





Figure 4. Low-resolution EPIC mission configuration, using multiple 30 cm cryogenic refract-
ing telescopes operating arrays of 100 mK bolometers in bands between 30 B 300 GHz. The
instrument is cooled to 2 K by a long-duration liquid helium cryostat, the outer shell of which
is passively cooled to 40 K. The experiment scans the sky with a spinning and precessing scan
strategy covering more than half the sky in a 24 hour period with a high degree of uniformity and
angular coverage. A deployed shield keeps radiation from the sun, earth, and moon from entering
the optics or causing thermal disturbances.

polarimeters are now producing maps with sensitivity <1 Kgys in 1 degree? pixels on
small regions of sky, demonstrating the basic technique but at 20 times lower sensi-
tivity than will ultimately be required over the entire sky. The EPIC study developed
a low-resolution mission configuration, based on multiple 30-cm refracting telescopes
similar to the optics used in the BICEP experiment, and a high-resolution mission con-
figuration, based on a 3-m Gregorian-Dragone reflecting telescope similar to the optics
developed for the EBEX and Polarbear experiments.

We propose to expand the work of the EPIC study to assess the scientific tradeo [s1h
the choice of frequency bands and aperture diameter(s). The understanding of system-
atic error control is critical, and we propose to extend the current analysis to quantify in
particular the impact of 1/f noise, scan strategy, and control of main beam mismatches.
The large 3-m mission option opens the possibility for strong ancillary science, and we
will investigate alternate optical configurations that could reduce the mass and cost of
this configuration.

4.c.2 Amplifier Mission Concept

Amplifier focal planes provide a number of advantages for a CMBPol mission. Among
these is the possibility of obtaining all Stokes parameters for each pixel of the focal plane
continuously, the fact that the focal plane can be run at 20K rather than at sub-Kelvin
temperatures, the ability of using of a correlation receiver which permits di Lerkncing
inputs before the detection process. The disadvantages are the lower sensitivity due to
the “amplification noise” which is a fundamental noise introduced with amplification,
and higher power operation of the focal plane.

As with the bolometer mission study, the amplifier mission concept study will ex-
pand on an earlier study, in this case an Explorer Class mission. The challenges unique
to the amplifier focal plane are the cooler and the sensitivity. In the previous study, three
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Figure 5: An schematic of the polarimeter components on the integrated circuit module of
QUIET. Left- and rightcircularly-polarized radiowaves enter from the top, both fed from the same
input horn which is one pixel in the focal plane. Phase switches in each arm (indicated by +1) are
operated one at a time and provide the Dicke-switching which separates the polarized signal from
the total power. The signals pass through low noise amplifiers (LNA) , and then enter a series of
hybrid couplers, detailed in the text. PS indicates power splitters. The demodulated outputs of
detector diodes 1 and 2 are proportional to the Stokes parameter Q while diodes 3 and 4 encode
U after demodulation. Filters have been omitted for clarity.

cooler options were appraised, a staged pulse tube cooler, a two stage Stirling cooler,
and a Sorption Cooler. These will each be reevaluated in the light of this mission.

The amplifier sensitivity and power requirements are another element of this study.
The current generation use InP amplifiers, which achieve the lowest system tempera-
tures available for these large bandwidths at frequencies below 100 GHz. Low noise
amplifiers at 40 GHz and 90 GHz with greater than 20% bandwidth and state of-the-art
noise performance have been demonstrated by members of this team. A 90-GHz four-
stage amplifier was developed for radio astronomy applications and has been used in
CAPMAP, SZA, SEQUOIA, AMIBA, JPL’s Deep Space Network and at the E [el$berg Tele-
scope. The noise measured for this design is between 40 and 50 K when cooled to 20 K
as shown in Figure 6.

4.d Final Report

After the three summer workshops, the core team of investigators (the co-investigators
and the PI) will meet at Chicago to organize the writing of the final report. During the
meeting the leads of the workshops and the detailed reports will present their sum-
maries. This information will be used to formulate the report.

Figure 3 shows the schedule of the final report activity. After a first version of the
report is completed, we will solicit comment from the community on the report and
its conclusions. This input will be used to make any necessary modifications. The final
report will be ready at the end of January 2009. The report will be delivered to the NASA

Starting September 2008, with the reports from the studies and the workshops in
hand, the final writing of the report would begin. The Pl and the Cols would be re-
sponsible for the final report. Everything in the study including the final report and
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Figure 6: noise curves of one of our MMIC amplifiers. Two dozen of the 90 GHz amplifiers are
currently operating in CAPMAP with a typical receiver noise of 50 K. The 40 GHz amplifiers have
20 K typical noise and are also operating in CAPMAP. We have demonstrated similar band-average
performance in the QUIET modules.

the workshop and detailed study report will be public. The final report, the study and
workshop reports and the workshop presentations will be a useful resource to the com-
munity following the completion of the report.

4.e Webpage

Throughout the proposed period of activity and for a period thereafter a study web-
page will be maintained. The webpage will announce study activities and workshops.
It will be an open repository for the detailed studies, the workshop proceedings, study
conclusions and final report. The webpage will be accessible to all and a mechanism
for sending comments will be provided. In addition we will maintain a small outreach
webpage explaining the activity of the study and the relevant science at a level aimed at
the gerneral public.

We plan to organize the material on the webpage so that it will be useful as a reference
for the community in addition to being aimed at the decadal survey committees and
other NASA committees. The final report and all the underlying reports and materials
will be in a single, organized location.

5 Management

The CMBPol study will bring input from as wide a group as possible. It also must
converge within the one year study period. This requires a carefully constructed man-
agement structure.

The PI has overall responsibility for the timely completion of the study and writing
of the report. In this he is assisted by the Co-Investigators who each have responsibility
for one of two activities: a workshop or a detailed study.

The workshops are the mechanism which brings collaboration from a large part of
the interested community into the study. Careful planning before the workshops will be
needed and is the responsibility of the co-investigator in charge of the workshop. The
workshop, consisting of presentations followed by analysis of specific topics by sub-
groups will result in a proceedings which is the responsibility of the workshop lead. The
workshop title and leads are shown in Figure 7. The workshop lead will also organize
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Figure 7: The CMBPol Mission Concept Study is organized around two activities. Workshops
which bring in the opinions and ideas of the community and detailed studies which look at specific
issues for a CMBPol mission. The detailed studies are a major input to the workshops themselves.
As the chart indicates, interactions between nearly all studies with each other and the workshops
will tie the study together. Two mission cost studies will be carried out and the results will be

presented in two of the three workshops.

the topics, designate a subgroup chair and ensure that each topic is fully developed
within the subgroup. The subgroups will be responsible for a summary of their topic
and the generation of a written set of conclusions. Anyone contributing a presentation
and written contribution to one of the workshops will be considered a collaborator. The

subgroups will consist of both collaborators and Cols.

Another set of co-investigators will carry out detailed studies on particular topics.
These include costing studies as well as the studies on scanning, foregrounds, and
instrumentation. The study results will be presentated at one of more of the workshops

and a written report will be folded into the final proposed report.
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