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2 Executive Summary

2.1 Overview
The goal of this program was to design, build,
test, and characterize a flight qualified calibra-
tion source and monitor for a Dark Energy re-
lated experiment: ACCESS - “Absolute Color
Calibration Experiment for Standard Stars”.

This calibration source, the On-board Cali-
bration Monitor (OCM), is a key component
of our ACCESS spectrophotometric calibration
program. The OCM will be flown as part of
the ACCESS sub-orbital rocket payload in addi-
tion to monitoring instrument sensitivity on the
ground. The objective of the OCM is to mini-
mize systematic errors associated with any po-
tential changes in the ACCESS instrument sen-
sitivity. Importantly, the OCM will be used to
monitor instrument sensitivity immediately after
astronomical observations while the instrument
payload is parachuting to the ground. Through
monitoring, we can detect, track, characterize,
and thus correct for any changes in instrument
senstivity over the proposed 5-year duration of
the assembled and calibrated instrument.

2.2 How the Project Contributes to the
Field of Research

The OCM is a feedback stabilized light source
that will be flown as part of the ACCESS instru-
ment. It will provide data on the instrument sta-
bility immediately after the astronomical obser-
vations have been performed. This provision to
provide feedback on instrument performance at
the time of observation constrains systematic er-
rors and is the reason why the OCM is an essen-
tial element of the ACCESS instrument whose
goal is to provide precise measurements of stel-
lar sources to enable the establishment of an im-
proved astrophysical flux scale.

ACCESS (Kaiser et al., 2008, 2009) is a series
of rocket-borne sub-orbital missions and ground-
based experiments whose primary purpose is to
provide the first step in the fundamental color
calibration required by SNe Ia observations ob-
tained in pursuit of understanding the nature of
Dark Energy (DE). The ACCESS program is de-
signed 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 National Institute of Standards and Technol-
ogy (NIST) irradiance standards. The absolute
calibration of the telescope and spectrograph will
be performed to obtain direct measurement of
the absolute fluxes in physical units using cali-
brated detectors as the fundamental metrology
reference. These flux measurements will also
place the existing networks of standards on an
improved absolute scale and make them available
to all telescopes enabling their use as standard
sources.

To achieve this goal, a series of ground-based
tasks needs to be completed. The design, fabri-
cation and characterization of a calibration mon-
itoring system, the OCM, is one of these tasks.

2.3 Project’s Specific Relevance to Dark
Energy Programs

The OCM program contributes to SNe Ia
based dark energy investigations, by enabling
the establishment a high-precision photometric
and spectrophotometric calibration system in
the ultraviolet, visible, and near-infrared. In-
creasing the precision in the visible through near-
infrared spectrophotometric calibration system
is important for flux-based astronomical mea-
surements and specifically for the determination
of precision photometric redshifts, K-corrections,
and luminosity distances in SNe Ia based Dark
Energy measurements by minimizing one of the
systematic errors that can reduce the precision
of these results.

The OCM is a vital component in achiev-
ing this increased precision in the spec-
trophotometric calibration by enabling knowl-
edge/monitoring of the instrument sensitivity
from the moment the instrument payload is cal-
ibrated to immediately after the observation is
executed.

2.4 Project Design and Technical Effec-
tiveness

The OCM system tracks the instrument sen-
sitivity by providing a feedback stabilized light
source to the instrument. This system consists of
an illuminating source, a current feedback con-
troller, and an optical transfer system to deliver
a uniform illumination to the telescope (Fig. 1).

The illuminating source is a ring of LEDs
pairs. Each pair has a unique central wavelength
and the ensemble of LEDs spans the wavelength
range of the instrument. Each LED is monitored
by a photodiode that provides input to the cur-
rent feedback controller and results in a constant
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light output from the LED. The optical transfer
system consists of a diffuser mounted on the inte-
rior of the telescope cover. The stable illumina-
tion of the diffuser provides the source that will
be monitored during the absolute ground cali-
bration, in the field prior to launch, and in-flight.

This program has resulted in the (1) mea-
surement of the temperature dependance of the
flux output of the LEDs, (2) the measurement
of LED brightness as a function of current, (3)
the selection of a spectrally uniform diffuser ma-
terial (Frostkote) to be mounted inside the tele-
scope cover as part of the OCM, (4) the measure-
ment of a sample of LEDs to select for spectral,
spatial, and brightness suitability, (5) detailed
spectral measurement of LEDs, (6) selection of
monitoring photodiodes, and (7) the design of
the OCM electronics and feedback system based
on the LED and photodiode measurements per-
formed.

2.5 Project Accomplishments

This program has proven the feasibility of
the original concept of illuminating a diffuser
mounted inside the telescope cover/shutter with
a ring of feedback stabilized LEDs located near
the telescope secondary mirror.

The tests and measurements outlined in the
previous section enabled the selection of LEDs,
feedback photodiodes, diffuser material, and
design of the feedback electronics and circuit
boards and procurement of the flight unit.

The instrument payload is currently being fab-
ricated. The final implementation and test of
the flight unit will occur during payload inte-
gration and test. As a result of the tests and
measurements performed in the lab as part of
this program, dual stabilization of the LEDs on
temperature and brightness may be necessary for
the flight unit. Consequently, the flight unit is
awaiting the determination of the base operating
temperature. Once this has been determined the
unit will be delivered, integrated, and the final
tests performed.

The results of these tests have been published
as conference proceedings. The results of the
integrated assembly will be published when the
payload is completed and those tests performed.

2.6 Project Activities

The program consisted of building a test de-
vice to measure the brightness ofthe LEDs as a
function of temperature and current. In addi-
tion, a prototype was built to determine the in-

Figure 1: The OCM LEDs are mounted in an annu-
lar ring about the star tracker behind the secondary
mirror and they illuminate a diffuser on the inside of
the telescope cover which in turn illuminates the tele-
scope primary with an angular distribution of rays.

tensity and spatial uniformity of the LED output
and the reflective (spatial and spectral) unifor-
mity diffuser material. This required integrating
an xy-stage to the telescope prototype to obtain
measurements. A monochromator system was
used to measure the spectral distribution of the
LEDs and select LEDs that would provide ade-
quate bandpass coverage.

The dependence of both the central wave-
length and brightness of the LED output on tem-
perature (e.g. Figs. 2 & 3) may result in imple-
mentation of an additional control component
(temperature in addition to brighness feedback).

2.7 Publications

The design and mesurements of the OCM were
presented at two conferences, the SPIE Astro-
nomical Instrumentation Conference, Marseille
France, June 23, 2008, sponsored by SPIE, the
Society of Photo-Optical Instrumentation En-
gineers (Kruk et al., 2008) and at the CAL-
CON Technical Conference on Characterization
and Radiometric Calibration for Remote Sens-
ing, Logan, Utah, August 24, 2009 sponsored by
the Space Dynamics Laboratory and Utah State
Research Foundation (Kaiser et al., 2009).

Both conference proceedings publications are
included with this technical report.
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Figure 2: The spectral energy output of the LED

as a function of temperature is shown for the 470nm

LED. The total intensities have been normalized to

common values, representing the effect of feedback

control Kruk et al. (2008).
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Figure 3: The spectral energy output of the LED

as a function of temperature is shown for the 639nm

LED. The total intensities have been normalized to

common values, representing the effect of feedback

control Kruk et al. (2008).


