143834		1.898159		1.929361		7.982187		5776.000000																17.043480		15.090364				17.146565		-0.103085				15.837692		-0.747328		55.523213		7.115395		7.1153786264

		9.000000		2.058739		1.911095		1.750948		4.943376		5776.000000																16.366975		15.193205				17.146565		-0.779590				15.837692		-0.644487		56.484541		7.061887		7.0618708505

		9.000000		1.916533		1.889006		1.939142		0.782747		5776.000000																15.236437		15.017598				17.146565		-1.910128				15.837692		-0.820094		57.462515		7.008782		7.0087654541

		9.000000		2.036861		1.911490		1.960317		6.097352		5776.000000																16.193045		15.196346				17.146565		-0.953520				15.837692		-0.641346		58.457420		6.956076		6.9560594111

		9.000000		1.902987		1.875702		1.701819		0.470260		5776.000000																15.128747		14.911831				17.146565		-2.017819				15.837692		-0.925861		59.469552		6.903766		6.9037497186

		9.000000		1.904795		1.875775		1.974284		0.458798		5776.000000																15.143120		14.912411				17.146565		-2.003445				15.837692		-0.925281		60.499207		6.851849		6.8518333959

		9.000000		2.153751		1.929951		1.815623		13.816550		5776.000000																17.122320		15.343110				17.146565		-0.024245				15.837692		-0.494581		61.546691		6.800323		6.8003074849

		9.000000		1.929956		1.907175		1.832696		0.465005		5776.000000																15.343150		15.162041				17.146565		-1.803415				15.837692		-0.675651		62.612310		6.749185		6.7491690497

		9.000000		1.970362		1.946938		1.731891		0.476207		5776.000000																15.664378		15.478157				17.146565		-1.482187				15.837692		-0.359535		63.696379		6.698431		6.6984151764

		9.000000		2.144567		1.929983		1.830221		11.243250		5776.000000																17.049308		15.343365				17.146565		-0.097258				15.837692		-0.494327		64.799218		6.648059		6.6480429732

		9.000000		1.952809		1.922337		1.865051		0.474713		5776.000000																15.524832		15.282579				17.146565		-1.621734				15.837692		-0.555113		65.921151		6.598065		6.5980495698

		9.000000		2.126056		1.913709		1.826833		10.017920		5776.000000																16.902145		15.213987				17.146565		-0.244420				15.837692		-0.623705		67.062510		6.548448		6.5484321178

		9.000000		2.106311		1.933062		1.923880		5.786850		5776.000000																16.745172		15.367843				17.146565		-0.401393				15.837692		-0.469849		68.223630		6.499203		6.4991877898

		9.000000		2.055605		1.909105		1.737769		9.001544		5776.000000																16.342060		15.177385				17.146565		-0.804505				15.837692		-0.660307		69.404854		6.450329		6.4503137802

		9.000000		1.981518		1.921422		1.942763		1.785620		5776.000000																15.753068		15.275305				17.146565		-1.393497				15.837692		-0.562387		70.606529		6.401823		6.4018073039

		9.000000		2.134777		1.918675		1.839724		13.078520		5776.000000																16.971477		15.253466				17.146565		-0.175088				15.837692		-0.584226		71.829010		6.353681		6.3536655973

		9.000000		1.956696		1.927375		1.648428		0.478273		5776.000000																15.555733		15.322631				17.146565		-1.590832				15.837692		-0.515061		73.072657		6.305901		6.3058859171

		9.000000		2.363241		1.936815		1.867879		12.200460		5776.000000																18.787766		15.397679				17.146565		1.641201				15.837692		-0.440013		74.337837		6.258481		6.258465541

		9.000000		2.013481		1.921884		2.018801		2.644023		5776.000000																16.007174		15.278978				17.146565		-1.139391				15.837692		-0.558714		75.624922		6.211417		6.211401767

		9.000000		1.979101		1.918370		1.909555		2.060008		5776.000000																15.733853		15.251042				17.146565		-1.412712				15.837692		-0.586650		76.934292		6.164707		6.1646919134

		9.000000		2.062621		1.912565		1.921068		6.389897		5776.000000																16.397837		15.204892				17.146565		-0.748728				15.837692		-0.632800		78.266332		6.118348		6.1183333187

		9.000000		1.972028		1.902281		1.729957		3.279236		5776.000000																15.677623		15.123134				17.146565		-1.468943				15.837692		-0.714558		79.621435		6.072338		6.0723233416

		16.000000		1.519744		1.477938		1.620168		0.750217		5776.000000		11.9														12.081965		11.749607				13.490070		-1.408106				12.297353		-0.547746		81.000000		6.026674		6.0266593603

		16.000000		1.660235		1.480080		1.435170		11.039640		5776.000000		0.9														13.198868		11.766636				13.490070		-0.291202				12.297353		-0.530717

		16.000000		1.669816		1.472476		1.475751		10.689780		5776.000000																13.275037		11.706184				13.490070		-0.215033				12.297353		-0.591169

		16.000000		1.534423		1.495996		1.510604		1.435070		5776.000000																12.198663		11.893168				13.490070		-1.291407				12.297353		-0.404185

		16.000000		1.731804		1.496268		1.438938		6.110774		5776.000000																13.767842		11.895331				13.490070		0.277771				12.297353		-0.402023

		16.000000		1.529567		1.483922		1.459297		1.229460		5776.000000																12.160058		11.797180				13.490070		-1.330013				12.297353		-0.500173

		16.000000		1.496505		1.477484		1.381597		0.474909		5776.000000																11.897215		11.745998				13.490070		-1.592856				12.297353		-0.551355

		16.000000		1.588259		1.482901		1.495081		3.693929		5776.000000																12.626659		11.789063				13.490070		-0.863411				12.297353		-0.508290

		16.000000		1.683931		1.481741		1.408937		8.028801		5776.000000																13.387251		11.779841				13.490070		-0.102819				12.297353		-0.517512

		16.000000		1.540229		1.482825		1.496384		2.602579		5776.000000																12.244821		11.788459				13.490070		-1.245250				12.297353		-0.508894

		16.000000		1.522609		1.474165		1.504067		1.496985		5776.000000																12.104742		11.719612				13.490070		-1.385329				12.297353		-0.577741

		16.000000		1.487795		1.464189		1.579346		0.544166		5776.000000																11.827970		11.640303				13.490070		-1.662100				12.297353		-0.657051

		16.000000		1.644525		1.478250		1.465283		8.301455		5776.000000																13.073974		11.752088				13.490070		-0.416097				12.297353		-0.545266

		16.000000		1.533352		1.477017		1.586479		2.190068		5776.000000																12.190148		11.742285				13.490070		-1.299922				12.297353		-0.555068

		16.000000		1.659100		1.457412		1.421416		8.650675		5776.000000																13.189845		11.586425				13.490070		-0.300225				12.297353		-0.710928

		16.000000		1.476762		1.467396		1.418213		0.358315		5776.000000																11.740258		11.665798				13.490070		-1.749812				12.297353		-0.631555

		16.000000		1.598276		1.581998		1.638252		0.403637		5776.000000																12.706294		12.576884				13.490070		-0.783776				12.297353		0.279531

		16.000000		1.656273		1.561608		1.514521		3.573483		5776.000000																13.167370		12.414784				13.490070		-0.322700				12.297353		0.117430

		16.000000		1.575723		1.558790		1.630456		0.400149		5776.000000																12.526998		12.392381				13.490070		-0.963072				12.297353		0.095027

		16.000000		1.935232		1.586377		1.652959		15.613450		5776.000000																15.385094		12.611697				13.490070		1.895024				12.297353		0.314344

		16.000000		1.830956		1.584886		1.544192		7.353743		5776.000000																14.556100		12.599844				13.490070		1.066030				12.297353		0.302490

		16.000000		1.610805		1.581477		1.530035		0.808666		5776.000000																12.805900		12.572742				13.490070		-0.684171				12.297353		0.275389

		16.000000		1.671030		1.568155		1.536934		3.032444		5776.000000																13.284689		12.466832				13.490070		-0.205382				12.297353		0.169479

		16.000000		1.625581		1.553672		1.634082		1.603180		5776.000000																12.923369		12.351692				13.490070		-0.566701				12.297353		0.054339

		16.000000		1.664407		1.567507		1.515535		3.483967		5776.000000																13.232036		12.461681				13.490070		-0.258035				12.297353		0.164327

		16.000000		1.638636		1.574790		1.493511		2.147633		5776.000000																13.027156		12.519581				13.490070		-0.462914				12.297353		0.222227

		16.000000		1.746041		1.557357		1.526102		7.318343		5776.000000																13.881026		12.380988				13.490070		0.390956				12.297353		0.083635

		16.000000		1.594143		1.543120		1.484067		1.258641		5776.000000																12.673437		12.267804				13.490070		-0.816633				12.297353		-0.029549

		16.000000		1.834592		1.556547		1.456851		12.218780		5776.000000																14.585006		12.374549				13.490070		1.094936				12.297353		0.077195

		16.000000		1.726112		1.559644		1.592957		7.083564		5776.000000																13.722590		12.399170				13.490070		0.232520				12.297353		0.101817

		16.000000		1.626798		1.561426		1.482000		3.433880		5776.000000																12.933044		12.413337				13.490070		-0.557026				12.297353		0.115983

		16.000000		1.596380		1.542010		1.501554		2.649659		5776.000000																12.691221		12.258980				13.490070		-0.798849				12.297353		-0.038374

		16.000000		1.628229		1.514486		1.494529		5.079985		5776.000000																12.944421		12.040164				13.490070		-0.545650				12.297353		-0.257190

		16.000000		1.659023		1.519691		1.537564		8.968025		5776.000000																13.189233		12.081543				13.490070		-0.300837				12.297353		-0.215810

		16.000000		1.917164		1.497565		1.447957		16.144490		5776.000000																15.241454		11.905642				13.490070		1.751383				12.297353		-0.391711

		16.000000		1.757486		1.506405		1.419771		8.103439		5776.000000																13.972014		11.975920				13.490070		0.481943				12.297353		-0.321433

		16.000000		1.760141		1.525989		1.474678		9.089550		5776.000000																13.993121		12.131613				13.490070		0.503051				12.297353		-0.165741

		16.000000		1.694207		1.501467		1.417574		4.975661		5776.000000																13.468946		11.936663				13.490070		-0.021125				12.297353		-0.360691

		16.000000		1.773224		1.500764		1.492891		14.180390		5776.000000																14.097131		11.931074				13.490070		0.607060				12.297353		-0.366279

		16.000000		1.512280		1.490122		1.356743		0.368482		5776.000000																12.022626		11.846470				13.490070		-1.467444				12.297353		-0.450883

		16.000000		1.621770		1.524179		1.484553		5.179510		5776.000000																12.893072		12.117223				13.490070		-0.596999				12.297353		-0.180130

		16.000000		1.635342		1.495318		1.412877		5.753244		5776.000000																13.000969		11.887778				13.490070		-0.489101				12.297353		-0.409575

		16.000000		1.742025		1.505227		1.451428		15.995550		5776.000000																13.849099		11.966555				13.490070		0.359028				12.297353		-0.330799

		16.000000		1.612793		1.479451		1.405125		4.988167		5776.000000																12.821704		11.761635				13.490070		-0.668366				12.297353		-0.535718

		16.000000		1.573985		1.509050		1.582571		1.971263		5776.000000																12.513181		11.996948				13.490070		-0.976890				12.297353		-0.300406

		16.000000		1.955642		1.499493		1.468045		24.142400		5776.000000																15.547354		11.920969				13.490070		2.057284				12.297353		-0.376384

		16.000000		1.511508		1.491174		1.477777		0.363258		5776.000000																12.016489		11.854833				13.490070		-1.473582				12.297353		-0.442520

		16.000000		1.671777		1.481120		1.490226		8.395591		5776.000000																13.290627		11.774904				13.490070		-0.199443				12.297353		-0.522449

		16.000000		1.626764		1.491232		1.542710		5.055895		5776.000000																12.932774		11.855294				13.490070		-0.557297				12.297353		-0.442059

		16.000000		1.501696		1.485193		1.615102		0.365286		5776.000000																11.938483		11.807284				13.490070		-1.551587				12.297353		-0.490069

		16.000000		1.733861		1.486268		1.537574		11.908290		5776.000000																13.784195		11.815831				13.490070		0.294125				12.297353		-0.481523

		16.000000		1.592573		1.477430		1.500901		5.122437		5776.000000																12.660955		11.745569				13.490070		-0.829115				12.297353		-0.551785

		16.000000		1.732937		1.485503		1.397317		13.658370		5776.000000																13.776849		11.809749				13.490070		0.286779				12.297353		-0.487604

		16.000000		1.544119		1.480242		1.389787		2.423553		5776.000000																12.275746		11.767924				13.490070		-1.214324				12.297353		-0.529429

		16.000000		1.671072		1.474522		1.437802		6.743659		5776.000000																13.285022		11.722450				13.490070		-0.205048				12.297353		-0.574903

		16.000000		1.490623		1.473890		1.480259		0.361444		5776.000000																11.850453		11.717426				13.490070		-1.639617				12.297353		-0.579928

		16.000000		1.598810		1.482198		1.406278		4.816226		5776.000000																12.710540		11.783474				13.490070		-0.779531				12.297353		-0.513879

		16.000000		1.574212		1.472157		1.419434		5.123352		5776.000000																12.514985		11.703648				13.490070		-0.975085				12.297353		-0.593705

		16.000000		1.538982		1.471119		1.581239		1.965525		5776.000000																12.234907		11.695396				13.490070		-1.255163				12.297353		-0.601957

		16.000000		1.482624		1.466826		1.394463		0.360680		5776.000000																11.786861		11.661267				13.490070		-1.703210				12.297353		-0.636087

		16.000000		1.545533		1.476187		1.579471		1.846972		5776.000000																12.286987		11.735687				13.490070		-1.203083				12.297353		-0.561667

		16.000000		1.486442		1.462875		1.327340		0.399052		5776.000000																11.817214		11.629856				13.490070		-1.672856				12.297353		-0.667497

		16.000000		1.488358		1.455372		1.579897		0.838574		5776.000000																11.832446		11.570207				13.490070		-1.657624				12.297353		-0.727146

		16.000000		1.473807		1.456670		1.306926		0.356151		5776.000000																11.716766		11.580527				13.490070		-1.773305				12.297353		-0.716827

		25.000000		1.368002		1.281781		1.200907		2.470316		5776.000000		10.1														10.875616		10.190159				11.200030		-0.324414				10.106061		0.084098

		25.000000		1.387400		1.289139		1.323767		6.366420		5776.000000		1.1														11.029830		10.248655				11.200030		-0.170200				10.106061		0.142594

		25.000000		1.283788		1.265128		1.345660		0.336351		5776.000000																10.206115		10.057768				11.200030		-0.993915				10.106061		-0.048293

		25.000000		1.292027		1.265777		1.241893		0.592812		5776.000000																10.271615		10.062927				11.200030		-0.928415				10.106061		-0.043134

		25.000000		1.335589		1.285044		1.310586		1.957611		5776.000000																10.617933		10.216100				11.200030		-0.582097				10.106061		0.110039

		25.000000		1.316395		1.260436		1.179562		1.321314		5776.000000																10.465340		10.020466				11.200030		-0.734689				10.106061		-0.085595

		25.000000		1.582150		1.266989		1.220300		20.279090		5776.000000																12.578093		10.072563				11.200030		1.378063				10.106061		-0.033498

		25.000000		1.269441		1.252874		1.202063		0.331669		5776.000000																10.092056		9.960348				11.200030		-1.107974				10.106061		-0.145713

		25.000000		1.295281		1.281553		1.254195		0.312117		5776.000000																10.297484		10.188346				11.200030		-0.902546				10.106061		0.082285

		25.000000		1.293347		1.262015		1.178895		0.697678		5776.000000																10.282109		10.033019				11.200030		-0.917921				10.106061		-0.073042

		25.000000		1.930334		1.262336		1.245490		21.145080		5776.000000																15.346155		10.035571				11.200030		4.146126				10.106061		-0.070490

		25.000000		1.394851		1.243651		1.207049		5.059087		5776.000000																11.089065		9.887025				11.200030		-0.110964				10.106061		-0.219035

		25.000000		1.472692		1.275583		1.283682		6.866983		5776.000000																11.707901		10.140885				11.200030		0.507872				10.106061		0.034824

		25.000000		1.267740		1.251340		1.080473		0.310084		5776.000000																10.078533		9.948153				11.200030		-1.121497				10.106061		-0.157908

		25.000000		1.465053		1.245948		1.192340		7.694931		5776.000000																11.647171		9.905287				11.200030		0.447142				10.106061		-0.200774

		25.000000		1.286762		1.241757		1.078843		1.510829		5776.000000																10.229758		9.871968				11.200030		-0.970272				10.106061		-0.234093

		25.000000		1.354221		1.333750		1.318795		0.375863		5776.000000																10.766057		10.603313				11.200030		-0.433973				10.106061		0.497252

		25.000000		1.344066		1.331679		1.353346		0.339567		5776.000000																10.685325		10.586848				11.200030		-0.514705				10.106061		0.480787

		25.000000		1.346747		1.321429		1.255048		0.440087		5776.000000																10.706639		10.505361				11.200030		-0.493391				10.106061		0.399300

		25.000000		1.373549		1.338901		1.295101		0.942108		5776.000000																10.919715		10.644263				11.200030		-0.280315				10.106061		0.538202

		25.000000		1.410410		1.336449		1.328224		2.947870		5776.000000																11.212760		10.624770				11.200030		0.012730				10.106061		0.518709

		25.000000		1.426886		1.324141		1.284699		5.032338		5776.000000																11.343744		10.526921				11.200030		0.143714				10.106061		0.420860

		25.000000		1.346321		1.328500		1.327836		0.318142		5776.000000																10.703252		10.561575				11.200030		-0.496778				10.106061		0.455514

		25.000000		1.372428		1.331101		1.306548		1.608660		5776.000000																10.910803		10.582253				11.200030		-0.289227				10.106061		0.476192

		25.000000		1.354515		1.334620		1.277520		0.330950		5776.000000																10.768394		10.610229				11.200030		-0.431635				10.106061		0.504168

		25.000000		1.388478		1.327505		1.272090		1.967518		5776.000000																11.038400		10.553665				11.200030		-0.161630				10.106061		0.447604

		25.000000		1.991036		1.322541		1.299659		29.887830		5776.000000																15.828736		10.514201				11.200030		4.628706				10.106061		0.408140

		25.000000		1.332869		1.310590		1.269122		0.321132		5776.000000																10.596309		10.419191				11.200030		-0.603721				10.106061		0.313130

		25.000000		1.355123		1.336164		1.215866		0.361273		5776.000000																10.773228		10.622504				11.200030		-0.426802				10.106061		0.516443

		25.000000		1.409500		1.321515		1.191253		3.954397		5776.000000																11.205525		10.506044				11.200030		0.005495				10.106061		0.399983

		25.000000		1.401914		1.308402		1.254414		5.369623		5776.000000																11.145216		10.401796				11.200030		-0.054813				10.106061		0.295735

		25.000000		1.419546		1.330017		1.245570		3.574270		5776.000000																11.285391		10.573635				11.200030		0.085361				10.106061		0.467574

		25.000000		1.302913		1.279650		1.238047		0.356767		5776.000000																10.358158		10.173218				11.200030		-0.841871				10.106061		0.067157

		25.000000		1.339741		1.277856		1.278778		1.907202		5776.000000																10.650941		10.158955				11.200030		-0.549089				10.106061		0.052894

		25.000000		1.454840		1.277642		1.245353		9.751819		5776.000000																11.565978		10.157254				11.200030		0.365948				10.106061		0.051193

		25.000000		1.488016		1.282956		1.254937		6.492537		5776.000000																11.829727		10.199500				11.200030		0.629697				10.106061		0.093439

		25.000000		1.290015		1.274305		1.134166		0.310881		5776.000000																10.255619		10.130725				11.200030		-0.944410				10.106061		0.024664

		25.000000		1.835019		1.278465		1.262080		19.935910		5776.000000																14.588401		10.163797				11.200030		3.388371				10.106061		0.057736

		25.000000		1.360459		1.276351		1.276764		3.989378		5776.000000																10.815649		10.146990				11.200030		-0.384381				10.106061		0.040930

		25.000000		1.289735		1.262155		1.306834		1.046091		5776.000000																10.253393		10.034132				11.200030		-0.946636				10.106061		-0.071929

		25.000000		1.291240		1.272719		1.285831		0.314596		5776.000000																10.265358		10.118116				11.200030		-0.934672				10.106061		0.012055

		25.000000		1.527827		1.262015		1.217372		8.762464		5776.000000																12.146225		10.033019				11.200030		0.946195				10.106061		-0.073042

		25.000000		1.293790		1.264984		1.234316		0.738255		5776.000000																10.285631		10.056623				11.200030		-0.914399				10.106061		-0.049438

		25.000000		1.280792		1.263885		1.246618		0.304854		5776.000000																10.182296		10.047886				11.200030		-1.017733				10.106061		-0.058175

		25.000000		1.304618		1.273060		1.157778		0.738429		5776.000000																10.371713		10.120827				11.200030		-0.828317				10.106061		0.014766

		25.000000		1.275328		1.257812		1.234821		0.308882		5776.000000																10.138858		9.999605				11.200030		-1.061172				10.106061		-0.106456

		25.000000		1.284073		1.256918		1.143689		0.609854		5776.000000																10.208380		9.992498				11.200030		-0.991649				10.106061		-0.113563

		25.000000		1.262725		1.243413		1.235095		0.327139		5776.000000																10.038664		9.885133				11.200030		-1.161366				10.106061		-0.220928

		25.000000		1.303686		1.285065		1.153858		0.377067		5776.000000																10.364304		10.216267				11.200030		-0.835726				10.106061		0.110206

		25.000000		1.355108		1.276978		1.295956		3.352557		5776.000000																10.773109		10.151975				11.200030		-0.426921				10.106061		0.045914

		25.000000		1.310252		1.265474		1.250934		0.926163		5776.000000																10.416503		10.060518				11.200030		-0.783526				10.106061		-0.045543

		25.000000		1.375703		1.262939		1.228104		5.459237		5776.000000																10.936839		10.040365				11.200030		-0.263191				10.106061		-0.065696

		25.000000		1.341827		1.283799		1.300075		2.367061		5776.000000																10.667525		10.206202				11.200030		-0.532505				10.106061		0.100141

		25.000000		1.402401		1.278716		1.258975		3.373257		5776.000000																11.149088		10.165792				11.200030		-0.050942				10.106061		0.059731

		25.000000		1.374235		1.266790		1.231308		5.740989		5776.000000																10.925168		10.070981				11.200030		-0.274861				10.106061		-0.035080

		25.000000		1.404906		1.260199		1.234237		4.419847		5776.000000																11.169003		10.018582				11.200030		-0.031027				10.106061		-0.087479

		25.000000		1.413103		1.275109		1.222900		3.706880		5776.000000																11.234169		10.137117				11.200030		0.034139				10.106061		0.031056

		25.000000		1.598849		1.263030		1.223049		21.377540		5776.000000																12.710850		10.041089				11.200030		1.510820				10.106061		-0.064972

		25.000000		1.308314		1.255735		1.254840		2.742218		5776.000000																10.401096		9.983093				11.200030		-0.798933				10.106061		-0.122968

		25.000000		1.276925		1.253962		1.132820		0.684491		5776.000000																10.151554		9.968998				11.200030		-1.048476				10.106061		-0.137063

		25.000000		1.414533		1.258926		1.230846		4.261657		5776.000000																11.245537		10.008462				11.200030		0.045508				10.106061		-0.097599

		25.000000		1.274829		1.255569		1.220098		0.305848		5776.000000																10.134891		9.981774				11.200030		-1.065139				10.106061		-0.124287

		25.000000		1.392624		1.250165		1.196263		4.358839		5776.000000																11.071361		9.938812				11.200030		-0.128669				10.106061		-0.167249

		25.000000		1.312593		1.239546		1.206110		3.868846		5776.000000																10.435114		9.854391				11.200030		-0.764915				10.106061		-0.251670

		36.000000		1.224811		1.137844		1.078441		4.845408		5776.000000		8.9														9.737247		9.045860				9.620659		0.116588				8.608830		0.437030

		36.000000		1.270707		1.125199		1.102797		5.135168		5776.000000		1.1														10.102121		8.945332				9.620659		0.481462				8.608830		0.336502

		36.000000		1.746663		1.137152		1.136028		35.021800		5776.000000																13.885971		9.040358				9.620659		4.265312				8.608830		0.431528

		36.000000		1.140864		1.121076		1.092598		0.339108		5776.000000																9.069869		8.912554				9.620659		-0.550790				8.608830		0.303724

		36.000000		1.150850		1.136981		1.193153		0.371623		5776.000000																9.149258		9.038999				9.620659		-0.471401				8.608830		0.430169

		36.000000		1.232485		1.124714		1.086555		4.914660		5776.000000																9.798256		8.941476				9.620659		0.177597				8.608830		0.332646

		36.000000		1.154337		1.131582		1.186325		0.712877		5776.000000																9.176979		8.996077				9.620659		-0.443680				8.608830		0.387247

		36.000000		1.128553		1.112666		1.044316		0.274881		5776.000000																8.971996		8.845695				9.620659		-0.648663				8.608830		0.236864

		36.000000		1.515754		1.135775		1.117645		17.327320		5776.000000																12.050244		9.029411				9.620659		2.429585				8.608830		0.420581

		36.000000		1.177811		1.114795		1.019187		2.132183		5776.000000																9.363597		8.862620				9.620659		-0.257062				8.608830		0.253790

		36.000000		1.142290		1.127789		1.271227		0.282221		5776.000000																9.081206		8.965923				9.620659		-0.539453				8.608830		0.357092

		36.000000		1.496555		1.103850		1.060072		12.825250		5776.000000																11.897612		8.775608				9.620659		2.276953				8.608830		0.166777

		36.000000		1.349383		1.126119		1.084760		10.084370		5776.000000																10.727595		8.952646				9.620659		1.106936				8.608830		0.343816

		36.000000		1.224375		1.105013		1.066142		4.621556		5776.000000																9.733781		8.784853				9.620659		0.113122				8.608830		0.176023

		36.000000		1.147137		1.106378		1.097491		1.097987		5776.000000																9.119739		8.795705				9.620659		-0.500920				8.608830		0.186875

		36.000000		1.132713		1.089947		1.048004		1.533297		5776.000000																9.005068		8.665079				9.620659		-0.615591				8.608830		0.056248

		36.000000		1.215862		1.124411		1.022487		4.583714		5776.000000																9.666103		8.939067				9.620659		0.045444				8.608830		0.330237

		36.000000		1.140236		1.125538		0.986497		0.297127		5776.000000																9.064876		8.948027				9.620659		-0.555783				8.608830		0.339197

		36.000000		1.284605		1.109990		1.083927		7.903748		5776.000000																10.212610		8.824421				9.620659		0.591951				8.608830		0.215590

		36.000000		1.169377		1.105021		1.006989		2.162636		5776.000000																9.296547		8.784917				9.620659		-0.324112				8.608830		0.176087

		36.000000		1.730411		1.125763		1.088694		26.148940		5776.000000																13.756767		8.949816				9.620659		4.136108				8.608830		0.340986

		36.000000		1.147175		1.115437		1.196588		0.752044		5776.000000																9.120041		8.867724				9.620659		-0.500618				8.608830		0.258894

		36.000000		1.171976		1.109170		1.190405		1.735496		5776.000000																9.317209		8.817902				9.620659		-0.303450				8.608830		0.209071

		36.000000		1.191971		1.120357		1.150682		4.384354		5776.000000																9.476169		8.906838				9.620659		-0.144490				8.608830		0.298008

		36.000000		1.161399		1.117998		1.089651		2.247416		5776.000000																9.233122		8.888084				9.620659		-0.387537				8.608830		0.279254

		36.000000		1.134751		1.120954		1.167463		0.423193		5776.000000																9.021270		8.911584				9.620659		-0.599389				8.608830		0.302754

		36.000000		1.259090		1.097896		1.055076		4.179877		5776.000000																10.009766		8.728273				9.620659		0.389107				8.608830		0.119443

		36.000000		1.197790		1.103469		1.127225		2.910800		5776.000000																9.522431		8.772579				9.620659		-0.098228				8.608830		0.163748

		36.000000		1.300450		1.113606		1.032386		9.365610		5776.000000																10.338578		8.853168				9.620659		0.717919				8.608830		0.244337

		36.000000		1.205926		1.115702		1.125494		3.829945		5776.000000																9.587112		8.869831				9.620659		-0.033547				8.608830		0.261001

		36.000000		1.339095		1.098507		1.094985		8.163240		5776.000000																10.645805		8.733131				9.620659		1.025146				8.608830		0.124300

		36.000000		1.097021		1.077450		0.919156		0.265069		5776.000000																8.721317		8.565728				9.620659		-0.899342				8.608830		-0.043103

		36.000000		1.370291		1.133113		1.116632		6.927229		5776.000000																10.893813		9.008248				9.620659		1.273154				8.608830		0.399418

		36.000000		1.216799		1.134872		1.020265		2.882017		5776.000000																9.673552		9.022232				9.620659		0.052893				8.608830		0.413402

		36.000000		1.142558		1.127759		1.051340		0.318037		5776.000000																9.083336		8.965684				9.620659		-0.537323				8.608830		0.356854

		36.000000		1.450552		1.142968		1.174984		9.963137		5776.000000																11.531888		9.086596				9.620659		1.911229				8.608830		0.477765

		36.000000		1.211133		1.145311		1.022680		1.367976		5776.000000																9.628507		9.105222				9.620659		0.007848				8.608830		0.496392

		36.000000		1.343389		1.137407		1.160410		6.701263		5776.000000																10.679943		9.042386				9.620659		1.059284				8.608830		0.433555

		36.000000		1.181201		1.115011		1.090993		1.943420		5776.000000																9.390548		8.864337				9.620659		-0.230111				8.608830		0.255507

		36.000000		1.240964		1.127359		1.053435		3.835950		5776.000000																9.865664		8.962504				9.620659		0.245005				8.608830		0.353674

		36.000000		1.490524		1.136081		1.133577		14.713960		5776.000000																11.849666		9.031844				9.620659		2.229007				8.608830		0.423014

		36.000000		1.342248		1.135193		1.119519		13.816160		5776.000000																10.670872		9.024784				9.620659		1.050213				8.608830		0.415954

		36.000000		1.425567		1.115629		1.095611		8.447665		5776.000000																11.333258		8.869251				9.620659		1.712599				8.608830		0.260420

		36.000000		1.280022		1.105655		1.076154		9.178922		5776.000000																10.176175		8.789957				9.620659		0.555516				8.608830		0.181127

		36.000000		1.325360		1.134450		1.104874		6.918127		5776.000000																10.536612		9.018878				9.620659		0.915953				8.608830		0.410047

		36.000000		1.341050		1.118861		1.082731		14.042620		5776.000000																10.661348		8.894945				9.620659		1.040689				8.608830		0.286115

		36.000000		1.162319		1.112633		1.138439		1.979727		5776.000000																9.240436		8.845432				9.620659		-0.380223				8.608830		0.236602

		36.000000		1.189402		1.104517		1.132160		3.401280		5776.000000																9.455746		8.780910				9.620659		-0.164913				8.608830		0.172080

		36.000000		1.179848		1.134309		1.049382		1.408139		5776.000000																9.379792		9.017757				9.620659		-0.240867				8.608830		0.408926

		36.000000		1.257560		1.145433		1.163035		5.727028		5776.000000																9.997602		9.106192				9.620659		0.376943				8.608830		0.497362

		36.000000		1.150664		1.129851		1.093027		0.490194		5776.000000																9.147779		8.982315				9.620659		-0.472880				8.608830		0.373485

		36.000000		1.201298		1.132154		1.192105		1.929520		5776.000000																9.550319		9.000624				9.620659		-0.070340				8.608830		0.391794

		36.000000		1.554507		1.146383		1.121293		12.539690		5776.000000																12.358331		9.113745				9.620659		2.737672				8.608830		0.504915

		36.000000		1.288951		1.145035		1.064186		6.231061		5776.000000																10.247160		9.103028				9.620659		0.626501				8.608830		0.494198

		36.000000		1.155589		1.133897		1.162850		0.614647		5776.000000																9.186933		9.014481				9.620659		-0.433726				8.608830		0.405651

		36.000000		1.296350		1.136212		1.160030		4.127838		5776.000000																10.305983		9.032885				9.620659		0.685324				8.608830		0.424055

		36.000000		1.198910		1.142227		1.180255		2.715811		5776.000000																9.531335		9.080705				9.620659		-0.089324				8.608830		0.471874

		36.000000		1.162608		1.124768		1.035786		1.111059		5776.000000																9.242734		8.941906				9.620659		-0.377925				8.608830		0.333075

		36.000000		1.286085		1.129665		1.078228		5.394828		5776.000000																10.224376		8.980837				9.620659		0.603717				8.608830		0.372006

		36.000000		1.244248		1.119776		1.163143		7.422242		5776.000000																9.891772		8.902219				9.620659		0.271113				8.608830		0.293389

		36.000000		1.518656		1.138981		1.105376		13.974620		5776.000000																12.073315		9.054899				9.620659		2.452656				8.608830		0.446069

		36.000000		1.149694		1.127249		1.092026		0.481708		5776.000000																9.140067		8.961630				9.620659		-0.480592				8.608830		0.352799

		36.000000		1.145800		1.131415		1.129230		0.327711		5776.000000																9.109110		8.994749				9.620659		-0.511549				8.608830		0.385919

		36.000000		1.166197		1.113757		1.094947		1.226540		5776.000000																9.271266		8.854368				9.620659		-0.349393				8.608830		0.245538

		49.000000		1.431232		1.034400		0.988944		15.827820		5776.000000		8.0														11.378294		8.223480				8.460392		2.917902				7.517376		0.706104

		49.000000		1.277723		1.027600		0.948540		9.050991		5776.000000		1.0														10.157898		8.169420				8.460392		1.697506				7.517376		0.652044

		49.000000		1.044895		1.030284		0.894863		0.257333		5776.000000																8.306915		8.190758				8.460392		-0.153477				7.517376		0.673382

		49.000000		1.162603		1.033841		1.039806		4.965747		5776.000000																9.242694		8.219036				8.460392		0.782302				7.517376		0.701660

		49.000000		1.261401		1.052992		1.057020		8.827820		5776.000000																10.028138		8.371286				8.460392		1.567746				7.517376		0.853911

		49.000000		1.248640		1.027627		0.987408		5.040067		5776.000000																9.926688		8.169635				8.460392		1.466296				7.517376		0.652259

		49.000000		1.248498		1.031626		1.022477		11.354070		5776.000000																9.925559		8.201427				8.460392		1.465167				7.517376		0.684051

		49.000000		1.201635		1.024481		1.015729		11.375120		5776.000000																9.552998		8.144624				8.460392		1.092606				7.517376		0.627248

		49.000000		1.222072		1.046910		1.006347		6.511347		5776.000000																9.715472		8.322935				8.460392		1.255080				7.517376		0.805559

		49.000000		1.094345		1.026330		1.042264		2.437952		5776.000000																8.700043		8.159324				8.460392		0.239651				7.517376		0.641948

		49.000000		1.107911		1.021079		1.041784		3.144552		5776.000000																8.807892		8.117578				8.460392		0.347501				7.517376		0.600202

		49.000000		1.089000		1.017299		1.063445		2.699987		5776.000000																8.657550		8.087527				8.460392		0.197158				7.517376		0.570151

		49.000000		1.072054		1.034888		1.010213		1.362696		5776.000000																8.522829		8.227360				8.460392		0.062437				7.517376		0.709984

		49.000000		1.147514		1.018677		0.964724		3.237890		5776.000000																9.122736		8.098482				8.460392		0.662344				7.517376		0.581106

		49.000000		1.031404		1.017274		0.980139		0.250265		5776.000000																8.199662		8.087328				8.460392		-0.260730				7.517376		0.569953

		49.000000		1.086247		1.016430		1.050081		3.882509		5776.000000																8.635664		8.080619				8.460392		0.175272				7.517376		0.563243

		49.000000		1.131936		1.023736		0.959534		6.778107		5776.000000																8.998891		8.138701				8.460392		0.538499				7.517376		0.621326

		49.000000		1.065312		1.011474		0.997418		1.422381		5776.000000																8.469230		8.041218				8.460392		0.008838				7.517376		0.523843

		49.000000		1.341906		1.008944		0.987159		19.033050		5776.000000																10.668153		8.021105				8.460392		2.207761				7.517376		0.503729

		49.000000		1.101890		1.012674		0.997042		3.564082		5776.000000																8.760026		8.050758				8.460392		0.299634				7.517376		0.533383

		49.000000		1.229721		1.023105		1.006344		7.253151		5776.000000																9.776282		8.133685				8.460392		1.315890				7.517376		0.616309

		49.000000		1.140586		1.015339		0.983846		4.023168		5776.000000																9.067659		8.071945				8.460392		0.607267				7.517376		0.554569

		49.000000		1.065848		1.008717		1.040201		1.501041		5776.000000																8.473492		8.019300				8.460392		0.013100				7.517376		0.501924

		49.000000		1.079053		1.002982		0.993294		2.731954		5776.000000																8.578471		7.973707				8.460392		0.118079				7.517376		0.456331

		49.000000		1.116101		1.022663		1.044097		2.390843		5776.000000																8.873003		8.130171				8.460392		0.412611				7.517376		0.612795

		49.000000		1.351054		1.017732		0.998670		18.553200		5776.000000																10.740879		8.090969				8.460392		2.280487				7.517376		0.573594

		49.000000		1.374062		1.002261		0.971052		10.942980		5776.000000																10.923793		7.967975				8.460392		2.463401				7.517376		0.450599

		49.000000		1.015115		1.001440		0.977003		0.282274		5776.000000																8.070164		7.961448				8.460392		-0.390228				7.517376		0.444072

		49.000000		1.284773		1.019757		1.004843		14.306470		5776.000000																10.213945		8.107068				8.460392		1.753553				7.517376		0.589692

		49.000000		1.024173		1.008040		0.958673		0.246873		5776.000000																8.142175		8.013918				8.460392		-0.318217				7.517376		0.496542

		49.000000		1.046546		1.004417		1.010052		1.472844		5776.000000																8.320041		7.985115				8.460392		-0.140351				7.517376		0.467739

		49.000000		1.356697		0.996514		0.960906		14.031210		5776.000000																10.785741		7.922286				8.460392		2.325349				7.517376		0.404911

		49.000000		1.064709		1.021127		0.974853		1.800766		5776.000000																8.464437		8.117960				8.460392		0.004045				7.517376		0.600584

		49.000000		1.184353		1.023549		1.002388		10.346770		5776.000000																9.415606		8.137215				8.460392		0.955214				7.517376		0.619839

		49.000000		1.028137		1.002926		1.001414		0.573944		5776.000000																8.173689		7.973262				8.460392		-0.286703				7.517376		0.455886

		49.000000		1.054294		1.009169		0.961072		1.423468		5776.000000																8.381637		8.022894				8.460392		-0.078755				7.517376		0.505518

		49.000000		1.107239		1.017828		0.962683		3.185040		5776.000000																8.802550		8.091733				8.460392		0.342158				7.517376		0.574357

		49.000000		1.167074		1.015615		0.981361		7.539764		5776.000000																9.278238		8.074139				8.460392		0.817846				7.517376		0.556764

		49.000000		1.123628		1.013043		0.998179		4.745524		5776.000000																8.932843		8.053692				8.460392		0.472451				7.517376		0.536316

		49.000000		1.222994		1.009660		0.996898		14.973100		5776.000000																9.722802		8.026797				8.460392		1.262410				7.517376		0.509421

		49.000000		1.056465		1.018776		1.003759		1.900687		5776.000000																8.398897		8.099269				8.460392		-0.061495				7.517376		0.581894

		49.000000		1.092344		1.030464		1.022470		1.889328		5776.000000																8.684135		8.192189				8.460392		0.223743				7.517376		0.674813

		49.000000		1.221552		1.010275		0.983379		7.153759		5776.000000																9.711338		8.031686				8.460392		1.250946				7.517376		0.514311

		49.000000		1.070340		0.998400		0.984175		2.268989		5776.000000																8.509203		7.937283				8.460392		0.048811				7.517376		0.419907

		49.000000		1.201511		1.013678		1.002156		6.243270		5776.000000																9.552012		8.058740				8.460392		1.091621				7.517376		0.541364

		49.000000		1.020226		1.013467		1.040191		0.250268		5776.000000																8.110797		8.057063				8.460392		-0.349595				7.517376		0.539687

		49.000000		1.398994		1.006629		0.991655		15.186370		5776.000000																11.122002		8.002701				8.460392		2.661610				7.517376		0.485325

		49.000000		1.136645		0.991748		0.972584		7.695594		5776.000000																9.036328		7.884400				8.460392		0.575936				7.517376		0.367024

		49.000000		1.035884		0.995733		0.907656		1.377054		5776.000000																8.235278		7.916079				8.460392		-0.225114				7.517376		0.398703

		49.000000		1.159631		1.002894		1.003987		5.356367		5776.000000																9.219066		7.973007				8.460392		0.758675				7.517376		0.455632

		49.000000		1.210533		0.994998		1.004564		5.836846		5776.000000																9.623737		7.910230				8.460392		1.163345				7.517376		0.392854

		49.000000		1.606009		0.993247		0.976052		21.019320		5776.000000																12.767772		7.896317				8.460392		4.307380				7.517376		0.378941

		49.000000		1.277443		0.991742		0.956859		8.107202		5776.000000																10.155672		7.884350				8.460392		1.695280				7.517376		0.366974

		49.000000		1.140309		0.986292		0.984195		5.077227		5776.000000																9.065457		7.841018				8.460392		0.605065				7.517376		0.323643

		49.000000		1.149119		0.985468		0.915049		8.008368		5776.000000																9.135496		7.834471				8.460392		0.675104				7.517376		0.317096

		49.000000		1.135373		0.970530		0.952038		5.052075		5776.000000																9.026215		7.715714				8.460392		0.565823				7.517376		0.198338

		49.000000		1.093994		0.993064		0.928761		2.877448		5776.000000																8.697252		7.894856				8.460392		0.236860				7.517376		0.377480

		49.000000		1.129838		0.991776		0.986574		4.178581		5776.000000																8.982212		7.884621				8.460392		0.521820				7.517376		0.367245

		49.000000		1.325886		0.990432		0.977199		14.937310		5776.000000																10.540794		7.873934				8.460392		2.080402				7.517376		0.356558

		49.000000		1.052750		0.978839		0.922748		2.348518		5776.000000																8.369363		7.781767				8.460392		-0.091029				7.517376		0.264391

		49.000000		1.082795		0.987105		0.964383		2.637958		5776.000000																8.608220		7.847487				8.460392		0.147828				7.517376		0.330111

		49.000000		1.003909		0.989318		0.955441		0.247499		5776.000000																7.981077		7.865078				8.460392		-0.479315				7.517376		0.347702

		49.000000		1.046287		0.973700		0.937428		1.962883		5776.000000																8.317982		7.740917				8.460392		-0.142410				7.517376		0.223541

		49.000000		1.208475		0.969607		0.916004		7.727346		5776.000000																9.607376		7.708374				8.460392		1.146984				7.517376		0.190998

		64.000000		1.107351		0.899827		0.888184		6.865967		5776.000000																8.803440		7.153625				7.569059		1.234381				6.684423		0.469202

		64.000000		1.040540		0.904792		0.901523		3.568784		5776.000000																8.272293		7.193097				7.569059		0.703234				6.684423		0.508674

		64.000000		0.935524		0.896852		0.871982		1.301221		5776.000000																7.437415		7.129973				7.569059		-0.131644				6.684423		0.445551

		64.000000		1.272391		0.900002		0.890440		11.378960		5776.000000																10.115508		7.155017				7.569059		2.546449				6.684423		0.470594

		64.000000		0.966368		0.917039		0.886372		1.832490		5776.000000																7.682624		7.290457				7.569059		0.113565				6.684423		0.606034

		64.000000		0.962774		0.906655		0.874155		3.162647		5776.000000																7.654053		7.207903				7.569059		0.084994				6.684423		0.523481

		64.000000		1.038004		0.905725		0.809315		4.708382		5776.000000																8.252132		7.200513				7.569059		0.683073				6.684423		0.516090

		64.000000		1.156499		0.898145		0.890026		10.021080		5776.000000																9.194167		7.140249				7.569059		1.625108				6.684423		0.455826

		64.000000		1.749913		0.904346		0.880169		23.530530		5776.000000																13.911808		7.189547				7.569059		6.342749				6.684423		0.505124

		64.000000		1.010076		0.897642		0.825379		4.823339		5776.000000																8.030104		7.136257				7.569059		0.461045				6.684423		0.451834

		64.000000		0.952604		0.903567		0.925793		1.488293		5776.000000																7.573201		7.183361				7.569059		0.004142				6.684423		0.498938

		64.000000		0.908176		0.882034		0.943215		0.842286		5776.000000																7.220001		7.012166				7.569059		-0.349058				6.684423		0.327744

		64.000000		1.337570		0.905531		0.865152		12.874040		5776.000000																10.633682		7.198971				7.569059		3.064622				6.684423		0.514549

		64.000000		0.912114		0.894681		0.863913		0.237657		5776.000000																7.251307		7.112712				7.569059		-0.317752				6.684423		0.428290

		64.000000		1.108257		0.889968		0.880321		6.182821		5776.000000																8.810643		7.075246				7.569059		1.241584				6.684423		0.390823

		64.000000		0.894552		0.876873		0.794380		0.220633		5776.000000																7.111688		6.971136				7.569059		-0.457372				6.684423		0.286714

		64.000000		0.998960		0.931791		0.839328		3.219590		5776.000000																7.941732		7.407734				7.569059		0.372673				6.684423		0.723312

		64.000000		1.237046		0.935162		0.914910		11.002800		5776.000000																9.834516		7.434540				7.569059		2.265457				6.684423		0.750118

		64.000000		0.945572		0.922002		0.870882		0.554693		5776.000000																7.517297		7.329914				7.569059		-0.051763				6.684423		0.645492

		64.000000		1.090763		0.926565		0.898130		6.506774		5776.000000																8.671566		7.366194				7.569059		1.102507				6.684423		0.681771

		64.000000		1.017622		0.941162		0.960490		3.126968		5776.000000																8.090095		7.482238				7.569059		0.521036				6.684423		0.797815

		64.000000		1.173036		0.930573		0.850227		5.933145		5776.000000																9.325636		7.398055				7.569059		1.756577				6.684423		0.713632

		64.000000		1.293697		0.929402		0.905181		13.063340		5776.000000																10.284891		7.388749				7.569059		2.715832				6.684423		0.704326

		64.000000		1.213072		0.930311		0.911915		9.725768		5776.000000																9.643922		7.395968				7.569059		2.074863				6.684423		0.711546

		64.000000		0.952087		0.934162		1.002642		0.377184		5776.000000																7.569088		7.426591				7.569059		0.000029				6.684423		0.742168

		64.000000		1.165077		0.923287		0.895142		12.837840		5776.000000																9.262362		7.340131				7.569059		1.693303				6.684423		0.655708

		64.000000		1.022556		0.922971		0.853296		4.768451		5776.000000																8.129320		7.337618				7.569059		0.560261				6.684423		0.653195

		64.000000		1.575246		0.917887		0.900128		23.995500		5776.000000																12.523206		7.297198				7.569059		4.954147				6.684423		0.612776

		64.000000		1.012790		0.940909		0.992667		2.989327		5776.000000																8.051681		7.480223				7.569059		0.482621				6.684423		0.795801

		64.000000		1.096480		0.921440		0.896853		10.587690		5776.000000																8.717016		7.325444				7.569059		1.147957				6.684423		0.641021

		64.000000		0.984666		0.927387		0.962946		1.761630		5776.000000																7.828097		7.372726				7.569059		0.259038				6.684423		0.688303

		64.000000		0.943936		0.913691		0.885018		0.969799		5776.000000																7.504291		7.263845				7.569059		-0.064768				6.684423		0.579422

		64.000000		1.077023		0.968145		1.000486		3.998626		5776.000000																8.562333		7.696755				7.569059		0.993274				6.684423		1.012332

		64.000000		1.012146		0.967947		0.914985		1.405403		5776.000000																8.046561		7.695176				7.569059		0.477502				6.684423		1.010754

		64.000000		1.042982		0.956222		0.936758		4.263500		5776.000000																8.291707		7.601964				7.569059		0.722648				6.684423		0.917541

		64.000000		1.154693		0.963080		0.970753		5.935070		5776.000000																9.179809		7.656487				7.569059		1.610750				6.684423		0.972064

		64.000000		1.062900		0.973333		0.869201		2.922949		5776.000000																8.450055		7.738001				7.569059		0.880996				6.684423		1.053578

		64.000000		0.969980		0.954968		0.970963		0.246294		5776.000000																7.711338		7.591996				7.569059		0.142279				6.684423		0.907573

		64.000000		1.062236		0.962836		0.996499		3.751472		5776.000000																8.444776		7.654544				7.569059		0.875717				6.684423		0.970121

		64.000000		1.034921		0.964392		0.965092		1.981403		5776.000000																8.227622		7.666912				7.569059		0.658563				6.684423		0.982490

		64.000000		1.224576		0.963640		0.950825		15.089360		5776.000000																9.735379		7.660940				7.569059		2.166320				6.684423		0.976517

		64.000000		0.970972		0.950289		0.988613		0.469509		5776.000000																7.719227		7.554799				7.569059		0.150167				6.684423		0.870376

		64.000000		1.302741		0.963881		0.984228		8.418706		5776.000000																10.356791		7.662854				7.569059		2.787732				6.684423		0.978431

		64.000000		1.122023		0.950401		0.917739		4.925390		5776.000000																8.920083		7.555689				7.569059		1.351024				6.684423		0.871266

		64.000000		1.130397		0.961957		0.933211		5.818258		5776.000000																8.986656		7.647560				7.569059		1.417597				6.684423		0.963137

		64.000000		1.010204		0.959157		0.944642		2.298552		5776.000000																8.031122		7.625299				7.569059		0.462063				6.684423		0.940876

		64.000000		0.958485		0.942087		0.940982		0.306598		5776.000000																7.619957		7.489588				7.569059		0.050897				6.684423		0.805166

		64.000000		0.951087		0.937742		0.819094		0.234251		5776.000000																7.561138		7.455052				7.569059		-0.007921				6.684423		0.770629

		64.000000		1.065841		0.914365		0.870784		6.216690		5776.000000																8.473436		7.269199				7.569059		0.904377				6.684423		0.584776

		64.000000		0.978490		0.921534		0.931245		2.098344		5776.000000																7.778998		7.326192				7.569059		0.209939				6.684423		0.641769

		64.000000		1.436488		0.928663		0.911766		17.474710		5776.000000																11.420080		7.382869				7.569059		3.851020				6.684423		0.698447

		64.000000		0.989035		0.919037		0.895359		4.118137		5776.000000																7.862831		7.306341				7.569059		0.293772				6.684423		0.621918

		64.000000		0.941053		0.923954		0.853910		0.246740		5776.000000																7.481374		7.345435				7.569059		-0.087685				6.684423		0.661012

		64.000000		0.944450		0.916612		0.895047		0.646808		5776.000000																7.508374		7.287061				7.569059		-0.060686				6.684423		0.602639

		64.000000		0.928693		0.917515		0.784915		0.243033		5776.000000																7.383109		7.294245				7.569059		-0.185951				6.684423		0.609822

		64.000000		0.936109		0.910806		0.950495		0.441481		5776.000000																7.442065		7.240908				7.569059		-0.126994				6.684423		0.556486

		64.000000		1.314938		0.932589		0.915961		12.400040		5776.000000																10.453757		7.414079				7.569059		2.884698				6.684423		0.729656

		64.000000		1.175247		0.913737		0.878497		8.683119		5776.000000																9.343214		7.264210				7.569059		1.774154				6.684423		0.579787

		64.000000		0.974314		0.916636		0.879525		3.049657		5776.000000																7.745796		7.287256				7.569059		0.176737				6.684423		0.602834

		64.000000		0.925433		0.910476		0.904660		0.237260		5776.000000																7.357192		7.238282				7.569059		-0.211868				6.684423		0.553859

		64.000000		1.009508		0.916184		0.882112		3.433270		5776.000000																8.025589		7.283661				7.569059		0.456529				6.684423		0.599239

		64.000000		1.063081		0.913116		0.871092		6.260201		5776.000000																8.451494		7.259268				7.569059		0.882435				6.684423		0.574846

		64.000000		1.043137		0.910628		0.863499		6.549180		5776.000000																8.292939		7.239494				7.569059		0.723880				6.684423		0.555071

		64.000000		0.985585		0.905365		0.926279		2.000823		5776.000000																7.835400		7.197655				7.569059		0.266341				6.684423		0.513232

		81.000000		1.005374		0.865404		0.812264		4.566643		5776.000000		6.8														7.992723		6.879965				6.861127		1.131597				6.026659		0.853306

		81.000000		1.012505		0.857448		0.836632		3.588036		5776.000000		1.0														8.049415		6.816713				6.861127		1.188288				6.026659		0.790054

		81.000000		0.892236		0.844036		0.810656		1.177431		5776.000000																7.093278		6.710083				6.861127		0.232151				6.026659		0.683424

		81.000000		0.863851		0.847393		0.917253		0.452819		5776.000000																6.867619		6.736776				6.861127		0.006492				6.026659		0.710117

		81.000000		0.884032		0.871223		0.715817		0.221799		5776.000000																7.028053		6.926219				6.861127		0.166926				6.026659		0.899560

		81.000000		0.964709		0.863834		0.862851		2.796664		5776.000000																7.669436		6.867480				6.861127		0.808309				6.026659		0.840821

		81.000000		0.990039		0.850194		0.771127		6.616209		5776.000000																7.870812		6.759041				6.861127		1.009685				6.026659		0.732381

		81.000000		1.030285		0.848275		0.815144		8.122890		5776.000000																8.190766		6.743788				6.861127		1.329639				6.026659		0.717128

		81.000000		0.948338		0.860492		0.824636		3.593446		5776.000000																7.539287		6.840910				6.861127		0.678161				6.026659		0.814250

		81.000000		1.032721		0.850605		0.805288		7.183382		5776.000000																8.210132		6.762308				6.861127		1.349005				6.026659		0.735649

		81.000000		0.870606		0.850971		0.803008		0.376851		5776.000000																6.921318		6.765216				6.861127		0.060191				6.026659		0.738557

		81.000000		1.075738		0.847736		0.872893		6.043246		5776.000000																8.552117		6.739499				6.861127		1.690991				6.026659		0.712839

		81.000000		1.331411		0.854034		0.829667		20.027240		5776.000000																10.584717		6.789570				6.861127		3.723591				6.026659		0.762911

		81.000000		1.006051		0.844725		0.797596		5.216654		5776.000000																7.998105		6.715565				6.861127		1.136979				6.026659		0.688905

		81.000000		1.070985		0.849290		0.871229		7.529289		5776.000000																8.514331		6.751853				6.861127		1.653204				6.026659		0.725194

		81.000000		0.954092		0.839514		0.828903		6.021464		5776.000000																7.585027		6.674134				6.861127		0.723901				6.026659		0.647475

		81.000000		0.892727		0.853668		0.746275		0.863163		5776.000000																7.097180		6.786657				6.861127		0.236054				6.026659		0.759998

		81.000000		0.970446		0.849434		0.811135		3.735169		5776.000000																7.715043		6.753000				6.861127		0.853917				6.026659		0.726341

		81.000000		0.903178		0.851750		0.901563		1.330917		5776.000000																7.180263		6.771413				6.861127		0.319136				6.026659		0.744754

		81.000000		0.867699		0.848428		0.808623		0.485649		5776.000000																6.898204		6.745006				6.861127		0.037077				6.026659		0.718346

		81.000000		0.916520		0.863213		0.808128		1.650769		5776.000000																7.286333		6.862539				6.861127		0.425207				6.026659		0.835880

		81.000000		0.982932		0.859414		0.826286		5.802711		5776.000000																7.814312		6.832342				6.861127		0.953185				6.026659		0.805683

		81.000000		0.905306		0.849149		0.833754		1.699815		5776.000000																7.197182		6.750731				6.861127		0.336055				6.026659		0.724072

		81.000000		0.879583		0.847519		0.886157		0.995684		5776.000000																6.992686		6.737775				6.861127		0.131559				6.026659		0.711116

		81.000000		0.900457		0.862998		0.792457		1.310944		5776.000000																7.158633		6.860831				6.861127		0.297507				6.026659		0.834172

		81.000000		0.953094		0.851541		0.856385		3.202458		5776.000000																7.577100		6.769753				6.861127		0.715973				6.026659		0.743094

		81.000000		1.208945		0.845955		0.824754		15.200810		5776.000000																9.611113		6.725345				6.861127		2.749986				6.026659		0.698686

		81.000000		0.857504		0.829929		0.787104		0.575769		5776.000000																6.817153		6.597936				6.861127		-0.043974				6.026659		0.571276

		81.000000		0.890862		0.860126		0.807289		0.631669		5776.000000																7.082353		6.838005				6.861127		0.221226				6.026659		0.811346

		81.000000		1.032015		0.860681		0.881186		8.035333		5776.000000																8.204519		6.842413				6.861127		1.343393				6.026659		0.815754

		81.000000		0.901957		0.846250		0.911037		2.282231		5776.000000																7.170556		6.727685				6.861127		0.309429				6.026659		0.701026

		81.000000		0.977788		0.839601		0.767144		3.866646		5776.000000																7.773411		6.674827				6.861127		0.912284				6.026659		0.648168

		81.000000		0.894611		0.868068		0.994049		0.502876		5776.000000																7.112161		6.901137				6.861127		0.251034				6.026659		0.874477

		81.000000		0.963378		0.875036		0.891316		2.864897		5776.000000																7.658857		6.956536				6.861127		0.797731				6.026659		0.929877

		81.000000		0.915782		0.863781		0.826045		1.602856		5776.000000																7.280465		6.867057				6.861127		0.419339				6.026659		0.840397

		81.000000		0.906781		0.857203		0.849691		1.644728		5776.000000																7.208907		6.814760				6.861127		0.347781				6.026659		0.788101

		81.000000		0.957270		0.870225		0.858520		3.733077		5776.000000																7.610298		6.918291				6.861127		0.749172				6.026659		0.891632

		81.000000		1.057424		0.875244		0.757359		4.013504		5776.000000																8.406521		6.958190				6.861127		1.545394				6.026659		0.931530

		81.000000		0.928324		0.861332		0.833027		3.925725		5776.000000																7.380177		6.847589				6.861127		0.519051				6.026659		0.820929

		81.000000		1.382104		0.858058		0.843339		17.988390		5776.000000																10.987727		6.821561				6.861127		4.126600				6.026659		0.794902

		81.000000		0.996068		0.881733		0.864148		3.545856		5776.000000																7.918737		7.009777				6.861127		1.057610				6.026659		0.983117

		81.000000		1.330226		0.878512		0.864035		15.291460		5776.000000																10.575297		6.984168				6.861127		3.714170				6.026659		0.957509

		81.000000		0.999269		0.854723		0.790714		3.648549		5776.000000																7.944192		6.795045				6.861127		1.083065				6.026659		0.768385

		81.000000		0.985662		0.845904		0.825513		6.924478		5776.000000																7.836016		6.724937				6.861127		0.974890				6.026659		0.698277

		81.000000		1.045231		0.869053		0.842813		8.916347		5776.000000																8.309586		6.908968				6.861127		1.448460				6.026659		0.882309

		81.000000		0.942433		0.863103		0.792487		3.124813		5776.000000																7.492339		6.861670				6.861127		0.631213				6.026659		0.835011

		81.000000		1.089337		0.856821		0.850022		15.067280		5776.000000																8.660229		6.811725				6.861127		1.799103				6.026659		0.785066

		81.000000		1.399840		0.859976		0.845627		14.368570		5776.000000																11.128728		6.836808				6.861127		4.267601				6.026659		0.810148

		81.000000		1.134242		0.897268		0.845740		8.355496		5776.000000																9.017224		7.133277				6.861127		2.156097				6.026659		1.106617

		81.000000		1.077030		0.894361		0.873379		9.250954		5776.000000																8.562389		7.110166				6.861127		1.701262				6.026659		1.083507

		81.000000		0.992264		0.879853		0.811299		3.171049		5776.000000																7.888496		6.994831				6.861127		1.027370				6.026659		0.968171

		81.000000		0.903017		0.877882		0.922274		0.644084		5776.000000																7.178986		6.979160				6.861127		0.317859				6.026659		0.952500

		81.000000		0.930765		0.903767		0.832264		0.789580		5776.000000																7.399579		7.184944				6.861127		0.538452				6.026659		1.158284

		81.000000		0.986740		0.886300		0.852259		4.946568		5776.000000																7.844580		7.046087				6.861127		0.983453				6.026659		1.019428

		81.000000		0.887594		0.869771		0.851625		0.227544		5776.000000																7.056369		6.914682				6.861127		0.195243				6.026659		0.888022

		81.000000		1.227751		0.881510		0.861191		13.646770		5776.000000																9.760620		7.008005				6.861127		2.899494				6.026659		0.981345

		81.000000		0.965806		0.888148		0.874197		3.136864		5776.000000																7.678158		7.060777				6.861127		0.817032				6.026659		1.034117

		81.000000		1.034918		0.888985		0.824537		5.070450		5776.000000																8.227598		7.067432				6.861127		1.366472				6.026659		1.040772

		81.000000		1.035735		0.882269		0.898125		6.544770		5776.000000																8.234093		7.014037				6.861127		1.372967				6.026659		0.987378

		81.000000		0.924098		0.873886		0.901759		1.690001		5776.000000																7.346578		6.947395				6.861127		0.485451				6.026659		0.920736

		81.000000		1.160473		0.886321		0.860388		10.258890		5776.000000																9.225760		7.046250				6.861127		2.364634				6.026659		1.019591

		81.000000		0.987014		0.889298		0.897910		6.077296		5776.000000																7.846759		7.069922				6.861127		0.985632				6.026659		1.043263

		81.000000		1.131059		0.880375		0.852007		11.138240		5776.000000																8.991919		6.998980				6.861127		2.130793				6.026659		0.972321

		81.000000		0.900765		0.868330		0.895364		0.922135		5776.000000																7.161079		6.903226				6.861127		0.299952				6.026659		0.876567
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60KHz LNR Stats

		



Number of Fowler Reads

Noise (e-)




