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Abstract.
ACCESS, Absolute Color Calibration Experiment for Standard Stars, is a series

of rocket-borne sub-orbital missions and ground-based experiments designed to en-
able improvements in the precision of the astrophysical flux scale through the transfer
of absolute laboratory detector standards from the National Institute of Standards
and Technology (NIST) to a network of stellar standards with a calibration accuracy
of 1% and a spectral resolving power of 500 across the 0.35! 1.7µm bandpass.

Establishing improved spectrophotometric standards is important for a broad
range of missions and is relevant to many astrophysical problems. Systematic errors
associated with problems such as dark energy now compete with the statistical errors
and thus limit our ability to answer fundamental questions in astrophysics.

The ACCESS payload and ground calibration components currently span a
range of readiness levels extending from the design phase, through procurement,
fabrication, and component test phases. The strategy for achieving a < 1% spec-
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trophotometric calibration accuracy, a description and status of the instrument and
the ground calibration system, and the NIST traceability components are discussed.

1. Motivation

A variety of fundamental problems in astrophysics need a precise (better than 1%) net-
work of astrophysical flux standards spanning a wide dynamic range across the visible and
near-infrared (NIR) bandpass to address critical questions with the required uncertainty.
Understanding the expansion history of the universe, and its implications, is one such key
problem.

The discovery of the accelerated expansion of the universe (Riess et al., 1998, Perlmutter
et al., 1999) compared the standardized brightness of high redshift (0.18 < z < 1.6) Type
Ia supernovae (SNe Ia) to low-redshift SNe Ia, showing that at a given redshift the peak
brightness of SNe Ia is fainter than predicted (Riess et al. 2004a, Riess et al. 2004b, Knop
et al. 2003, Tonry et al. 2003, Hamuy et al. 1996). This implies they are further away than
expected, indicating a period of accelerated expansion of the universe and the presence of
a new, unknown, negative-pressure energy component - dark energy.

Accurate testing of dark energy models through observation of SNe Ia depends on the
precise determination of the relative brightness of the SNe Ia standard candles. For each
supernova, its redshift, z, is plotted against its rest-frame B-band flux to determine the
SNe Ia Hubble brightness-redshift relationship. Cosmological and dark energy parameters
are determined from the shape, not the absolute normalization, of this relationship. Since
the rest-frame B-band is seen in di!erent bands at di!erent redshifts, the relative zero-points
of all bands from 0.35 µm to 1.7 µm must be cross-calibrated to trace the supernovae from
z= 0 to z! 1.5. The term “absolute color calibration” is defined as the slope of the absolute
flux distribution versus wavelength.

Controlling the systematic errors to this level of accuracy and precision is required, not
only for the absolute color calibration, but also for other sources of systematic errors which
themselves depend on the color calibration (e.g. extinction corrections due to the Milky Way,
the SN host galaxy, and the intergalactic medium, in addition to the K-corrections which
provide the transformation between fluxes in the observed and rest-frame pass-bands).

Using SNe Ia to distinguish dark energy models from one another levies a requirement
for 1% precision in the cross-color calibration of the SNe Ia flux across a bandpass extending
from 0.35" 1.7µm.

However the systematic errors in the flux calibration network spanning the visible
through the NIR currently exceed 1%. The astrophysical flux scale is ultimately pinned to
a single star, Vega (Hayes & Latham 1975, Hayes 1985) through ground based measurements
of a fundamental standard, a melting point black body furnace (Oke & Schild 1970). Since
that fundamental calibration in 1970, there have been significant technological advances
in detectors, telescopes and instruments, and the precision of the fundamental laboratory
standards used to calibrate these instruments. These technologies have not yet been trans-
ferred to the fundamental astrophysical flux scale across the visible to NIR bandpass. In
addition, Vega, the ultimate fundamental stellar standard for the astrophysical flux scale,
has proven to be a poor choice for the following reasons. Vega is a pole-on rotator (Hill
et al. 2010, Yoon et al. 2008, Aufdenberg et al.2006). As a result, it presents a range of
e!ective temperatures and is di"cult to model uniquely. It exhibits an infrared excess that
arises from its circumstellar debris disk. And, it is too bright to be observed with today’s
premier optical telescopes.

Recently, programs have been initiated to approach facets of this problem from various
perspectives, primarily to account for the impact of the Earth’s atmosphere on observations
through dedicated simultaneous monitoring of the atmosphere with ground-based compan-
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ion telescopes (Burke et al. 2010, Stubbs et al. 2007) or LIDAR observations (Zimmer et al.
2010, McGraw et al. 2010). A program is in progress to compare ground-based visible mea-
surements of stars with on-site measurements of fundamental standards to establish a set of
stellar flux standards (Smith et al. 2009). This paper will describe the ACCESS program’s
strategy to obtain a set of precise (< 1% ) absolute flux measurements spanning the visible
into the NIR for a set of stellar flux standards through observations from a rocket-borne
telescope with a calibration tied to National Institute of Standards and Technology (NIST)
fundamental irradiance (detector) standards.

2. ACCESS Overview

ACCESS - “Absolute Color Calibration Experiment for Standard Stars”, is a series of rocket-
borne sub-orbital missions and ground-based experiments that will enable the absolute flux
for a limited set of primary standard stars to be established using calibrated detectors as the
fundamental metrology reference (Kaiser et al 2010, Kaiser et al. 2008). These experiments
are designed to obtain an absolute spectrophotometric calibration accuracy of < 1% in
the 0.35! 1.7µm bandpass at a spectral resolution greater than 500 by directly tracing
the observed stellar fluxes to NIST irradiance standards. Transfer of the NIST detector
standards to our target stars will produce an absolute calibration of these standards in
physical units, including the historic absolute standard Vega, the Sloan Digital Sky Survey
(SDSS) standard BD+17!4708 (Fukugita et al. 1996), and the Spitzer IRAC standard
HD37725 (Reach et al. 2005).

The ACCESS payload and ground calibration components currently span a range of
readiness levels extending from the design phase, through procurement, fabrication, and
component test phases (Kaiser et al. 2010). This paper will present the strategy for
achieving a < 1% spectrophotometric calibration accuracy, a description and status of the
instrument and the ground calibration system, and the NIST traceability components.

3. Observing Strategy

ACCESS has adopted a multi-faceted strategy for reducing systematic errors and establish-
ing the first members in a network of standard stars calibrated to 1% precision.

First in this multi-pronged approach is the elimination of the Earth’s atmosphere as a
spectral contaminant. One of the prime impediments to obtaining a precise flux calibration
in the NIR is the plethora of hydroxyl (OH) lines that are formed high ("70 km - "89 km)
in the Earth’s atmosphere (Moreels et al. 1977). These spectral lines are strong, numerous -
extending across 0.85µm < ! < 2.25µm, and highly variable on short timescales. Correct-
ing ground based observations to 1% precision for absorption by the Earth’s atmosphere in
the NIR is prohibitive. Spectral contamination by OH emission remains daunting even at
balloon altitudes.

As a result, the ACCESS observations will execute from a sounding rocket platform
completely above the Earth’s atmosphere. The typical launch trajectory for a Black Brant
IX sounding rocket carrying a 1000 lb payload yields an apogee of 300 km with the time
above 100 km in excess of 400 seconds. Observing at an altitude exceeding 100 km eliminates
the challenging problem of measuring the residual atmospheric absorption and strong atmo-
spheric emission seen by ground-based observations and even by observations conducted at
balloon altitudes. The number, strength, and variability of the OH lines was an important
factor in the selection of a sounding rocket platform for the ACCESS observations.

Next is the judicious selection of standard stars. Stars were selected as potential AC-
CESS flux standards based upon their ability to serve as precise calibration standards in
both the visible and the NIR spectral region. This required that they (1) have existing
photometric heritage, (2) present a stellar atmosphere capable of being precisely modelled,
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and are (3) bright enough to obtain a spectrum with S/N of 200 in a single rocket flight.
Since our program includes observations of Sirius and Vega, which are 12hr apart on the
sky, this also imposed the requirement that (4) additional targets be within 45! of the zenith
on either the Sirius or Vega flight. To optimally utilize the flight time and to eliminate a
step in the calibration transfer to larger telescopes, we required that (5) all targets other
than Vega and Sirius be fainter than 6th magitude. After satisfying these constraints, (6)
candidate targets were prioritized according to their ability to further our understanding of
stellar physics through model atmosphere calculations. The current set of ACCESS targets
is presented in Table 1.

Third in the reduction of systematic errors is the design of a spectrograph with a
bandpass extending from the visible through the NIR to eliminate the cross-calibration
between these historically distinct bandpasses. Key to achieving this broad bandpass is the
use of WFC3 heritage HgCdTe detector whose sensitivity extends from below 4000 Å to
! 1.7µm.

Another component of the calibration strategy is to establish an a priori error budget
and track it.

Also essential, is the use of multiple methods to determine the payload sensitivity
through NIST traceable sub-system and end-to-end payload calibrations. A key component
of the calibration strategy is the use of NIST calibrated photodiode detector (irradiance)
standards to establish NIST traceability. This is a fundamental component of the calibra-
tion. The NIST traceable photodiode irradiance standards will be used to establish the
artificial star used to calibrate the integrated telescope and spectrograph. In addition to
both an absolute and relative calibration of the payload, and hence the stars, the irradiance
standards will establish the calibration system in fundamental physical units. Standard
detectors have stability heritage exceeding 15 years in the visible for silicon photodiodes
and 10 years for the NIR (e.g. Ge, InGaAs) photodiodes.

End-to-end payload calibrations will be performed with both NIST continuum and
emission line radiance standards as cross-checks for systematic errors.

Knowing the performance of the instrument immediately prior to and after observations
of the target stars is also a critical component of the calibration. Consequently, ACCESS
includes an On-board Calibration Monitor (OCM) to track the payload performance in the
field prior to launch and while parachuting to the ground post-observation. The OCM will
be calibrated at the same time as the payload and re-calibrated and monitored between
flights.

Current target list for the ACCESS program.
Target Alt Name R.A. (2000) Dec (2000) Sp. Type Vmag

HD 37725 05 41 54.3 +29 17 50.9 A3V 8.35
HD 48915 Sirius 06 45 08.92 "16 42 58 A1V -1.47
HD 93521 10 48 23 +37 34 13 O9.5p 7.0
HD 165459 18 02 30.7 +58 37 38.1 A1V 6.86
HD 172167 Vega 18 36 56.34 +38 47 01.3 A0V +0.026
BD+17 4708 22 11 30.80 +18 5 33.2 sdF8 9.47

Table 1: Current list of the ACCESS program targets.
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Figure 1: Left: Ray trace view of ACCESS. Parallel rays from the star enter the Dall-Kirkham
Cassegrain telescope at left and are incident on the primary mirror (center of figure). The telescope
secondary is at left in the figure and the grating is the optical surface at the extreme right.
Right: Ray trace view of the ACCESS spectrograph illustrating the grating on the right, the cross-
dispersing prism, and the first three orders dispersed by the grating and incident on the detector at
left.

4. ACCESS Telescope and Spectrograph

The prime disadvantage of the sounding rocket platform is the short observing time. Since
the amount of time above the Earth’s atmosphere is a function of payload mass, the selec-
tion of a sounding rocket platform for the ACCESS observations requires a compact and
lightweight telescope and spectrograph design to maximize the time the payload is above
the atmosphere.

The ACCESS telescope is a Dall-Kirkham cassegrain with Zerodur mirrors. The pri-
mary mirror has a 15.5-inch diameter. The telescope mirrors will be coated with aluminum
with a protective MgF2 overcoat.This coating was chosen in order to retain sensitivity in
the 3500!4000 Å range where the higher order Balmer lines provide leverage for stellar
atmosphere modeling. The telescope feeds a low-order echelle spectrograph with a cooled,
substrate-removed, HgCdTe detector.

The spectrograph is a Rowland circle design configured as an echelle (Fig. 1) used
in 1st (9000! 19000 Å), 2nd (4500! 9500 Å) and 3rd orders (3000! 6333 Å), with some
sensitivity in the 4th order. It consists of just two figured optical elements: a concave
di!raction grating with a low ruling density, and a Fery prism fery1911 with spherically
figured surfaces placed in the converging beam. The prism provides astigmatism correction
and cross-disperses the spectrum.

The flight grating (Fig. 2) is a mechanically ruled (blazed), quad-partite, concave grat-
ing with a radius of curvature of 400.7 mm, a groove density of 45 lines per mm, and a
groove depth of "660 nm. It is on a BK7 substrate coated with aluminum and a SiOx
protective overcoat. The need for a compact spectrograph design to fit within a 17.26-inch
outer diameter of the rocket skin motivated the Rowland mount for the grating. The spec-
trograph design is optimized to use the grating through a range of small di!raction angles.
This restricts the astigmatism generated by the Rowland circle mount configuration. Com-
ponent level e"ciency measurements will be made under a nitrogen gas purge when the
ground calibration fixture has been completed.

The prism needs to provide high, relatively uniform, transmission across the bandpass
extending from 3500 Å to 1.8µm. It must also provide su"cient dispersion to separate
orders and isolate the wings of the line spread function of adjacent orders on the detector
(Fig. 3 Right). Based on optical models for the prism using NBK10 glass, the minimum
separation expected between adjacent orders on the detector is 24 pixels (437µm).
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Figure 2: The flight grating. The grating is ruled along its full length in the spatial (figure
horizontal) direction. The dispersion direction is in the vertical direction. The grating is ruled in
four partites to maintain e!ciency.

The resolution of the spectrograph depends on the telescope point spread function
(PSF) and the size of the detector pixels. For the telescope PSF of 1.17!! (as achieved on
recent flights with a similar design) the 18µm pixels of the detector provide critical sampling
and produce constant wavelength resolution elements in each order, giving a resolving power
ranging between 500 and 1000 (Fig. 3).

The spectrograph housing (McCandliss et al. 1994) will be evacuated and mounted to
the back of the primary mirror base plate. An angled mirrored plate with a 1mm aperture
in the center located at the telescope focus serves as the slit jaw, allowing light to enter the
spectrograph while reflecting the region surrounding the target into an image-intensified
video camera for real-time viewing and control by the operator on the ground.

The optical elements are sealed in a stainless steel vacuum housing to provide for
contamination control, thermal stability, and calibration. A fused silica entrance window
sits behind the slit jaw and provides the seal for the spectrograph vacuum housing. The
grating and cross disperser are mounted inside along with a set of ba"es. The detector
is mounted on a bellows that is used as part of the focus adjustment mechanism. The
spectrograph vacuum is maintained by a non-evaporable getter and is monitored by an ion
gauge. The typical vacuum is << 10"6 Torr.

The focal plane detector array is a HgCdTe device with a 1024!1024 pixel format and
18µm!18µm pixels. The detector array is indium bump-bonded to a Hawaii 1-R multi-
plexer resulting in 1014!1014 active imaging pixels and 5 rows and columns of reference
pixels at each edge. The reference pixels are connected to capacitive loads rather than
active imaging pixels; they track the e#ects of thermal drift and low frequency noise.

The detector composition is tailored to produce a long-wavelength cuto# at " 1.7µ m.
The CdZnTe growth substrate is removed to provide high near-IR quantum e!ciency (QE)
and response through the visible to 3500Å. The flight detector QE (Fig. 4) is " 20% at
5000Å. This device was developed for the HST/Wide Field Camera 3 (WFC3) program
by Teledyne Imaging Sensors (TIS). The band gap corresponding to the 1.7µ m cuto#
yields low dark current at operating temperatures near 140K and results in a detector that
is relatively insensitive to thermal background radiation (Fig. 4). A cold ba"e at "200K
is mounted in front of the detector. The inclusion of additional thermal ba"es is under
evaluation.

The flight detector was selected based upon initial characterization tests. The QE
(Fig. 4) and dark tests have been repeated to ensure that detector performance has not
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Figure 3: Spot diagrams for the optical layout at a selection of wavelengths spanning the ACCESS
bandpass. Each box is labelled in microns and each spot is referenced to the chief ray. In general,
the ray trace yields images that are within 2 pixels in the dispersion direction, !4 pixels in the cross-
dispersion direction, with a minimum separation between orders of 24 pixels (18"18 µm pixels).
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Figure 4: Left: Flight detector quantum e!ciency (with the interpixel capacitance correction
applied). Right: Dark current at an operating temperature of 145K.
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Figure 5: Left: Component sensitivities for the grating design, transmissive optics, reflective
coatings, and the flight detector QE across the full spectral bandpass. The e!ciency for each order
is also plotted. Right: The flux limit for a signal-to-noise of 200 in a 400 second rocket flight is
shown for each of the four ACCESS orders imaged on the detector. The flux for three selected
targets is over plotted for comparison. Except at the very shortest wavelengths for BD+17!4708, a
signal-to-noise ratio of 200 is achievable at a resolving power of 500 in a single rocket flight.

changed and to extend QE measurements to the shorter wavelengths in the ACCESS band-
pass. Reciprocity failure testing has been conducted to measure the count rate dependent
non-linearity (Hill et al. 2010).

Characterizing the throughput of the ACCESS instrument using the a mix of predicted
and measured component e!ciencies for the grating design, transmissive optics, reflective
coatings, and the flight detector QE (Fig. 5: Left) indicates that a S/N of 200 per spectral
resolution element over the full spectral bandpass will be achieved easily for the 0th V
magnitude stars Sirius and Vega (Fig. 5: Right). Subsecond integration times will be
required to avoid saturation of the detector for these bright stars. Proven algorithms for
sub-array readouts of the detector will be used to accomplish this.

For the fainter targets (e.g., BD+17!4708) a 400 second observation yields a S/N of 200
per spectral resolution element down to the Balmer edge. Additional binning can further
increase the background subtracted signal-to-noise ratio of the acquired spectrum.

5. ACCESS Calibration

5.1. Calibration Overview

The ACCESS calibration program consists of five principal components.

1. Establish a standard candle that can be traced to a NIST detector-based irradiance
standard.

2. Transfer the NIST calibrated standard(s) to the ACCESS payload - calibrate the
ACCESS payload with NIST certified detector-based laboratory irradiance standards.

3. Transfer the NIST calibrated standard(s) to the stars - observe the standard stars
with the calibrated ACCESS payload.

4. Monitor the ACCESS sensitivity - track system performance in the field prior to
launch, while parachuting to the ground, and in the laboratory, to monitor for changes
in instrument sensitivity.
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Figure 6: Auto-collimator subsystem used to calibrate the reflectivity of the collimator primary and
secondary mirrors. From the right, a light source (not shown) feeds a vacuum monochromator, which
is fiber fed into the auto-collimator housing to an order blocking filter and input to an integrating
sphere. The output of the integrating sphere is ba!ed to match the collimator f-ratio. The light
then passes through a pinhole at the focus of the collimator and is incident on the NIST standard
photodiode detector which is positioned to measure the beam entering or exiting the auto-collimator.
The auto-collimating flat mirror (yellow) is on the left. This assembly calibrates the collimator that
will be feeding the artificial star-at-infinity to the telescope.

5. Fit stellar atmosphere models to the flux calibrated observations - confirm perfor-
mance, validate and extend standard star models.

The crux of the ACCESS instrument sensitivity is knowing the ratio of the total number
of photons entering the telescope aperture to the total number of photons detected by the
spectrograph detector as a function of wavelength.

Determination of the number of photons entering the telescope requires a source with
a known number of photons in a beam matched to the entrance aperture of the telescope.
For ACCESS, this source (Fig. 7 Bottom) consists of a stellar simulator and a collimator
to provide the “star-at-infinity” required by the telescope. The stellar simulator (Fig. 7) is
comprised of an illuminated pinhole placed at the collimator focus where the light illumi-
nating the pinhole originates with a quartz tungsten halogen (QTH) continuum lamp fed
to an integrating sphere to erase the spatial signature of the tungsten filament. The light
output from this integrating sphere is fiber fed to the vacuum monochromator. The output
from the monochromater is fiber fed, through an evacuated tube, into the 22-inch cylindrical
vacuum housing. There it illuminates an order blocking filter, followed by an integrating
sphere to generate a spatially uniform, unpolarized beam that is input to a ba!e box to
match the focal ratio of the stellar simulator beam to the F/12 collimator.

The total number of photons in the “star-at-infinity” output beam of the collimator
will be provided by two measurements. The first is a measurement of the reflectivity of
the auto-collimating flat mirror using a NIST calibrated photodiode detector standard in a
nitrogen gas purge environment. The second is a measurement of the intensity of the light
from the stellar simulator that is input to and reflected by the auto-collimator. Figure 6
illustrates the auto-collimator calibration configuration used to determine the reflectivity of
the primary and secondary mirrors. The absolute calibration transfer is obtained through
the use of a NIST calibrated photodiode detector transfer standard to measure the input
and output images at the auto-collimator focal plane.

The end-to-end calibration of the telescope with spectrograph (Fig. 7: Bottom) is then
performed as a function of wavelength by measuring the intensity of the simulated star,
measuring the count rate at the spectrograph detector, correcting for the collimator atten-
uation of the simulated star by the reflectivity of the collimator primary and secondary
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mirrors, and dividing the calibrated radiant flux by the illuminated area of the primary
mirror.

Although simple in principle, systematic e!ects, such as the uniformity of reflective
coatings, matching of the collimator and telescope apertures, the spatial uniformity of the
photodiode detectors, the transmission of the slit, the scattered light determination, the
determination of the area of the primary and secondary telescope mirrors, the stability of
the light source, etc., must be closely tracked if this process is to yield the required precision
and accuracy.

In addition to the calibration of the ACCESS payload to a fundamental irradiance
standard, ACCESS will be calibrated to both continuum and emission line fundamental
radiance standards. Using emission from tunable lasers, the NIST SIRCUS facility (Brown
et al. 2006) will provide an end-to-end radiance calibration transfer to ACCESS while the
use of a spectral light engine will calibrate ACCESS using a continuum spectral energy
distribution similar to the spectral energy distribution of the stellar targets (Brown et al.
2006).

5.2. Calibration Monitoring

An On-board Calibration Monitor (OCM) will track sensitivity changes in the telescope and
spectrograph as a function of time after the absolute calibration data have been collected
(Kaiser et al. 2010, Kaiser et al. 2008, Kruk et al. 2008). The current baseline design
(Fig. 8) of the OCM uses 8 pairs of feedback stabilized LEDs, with central wavelengths
spanning the ACCESS bandpass, to illuminate the telescope by scattering o! a di!user
mounted on the interior of the telescope cover (Kruk et al. 2008). The LEDs are located in
a multi-layer annular assembly mounted as a collar around the nose of the star tracker po-
sitioned behind the secondary mirror of the telescope. This assembly does not increase the
central obscuration of the cassegrain telescope. Feedback stabilization is achieved through
brightness monitoring of each LED by an adjacent dedicated photodiode. The OCM will
monitor instrument performance during the end-to-end transfer of the NIST calibration of
the diode standards to ACCESS in the laboratory. This will provide the necessary transfer
in sensitivity to the spectrograph detector to compare against subsequent monitoring ob-
servations of the OCM during the various I&T phases. This light source will provide the
capability to switch on-o! during an observation to check the detector dependence on count
rate. The use of the OCM will provide real time and up-to-date knowledge of the ACCESS
sensitivity.

6. Status

The ACCESS instrument and calibration hardware are in an active fabrication phase (Kaiser
et al. 2010). The telescope and spectrograph flight optics are in-hand with the exception
of the prism. The auto-collimating flat mirror has been fabricated, polished, and delivered.
The telescope optics and the auto-collimating flat mirror are ready for coating. The housing
for the collimator and auto-collimating flat mirror systems are in fabrication. The collimator
optics are ready for integration once the collimator assembly housing is delivered. The flight
detector has been selected and a subset of performance tests have been presented here.
Electronics and calibration equipment are being defined, procurred and fabricated. The
detector subsystem assembly is being finalized by GSFC and delivery to JHU is expected
within the next few months.
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Figure 7: Left: The ACCESS telescope and spectrograph (not all components are shown). Right:
Assembled ground calibration configuration of ACCESS with the collimated artificial star. From
the right, a light source (not shown) feeds a dual-monochromator, which is fiber fed to an order
blocking filter and input to an integrating sphere. The output of the integrating sphere is ba!ed to
match the collimator f-ratio. The light then passes through a pinhole at the focus of the collimator.
This resulting collimated beam is the calibrated light source for the ACCESS instrument.
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Figure 8: Onboard Calibration Monitor used to track sensitivity changes in the field and while
parachuting to the ground. The OCM LEDs are mounted in an annular ring about the star tracker
behind the secondary mirror and they illuminate a di!user on he inside of the telescope cover which
in turn illuminates the telescope primary with an angular distribution of rays.

7. Summary

ACCESS is an active sub-orbital program with a payload development component followed
by four launches over the subsequent two years. This experiment will enable a fundamental
calibration of the spectral energy distribution of established bright primary standard stars,
as well as standard stars 10 magnitudes fainter, in physical units though a direct comparison
with NIST traceable irradiance (detector) standards. Each star will be observed on two
separate rocket flights to verify repeatability to < 1%, an essential element in establishing
standards with 1% precision. The first launch is scheduled for late 2011.
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