
University of Chicago Statement of Work

The University of Chicago will be the overall manager of the Mission Concept 
study. Including the following elements:

1.  The planning of the detailed studies. The detailed studies will need to 
be coordinated with each other.  Particular attention must be paid to how 
the theoretical and systematics studies coordinate with the Mission 
Costing studies. In addition it will be important that the studies mesh 
both in timing and topic with the workshops. Chicago will be involved in 
the planning and execution of each of the detailed studies.

2. The planning of the workshops. Because the workshops are the main 
method of getting input from the community and for synthesizing the 
summaries of each major topic, good workshop organization is key. 
Chicago will work closely with the workshop organizers to ensure broad 
input and coordinated execution. Chicago will also work with the 
workshop leads to  generate each of the workshop proceedings.

3. Final Workshop. The final report writing workshop will be held in 
Chicago to initiate and organize the writing of the final report. This is a 
workshop of co-investigators and highly involved collaborators. Chicago 
will host this meeting.

4. Webpage. Chicago is responsible for generating and maintaining the 
study webpage. This includes an internal page for collaborative writing 
and co-investigator and collaborator interaction, and a public part to 
provide access to the activities and intermediate and final results of the 
Mission Concept Study.

5. Final Report. Chicago will be responsible organizing the co-investigators 
for writing the final report. The publication of the final report and 
delivery to NASA and to the Decadal Survey will be the responsibility of 
the PI.



• Webserver computer – We request $4,000 for the purchase of a webserver 
computer to facilitate the web publication of the study and study activities and to 
enable communications among the collaborators and gathering of workshop 
results. 

 
SUBAWARDS 
We request funding for six subawards to the following universities:  Case Western 
Reserve University; Princeton University; Harvard University; University of California at 
Berkeley; University of California at Berkeley; and the University of Minnesota.  Each 
subaward recipient will host a workshop at their respective institution on CMB-Pol 
topics.  A statement of work and detailed budget with justification has been provided for 
each in their respective sections of this proposal.  We are also requesting funding for a 
seventh subaward for a yet “to be named” university with its budget and statement of 
work similar in scale to the subaward requested for Harvard.  Once named, we will seek 
final approval from NASA before awarding these funds.  
 
OTHER DIRECT COSTS 
The following four federally funded institutions will also participate in the study: Fermi 
National Accelerator Laboratory; Goddard Space Flight Center; Jet Propulsion 
Laboratory; National Institute of Standards and Technology in Boulder, Colorado.  Two 
of the institutions, Fermilab and NIST, Boulder will host workshops. JPL will carry out 
most of the two costing studies. A statement of work and detailed budget with 
justification has been provided for each in their respective sections of this proposal.  
Their costs are included in this proposal budget but it is understood that their funding will 
be awarded directly to them. 
 
INDIRECT COSTS 
Per our rate agreement dated 03/15/07 with our cognizant federal agency, the Department 
of Health and Human Services, a rate of 53.5% is applied to Modified Total Direct Costs 
(i.e., Total Direct Costs less D. Equipment) for University of Chicago activities.  For the 
six subawards, a rate of 53.5% is applied to the first $25,000 of payments made by the 
University to subaward recipient.  No overhead is assessed on any payments to the 
federally funded institutions. 
 
 



 
A Study for a CMB Probe of Inflation 

 
 

Task Statement 
Case Western Reserve University 

 
 
The overall proposal to NASA, of which this subcontract is a part, seeks to gather 
information from the CMB community relevant to a long-term program of instrument 
development and testing leading to a future satellite mission.  A report, written to NASA, 
will be the end-product of this proposal.  Several workshops will be sponsored to gather 
and develop the material which will go into that final report. 
 
This proposal funds work by the Case PI (Prof. John Ruhl) during the grant period 
(2/1/2008 to 1/31/2009) to help coordinate a workshop on systematic effects relevant to 
measurements of CMB polarization anisotropies, especially with regard to a potential 
future satellite mission.  Prof. Ruhl will work with the lead PI (Prof. Stephan Meyer at U. 
Chicago) and other members of the team both to coordinate that workshop, and to write a 
report based on that workshop that will serve as input to the final report for this project to 
NASA.  Funding for the workshop itself is not included in this subcontract.  Prof. Ruhl 
will also work with Prof. Meyer and collaborators to write the final report to NASA. 
 



A Study for a CMB Probe of Inflation 
Fermi National Accelerator Laboratory 
Scott Dodelson, Principal Investigator 

 
 

Statement of Work: Theory, ancillary science and  
foregrounds CMB Workshop 

 
Scott Dodelson will lead and be responsible for this workshop. It will 

take place over 4 days in May, 2008. A number of people at Fermilab have 
agreed to help as well, including Albert Stebbins, who wrote the initial 
papers on E/B decomposition. There will be presentations in the morning 
followed by afternoon and evening subgroup meetings. Each subgroup has a 
topic or set of topics which they are to develop into a report which 
summarizes the topic.  

Here is an outline of the initial work that will be done to set up this 
workshop: 

1) Identify and recruit co-organizers (December 31, 2007) 
2) Decide on a set of dates (January 15, 2008) 
3) Invite participants (January 31, 2008) 
4) Send out preliminary announcement (February 15, 2008) 
5) Design/mail poster (February 29, 2008) 
6) Organize sessions and subtopics (March 31, 2008) 

 
 

Following the workshop, a proceedings including the written versions of the 
presentations, the subgroup written findings and a workshop summary 
outlining the findings and results of the workshop will be compiled. 
Dodelson will write the workshop summary and compile the proceedings. 
 
A webpage of the activities and progress will be maintained. It will contain 
streaming video of all talks, the reports, the workshop proceedings and the 
drafts of the report as it develops. Access to the webpage will be open. 
 
The Conference Office at Fermilab has vast experience organizing 
workshops of this scale. The office handles of order 25 conferences and 
workshops every year. Personnel in the Conference Office will: 

 Provide with all the necessary equipment and staff  
 Assist in planning menus for all food and beverage events  



 Arrange for all the food and beverage services  
 Contract with outside services (banquet facilities, buses, poster 
printer, equipment rental, etc.) 

 Send out a poster to our specified distribution list 
 Prepare and process purchase orders for supplies and equipment  
 Contract for purchasing proceedings of the meeting 
 Set up and manage on-line registration database (collect money 
and checks, process payments, make deposits, process credit 
card purchases, process project/task transfers, name badges, 
visitors passes, process information for non-U.S. citizens 
approval for site access, companion badges, etc.) 

 Make arrangements for supported people 
 Process payment or reimbursement of travel costs 
 Set up project/task numbers as required, managing those 
project/task accounts, tracking funding and billing and seeing 
that appropriate funds are used for allowable and unallowable 
costs  

 Provide links to general information pertinent to the meeting 
(driving directions, maps, hotel rate information, participants 
list, etc.) 
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A Study for a CMB Probe of Inflation 
Statement of Work 

 
Gary Hinshaw is a Co-Investigator on a proposal to NASA titled “A Study for a CMB Probe of 
Inflation.” The proposal is submitted by Stephan Meyer of the University of Chicago.  John Ruhl 
(Case Western Reserve University) and Gary Hinshaw (NASA/Goddard) will lead a workshop 
titled ‘Systematic Error Mitigation for a CMB Probe of Inflation’. The purpose of the workshop 
is to gather community input and distill it into a coherent systematic error budget that will guide 
the implementation of a future Probe of Inflation.  The workshop will take place in Baltimore in 
June or July of 2008.  Ruhl and Hinshaw will select the participants, set the program, and task 
the participants to provide preparatory material, give presentations, and write papers. They will 
organize task forces that will discuss sub-topics during the workshop. They will transform the 
reports of the task forces, the presentations, and the papers into a report. The report will become 
a chapter in a more comprehensive report that is anticipated to be one of the outcomes of the 
NASA grant. In addition, Hinshaw will oversee the organization of the conference venue.  For 
this work, NASA/Goddard will receive a subcontract that will pay fees associated with the 
organization and use of the conference venue, and travel support for Hinshaw to attend the other 
workshops that are taking place as part of this grant.  
 



Statement of Work 
 

PI: Matias Zaldarriaga 
Harvard College Observatory

NASA ROSES 2007 
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A Study for a CMB Probe of Inflation 
 

Period of Performance: 2/1/08 - 1/31/09 
 

The full academic year salaries of members of the Faculty of Arts and Sciences are paid by Harvard 
University with the understanding that they will ordinarily teach and conduct research freely 
and flexibly and not make substantial, specific quantified commitments of time and effort to 
specific organized research projects. 
 
As part of this proposal the PI will study theoretical questions connected to the design 
choices for a mission to probe inflation using the B modes of the CMB polarization. One 
of the main contaminants for such studies are B modes generated by gravitational lensing. 
These B modes are expected to dominate on small angular scales but depending on the 
strength of the gravitational wave background, can also degrade measurements on large 
angular scales. 
 
The lensing contamination can be cleaned if precise measurements of the temperature and 
polarization on small angular scales are available.  Together with a graduate student we 
will study whether it is feasible to use ground based measurements of the anisotropies 
(such as those that will become available with SPT and ACT) to clean the lensing signal 
from the B modes measured using lower resolution but higher sensitivity maps produced 
by a satellite mission.  Could such a strategy allow one to improve the sensitivity to 
inflationary B modes while still having a mission with relatively low resolution and thus 
lower cost?  What are the requirements on the ground based observations for this to be 
possible?  What fraction of the sky should be covered from the ground in order for this 
strategy to be effective? The PI and the student will also study how such mixed strategy 
might affect other ancillary science goals of a future polarization mission. 
 



JET PROPULSION LABORATORY 
A Study for a CMB Probe of Inflation 
 
 

Statement of work for amplifier-based CMBpol mission: 
 
We plan to investigate the system configuration, implementation, requirements, and cost 
of a CMB polarization mission based on HEMT amplifier technology. Specific tasks 
include: 
 

1) Develop a baseline focal plane design that includes total number of detectors, 
distribution among frequencies, estimated sensitivity per frequency channel, and 
total active power dissipation.  We will construct several versions of the 
sensitivity estimate based on today’s amplifier technology and extending to 
anticipated future developments. Our starting assumptions include active cooling 
of a 4 W load to 20K operating temperature. A focal plane with 160 detector 
elements at 70 GHz could provide a sensitivity of 111 nK per 1 deg square pixel 
in a 4 year mission, assuming modest improvements in amplifier technology. The 
amplifier technology would be based on High Electron Mobility Transistors 
(HEMTs). Several HEMTs are combined to form an amplifier in a Monolithic 
Microwave Integrated Circuit (MMIC), which are then combined with other 
components in a compact polarimeter module. Such modules are currently under 
development for the QUIET (Q/U Imaging ExperimenT) project, a ground-based 
CMB polarization measurement to be deployed in the Atacama desert later this 
fiscal year. Dr. Seiffert will lead this aspect of the work. 

 
2) Develop a baseline active and passive cooling configuration, including type of 

cooler, estimated cooling power at a variety of temperatures, required thermal 
stabilization of the cold end stage, amount of heat that would need to be radiated 
at various stages,  overall electrical power consumption, and cooling system mass. 
Three configurations appear viable:  

a. A high capacity staged pulse tube, which could provide 2 W of cooling at 
35 K, and 19 W at 85 K. The cooler would consume 500-700 W power at 
would have a compressor mass of approximately 20 kg.  Such a system 
would feature a compressor with very high reliability,  but drawbacks 
include difficult system integration and a cold-head redesign to provide 
greater cooling capacity. 

b. A two-stage stirling cryocooler. An existing model manufactured by Ball 
provides 0.8 W cooling at 35 K and 2.5 W cooling at 115 K with a power 
input of 110 W and a mass of  ~ 10 kg. Several such coolers could be 
operated in parallel. This cooler has the best efficiency, has a compressor 
with very high reliability, but again system integration may be difficult 
and a cold-head redesign may be required. 

c. Sorption cooler. A model based on the JPL-designed Planck 20K cooler 
could provide 4 W cooling at 20 K, with 950 W of input power and 90 kg 



mass.  Advantages include no geometrical and mechanical constrains for 
the integration (compared to pulse tube and stirling) and 20 K cold-end 
temperature. Disadvantages include the need  for 2 W of pre-cooling @ 50 
K, and a need for a redesign of the liquid vapor heat exchangers (currently 
addressed by a technology program). 

Dr. Lawrence will lead this aspect of the work. 
 

3) Derive a mechanical configuration of components and subsystems. The 
components and subsystems include the detector modules, feed horn array, fore-
optics, polarizing elements, and the cooler subassembly.  The design for many of 
these elements can be taken from on-going ground-based CMB experiments. Dr. 
Seiffert will supervise this aspect of the work, which will be performed by an 
experienced JPL instrument engineer. 

 
4) Provide preliminary mission requirements including instrument mass, instrument 

power, telemetry requirements, and pointing requirements.  Dr. Seiffert will 
collect the inputs from the various instrument aspects and summarize in a table.  

 
5) The mission requirements will be used as input for a baseline mission design, 

which will be performed by JPL Team-X. 
 
6) Use the above information to perform a cost estimate for the mission. This 

activity will be performed by the JPL costing office in coordination with a Team-
X study at JPL.  

 
 

Statement of work for scanning strategy investigation: 
 
We will focus on analysis of the impact of the scanning strategy on the quality of 
measurements of CMB polarization. Important issues to be clarified include: the choice 
of partial vs. full sky coverage of observations, smoothness of the distribution of 
integration time on the sky, uniformity of coverage of  polarimeter orientation angle at 
each pixel on the sky, and the impact of all these factors on separability of the E and B 
polarization modes. 
 
Designing a system that provides optimal coverage of polarimeter orientations 
(for all detectors) at all sky pixels will require extensive interaction with the hardware 
design teams. 
 
This work will be led by Dr. Gorski. 
 
 

Statement of work for component separation investigation: 
 



We will investigate the design requirements placed on a CMB polarization mission by the 
need to separate the CMB signals from confusing foregrounds.  We will focus on two 
questions: 

1. What is the optimum range of frequencies to observe?   
 

2. What relative noise level per frequency gives optimum separation of foregrounds?  
The answer to this, coupled with the relative sizes and noise levels of 
feeds/detectors as a function of frequency, determines how the focal plane area 
available to an experiment should be divided. 

 
The main tool for this investigation will be simulations based on a model of the polarized 
sky developed by the Planck mission that includes synchrotron, free-free, dust, 
anomalous dust, and discrete source components, and a method or methods of foreground 
separation that allow direct comparison of the effect of different designs on the angular 
power spectrum and cosmological parameters. 
 
This work will be led by Dr. Dickinson, with assistance from Dr. Lawrence. 
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A Study for a CMB Probe of Inflation 
Statement of Work 

 
 
Shaul Hanany is a Co-Investigator on a proposal to NASA titled ‘A Study for a CMB Probe of 
Inflation’. The proposal is submitted by Stephan Meyer of the University of Chicago.  
 
Hanany and Kent Irwin (NIST, Boulder) will lead a workshop titled ‘Technology Development for a 
CMB Probe of Inflation’. The purpose of the workshop is to assess the technology development that 
must take place before a future NASA inflation probe can be implemented. The workshop will take 
place in Boulder in August or September of 2008. Hanany and Irwin will select the participants, set 
the program, and task participants with preparing presentations, preparatory material, and papers. 
They will organize task forces that will discuss technology sub-topics during the workshop. They 
will transform the reports of the task forces, the presentations, and the papers into a report. The 
report will become a chapter in a more comprehensive report that is anticipated to be one of the 
outcomes of the NASA grant.  
 
For this work Hanany will receive a subcontract that supports one month of summer salary, travel 
support to attend the several workshops that are taking place as part of this grant, and 6 months of 
salary for a post-doc who will assist in the preparation toward the workshop and in assembling the 
material afterwards.  
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A Study for a CMB Probe of Inflation 
Statement of Work 

 
Kent Irwin is a Co-Investigator on a proposal to NASA titled “A Study for a CMB Probe of 
Inflation.” The proposal is submitted by Stephan Meyer of the University of Chicago. 
 
Shaul Hanany (University of Minnesota) and Kent Irwin (NIST, Boulder) will lead a 
workshop titled ‘Technology Development for a CMB Probe of Inflation’. The purpose of the 
workshop is to assess the technology development that must take place before a future NASA 
inflation probe can be implemented. The workshop will take place in Boulder in August or 
September of 2008. Hanany and Irwin will select the participants, set the program, and task 
participants with preparing presentations, preparatory material, and papers. They will organize 
task forces that will discuss technology sub-topics during the workshop. They will transform 
the reports of the task forces, the presentations, and the papers into a report. The report will 
become a chapter in a more comprehensive report that is anticipated to be one of the outcomes 
of the NASA grant. In addition, Irwin will oversee the organization of the conference venue, 
working with NIST’s conference program manager. 
 
For this work, NIST will receive a subcontract that will pay fees associated with the 
organization and use of the conference venue, and travel support for Irwin to attend the several 
workshops that are taking place as part of this grant. Dr. Irwin’s salary while working on the 
workshop will be paid by funding that NIST has provided to support the community in 
developing a CMB polarimeter mission. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



Princeton University Statement of Work 
 
"A Study for a CMB Probe of Inflation" 
 
We propose to study two aspects of a CMB Probe of Inflation. The first and 
dominant one will be aimed at helping to assess the current state of what we 
know about polarized foreground emission. The second one will be aimed at 
a detailed study of a key element for a future mission, a high gain 150 GHz 
corrugated feed. The group at Princeton has extensive experience in both of 
these areas. 
 
I) Polarized Foreground Emission. 
 
The tell tail signature of the B-modes from an inflationary epoch are found 
at large angular scales. There are two characteristic features, one at l ~ 5 that 
results from reionization of the universe by the first stars and the other at 
l~90 that results from the decoupling process. With the recent release of the 
WMAP all sky polarization maps it was seen that at 30 degrees angular 
scales (l=5) polarized synchrotron and dust emission dominate over an r=0.3 
B-mode signal by a factor of ~5 (in temperature) at the least contaminated 
frequency near 65 GHz. Thus it is clear that we will have to be able to model 
and subtract foreground emission to see the l=5 feature. The situation at 
$2^\circ$ angular scales (l=90) is less clear. There are likely region of sky 
where a r=0.3 B-mode signal exceeds the foreground level by an order of 
magnitude. The basic reason for the discrepancy at the two angular scales is 
that thermal dust emission is mostly confined to regions near the galactic 
plane. 
 
We see four areas that need study. 
1) Bring the assessment of the levels of foreground contamination in the 
Weiss report up to date. At the time of the Weiss report, the WMAP result 
had not been released and thus accurate forecasts could not be made. We 
now know much more about polarized synchrotron emission and somewhat 
more about polarized dust emission. Over the next year we will learn still 
more but the core of what we know will be rooted in WMAP. For the report 
that results from this study, we will include an up to date assessment. 
2) Estimate errors in CMB maps (and cosmological parameters) due to 
foregrounds at large angular scales. We will develop and improve tools for 
propagating errors in the polarized Galactic foregrounds through to CMB 
polarization maps. We have already implemented a method for 



marginalizing over the synchrotron and dust foreground components using 
Gibbs sampling, at a level applicable for WMAP. An extension of 
this method will be ideal for forecasting the performance of future 
experiments given different foreground behaviors. The goal would be to find 
the frequencies and sensitivities required to measure a given tensor-to-scalar 
ratio. 
3) Determine whether external data are useful for foreground removal, or 
whether the CMBPol maps must be used alone. 
4) Search the space of sky coverage and frequency coverage to see if there is 
an optimum for measuring both the l=5 and l=90 B-mode signature. The two 
people that will lead this are Joanna Dunkley and Lyman Page. They will 
work with students. David Spergel will play an advisory role. 
 
II) Corrugated feeds for a polarization mission. 
 
One of the key elements of a potential future mission is the optics. An 
attractive possibility is a mission with optics based solely on corrugated 
feeds. The advantage is that one can compute the beam and its polarization 
properties to high accuracy. However, no one knows if a simple feed with 
high enough gain (~35 dBi) can be built. The second part of this proposal 
will be aimed at designing such a feed for 150 GHz. This part of the 
proposal will be led by Lyman Page and advised by Prof. Suzanne Staggs. 
Page and Staggs have designed and/or led the design of numerous feeds 
including the ones on WMAP 



 

University of California, Berkeley 
A Study for a CMB Probe of Inflation 

Statement of Work 
 
 
 Professor Adrian Lee is a co-investigator and Dr. Huan Tran is a collaborator in 
the proposal to NASA entitled “A Study for a CMB Probe of Inflation” with Professor 
Stephan Meyer as Principal Investigator.  Lee and Tran plan to carry out a technical study 
of a “high resolution” option for CMBPOL, the Einstein Probe.  The current “low 
resolution” option has a resolution of 0.5˚ to 1˚, but it is scientifically interesting to study 
a higher resolution option with 4 to 10 arc-minute resolution which would be able to 
study the gravitational lensing of the polarized CMB.   

The Berkeley team will study instrument designs centered around telescopes 
with the required angular resolution.   The emphasis will be on producing a design that 
will result in a cost-efficient mission.  We will produce several candidate designs and 
perform detailed optical simulations of them.  These simulations will look at the ray-limit 
optical performance as well as the polarization performance.  Costing of these optical 
designs will be done in collaboration with the JPL group led by Jamie Bock.   

 
 








