QUIET-II

Introduction

The Cosmic Microwave Background (CMB) is a rich and indispensible tool for probing inflation, the theory describing superluminal universal expansion during the Big Bang.  Inflation is deeply related to High Energy Physics at the GUT scale.  Many inflationary models predict the presence of primordial gravity waves, which imprint a polarized “curl” pattern (B-mode) into the CMB. 

The goal of QUIET-II[footnoteRef:-1] is sensitivity to the B-mode polarization with T/S < 0.01.  QUIET-II is the follow-up of QUIET-I, an NSF-approved experiment currently collecting data using 19 Q and 91 W band modules in Atacama, Chile.  QUIET-II would use ~1500 polarization modules.  The modules utilize High Electron Mobility Transistors (HEMT) fabricated into Monolithic Microwave Integrated Circuits (MMICs) developed at JPL.  They would operate at ~20 Kelvin in the Ka, Q, and W bands. [-1:  http://quiet.uchicago.edu/] 


The QUIET-II collaboration consists of Caltech, Chicago, Columbia, Manchester, MPI-Bonn, Oslo, JPL, Miami, KEK, Princeton, Michigan, Oxford, Stanford, with SLAC and Fermilab proposing to join in 2009.   The Fermilab team consists of Fritz DeJongh, Scott Dodelson, Donna Kubik, Hogan Nguyen, and Albert Stebbins.  Led by Bruce Winstein, the QUIET team brings a wealth of CMB experience, merging groups from CAPMAP, CBI, and QUAD.  QUIET has successfully integrated traditional HEP groups such as KEK.  QUIET is a pioneer in engaging the DOE national labs as an intellectual partner into CMB science.  In particular, the Fermilab group has worked intensively with Chicago and KEK on receiver operations and data analysis, and with Caltech and JPL on module assembly and testing. 

QUIET has appeared before review panels such as the Fermilab PAC, the PASAG, and the NSF-appointed national review panel.   The NSF panel recognized that QUIET has established a different approach from nearly every other major B-mode experiment, using pseudo-correlation HEMT receivers in the W-band frequencies and below to control the synchroton foregrounds.  They state that this is essential for controlling systematic errors in order to make a convincing B-mode discovery.[footnoteRef:0] [0:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/Excerpt-NSF-Rev-Panel.doc] 


The Fermilab team proposes to assemble and test the 1500 W band modules[footnoteRef:1], and deliver them to the collaboration for assembly into 3 focal plane cryostats (one cryostat would be located at Fermilab).  The assembly work would take place at Sidet, the Fermilab facility with extensive experience in high volume assembly and testing of silicon detectors for HEP.  The Sidet staffing and tools are exactly the ones needed by QUIET-II:  clean room space, microbonding tools, robotic microassembly, and large clean buildings for focal plane assembly and commissioning.  Other Fermilab contributions include building calibration tools and design engineering of the microwave-transparent cryostat vacuum windows. [1:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/instrumentation.jpg] 


Milestones

	FY09
	Fermilab designs and constructs motorized wiregrid for QUIET-I W-band array. Wiregrid is used to commission W-band array in Chile.[footnoteRef:2]  [2:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/2009_06_qband_wiregrid_collaboration_meeting.ppt] 


	
	Fermilab hosts 3-day QUIET Collaboration Meeting.  

	
	PASAG endorses Fermilab participation in QUIET-II, at the level outlined in the QUIET-II proposal, in any funding scenario.

	
	Fermilab designs and constructs 20-Kelvin Black Body absorber for testing modules in conditions similar to the Chilean sky.  Fermilab completes engineering studies of QUIET vacuum windows and materials.[footnoteRef:3]  [3:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/Summary.doc] 


	
	QUIET-I completes 6-month Q-band operation, and initiates W-band operation. QUIET-II proposal is submitted to the NSF.

	FY10
	Fermilab QUIET team presents to the Fermilab PAC.  PAC endorses PASAG recommendation.[footnoteRef:4]  [4:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/QUIETLetterNov2009.pdf] 


	
	QUIET team presents QUIET-II proposal to the NSF. Fermilab QUIET team submits Field Work Proposal to the DOE.[footnoteRef:5] [5:  http://home.fnal.gov/~hogann/QUIET/directorate/Fermilab_QUIET_Submission_to_Directorate.doc] 


	
	Members of the Fermilab team travel to Chile to take QUIET-I shifts, contributing 1 FTE-month.

	
	Fermilab performs cryogenic and mechanical strength studies of adhesives[footnoteRef:6] and wirebonds.[footnoteRef:7] [6:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/Glue_Tests_At_Fermilab.doc]  [7:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/WirebondStrengthTesting.doc] 


	
	Fermilab completes first machine for automated die attachment.

	
	Fermilab designs and constructs PC boards to power and digitize modules.  Boards to be used for module R&D and production testing.[footnoteRef:8] [8:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/MMIC-jig.pptx] 


	
	Fermilab commissions 20-Kelvin black body absorber for module R&D.[footnoteRef:9]  [9:  http://home.fnal.gov/~hogann/QUIET/DOE-REV-2010/Cold-Black-Body.JPG] 


	
	Fermilab group writes and runs offline code to monitor the incoming W-band data, for data quality control purposes.



Proposal for FY11, FY12, and FY13

In May 2010, the NSF panel recommended to fund QUIET for another 2 years of operations to analyze the collected QUIET-I data, as the collaboration in addition, demonstrate improved module performance.  As of this writing, 
the NSF Astronomy program office has not given official word on the QUIET-II proposal. However, Bruce Winstein (Chicago) and Tony Readhead (Caltech) are encouraged by Vern Pankonin, the NSF Astronomy program officer, to apply for NSF-ATI and NSF-MRI grants to improve the modules.

Led by the Caltech KISS institute, Chicago, Manchester, KEK, SLAC, Stanford, and Fermilab are engaged in an intensive 18-month program to produce a handful of improved modules.  Improved modules have the potential of reducing the required number of modules, cryostats, and telescopes, thereby reducing the QUIET-II cost.  Following this campaign, the collaboration will resubmit the QUIET-II proposal by end of 2011.

At Fermilab, the FY11 goals are:

· Precision machining and EM simulations of certain portions of the modules
· Provide calibration tools (ie. wire grids) and vacuum windows to the collaboration
· Provide electronics support boards to power and digitize the improved modules
· In partnership with Chicago, to characterize a number of new modules using the 20K black body load commissioned in FY10.
· If necessary, participate in sky-testing of the new modules. 
· Scientific participation in the analysis of the Phase-I Q and W band data. 

Assuming a successful resubmission of QUIET-II to the NSF, the FY12 and FY13 Fermilab goals are to prepare for production W-band module assembly at Sidet.  This was outlined in the DOE Field Work Proposal the Fermilab group submitted in FY10.




