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1. Introduction

In this Introduction we review the development of Cosmic Frontier research at Argonne, describing the current situation and the process by which it has evolved.  The underlying strategy has been to structure the effort around two much larger Argonne capabilities – detector technology development and leadership-class supercomputing.  We will also outline our future plans, presented in more detail in the remainder of the document.  An overview of the complete Argonne HEP program can be found at www.hep.anl.gov.

The Argonne Cosmic Frontier research program under B&R code KA-23 includes four thrusts: 
1. “Dark Energy ” with work on BOSS, DES, DESI and LSST and associated R&D for a future Dark Energy program, 
2. “Cosmic Particles” focused  on GeV – TeV cosmic gamma-rays with VERITAS, and R&D for future TeV program
3. “CMB”, the  SPTPol cosmic microwave background experiment and R&D for future a CMB program
4. “Other” with a theory, modeling and simulation group focused on utilizing large scale computing for cosmological research and to support Cosmic Frontier experiments.   
Funding for the Cosmic Frontier program was first established in FY07 with initial support in Cosmic Particles.  Expansion took place in 2008, with the addition of Dark Energy in the form of participation in DES.   The program was strengthened by three years of strategic Argonne LDRD support (FY08-FY10 – total funding investment ~$4.5M) with Karen Byrum as the initiative leader. This funding seeded a new program in CMB program focused on development of threshold edge sensors (TES) sensors for measuring polarized signals.  A direct result of the last comparative lab review (2010) was the establishment of KA-23 funding for this program. Clareance Chang received an early career award this year for his work with SPTpol.   Karen Byrum is the group leader of this experimental program.

An Argonne initiative in scientific computing resulted in establishing a theoretical and computational cosmology group, with Salman Habib as the initiative leader. This group, funded primarily by Argonne LDRD for 3 years, resides in the HEP division further strengthening and focusing our program.  This research initiative targets precision cosmological probes of dark energy, dark matter, inflation, and neutrino physics. The majority of these probes exploit the dynamics of structure formation and the associated initial conditions as determined by the physics of the early Universe. The work is closely tied to ongoing and next-generation optical sky surveys such as BOSS, DES, DESI, and LSST.  It also utilizes a combination of analytic techniques and large scale numerical simulations to the requirements for future and current CMB experiments such as  SPTPol and SPT3G.  A key-enabling role is played by leadership supercomputing resources and expertise available at Argonne’s Leadership Computing Facility (LCF_ and  Math and Computer Science (MCS) Division.   Beginning in late FY14, ANL will ask for KA-23 research funds to partially support (.5FTE each) the two staff scientists, Habib and Heitmann, involved in this program.   Salman Habib is the group leader for the theory, modeling and simulations program.

In experimental Dark Energy, the Argonne effort, led by Steve Kuhlmann, has two foci,  Supernovae and DES. The supernova group is preparing for measuring the expansion history of the Universe with performing a mock analysis of the five-year survey.  The group also actively contributes to the SDSS and LSST supernova collaborations.  The DES group at Argonne contributed in the construction and testing of the Dark Energy Camera (DECam), and performed detailed tests of DECam CCDs at Argonne’s Advanced Photon Source. DES photometric  calibrations are being improved with data taken at CTIO using PreCam, an ANL-designed mini-verion of DECam.

In the Cosmic Particles thrust area, led by Karen Byrum, the gamma-ray group is focusing on indirect dark matter searches and on tests of Lorentz invariance using VERITAS data.   The group has built a new Level-2 trigger as part of a VERITAS upgrade reducing the trigger threshold from 95 GeV to 60 GeV.   Argonne is also a member of the CTA-US group.   Within this activity, Byrum is a Level 2 manager, along with Victor Guarino (group leader of the Argonne mechanical support group) for the mechanical structure of a new novel telescope design.   The Argonne group is also building on its VERITAS Level-2 trigger work to design a topological pattern trigger for CTA.  

The CMB, led by John Carlstrom,  has recently made the first observation of the lensing induced B-mode polarization of the CMB with SPTPol. The group has firmly established a state of the art sensor development capability.  SPTPol was instrumented with TES sensors designed and built at Argonne.  This effort is part of a move to bring Argonne materials science expertise to the area of detector development, starting from selecting the best superconducting films for the sensors, all the way to using in-house micro-fabrication facilities. This successful first step paves the way for designing, developing and deploying new sensors for future experiments.  This direction exploits the uniqueness the Center for Nanoscale Materials, in developing sensors tailored specificed to needs and specifications of individual experiments.  With SPTPol and it’s proposed upgrade, SPT-3G (4 times the area and twice the depth of SPTPol), the CMB group  proposes to study the B-mode polarizatio signal, driving new test of the Lambda-CDM cosmological model, improving the reach in neutrino mass, and allowing the first investigations of inflation-era physics. The group is proposing to develop new multiband polarization sensitive pixels for SPT3G, as part of a larger upgrade of SPTPol.    

The table below gives an overview of past and current funding from KA-23 for the Argonne program up to and including FY13. The requests for future years are described and justified in the remainder of the document. A table in the summary chapter of this document lists funding requests for FY14-FY16 and the same numbers are also provided in the accompanying spreadsheet.
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2. Program Summary

The Argonne cosmic frontier research program is focused on: 
1) studying Dark Energy with an emphasis on supernova science, 
2) studying Dark Matter with an emphasis on indirect detection using cosmic gamma-rays,
3) studying inflation era science and neutrinos using the polarization of the CMB B-modes, 
4) theoretical and computational cosmology with an emphasis on precision cosmological probes of dark energy, dark matter, inflation, and neutrino physics.  

Now describe them in that order, refer back to intro about how they came into existence.  But here only describe the future. 

 
Here, we would like to highlight some of the main features of our program and emphasize some of the broader themes both within our program and within the larger national program.    Dark Energy remains one of the biggest mysteries of our time and our program addresses this science in multiple ways.  Kuhlmann was a member of the Rocky III Dark Energy task force and that report identified three key opportunities to deliver a robust Dark Energy program with a continuous stream of results.  Our program is well aligned with the opportunities outlined in this report.  We are members of DES (Kuhlmann, Habib, Heitmann, Kovacs, and Spinka), DESI (Habib, Heitmann, and Kovacs) and LSST (Kuhlmann, Habib, Heitmann, Kovacs, and Spinka). We delivered key hardware components for the DES DECam – the f/8 secondary mirror installation platform, the Instrument Control system and Argonne designed and built the PreCam calibration camera for DES.   We are the leaders in developing a supernova strategy for DES and are well positioned to develop a supernova strategy for LSST.   Habib is the NERSC PI for the DES computing allocation.  He is the Argonne representative on the LSST Board and Heitmann is the convener of the LSST DESC computational cosmology group.  One of the recommendations in the Rocky III report for was the need to explore ground-based alternatives for stage IV supernova science since a future DE space mission may be too expensive. Kuhlmann is pursuing one such option leveraging ANL expertise at the nanotechnology center, namely OH-emission line suppression.   

The science of our Dark Energy and CMB programs enhance and complement each other.  The SPT-POL experiment (Carlstrom, Chang) was the first CMB experiment to contain significant DOE contributions.  Chang received and early career (2013) to carry out this science program.  The science goal was to detect and characterize the CMB B-mode polarization to probe inflationary physics and to determine the masses of the neutrinos.  There are two sources of B-mode polarization in the CMB.  The first source is gravitational waves produced at the end of the inflationary epoch which peak near multipoles ~100; the second source is B-modes sourced by the gravitational lensing of the intrinsic CMB E-mode spectrum which peaks near multipoles ~1000.  SPT-POL recently published the first ever observations measured from polarization of this second source of B-modes.  The DOE contribution to this program was the delivery of a new polarization sensitive camera instrumented with TES bolometers (Chang, Wang, and Yefremenko) which were developed and built at Argonne as part of an upgrade to the SPT focal plane camera.  The infrastructure required to develop and build these TES sensors was a direct result of the laboratory strategic LDRD funding and the materials science expertise residing at Argonne.  

The science of our theoretical and computation cosmology program (Habib, Heitmann) focuses on precision cosmological probes of dark energy, dark matter, inflation and neutrino physics.  The majority of these probes are concerned with tracking the dynamics of structure formation and the associated initial conditions as determined by the physics of the early universe.   The capability of being able to carry out these detailed cosmological simulations completes our Dark Energy and CMB program with a unique cohesiveness.     

The next step in the CMB B-mode program is to measure the CMB B-mode polarization signal, at the level of .1 K or less.  SPT-3G is a joint DOE/NSF proposal for that program.   This level of sensitivity will lead to improvements in our understanding of the current Lambda-CDM cosmological model and allow the first investigations of inflation-era physics.  Extending our capabilities of detecting the CMB polarization will require the development of new technologies, like a multi-choric polarization-sensitive camera which can increase over an order-of-magnitude the sensitivity compared to current cameras like SPTPOL.   This is a natural extension of the program we have developed at Argonne in both our materials science and HEP divisions with the SPTPOL program. 

The cosmic gamma-ray program is a bit different.  This was the first program to be funded at Argonne (VERITAS) and we chose to move in this direction because the gamma-ray telescope detector technology was similar to the accelerator based technology where we had prior expertise in photodetectors, triggering and frontend electronics.    Understanding dark matter now thought to be about 5 times as abundant as ordinary matter is another one of the biggest mysteries of our time.  The complementarily of multiple techniques to both search for and study dark matter is well documented and supported within the most recent Snowmass process.  Cosmic gamma-rays offer one of the best indirect probes for studying dark matter in cosmos.   Argonne has always held leadership positions within the Dark Matter VERITAS science program.  Byrum, Wagner and one of our earlier postdocs, Andy Smith, all have been co-conveners of this science working group.  Our postdocs have always been involved with indirect dark matter searches and Wagner and Smith led the first analysis of a VERITAS dark matter limits paper (Sep 2010); Our current postdoc (Ben Zitzer) with Byrum and Koushiappas at Brown are currently leading an improved search for Dark Matter using multiple VERITAS dwarf spheroidal targets.  We were part of an NSF funded VERITAS upgrade and were able to leverage engineering support group capabilities to deliver a new FPGA based Level-2 trigger (Byrum, Zitzer).    

Argonne is part of CTA and was one of the first US institutions to officially join CTA.  We have a partnership and MOU (since 2010) with DESY Zeuthen.  The MOU funds design effort for telescope mechanical structures and supported a joint postdoctoral fellow from  Nov 2010 to Sep 2012.  The US-CTA group received funding in August 2012 from an NSF-MRI to perform R&D to develop and build a new novel dual mirror telescope structure.   Byrum is PI for the Argonne contributions.  We have two MOUs in place for effort associated with the NSF-MRI.  One MOU is with the University of Chicago for telescope structure design and one MOU is with Iowa State University for developing a real time trigger that can discriminate between hadronic and leptonic showers. Byrum and Guarino hold Level-2 leadership roles in the design of the telescope mechanical structure.  

The future of the cosmic gamma-ray program at Argonne is dependent upon DOE’s future commitment to this program and the prioritization of the national HEP program now underway with P5.  At a minimum, we will continue our involvement with VERITAS for the next 3 years focusing on indirect dark matter science and maintain institutional responsibility for the upgraded Level-2 trigger.  We will also honor our commitments with DESY and with the NSF-MRI.    
  
For Argonne, the process of deciding which activities to participate in and then prioritizing these options has been the result of multiple inputs.  The passion and interest of our staff scientists is always the number one requirement that drives any project forward.   Strategic LDRD Initiatives are used to fund early exploratory efforts in new directions and the priorities of the HEP program as recently presented by PASAG are used as guideposts and also as branching points in determining the direction of the program.  About every 10 years, we hold division retreats and these are useful for broadening staff scientist effort.   As an example of this process at Argonne,    one of the first astrophysics efforts was involvement with the Pierre Auger experiment where we provided key calibration input using...  The decision to move our scientific effort from Auger and onto DES was largely due to the Dark Energy Task Force Report.  The Strategic LDRD Astrophysics and Cosmology Initiative (2008-2010) allowed us to develop and build a portable CCD testing laboratory which utilized unique Argonne Advanced Photon Source X-ray laboratory resources.  For DES, we were able to leverage this capability to perform specialized studies for the experiment and show an unexpected diffusion effect on the edges of the front-illuminated CCDS.

The lab guidelines of what research budget codes a person is funded under and how the fraction of their effort is split across different codes is based on what projects a person is involved in.  The Argonne program has mostly been a research funded program for staff scientists.  Project funds are used to fund engineering and specialized efforts such as in our CMB program where project funds supported a materials engineer to develop transition edge sensors for the SPTPol camera.  Several of our scientists within KA-23 receive the majority of their support from other areas such as Nuclear Physics or KA-25, the detector R&D program.  Scientist support across different budget codes has always been a natural process at Argonne; in the past, our program has not been stove piped by rigid funding boundaries.  This has given the lab, the scientists and the program more flexibility.  Our astrophysics program is just one example of this flexibility; Byrum, Kuhlmann, Wagner and Kovacs were all part of the CDF energy frontier program prior to moving into the cosmic frontiers.  The cosmic frontier is also one of the main areas where generic detector R&D will have a huge impact on the field, thus many of the cosmic frontier scientists (Byrum, Chang, Kuhlmann, Spinka, Wagner, Wang) are intimately connected to the KA-25 program at Argonne through efforts in the Large Area Photodetector R&D program, in OH-line suppression using nanotechnology and in the development of TES bolometers for CMB B-mode detections.  Habib and Heitmann straddle multiple budget codes as they are theorists, computational scientists and traditional research scientists who carry out the experimental program analyses.  Once their strategic LDRD funding expires, we will request partial funding for their effort from multiple research codes.





3. Organization chart




4. Experiments & Projects

Funded out of R&D (KA230302), Fab (KA230301) or Ops (KA230201)

Dark Energy


Waiting for DES from Steve


High Energy Cosmic Particles  (This should start on new page)

VERITAS  – Project activities
· Designed, Built & Commissioned  new VERITAS L2 trigger (Anderson, Drake, Kreps (EE),Byrum, Zitzer) w/ ISU (Krennrich, Weinstein, Orr)

VERITAS  – Research activities
· Convener of Dark Matter Science Working Group (Byrum (2008-2009), Wagner (2009-2010), Smith (2011-2012))
· Indirect Dark Matter Search using Dwarf Spheroidal (Wagner, Smith (2007-2011), Zitzer, Byrum, Decerprit (2011-present)
· Lorentz Invariance Violation using Crab Pulsar (Zitzer, Wagner (2012-present)
· Member of VERITAS Science Board (Byrum)
· VERITAS shift Czar (Smith, Zitzer, Wagner)

CTA R&D: Research activities
· Member of  Elected Executive Committee for CTA-US (Byrum)
· Level 2 WBS manager for Mechanical Structure in NSF-MRI (Byrum, Guarino)
· Monte Carlo Simulations for optimization of telescope array layout (Decerprit)
· Conceptual Design of a Topological Trigger Board and delivery of a demonstrator (Anderson, Drake (EE), Byrum) with ISU (Krennrich, Weinstein)
· Conceptual Design of a novel dual mirror telescope structure (Guarino (ME), Byrum) with UCLA (Vassiliev)
· Conceptual Design of Optical Support Structure for a single mirror mechanical structure (Guarino (ME)) with DESY-Zeuthen and Saclay



Cosmic Microwave Background  (This should start on new page)

SPTpol – Host Lab
· Core science goals
· Probe the physics of inflation by detecting or constraining the amplitude of CMB B-modes produced by primordial gravitational waves
· Measure the relativistic energy density of the early universe to provide a precision measurement of the density of the Cosmic Neutrino Background and to search for or constrain the properties of new additional low-mass weakly-coupled particles
· Measure or constrain the sum of the neutrino masses through precise measurements of CMB lensing which measures the growth of cosmic structure
· Extend the SPT galaxy cluster survey through continued measurements of the Sunyaev-Zeldovich effect. The results of this survey provide a growth-based measure of Dark Energy
· Cross-correlation studies with other experiments (e.g.: DES) using clusters, CMB lensing, and mm-selected galaxies
· What part is HEP-related
· All five of the SPTpol core science goals are HEP science. SPTpol will also produce a stream of astronomy results relating to sub-mm galaxies and the epoch of reionization.
· Overall organization
· ANL and LBNL are involved
· Close collaboration with university collaborators  
· Collaboration
· ~55 people, 2 labs, 16 universities, 4 foreign institutions
· Agency involvement
· DOE, NSF
· Phase and status of the experiment
· Deployed Austral summer 2011-12
· Commissioning completed Austral Winter 2012
· Full survey observations Austral Winter 2013
· Upcoming major milestones (reviews, CD’s)
· March 2013 had agency review of status and operations plans
· First scientific publication in July 2013 which includes the first detection of CMB B-modes from gravitational lensing
· 3 year survey started Austral Winter 2013
· Roles and responsibilities, positions, deliverables your lab has
· Host the project office & deliver part 90 GHz channel of the 2-channel focal plane
· Active participation in experiment operations and data analysis
· Have 1 engineer
· MOU for cross-correlation studies with DES

CMB R&D
· Roles and responsibilities
· Developing new CMB detector technology focusing on consistent high-throughput production of background limited TES-based polarization-sensitive bolometer arrays. This technology will form the foundation for the SPT-3G focal plane and a future Stage-IV CMB experiment
· Responsible for organizing the detector development for SPT-3G
· In charge of providing the focal plane for SPT-3G
· Possible involvement in the design and construction of the SPT-3G receiver
· have 1-2 engineers working on the project


Other (including management, computation, other science areas, theoretical studies etc) (This should start on new page)
DESI
· The DESI collaboration is now in the process of forming. The project has received an LOI from Argonne detailing possible roles and capabilities. The primary Argonne role in the DESI project is expected to be responsibility for large-scale simulations and generating synthetic catalogs to support survey strategy, optimization, and error analysis studies. This work will be carried out in collaboration with the UC Berkeley, LBNL, and Yale groups and led by Salman Habib and Katrin Heitmann. Additionally, project-specific simulations, simulation products, and simulation-based predictors and statistical tools (emulators, covariance matrices) will be made available for use by the project and the DESI science working groups (in which Argonne will also participate).
LSST-DESC
· Argonne is an institutional member of the LSST project (Salman Habib is the institutional representative and a member of the LSSTC Enabling Science task force) and participates in a number of LSST-DESC activities, including simulation, supernovae, large-scale structure, and weak lensing. Katrin Heitmann is the convener of the cosmological simulation working group in the LSST-DESC. Steve Kuhlmann leads the Argonne supernova effort within LSST-DESC. The primary simulation activity currently is in the generation of synthetic catalogs in collaboration with UC Berkeley. The catalogs are matched to LSST requirements provided by the image simulation team at the University of Washington. Work is also ongoing in development of scalable analysis algorithms and various simulation-based tools and science products targeted to LSST dataflows and science analyses.




5. Cosmic Frontier Program - Status and Future Plans
The next 6 sections are the Main Text or Body of the proposal.  
· The total # of pages in Sections 5-10 is calculated by a formula.

You can expand on anything in the Program Summary or Experiments & Projects section here, if you didn’t have room before.

Include summary funding & FTE (FY13) tables – format below

Actual HEP Funding & FTEs (KA230102) in $K
	
	
	FTEs

	Thrust
	FY11
	FY12
	FY13
	FY13 

	Dark Energy
	
	
	
	

	Dark Matter
	
	
	
	

	High Energy Cosmic Particles
	
	
	
	

	CMB
	
	
	
	

	Other
	
	
	
	

	TOTAL
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Scenarios:
A. FY14 = FY13 – 2%; FY15 = FY14; FY16 = FY15
B. FY14 = FY13; FY15 = FY14; FY16 = FY15
C. FY14 = FY13 + new requests prioritized; same for FY15 and FY16




6. Dark Energy - Status and Future Plans
Progress Report
[bookmark: _Toc354397809]6.1.	DECam Accomplishments 2010-2013

Argonne made a crucial contribution to DES mechanical engineering, construction, and now commissioning at CTIO. The DECam project funded more than $1.3M of work at Argonne, more than 20% of the entire mechanical construction part of DECam.  The DECam project has funded five trips to CTIO for Argonne scientists to commission the major Argonne pieces of the project; 1) the 6-ton, 15’ tall f/8 secondary mirror installation platform, and 2) the Instrument Control System which controls the shutter, cooling, vacuum, and many other pieces of DECam.  The Argonne scientists and engineers have worked with CTIO staff to fully commission these systems in the last year.   
f/8 Secondary Mirror Handler
[image: ][image: ]The 6-ton, 15’ tall f/8 secondary mirror installation platform.  This platform must align and install a 1-ton precision mirror to within 300 microns, yet be strong enough to withstand earthquakes which are common in Chile. This shows our strength at Argonne, our ability to perform a challenging project from conceptual design to complete assembly and testing on-site.  
[bookmark: _Ref354320302]Figure 1: Argonne engineer Allen Zhao standing next to the partially assembled f/8 secondary mirror platform in the ANL/HEP assembly building (left).  Mating of DECam (on the Blanco telescope) and the f/8 secondary mirror handler during tests at CTIO (right).    
DECam Instrument Control System
The Instrument Control System controls the shutter, cooling, vacuum, and many other pieces of DECam.
Other DECam/ANL L3 Manager Mechanical Projects


[bookmark: _Toc354397817][bookmark: _Toc354397818]6.2.	PreCam and DECam Calibrations
Our work on CCDs naturally led us into a leadership position for the PreCam calibration project, since the dewars that were previously designed and built at Argonne were almost exactly the same size and shape needed for PreCam.  Without the PreCam calibration project, less than 1% of the DES fields will have any standard stars; with PreCam the DES will hit a PreCam field with about 1000 standard stars every 20 minutes. Argonne designed and built PreCam, and our post-doc Kyler Kuehn led the commissioning and first science run.  More than 25000 images were taken with PreCam during this period. The analysis of this first data is well underway, with a draft paper on the instrument and initial calibration under internal review.  Kyler presented this work at the AAS conference.  The final calibration and PreCam star catalog is expected to be published later in summer 2012 and used for initial DECam calibration.
Figure 2: The PreCam camera is shown installed on the Curtis-Schmidt telescope at CTIO, and Argonne post-doc Kyler Kuehn is working with CTIO staff on the Monsoon electronics crate installation (upper left).  …
6.3.	Supernova Science
Argonne scientists have become a very strong group in supernova science.  We are leading the simulation of supernova in DES, and are one of only 3 groups world-wide to be members of SDSS, DES, and LSST SN collaborations. The synergy between these three projects is extremely useful and unique:  the SDSS data provide a crucial cross-check of our DES simulations, and the DES tools we develop are perfect to apply to LSST.



Figure 3: The supernova simulation studies are shown.

Argonne is a core developer of the SNANA analysis package [1], currently the most complete and sophisticated analysis/simulation package for SN cosmology.  Argonne simulations using SNANA are ground-breaking studies [2-4] in core collapse contamination (Figure 3A-1) of a type-Ia supernova sample, photo-z resolution, and joint optical-IR measurements of SN (Figure 3A-2). Bernstein has presented this work in an invited talk at the Moriond cosmology conference, and in several talks at the American Astrophysical Society meetings.  

Using the SNANA core collapse simulation technology developed at Argonne in early 2009, and the results of many DES core collapse studies, Rick Kessler and S. Kuhlmann initiated an open challenge to classify supernovae types photometrically [5].  We created a blind sample of supernovae of all types, available at an Argonne web page, and posted an arXiv article advertising it.  


Figure 4: The supernova JLA results are shown.  






The SDSS, SNLS, and CSP collaborations provided 41 new supernova templates for the blind sample, many of them previously unpublished. Ten groups world-wide participated in the challenge, and became co- authors in a paper recently submitted to PASP detailing the results [6]. There was a wide dispersion of results, many of them extremely redshift dependent. The participants now have access to the blind sample, and discussions continue about optimizing both the algorithms and the best templates/input parameters to create the blind sample.  
Figure 5: The DES SN light curves are shown.  

[image: ]Modern supernova surveys like DES and LSST will detect too many supernovae and at such large redshift that only a small fraction of these supernovae will have a spectroscopic follow-up.  It is possible a large fraction of the redshifts can be derived from spectra of the host galaxy, but this might only be available years after the supernovae are recorded.  Therefore, the role of photometric redshift measurements is becoming a crucial component of supernova cosmology.  The SNANA software package includes a photo-z measurement as an extra parameter in the light-curve fit. We have used this to fit SDSS data plus photo-z, for both MLCS and SALT light-curve fitters, and compare with the result from the measured spectra [7].  We find 3-4% resolution in the photo-z’s, and negligible bias as a function of redshift.  

Figure 6: The DES SN cadence study is shown.



                                                       

Figure 7: The results of python-based SN analysis package developed at ANL.

Modern supernova surveys like DES and LSST will detect too many supernovae and at such large redshift that only a small fraction of these supernovae will have a spectroscopic follow-up.  It is possible a large fraction of the redshifts can be derived from spectra of the host galaxy, but this might only be available years after the supernovae are recorded.  Therefore, the role of photometric redshift measurements is becoming a crucial component of supernova cosmology.  The SNANA software package includes a photo-z measurement as an extra parameter in the light-curve fit. We have used this to fit SDSS data plus photo-z, for both MLCS and SALT light-curve fitters, and compare with the result from the measured spectra [7].  We find 3-4% resolution in the photo-z’s, and negligible bias as a function of redshift.  

The tools developed for DES naturally apply to LSST, and we joined the LSST supernova collaboration in January of 2009.  Argonne members were lead authors on two sections of the LSST Science Book, and a major contributor to a third section [8-10].  The most complete and precise survey estimates, for both type Ia supernovae and core collapse, were simulated at Argonne and are illustrated in Figure 3A-5 for both the main survey and the deep survey components of LSST.  Figure 3A-6 shows cosmology constraints that new Argonne post-doc R. Biswas contributed to the Science Book.
[image: ]
Figure 8: The results of LSST filter vendor optimization study using supernova simulations.
6.4.	OH Emission Line Suppression for DETF Stage IV Supernovae
Ground-based astronomy in the near-infrared region, wavelength range 0.8-2.3 microns, is plagued by the emission lines of the hydroxyl molecule OH in Earth’s upper atmosphere [1].  Figure 1 (top) shows a measured spectrum of the NIR wavelengths, as well as the range of the broadband J and H filters that are commonly used in infrared astronomy.  The spikes are the emission lines from OH.  Figure 1 (bottom) shows an expanded view of the H-band region from 1.44-1.7um.  In the H-band range the predicted background sky brightness is 8.2 magnitudes less without the OH lines [1] (a factor of 1800 in flux).   It follows that it is necessary to integrate ground-based observations 1800 times longer in H-band to achieve the required signal-to-noise level.  The removal of the OH lines from ground-based instruments can potentially reduce the need for future expensive satellite missions, saving significant agency funding.  
Figure 9: The motivation for the OH emission-line suppression is shown.
SNIa remain the best-tested method for measuring dark energy, but the challenge now is to characterize the properties of dark energy “over time”. This requires more and better SNIa observations, reaching to greater distances (further back in time). Over the next five years, DES will detect several thousand new SNIa up to redshift of z~1.  Future planned experiments will push even farther, up to z~2.  To make the most of such measurements, it is critical that observations cover the same portion of the rest-frame SN spectrum at high and low redshifts. Already at redshifts z>0.7, this requires some observations in the near-IR. At the extreme end (redshift z=2) the SN Ia spectrum lies entirely in the NIR range (Fig. 2).  
Ten inexpensive off-the-shelf fiber Bragg gratings were purchased.   A broadband lamp illuminated a low resolution monochromator, which output into an aspheric lens coupled to the fiber which suppressed a specific wavelength.  The output of the fiber Bragg grating was measured with an optical femtowatt detector.   Figure 4 shows example data for a fiber that suppressed 1070 nm.   

Figure 10: The testing of Fiber Bragg Gratings at ANL is shown. 
Research Plan
[bookmark: _Toc354397851]6.A.	DES Plans for the next three years

6.B.	OH Suppression Plans for the next three years
Some of the most promising techniques for OH emission-line suppression are silicon-based.  Argonne’s Center for Nanoscale Materials is an excellent place to investigate these for astronomy. One candidate technology for suppression is the ring resonator device used in the telecommunications industry (Figure 3). The input straight waveguide couples to the ring, and wavelengths that satisfy the resonant condition, mR*n, are coupled to the second straight waveguide (R is the ring radius, m is an integer, and n is the index of refraction of the ring) and are suppressed at the output of the initial waveguide.     

Figure 11: Ring resonator designs are shown.
The Department of Energy Office of Science, through its High Energy Physics program, issued a report in August 2012 on the future of dark energy science [5].  In terms of improving supernovae constraints significantly, the report says “… a space mission capability may not be likely to be achieved in the next decade, there is a need to explore ground-based alternatives, combining near-IR technology with atmospheric-sky-line suppression…”  The only OH-suppression prototype system, world-wide, was built in Australia with no U.S. participation and first results reported just last year (more about this system below).   This is a completely new area for DOE/HEP and Argonne.  Despite the strong science endorsement, Argonne needs to build up its expertise in this area, as well as develop new infrastructure with high-value equipment, before we can expect significant DOE/HEP funding. 
The suppression of OH-emission lines to improve NIR measurements has been the focus of Australian astronomy for many years, led by the Australian Astronomical Observatory (AAO) and Joss Bland-Hawthorn at the University of Sydney.  There are many dozens of techniques to suppress narrow lines.  They have built a prototype system using optical fiber devices called fiber Bragg gratings [6], but it only suppressed ~100 of the ~1000 OH lines. In a recent astronomy photonics review by Bland-Hawthorn [7] this system was described as “… too elaborate for mass production.”  The same review paper states “One promising technology is the micro-ring resonator used in telecommunication devices for adding or dropping discrete wavelengths.”  The Center for Nanoscale Materials (CNM), in collaboration with astrophysicists in HEP and Australia, is an excellent place to investigate the use of micro-ring resonators for OH-suppression systems.
A post-doc from the HEP Dark Energy Survey (DES) group, Kyler Kuehn, recently took a staff position at AAO and has provided a critical link between Argonne and the world’s experts in this field.  We have begun discussions with Kuehn, Bland-Hawthorn, and Simon Ellis of AAO about the details of ring resonator designs that we would like to fabricate at CNM, and test at HEP and AAO, in the next few years.   
On a parallel path,  the HEP group has good connections with Saul Perlmutter (one of the 2011 Nobel Prize winners) and the LBNL supernova group,  since they are members of DES and Perlmutter’s former student, Kyle Barbary, is a Director’s Fellow in HEP.  We have begun discussions about the development of a near-term small-scale prototype spectrograph that would follow-up DES supernova discoveries with NIR observations using OH-suppression.   This system might use more mature off-the-shelf technologies such as Volume Bragg Gratings [8].  LBNL is not pursuing research into ring resonators.
The two paths and collaborations currently being considered by HEP astrophysicists may naturally be merged in the future, but for now we believe they complement each other well.  The Australian collaboration on ring resonators and silicon photonics is perhaps the more promising avenue long-term, due to the expectation to mass-produce silicon devices at lower cost and detector volume than fibers or most other technologies.  On the other hand, the collaboration with the LBNL supernova group on a near-term device takes advantage of our supernova expertise in HEP and science goals in DES, and gains real-world experience.  The same HEP test-stand (described in section 5) can be used to test silicon devices as well as Bragg gratings in various forms. 
As with all optical coupling or diffractive systems, higher order modes can couple to the output in undesirable ways.  Reference [9] presents simulations of these possibilities for ring resonators used for astronomy purposes.  This paper suggests a double-ring resonator such as shown in figure 5, with two different radii, is the best solution for astronomy.  Such devices have been used in telecommunications for many years [10], and we assume in this proposal that the ultimate system will use these.  Each ring must be tuned to the same wavelength, but different modes: m1R1*n1 and m2R2*n2.  This will suppress undesired higher modes. 
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6.C.	DECam Calibrations/PreCam

6.D.	Simulations for Surveys
BOSS
 (
Figure 6.A.3.1 
Top panel:
 Two BOSS footprints fit into one simulated synthetic sky. Bottom panel: BOSS galaxy clustering data compared to predictions from the simulations (solid curve) [1].
)Galaxy surveys constrain dark energy in several ways. BOSS exploits a geometrical probe of dark energy, using a spatial feature in the two-point galaxy correlation function (or corresponding ‘wiggles’ in the power spectrum). Measuring the apparent size of this ruler as a function of redshift allows one to constrain the expansion history of the Universe. Because of its low level of susceptibility to systematic errors, the BAO method has become one of the key probes of dark energy. It is the primary focus of the Baryon Oscillation Spectroscopic Survey (BOSS) and of its follow-on mission, the Dark Energy Spectroscopic Instrument (DESI). Surveys also constrain the rate of growth of structure in the Universe through the measurement of redshift space distortions. This technique is complementary to the BAO method as it is sensitive to dynamical effects of dark energy, and can help distinguish new fields from modifications to general relativity.

Simulations play an essential role in enabling these measurements, calibrating the impact of nonlinear evolution, estimating the systematic errors inherent in observations and analysis methods, and, finally, in quantifying the error distributions of the various estimators that may be considered. To carry out these tasks requires running a large number of simulations that can produce synthetic surveys with excellent fidelity. In recent work (in collaboration with Nikhil Padmanabhan’s group at Yale), we have shown that a suitably simplified version of the Argonne HACC framework can accomplish this task [1] (Figure 6.A.3.1). These results formed the basis for a proposal to the ASCR Leadership Computing Challenge (ALCC) competition for a 48M core-hour simulation campaign targeted to BOSS (PI: Heitmann) in collaboration with UC Berkeley, Harvard, and Yale; the proposal has recently been approved at its full request.
DESI
The contributions of our group to DESI follow along similar lines as for BOSS mentioned above. In the case of DESI, the simulations fall into two classes: (i) those that are directly relevant to project planning, optimization, and error control, and (ii) those that are needed for science analyses. Although this is a topic under current discussion, it appears that simulations of the first type would fall under the purview of the DESI project, whereas those of the second type would be viewed as supporting the activities of the DESI science working groups. Because emission line galaxies (ELGs) form the primary target of DESI, a class distinct from the luminous red galaxies (LRGs) used by BOSS, it is essential to develop a survey modeling capability for ELGs. We are working on this task (in collaboration with Joanne Cohn and Martin White at UC Berkeley) using semi-analytic galaxy modeling as well as a halo catalog generated from the world’s largest N-body simulation (1.1 trillion particles). In addition, redshift space distortions (RSD) are an important target probe for DESI, and our group has recently studied the robustness of cosmological parameter extraction under various approximations compared to full N-body simulations [2]. This work will continue in the future and we are currently developing new RSD emulators for high-accuracy predictions relevant to DESI. Another intriguing scientific reach of DESI is its capability to constrain neutrino masses down to 0.02eV. We recently implemented massive neutrinos and a variable dark energy equation of state into our simulation code HACC (for details see Section 10, Other) and also developed a very accurate perturbation theory approach [3]. These new developments will enable us to build prediction capabilities for DESI at the level of accuracy required.
DES
 (
Figure 6.A.3.2 
Nonlinear
 matter power spectrum as predicted by the new emulator for Planck and WMAP-7 cosmologies [3].
)[image: pks]The Dark Energy Survey is designed to exploit four probes of dark energy: baryon acoustic oscillations, clusters, supernovae, weak lensing. Our simulation effort contributes to all four. From a set of large-volume simulations, we have recently constructed a halo occupancy distribution (HOD) based emulator [4] (See Sec. 10.A.5). Using this emulator, a number of observables and estimators can be predicted given a set of input cosmology and HOD parameters. This approach allows fast BAO and cluster analyses. We are working with Chris Miller (Michigan) to further develop the cluster analysis. Post-doctoral fellow Lindsey Bleem is studying the cross-correlation of clusters from DES and SPT data.
Weak lensing is a crucial component of the DES project. We have recently extended our previous work to develop a new power spectrum emulator that specifically addresses DES requirements. By going out to z=4 and to k~10 Mpc-1 accurate cosmic shear predictions for DES are now possible [3] (Fig. 6.A.3.2). The new code is part of an “Emulator Factory”, a project being carried out in collaboration with UPenn (Tim Eifler, Bhuvnesh Jain) to generate predictions for a diverse set of weak lensing observables, including error covariances. 
The Type Ia supernova measurements being carried out by DES are a unique source of information regarding the possible deviation of the dark energy equation of state from w=-1, the value for a cosmological constant. In earlier work, we have shown that a nonparametric approach based on Gaussian process modeling can directly test for these deviations [5]. Current work is proceeding on optimizing this method for analyzing data form DES supernovae, an area in which the Argonne group has considerable expertise.
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 (
Figure 6.A.3.3 Halo merger tree for LSST catalog generation. 
)Argonne is an institutional member of the LSST collaboration and Argonne researchers are active in the LSST Dark Energy Science Collaboration (LSST-DESC); Katrin Heitmann is the convener for cosmological simulations in the LSST-DESC [7]. Our primary contribution to the LSST effort is in large-scale simulations for synthetic catalogs and scalable algorithms for LSST pipelines (collaboration with Andy Connolly at Washington, Joanne Cohn and Martin White at UC Berkeley, and Andrew Benson at Carnegie Observatories). The construction of realistic and synthetic catalogs for LSST has a very high priority because LSST’s requirements for controls on systematic errors are very tight. The magnitude limits of the survey are such that semi-analytic modeling of galaxy formation appears to be the only viable method for constructing synthetic catalogs. We are constructing these catalogs from our simulations, based on requirements given by the Washington group, and using a modified version of the Galacticus code. In our approach, Galacticus ingests merger trees from simulations (Fig. 6.A.3.3) and populates them with galaxies. Validation of the catalogs is then carried out against observations.	
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6.E.	Terrestrial Tests of Modified Gravity
Laboratory experiments constrain couplings between dark energy and Standard Model particles.  A matter-coupled dark energy will mediate a fifth force, which can be tested using a torsion balance experiment such as Eot-Wash at the University of Washington.  With collaborators at UChicago and UPenn, Amol Upadhye showed that Eot-Wash is on the verge of eliminating a large class of chameleon dark energy models whose quantum corrections are well-controlled up to laboratory and stellar densities [1-3].  Particles of a photon-coupled dark energy can be produced through laser oscillation in a magnetic field, in much the same way as axions.  As a member of the GammeV collaboration at Fermilab, Upadhye conducted a Monte Carlo simulation of the CHASE experiment, which attempted to produce dark energy particles through photon oscillation and then to detect the “afterglow” arising as they regenerate photons much later.  Using simulations, Upadhye studied systematic uncertainties in the experiment and analyzed its data [4]. This work has received considerable attention in the field and has been presented at numerous workshops and conferences.
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6.F.	OH Emission Line Suppression for DETF Stage IV Supernovae
6.B.	Proposed Research
6.B.1	OH Suppression Plans for the next three years
6.B.2	Survey Simulation Plans for the next three years
Contributions to BOSS
Our work with BOSS will consist of two components, (i) the completion of the ALCC project on BOSS synthetic catalogs, which will be of great utility in characterizing and reducing the errors involved in the BAO measurements, (ii) based on the HOD emulators that have already been constructed, we will carry out a new RSD analysis of data from SDSS/BOSS, employing additional results from the ALCC simulations.
Contributions to DESI
The essential contribution to DESI will be in survey simulations. A simulations working group is currently being formed with the charter of supporting both project and science working group simulation activities. In collaboration with other DESI institutions, the Argonne group aims to play a major role in this work. Our initial effort is in providing large-scale catalog data for survey planning and optimization; our current planned simulation campaigns will have sufficient resolution and volume for this task (collaboration with UC Berkeley and Yale groups). Some of the basic techniques being developed for BOSS will be adapted for DESI RSD work, ELG and quasar catalogs, and error analyses. The next-generation galaxy clustering emulators will also play an important role in DESI data analysis.
Contributions to DES
As DES survey data becomes available, we will provide more sophisticated emulation tools for galaxy clustering and weak lensing probes, including the ability to robustly address potential systematics such as baryonic contamination in interpreting the cosmic shear signal. We will treat this latter problem using the discrepancy function approach applied to empirical and model-based covariance matrices. We will improve the cluster constraints from DES by providing predictions for the halo bias and its dependence on halo mass as a function of cosmological parameters. Cross-correlation of DES and SPT data will be important in reducing the level of systematics in cluster cosmology determinations of cosmological parameters.
LSST and LSST-DESC
Argonne has a significant intellectual investment in LSST and LSST-DESC. The timeline of our future activities for capability development, survey simulation, and analysis tools follows the sequence BOSS/DES, DESI, LSST. We have structured our simulation activities to synchronize with this sequence. The SAM-based catalog capability will be continuously developed, culminating in a series of releases with increased fidelity arising from improvements in simulations and in the validation procedures. We will also implement a detailed weak lensing simulation and analysis pipeline, melding our work on catalogs and the weak lensing work for DES. The simulation campaigns will form an essential resource for cross-correlation analyses across different data sets. Planning ahead, next-generation supercomputers are expected to arrive in the 2017/2018 timeframe, which will lead to a quantum jump in our ability to carry out the desired simulations. This is especially relevant for work on LSST synthetic catalogs.

6.B.3	DES Plans for the next three years





7. Dark Matter - Status and Future Plans

n/a



8. High Energy Cosmic particles - Status and Future Plans

High energy cosmic gamma-rays span the photon energy range of ~50 GeV to 100 TeV.  It is one of the youngest branches of astrophysics; the field was invented in the US, a joint DOE and NSF endeavor.   The first observation of a TeV source (the Crab Nebula) was in 1989 by the ground based Whipple telescope, the predecessor to the VERITAS four telescope array.  With the successful realization of the current generation of Imaging Cherenkov Atmospheric Telescopes (IACTs) like VERITAS (2007), HESS (2003) and Magic (2004) , the field has entered into a new precision era.   The sensitivity reach of these current IACTs has resulted in an explosion in the number of observed high energy gamma-ray sources since 2005 by an order of magnitude.  Now, the world community has coalesced and is proposing one large next generation experiment called Cherenkov Telescope Array (CTA).  CTA will have increased sensitivity by another order of magnitude beyond today’s instruments as well as improved angular resolution to resolve cosmic accelerators.

High energy cosmic gamma-rays offer a direct probe for fundamental physics beyond the reach of terrestrial accelerators.  The indirect search for Dark Matter and tests of quantum gravity are amongst the highest priority objectives for the field and for the Argonne High Energy Cosmic Gamma-ray program.     Understanding Dark Matter is one of the biggest questions in our field.  Different experimental approaches are sensitive to different dark matter candidates with different characteristics and provide us with different types of information as supported by the Snowmass process.   Complementarity between approaches is crucial both for first detections and for follow-up studies to measure DM properties.   High Energy Cosmic Gamma-ray observations are more sensitive to higher DM mass (M > 500 GeV) candidates and provide the only avenue for measuring the dark matter halo profiles and illuminating the role of dark matter in structure formation.  Compared with all other detection techniques (direct and indirect), high energy cosmic gamma-ray measurement of dark matter are unique in going beyond a detection of the local halo to providing a measurement of the actual distribution of dark matter on the sky and to understand the role of dark matter in the formation of structure in the Universe.   

While it is not possible to directly probe the Planck scale in the laboratory, High Energy Cosmic Gamma-rays can be used to probe quantum gravity and provide tests on Lorentz Invariance.  In several quantum gravity models and Standard-Model extension scenarios, deviation from Lorentz symmetry could emerge from an underlying unified theory.  Due to a possible foamy nature of space-time, the speed of light in a vacuum could vary depending on the energy of a particle.    By looking for an energy dependent dispersion in the arrival time of photons from variable gamma-ray sources like gamma-ray bursts, active galactic nuclei and pulsars, limits can be imposed on the energy dependence of the vacuum speed of light.

The high energy gamma-ray group consists of (1FTE in FY13, 1.2FTE in FY11) scientific staff (K. Byrum and R.G. Wagner), one post-doctoral fellow (B. Zitzer – 2011 to present, A. Smith – 2009 to 2011) and part time SULI students funded out of the research program.  Within the past 3 years, research funds have also supported a small electronic engineering effort (Drake, Anderson) to develop the new VERITAS L2 trigger.    The majority of VERITAS trigger development and all trigger M&S has been supported through a NSF-MRI with a MOU through Kieda (U. of Utah).   Engineering effort (Drake, Anderson) to support the development of a topological trigger design for CTA is through a NSF-MRI with a MOU through Krennrich (Iowa State University).     Engineering effort to support mechanical design effort (Guarino) for CTA is through a NSF-MRI with a MOU through Wakely (Univ. of Chicago) and with a MOU through Schlenstedt (DESY-Zeuthen).   DESY funds were also used to support a joint ANL/DESY postdoctoral candidate (Decerprit) from Nov 2010 – Sept 2012.  We have also received Univ. of Chicago seed funding for M&S and mechanical engineering effort for CTA.

Accomplishments in the last three years (FY11 – FY13) 

[bookmark: _Toc273426468][bookmark: _Toc273426469]VERITAS Science: Dark Matter Studies (ANL and Brown):
Our group has focused on Dark Matter and fundamental science in VERITAS; we led the analysis of the first VERITAS dark matter limit paper (Wagner, Smith) [1].  We provided one of the secondary analyses for the VERITAS dark matter limit with ~50 hours on Segue 1 (Smith) [2];  we are currently leading, with Brown, a weighting analysis to combine different dwarf spheroidal targets and expect to have a publication by early next year (Zitzer, Guillaume, Byrum).   The methodology of the weighing analysis is based on a similar Fermi analysis developed by the Brown group (Koushiappas, Geringer-Sameth) and modified for VERITAS. ANL sponsored Brown to join VERITAS as an associate VERITAS member and work with ANL (Byrum).   In the weighing analysis of combined dwarf targets, ANL is responsible for the VERITAS data analysis to provide a photon list, all detector efficiencies and acceptances that are used in the weighting.  Zitzer invented a new background methodology for this analysis to improve signal to noise.   Byrum and Zitzer are authors on a VERITAS Cosmic Frontier- Indirect Detection whitepaper for Snowmass.  Zitzer, Guillaume and Byrum (invited) have given VERITAS Dark Matter talks at international workshops and conferences.
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Figure 1.1 Left most figure is an illustration of the new background method that will be used for the DM weighting analysis.  The ON region is shaded in blue, while the OFF region is shaded red.  Middle figure shows the form of the event weight which is a function of event energy and angular distance to the Dwarf Spheroidal sphere. This weighing is used in the new analysis combining Dwarf Sphds. Units on the z axis are arbitrary and the neutralino mass is 1 TeV.  Right most figure shows the most recent DM limits from VERITAS with 50 hours of observation on Segue 1.  We have now doubled this exposure; the new exposure will be used in the weighing analysis. 
VERITAS Science: Lorentz Invariance Violation Studies (ANL and Georgia Tech)  
The Crab Pulsar currently presents a unique opportunity for looking for an energy dependent dispersion in the arrival time of photons and testing LIV.   The Crab’s pulsar signal to noise ratio increases linearly with time, so limits can be improved by simply observing longer and are not limited to random transient events with low statistics.   Since the timing of the Crab Pulsar is widely studied throughout the electromagnetic spectrum, energy delays due to propagation effects can be more easily distinguished from intrinsic effects.  Zitzer are Wagner are involved in this research.   Zitzer performed one of the secondary analysis of the VERITAS detection of pulsed gamma rays above 100 GeV from the Crab Pulser which was published in Science [3].  Zitzer has developed the framework based on a variation of the Dispersion Cancellation method that is well suited for pulsars.  This work is in collaboration with other VERITAS collaborators (Otte -Georgia Tech).  Preliminary LIV results determined from the peak timing differences are comparable to limit found from MAGIC with Mrk 501 data.  Even though these results are an order of magnitude below limits found with AGN from HESS, there is merit for using the Crab pulsar, a source that is not transient.   A publication is planned for next year.  Zitzer and Wagner are authors on a Whitepaper on this topic for the CF6 snowmass group.  Zitzer has given (invited) talks at international conferences and workshops.
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Figure 1.2: Pulse profile of the Crab pulsar at gamma-ray energies with VERITAS.  All quality data between 2007 through 2011 is included, the exact data set used for [3].  The Fermi-LAT pulse profile is also shown below the VERITAS pulse profile.
VERITAS Upgrade: Level-2 Trigger (ANL and ISU)
We have designed, built, installed and commissioned a new Level-2 (L2) trigger system as part of a VERITAS upgrade that combined with the new high quantum efficiency PMTs has allowed VERITAS to reduce its energy threshold from ~95 GeV to 60 GeV.  The new L2 trigger also allows the possibility of a future implementation of a topological trigger capable of discriminating multi-telescope images based on camera image to select EM shower events and reject hadronic shower events.  This work has been in collaboration with Iowa State University (ISU), Krennrich, Weinstein, Orr.  The ISU group provided software expertise of the trigger and integration with the VERITAS DAQ system.   The ANL scientific group (Zitzer, Byrum plus numerous SULI students) and electrical engineering group (Anderson, Drake) provided engineering and laboratory infrastructure to design, build, and test the new trigger system.   Both ISU and ANL groups installed and commissioned the new system.   The new trigger system is built around a Xilinix Virtex-5 FPGA used for the pixel neighbor coincidence logic necessary to produce a camera-level trigger.  The upgraded trigger systems are capable of time-aligning individual triggering pixels to within ~0.3nanoseconds, allowing for an operational pixel-to-pixel coincidence window of ~5 nanoseconds.  This reduced coincidence window (previous L2 coincidence was ~8-10ns) provides improved rejection of night-sky background (NSB) which permits a reduction of the energy threshold at the trigger level.  
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Figure 1.3:  Left figure showing the relative delays of the Level-1 leading edges before and after the timing alignment of the new L2 system.  The pixels are plotted relative to the slowest pixel arrival time in the distribution prior to timing alignment.  The right figure is the L2 bias curves of the array trigger rate (>2 telescopes) plotted against the L1 threshold for the pre-upgrade L2 system (in red) and then for the post-upgrade L2 with a coincidence gate width of 8ns (green) and 5ns (blue).  The curve features shows the falling edge due to NSB light and the power law plateau due to cosmic rays.   
CTA: R&D
[bookmark: _Toc273426471]Since 2008, Argonne has been a member of CTA (Byrum, Wagner – staff scientists, Decerprit - pd) and (Anderson, Drake, Kreps –EE’s, Guarino, Zhao– ME’s); this is a natural continuation of our VERITAS High Energy gamma-ray group.    Argonne roles include the development of a conceptual design for a topological trigger  (in collaboration with ISU) and development of a mechanical telescope support structures for both traditional and  new novel dual mirror telescope detector designs (in collaboration with UCLA, Univ. of Chicago, DESY-Zeuthen,Saclay).
CTA: Topological Trigger R&D  (Anderson, Drake – EE’s & Byrum); (Krennrich, Weinstein- ISU)
Our Topological trigger concept uses parallactic displacement (Figure 1.4: left) of Cherenkov light images to develop a trigger that exploits the imaging differences between gamma-ray and hadron-induced air showers by utilizing the different viewpoints in an IACT array.  Simulations of a 36 telescope array suggest that a Topological Array trigger requiring image centrolid positions from at least 3 telescopes provides cosmic-ray rejection by an order of magnitude while keeping more than 90% of gamma-ray showers.  This dramatic reduction in background rates makes a Topological Array Trigger a powerful tool for reducing and stabilizing the high trigger and data rates associated with CTA.   We first developed a topological trigger concept with the goal of implementing it into the upgraded VERITAS trigger.  Funding limitations did not allow this even though we did design the VERITAS L2 upgrade trigger with the hooks in place to later implement a topological trigger.  Within the NSF-MRI, we have developed a conceptual design based on our earlier concept of a topological trigger for use within the CTA array.  For CTA, the implementation uses a high-performance crate system called Advanced Telecommunication Computing Architecture (ATCA). This is shown in Figure 1.4 (right).  Our CTA topological trigger concept uses a decentralized approach where each telescope forms its own local array trigger in real time, based on time-stamped hits and the centroid image from the local telescope combined with those from neighboring telescopes.   
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Figure 1.4: Left figure demonstrates the benefit of parallactic displacement for discriminating between hadronic induced shower images from cosmic rays and electromagnetic induced photon images.  Right is a cartoon of our conceptual design for a CTA topological trigger.  
[bookmark: _Toc273426473]CTA: Engineering of Mechanical Structure Designs (Guarino, Zhao – ME’s & Byrum); Wakely – UC; Vasseliev –UCLA; Schlenstedt-DESY at Zeuthen
We have undertaken extensive mechanical design and mechanical analysis work for CTA.   This includes completing a design of the optical support structure and counterweight structure for a 12 meter Davies-Cotton (DC) telescope structure in collaboration with DESY, Zeuthen and Saclay, France.  We fabricated and built a quarter-dish at Argonne to understand procurement costs and assembly requirements. The steel structure shown in Figure 1.5 left was assembled in 6 hours, going together like a lego toy using 2 technicians.  The structure was then disassembled and transferred to DESY in cargo boxes where it was again assembled in less than one day.    Figure 1.5 middle is the prototype structure based on the ¼ dish assembly.  As part of the NSF-MRI for CTA-US, we have completed a preliminary design of a novel 9.5 meter Schwarzschild-Couder (SC) telescope design.  We have studied two principally different concepts using beam/shell element analysis.  Multiple iterations of each of the OSS designs were evaluated to understand the structural origins of deformations under gravity loading and wind conditions.   We hold the L2 WBS position within the MRI.  This includes interfacing to the other groups involved in the overall structure.  Different conceptual designs were presented to an external review and a Figure 1.5 right shows the configuration that the US-CTA group will carry to the design phase.  We have begun integrating the steward platforms, the actuators that connect the steel support structure to the mirrors and allow alignment.    
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Figure 1.5: Left 12 meter Davies Cotton telescope mechanical structure baseline for CTA mid-sized telescopes.  Middle – US proposed 9.5 meter dual mirror design with enhanced scientific performance. Right – SC conceptual design for CTA-US
Proposed research for 2014 - 2016 
[bookmark: _Toc273426500]VERITAS (2014-2016) 
Argonne will continue on VERITAS for the duration of its DOE supported lifetime. Our main science interest will continue to be on Dark Matter and fundamental science.    Many of the current DM analysis will benefit from the lower energy threshold resulting from the VERITAS upgrade.   We have several new ideas for Dark Matter analysis, in particular utilizing the new combined weighing analysis method developed for the Dwarf targets. See Figure 1.6 for projected reach of VERITAS through 2018.  This past spring, with one of our SULI students, we began collaborating with Brenna Flaughner at Fermilab on DES to see if there were already observed VERITAS targets which overlapped SDSS and DES lensed DM dominated observations Recently, we have begun collaborating with the VERITAS Purdue group who are doing simulations to measure the electron spectrum.   Their analysis is currently limited by computer CPUs and storage capability.    Argonne has computer resources that could be utilized for such efforts and we would like to pursue this direction.  
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Figure 1.6  figure shows the expected limits from the VERITAS DM program to 2018 using the event weighting method.  Each black dot represents a different derived cross section and mas from various MSSM.  A one thousand hour exposure on Segue I and dSphs with similar J factors are assumed.
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If CTA emerges as a top priority of P5, we will request our VERITAS effort phase out and into CTA.    The ANL focus will be on DM science.  The CTA-US community plans to submit a proposal to the funding agencies on the time scale of 2015, once the NSF-MRI is completed.
Topological Trigger – Funded by CTA-US R&D proposal
As part of the NSF-MRI, we  propose to leverage our experience with the VERITAS Level-2 upgrade trigger and design, build and test a prototype trigger board capable of interfacing  the SC prototype camera to the VERITAS L3 for standalone calibrations and triggering of the new SC telescope.
Year-2014 Goals: 
a. Complete the design and build a prototype trigger board.  Note, due to budget restrictions, the demonstrator will have reduced functionality, but will be able to talk to the new SC camera.  The new trigger board will also be able to communicate with the VERITAS L3 trigger and pass this information and time stamp to the SC frontend. 
b. Vertical Slice test at University of Chicago with new SC camera and Trigger systems. 

Year-2015 Goals: 
a. Integrate new trigger into SC prototype built at VERITAS site and commission
Telescope Design - Funded by CTA-US R&D proposal and other external sources
At ANL, we are already leading international efforts devoted to the mechanical design of both traditional and novel telescopes.  This is evidenced by our collaborative work with DESY Zeuthen and Saclay on a 12m Davies-Cotton telescope for CTA and by our work with UCLA on a SC 9m novel design . For the DC design, Argonne is contributing the design of the optical support structure, DESY Zeuthen contributing the drive system, DESY Hamburg contributing the telescope pedestal and Saclay contributing the octapod to the camera.  ANL is currently creating fabrication drawings for the prototype telescope that DESY and ANL will be constructing in Berlin next summer.  ANL will supervise the construction of the prototype structure in Germany which is also being funded by DESY.  

Year-2014 Goals: 
a. Complete the conceptual design a 9.5 meter SC telescope 
b. Optimize the second optical support structure for  12 meter DC
c. Integrate Camera, alignment, mirrors and positioner groups as pertaining to integration of overall structure 

Year-2015 Goals: 
a. Integrate VERITAS site requirements in preparation of building SC prototype
b. Build and commission 9.5 meter SC prototype
[bookmark: _Toc273426506]References
[1] http://tevcat.uchicago.edu/


9. Cosmic Microwave background - Status and Future Plans

Overview

The CMB is a powerful probe of physics at the Cosmic Frontier. It presents us with an image of the early universe with features that can be precisely calculated. These attributes of the CMB enable new CMB measurements to be connected directly to our understanding of fundamental physics. The scientific focus of the ANL CMB thrust is using new CMB measurements to explore three categories of physics: inflation, cosmological neutrinos, and cross-correlation studies with other experiments (e.g.: DES and LSST) with a focus on understanding Dark Energy. 
Current and next generation CMB experiments aim to measure and characterize the CMB B-mode polarization, which has been detected for the first time by the SPTpol experiment in July 2013. The CMB polarization field can be decomposed into two components: E modes are “curl free” patterns that transform as (-1)l under parity transformations on the sphere; B modes are “divergence free” patterns which transform as (-1)l+1. The motivation for this decomposition arises from the physical origin of the two patterns. Polarization produced by the CMB temperature anisotropies is E-mode only. Thus, measuring the E-mode polarization provides a powerful complementary approach to the same physics that underlies the CMB acoustic oscillations. There are two sources of B-mode polarization. Potential gravitational waves produced during inflation will produce a B-mode signal at angular scales of ~2 degrees. This strength of this signal is typically expressed as, r, the ratio of the amplitude of the B-mode (tensor or gravitational) waves to the amplitude of density (scalar) waves. Improving on current limits of r<0.12 is unique to CMB B-mode searches. At smaller angular scales (~10 arcmins) B modes are produced by the distortion of the CMB E-mode polarization via weak gravitational lensing from the distribution of large-scale structure. This signal is a measure of structure growth and is useful for providing a cosmological measurement of the summed neutrino masses. Since there are no B modes produced by the CMB temperature signal, the B-mode polarization is a fundamentally different cosmological observable from what we have historically measured with the CMB.
Our understanding of the CMB is sensitivity limited. With the advent of “background limited” detectors at the turn of the century, the technological focus of CMB experiment has shifted towards development of new detectors that are suited to array implementation. The development of CMB detector arrays using superconducting Transition Edge Sensor (TES) technology has been revolutionary in this regard. The TES was invented by HEP and HEP expertise and resources have led the integration of TES technology into CMB instruments. TES-based focal planes have become the dominant technology for recent and next-generation CMB experiments. Currently implemented TES-based focal-plane technologies include spiderweb bolometers utilized by EBEX, the lenslet coupled antenna of POLARBEAR [14], the phased-array antenna of BICEP2/KECK [15] [16] and SPIDER, absorber coupled polarimeters developed by ANL and utilized as the 90 GHz channel of SPTpol, and feedhorn-coupled polarimeter arrays developed by ANL and NIST and utilized by SPTpol, ABS, and ACTpol. These experiments all have O(1000) TES bolometers, which provides sufficient sensitivity to measure hundreds of square degress of sky to depths of <10 uK-arcmin in polarization, a level sufficient for the robust detection and first characterizations of the CMB lensing B-mode signal and for using B-modes to explore new parameter space for inflation.
Over the course of the next few years, the field of CMB experiment will consolidate around a few larger experiments with focal planes of 10,000 detectors or more. Of particular importance to ANL is the SPT-3G experiment which will field a ~16,000 element focal plane on the SPT in Austral summer 2015-16. Next generation instruments like SPT-3G will be transformational as they will transition the field from statistical B mode detection to imaging B-mode maps over a few thousand square degrees of sky. It is expected that over the course of the next 6 years, the field of CMB experiment will consolidate even further to collaborate on a single ground-based experiment, CMB-S4. CMB-S4 would be a 500,000-element experiment observing 10-20 thousand square degrees of sky to a depth of <1 uK-arcmin in polarization. The forecasted sensitivity levels for CMB-S4 would achieve results that are near the cosmic variance limit. 
CMB science is HEP science in both scientific goals and technical approach. TES bolometer arrays are the favored detector technology for the vast majority of ongoing and planned CMB experiments. These experiments constitute a unique probe of the physics of inflation, open a new window into neutrino physics, and provide a valuable data set for cross-correlation with other studies of Dark Energy. A well-supported CMB program must be a high priority for a Cosmic Frontier science portfolio.
Core science

	The ANL CMB science program centers on three core goals: inflation, neutrinos, and cross-correlations for Dark Energy. We briefly outline the science and the connection to CMB below.
Primordial gravitational waves arising during inflation produce polarization of the CMB. This polarized signal has an angular spectrum peaking at ~2 degrees and includes B-mode polarization patterns. The detection of B-modes from primordial gravitational waves would be a discovery of fundamental importance. It would constitute an incredible validation of the inflationary theory of our origins and provides direct evidence for the quantum nature of gravity. The amplitude of this B-mode spectrum is relevant for understanding two aspects of physics at the highest energies. First, the amplitude measures the energy scale of inflationary physics, thought to be ~1016 GeV, the energy scale favored by Grand Unified Theories. Second, the amplitude indicates whether the motion of the inflationary field was larger or smaller than a Planck unit. Whether inflation was large field or small field carries profound implications for the ultra-violet physics of our particle theory.
The CMB also provides a unique indirect measurement of the Cosmic Neutrino Background through two measurements. First, measurements of the CMB “damping tail” provide a measure of the expansion rate in the early universe. This expansion rate is directly related to the relativistic energy density of the early universe, which, in the case of just Standard Model particles, is entirely composed of photons and relic neutrinos produced in thermal equilibrium. The CMB currently has a 10-sigma measurement of non-photon relativistic energy in the early universe. The predicted energy density of Standard Model neutrinos within the context of the hot Big Bang can be calculated with sub-percent uncertainty. Thus, a precision measurement of this energy density provides a compelling test of the standard cosmological framework and explores potential physics beyond the Standard Model. Consistency of this measurement with the standard predicted value would provide compelling evidence that the additional relativistic energy is composed of only Standard Model neutrinos. A second measure of the Cosmic Neutrino Background is through the weak gravitational lensing of the CMB by the distribution of large-scale structure. The evolution of structure growth is sensitive to the energy density of the Cosmic Neutrino Background, which, at the redshifts relevant for structure formation, is dominated by the neutrino masses. Precise measurements of CMB lensing provide a measurement of the neutrino mass-scale that is complementary to terrestrial approaches. CMB lensing produces a unique signature in the CMB B-mode polarization. This signal peaks in the angular power spectrum at scales of ~10 arcminutes and has been measured for the first time by the SPTpol experiment.
The CMB is a critical component for cross-correlation studies, which have emerged as an important approach for understanding the mysteries of Dark Energy and neutrino cosmology. The CMB lensing described above complements other probes of structure evolution including Weak lensing tomography and galaxy surveys. The combination of these different measures of structure growth permits additional sensitivity and systematic robustness to utilizing the cosmos for measuring the neutrino mass. At small angular scales (~1 arcmin), the CMB serves as a backlight for illuminating galaxy clusters via the Sunyaev-Zeldovich (SZ) effect. The blind detection of galaxy clusters using the SZ effect was performed for the first time by the South Pole Telescope (SPT) only five years ago. Galaxy cluster surveys using the SZ effect are nearly mass-limited out to all redshifts. When combined with photometric redshift follow-up observations, these surveys provide a growth-based measurement of Dark Energy. These SZ cluster surveys promise exciting new approaches to Dark Energy via their cross correlation with overlapping cluster surveys in the optical as expected from DES and LSST. Lastly, the primary CMB anisotropies are also relevant for Dark Energy studies by providing a precise measurement of non-Dark Energy cosmological parameters.
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Image of the South Pole Telescope (SPT) showing the 10-m primary mirror, external RF baffling, and the featureless horizon of the high Antarctic plateau.
)The experiments of the ANL CMB Thrust all utilize the South Pole Telescope (SPT, Fig. 1) and include the SPT-SZ experiment, the SPTpol experiment, and the upcoming SPT-3G experiment. Detector R&D is underway for both SPT-3G and future CMB experiments like CMB-S4. SPT-SZ was the first focal plane on the SPT. The focal plane had ~1000 bolometers and made unpolarized observations at 95, 150, and 220 GHz of 2500 sq deg from 2007-2011. SPTpol is a polarimeter that replaced the SPT-SZ receiver in early 2012. The SPTpol focal plane has 1600 bolometer observing at 95 and 150 GHz. SPT-3G is a proposed 16,000 element focal plane scheduled to replace the current SPTpol focal plane in early 2016. ANL and the SPT collaboration have taken an approach where operation and data analysis of a given experiment is pursued in parallel with the technology R&D and focal plane fabrication for the next experiment. This has allowed a nearly continuous experimental duty cycle where the conclusion of one experiment is immediately followed by the deployment of the next. This approach has placed our efforts at the forefront of CMB experiments, sustains US leadership in CMB science, and produces a continuous stream of high impact scientific results.
The ANL CMB technology program includes both the R&D and the fabrication of CMB focal plane detector technology. As discussed above, CMB measurement is sensitivity limited and CMB detector technology has reached the “background limit” where the shot noise of the measured photon flux is the dominant noise for a single detector. Furthering CMB science requires new CMB experiments with significantly larger focal planes. TES-based bolometers are the favored technology because they are well suited to array-based fabrication and application. ANL scientists have played a major role in the successful development and deployment of TES-based focal planes including the SPT-SZ focal plane and both ANL and NIST detector technology utilized in the SPTpol focal plane. Of particular importance to current and future ANL CMB activities is access to unique capabilities on the ANL campus including resources and tools at the Center for Nano-scale Materials (CNM) and collaborations with scientists in the Materials Sciences Division (MSD). Our MSD collaborators have significant expertise with thin film micromachining and materials properties and have provided the ANL CMB group with access to a dedicated thin film deposition system along with cryogenic testing labs. The majority of the ANL CMB detector fabrication is conducted within the CNM where we have access to technical clean-room support and infrastructure. The unique dedicated resources at ANL bring a strong asset to various TES R&D collaborative efforts with university groups and other national labs. Fruitful partnerships include the University of Chicago, Case Western Reserve University, Princeton University, CU Boulder, McGill University, University of Michigan, NIST, and University of California-Berkeley. The close relationship between the ANL CMB program and a broad base of university collaborators embodies the successful connection of HEP 
Lab resources to the long-standing history of detector development found in the broader CMB community.
The approach of the ANL CMB group (and the larger SPT collaboration) is to interleave detector R&D and fabrication with the operation of an ongoing SPT experiment. This strategy enables the immediate deployment of a new experiment
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Figure 2 Left: Projected E-mode angular power spectra (EE) for the Planck (cyan), SPTpol (purple), and SPT-3G (black) experiments. Inset plots the uncertainties at large angular scales or low ell showing that the SPT-3G sensitivity will be comparable to that of Planck down to ell~200. Right: Projected B-mode angular power spectra (BB) for the Planck (cyan), SPTpol (purple), and  SPT-3G (black) experiments. Model curves in the BB plot (solid lines) are for Σmν = 0, with r = 0 and r = 0.04. SPT-3G is expected to be the first experiment capable of “delensing” the low-ell B-mode signal providing added sensitivity to primordial gravitational-wave B modes. This capability is illustrated by the red points and dashed lines which correspond to a 2.5 reduction in lensed BB power with the model lines showing the reduction for the same models as the solid lines in the main plot.
upon the completing of operations for an earlier instrument. Thus, we transition seamlessly from operating one experiment to the next allowing for the continuous and timely flow of fundamentally new data.
Projections for SPTpol and SPT-3G are shown in Fig. 2. We forecast the scientific sensitivity of the ANL CMB experiments in terms of three parameters: σ(r) which measures our sensitivity to inflationary gravitational waves; σ(Neff), where Neff=3.046 corresponds to the number of thermal relic Standard Model neutrinos, provides a measure of our sensitivity to relativistic energy in the early universe; σ(Σmν) captures our sensitivity to the sum of the neutrino masses which we measure via their impact on the growth of structure and its corresponding weak lensing signal. We expect the upcoming three years of SPTpol observations to map ~500 sq deg to a depth of <10 uK-arcmin in polarization. These data will yield[footnoteRef:1] σ(r) = 0.03, σ(Neff) = 0.12, and σ(Σmν) = 28 meV. A subsequent four-year survey with SPT-3G will map 2500 sq deg of sky to a depth of 3.5 uK-arcmin in polarization at 150 GHz and 6 uK-arcmin at 95 and 220 GHz. With this depth and coverage, SPT-3G will achieve[footnoteRef:2] σ(r) = 0.01, σ(Neff) = 0.06, and σ(Σmν) = 61 meV. The CMB-S4 experiment, for which we anticipate receiving CD-0 by FY15, would map tens of thousands of square degrees to <1 uK-arcmin and reach near cosmic variance limited sensitivities[footnoteRef:3] of σ(r) = 0.001, σ(Neff) = 0.02, and σ(Σmν) = 16 meV. [1:  Including Planck priors.]  [2:  Including Planck and BOSS priors.]  [3:  Including Planck and MS-DESI priors.] 
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Figure 3 Left: CMB temperature anisotropy angular power spectra at low ell as measured by Planck, WMAP, SPT, and ACT showing the remarkable precision of current CMB measurement and agreement between multiple space-based and ground-based platforms. Right: Angular power spectra measured by SPT, WMAP, and ACT up to ell~10,000 which corresponds to ~1 arcmin resolution.
Progress Report
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Figure 
4 
First results from the 
SPTpol
 experiment showing the first detection of CMB lensing B-modes detected by cross correlation at 150 GHz (solid black points) with lensing B-modes inferred from CIB fluctuations measured by the 
Herschel
 satellite. Green points offset to the left are the same as black only using E-mode measured at 90 GHz testing foreground and instrumental systematics. Orange offset to the right are the same as black only utilizing a different B-mode estimator showing robustness to analysis choices and point source treatment. Gray points are 
a  “
curl mode” null  test.
)[image: Macintosh HD:Users:clchang:Documents:sptpol_papers:ebphi:figures:plot_cl_ep_b_pub.pdf]Work from FY10-13 has utilized the exceptional South Pole Telescope (SPT, Fig. 1) as the experimental platform. All aspects of the SPT—the site, the telescope, the RF shielding, and the cryogenic receivers—have been optimized for making ultra-sensitive measurements of the CMB anisotropy from degree to arcminute angular scales over thousands of square degrees of the sky. The SPT has a 10 meter primary mirror, producing a 10 FWHM beamwidth at 150 GHz with the current optical system, which conservatively illuminates the inner 8 meters of the telescope [21]. This level of angular resolution allows for studies of the very small-scale CMB anisotropy and mitigates some important polarization systematics [22]. The telescope is an off-axis, classical Gregorian design, resulting in low scattering and high efficiency, with no blockage of the primary aperture. The combination of an off-axis telescope, cold Lyot stop, and integral co-moving shield give high rejection of any emission outside the main beam. These factors, combined with the conservative illumination, result in an extremely clean optical system, vital for observations of diffuse, low-contrast emission such as the CMB. The large field of view afforded by the telescope and optical design allows for kilo-pixel or larger detector arrays, which results in significant improvements in sensitivity over the previous generation of CMB experiments. 
In 2011, the SPT collaboration concluded a four year survey with the SPT-SZ experiment. This survey observed 2500 square degrees in three optical bandpasses (95, 150 and 220 GHz) and achieved a depth of ~18 uK-arcmin in total intensity (or temperature) at 150 GHz. One of the recent SPT-SZ results is the first use of an SZ cluster survey to demonstrate significant improvements on the dark energy equation of state, w, and the sum of the neutrino masses, Σmν, measuring w = 0.973 ± 0.063 and Σmν < 0.28 eV at 95% confidence. The SPT-SZ has also used this survey data to publish a measurement of the primordial fine-scale CMB anisotropy power spectrum (Fig. 3). These data are sensitive to the expansion rate during recombination and thus to the number of relativistic particle species present at that epoch. This has allowed SPT to place constraints on the number of light particle species beyond the standard three neutrinos (e.g., sterile neutrinos). Combining with WMAP7, SPT-SZ measures the number of effective neutrino-like relativistic species to be Neff = 3.62 ± 0.48. This can be compared to the subsequent Planck results which measure Neff = 3.36 ± 0.33 when using only Planck data.
In Austral Summer 2011-12, SPT replaced the SPT-SZ receiver with the SPTpol receiver (see Fig. 5). The SPTpol deployment was a success achieving first light at the end of January 2012. Successful deployment involved:
1. Optimization of detector design and fabrication including fine-tuning of the detector thermal conductance [35] and normal-superconducting transition. 
2. Fabrication of science-grade detectors, beginning in April 2011 and ending in December 2011. 
3. Extensive testing and quality assurance after which the detectors were delivered and installed on to SPT platform. The detectors have excellent on-sky performance. All devices have the desired saturation power, noise, loop gain, time constant, co-polar coupling, and cross-polar  isolation. 
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Figure 
5 
Image of the 
SPTpol
 focal plane. The inner detector arrays were made at NIST and observe at 150 GHz. The outer 
ring of detectors observe
 at 90 GHz and were made from scratch at ANL. ANL scientists played an active role in the development of both detector technologies.
)[image: ]SPTpol spent its first Austral Winter season making ultra-deep measurements of a 100 sq deg patch of sky as its commissioning run. The first result from this season of commissioning data has recently been published and presents a 7.7-σ detection of CMB lensing B-modes, the first measurement of CMB B-modes (see Fig. 4). The start of the 2013 Austral Winter marked the beginning of the full SPTpol survey which plans to map ~500 sq deg of sky to a depth of ~8 uK-arcmin in polarization. ANL scientists have played an active role in the low-level analysis of the incoming SPTpol data including understanding the detector relative calibrations and studies of potential ground contamination. The ANL CMB group is also actively involved in SPTpol operations traveling to the South Pole to optimize the SPTpol focal plane, conduct routine maintenance, and measure the angles of the SPTpol bolometers using a special polarized calibration source.
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Figure 6 Left: SEM image of part of an ANL fabricated superconducting microstrip resonator structures. The structure consists of a strip of Nb on top of SiOx dielectric. Beneath the dielectric layer is a Nb ground plane. Right: Cross-sectional SEM image of the superconducting microstrip showing the two Nb layers (ground plane and conductor), dielectric (SiOx), and substrate material (Si coated with Si-N).



Planned Research
In addition to ongoing data analysis and operations for SPTpol, our FY14-16 plans will focus on continued CMB detector R&D transitioning to fabrication for SPT-3G in FY15. The focus of our detector R&D program is the development of large arrays comprised of multi-chroic bolometers. This work will be pursued in close collaboration with our colleagues at UC-Berkeley/LBNL who have pioneered the use of broadband antennas for multi-chroic applications at mm-wavelengths. Current state-of-the-art detectors observe in only a single optical pass band with approximately 40 GHz of optical bandwidth. Experiments like SPTpol can observe in multiple pass bands only by building focal plane arrays where different parts of the array observe in different pass bands. This configuration is sub-optimal and the goal of next generation detector research is the development of multi-chroic pixels where every pixel in the entire focal plane observes in multiple pass bands. The most competitive detector efforts are pursuing devices coupled through superconducting microstrip transmission lines. Superconducting microstrip consists of a narrow conducting line suspended above a ground plane with a dielectric layer in between (see Fig. 6). Typical applications utilize ~500 nm-thick SiO2 for the dielectric and ~300 nm-thick Nb films for the ground plane and conductor strip with typical conductor line-widths of 1–10 μm. Microstrip transmission lines are well-suited to multi-chroic detector layouts because they naturally accommodate in-line filters for defining optical passbands (see Fig. 8).
Consistent fabrication of low-loss microstrip is critical for integrating multi-chroic technology into arrays for next generation focal planes. Recent work has demonstrated that it is physically possible to fabricate, albeit inconsistently, superconducting microstrip with nearly loss-less performance2 [37]. The challenge facing future CMB detector development is the reliable manufacturing of low-loss microstrip. Critical to achieving the required level of process control is developing an understanding of the relevant materials properties that lead to loss at mm-wavelengths.
The planned detector research program is broken down into three parts: R&D of superconducting microstrip fabrication including exploration of new materials and fabrication techniques, developing micromachining processes and handling procedures for fabricating large (6”-diameter or larger) arrays of multi-chroic microstrip-coupled TES bolometers, and fabricating the SPT-3G focal plane array. The tasks are described in further detail below
1. We plan to develop a superconducting microstrip technology, which achieves consistent low-loss performance at mm-wave frequencies (70-270 GHz).  This work leverages support we have received by a two year LDRD to pursue this work. Recent work has shown that the microstrip loss is dominated by a distribution of Two-Level Systems (TLSs) [9] associated with defects and contaminants in the amorphous dielectric and at the interfaces between the dielectric and superconductor. Thus, the problem of loss is intrinsically a problem of material science and fabrication. We plan on pursuing this R&D through exploring different dielectric deposition techniques, new dielectric materials, and new microstrip film configurations. Specifically, we will investigate dielectrics deposited via DC magnetron sputtering, Plasma Enhanced Chemical Vapor Deposition (PECVD), and Atomic Layer Deposition (ALD), the latter being conducted in collaboration with Dr. Proslier, an expert in ALD with a joint-appointment with HEP to work on superconducting RF cavities for accelerators. We will also study different dielectrics including SiO2, a-Si and a-Si:H, AlO2, and an SiO/AlO nano-laminate. Lastly, we will investigate the role of combining multi-layered dielectrics for controlling surface properties and interactions. The micro-strip loss will be initially characterized at lower RF frequencies (~8 GHz) where there is a clear predictive behavior for TLS loss and measurements can be executed using RF tools available via ANL’s Advanced Wakefield Accelerator (AWA) group. These tools include RF signal generators, attenuators, amplifiers, and network analyzers. These planned activities will take place FY14-early FY15.
2. We plan on developing new fabrication techniques and new superconducting materials for fabricating large arrays of multi-chroic detectors with uniform detector performance. The focus of this work will be on depositing TES films with Tc that is uniform across a wafer and consistent from wafer to wafer. We are pursuing a number of options to achieve this goal including new TES made from Ti and Al-Mn alloys. The potential benefits of these materials over the traditionally used superconducting bilayers (like Mo/Au) is that the TES deposition and processing needs to be optimizing uniformity and consistency for only a single material (versus two for bilayers). Materials with well-controlled purity (which can be achieved via dedicated deposition systems) will then yield excellent TES performance. We will also continue developing our technique of using superconducting and normal metal structures for engineering the TES superconducting-to-normal transition. Sufficient expertise with this technique will allow us to correct for small non-uniformities that may be systematically present in our fabrication process. We have started a detector simulation effort where the required RF simulation software and expertise are available through the ANL-HEP AWA group. This capability enables us to explore new RF designs to optimize device performance. We are also in the process of designing and fabricating detectors where we integrate superconducting microstrip coupling with our TES bolometers. We will use the fabrication of these test devices to explore opportunities to expedite the fabrication of these complex multi-layered structures. Of particular importance is our access to a number of process-dedicated deposition systems which will allow us parallelize elements of the detector fabrication. This effort is pursued This work will be carried out FY14-FY15.
3. In FY15-FY16 we will synthesize the R&D described above to arrive at a final detector design and fabrication process for SPT-3G. We will then fabricate the SPT-3G focal plane. This fabrication effort will require us to organize a coherent quality-assurance testing effort within ANL and among our university and national lab partnerships. 
Our planned detector research activities will develop new detector technology at ANL. This technology will be utilized in the SPT-3G focal plane and will form the foundation for a future CMB-S4 experiment.
ANL Effort Support and Request
The ANL CMB team is composed of:
· Scientists on the Cosmic Frontier research budget: John Carlstrom (10%), Clarence Chang (15%), Gensheng Wang (45%)
· Postdocs: 1 FTE supported on Cosmic Frontier research, 0.25 FTE supported by LDRD
· People with other support: John Carlstrom (90% UChicago NSF), Clarence Chang (85% Early Career), Gensheng Wang(5% SPTpol operations, 50% SPT-3G R&D), Volodymyr Yefremenko (engineer, 5% SPTPol operations, 55% LDRD, 40% SPT-3G R&D), Valentyn Novosad (MSD collaborator, 25% SPT-3G R&D), John Pearson (MSD technician, 10% SPT-3G R&D)
Over half of the support for the ANL CMB thrust is leveraged funds including: support from UChicago NSF for the SPT-3G experiment; an Early Career award for SPTpol analysis and development of CMB detectors; and an ANL LDRD for studying superconducting microstrip. Collaborating scientists and technicians in the ANL MSD have the majority of their support coming from DOE BES.
We have proposed the SPT-3G experiment as a new project for our CMB program and are requesting an increase in the CMB research budget to support the new SPT-3G effort. In the case that SPT-3G is not funded in FY14 and there is no increase to the CMB research budget (corresponding to either budget scenarios A or B), it will be impossible to sustain the CMB detector R&D program. Instead, the ANL CMB program will focus exclusively on analysis and operations for the SPTpol experiment with the expectation that the CMB effort will roll-off with the conclusion of SPTpol. The CMB technology R&D will be terminated and the resources, expertise, tooling, and technology development required for successful delivery of the SPT-3G focal plane will be lost. This course of action will have significant negative ramifications for the SPT-3G experiment for which DOE is responsible for the SPT-3G camera. Moreover, the withdrawing of national lab resources from the broader CMB community will have significant negative impact on the future for the entire field of CMB experiment. We discuss the role and importance of national labs in CMB science in the following section.
CMB in the post-Planck Era
The successful WMAP and Planck satellite programs have provided the scientific community with cosmic variance limited measurements of the large-scale CMB temperature and E-mode polarization. Further exploration of fundamental physics via the CMB will come from precision measurements of the CMB fine-scale structure and B-mode polarization. Because the sensitivity of CMB detectors is fundamentally limited by shot-noise of the measured photon flux, increasing the scientific reach of CMB experiments requires the development and fabrication of larger focal plane arrays. The landscape of current and future CMB experiments is thus broken down into stages with each stage corresponding to an order of magnitude increase in sensitivity, or equivalently the number of optical modes measured. Current CMB experiments are Stage-II experiments and measure O(1000) modes. Stage-II sensitivities will achieve statistical detection of the CMB B-modes. Upcoming experiments like SPT-3G are Stage-III experiments and will measure O(10,000) modes. These Stage-III experiments will have sufficient sensitivity to image maps of the CMB lensing B-modes. Stage-IV CMB experiments like CMB-S4 are anticipated to deploy in 2020 and will measure O(100,000) modes. Stage-IV CMB experiment will be achieve nearly cosmic variance limited sensitivity. This evolution of CMB experiment and technology is illustrated in Fig 7.
Over the past decade, the need for larger focal planes has led to a gradual consolidation of experiments into fewer projects and larger collaborative efforts. Looking ahead, the field of CMB experiment is in the midst of a watershed moment where pursuing the unique and powerful CMB science requires a new approach to CMB experiment involving a few large programs with strong participation and leadership from national labs. The ANL CMB program is well positioned to participate in the growth of the CMB field and is structured to take on a larger and unique role in this science while generating significant scientific breakthroughs in the short term.
Progress Report 
Mapmaking Capability Development for SPT
	Small-scale CMB observations have considerably sharpened our knowledge of the cosmological parameters. Suman Bhattacharya has quantified foreground biases that induce systematic uncertainty in the CMB lensing convergence power spectrum.  He used numerical simulations to generate a mock CMB sky using our group’s “Coyote Universe” set of simulations. Ten snapshots equally spaced in expansion factor produce an octant CMB sky that includes lensing and other foregrounds. These simulations can evaluate the impact of the Sunyaev-Zeldovich (SZ) effect and that of star forming galaxies on measurements of the CMB lensing convergence power spectrum.  
In a second related work, Bhattacharya is working on quantifying the cross-correlation amplitude between the SZ signal and the lensing sky using the above simulations. (Here, work by another Argonne post-doc, Sudeep Das, is also relevant [9].)The goal here is to quantify how the cross-correlation can be used to understand the astrophysical properties of galaxy groups at moderate to high redshifts. (Typically, groups cannot be observed directly using CMB or X-ray telescopes and cross-correlation remains the only viable option to detect their signature.) The CMB lensing signal originates from groups at relatively high redshifts, hence the cross correlation of the SZ and lensing tends to pick objects at higher redshifts.

Proposed Research
Mapmaking Capability Development for SPT
We have applied for an Argonne LDRD set grant to extend our simulation work for SPT. Our current simulations have the required resolution to build realistic CMB maps and provide much higher quality predictions than currently available. The LDRD set project would provide funding to build up our simulation analysis capabilities targeted at CMB measurements.
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D. Hanson, et al. (SPT collaboration),  “Detection of B-mode Polarization in the Cosmic Microwave Background with Data from the South Pole Telescope”, Phys. Rev. Lett. submitted (2013)
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Presentations
1. “Cluster Cosmology with the South Pole Telescope”, L. Bleem, Santa Fe Cosmology Workshop, Sante Fe, NM. June 2013, invited lecture.



10.	Other

Progress Report 
10.A.1 PDACS: Portal-based Data Analysis services for Cosmological Simulations
Large-scale simulations of cosmological structure formation, typically carried out on leadership-class computer systems, are a key tool of discovery within the Cosmic Frontier program. The simulation results are directly relevant for survey science and constitute an essential resource for project teams (e.g., BOSS, DES, DESI, LSST, SPT). Carrying out such simulations is a very demanding task, starting with technically challenging high-performance simulation and analysis code developments, successful application for supercomputer allocations, and extending to the final extraction of scientific and technical results. Only a small number of institutions have the diverse resources that must be coherently focused to implement such an intensive program. National laboratories are natural places to build efforts of this type in computational cosmology, where they can support the rest of the scientific community. 
As part of this role, a key contribution lies in making simulation results available, as well as associated analysis toolkits, to which users can contribute their own methods. In this way, by sharing data and techniques, the scientific reach of the total effort is greatly enhanced. Motivated by this exciting possibility, Argonne researchers led by Salman Habib and Ravi Madduri (MCS Division) initiated the development of PDACS (Portal-based Data Analysis Services for Cosmological Simulations), and received development funds at the end of FY12 (lasting until early FY14) from HEP Computing to build PDACS in collaboration with researchers at Fermilab and NERSC, LBNL. At Argonne, Katrin Heitmann and Ben Guttierez (postdoctoral researcher in ALCF division) are working on the project and several postdoctoral researchers in HEP Division are contributing their analysis tools. This project leverages collaborations between HEP and ASCR-supported staff at the three national laboratories.
PDACS is an open, web-based platform that allows the download, transfer, and manipulation of simulation data, as well as (possibly complex) computational analyses of the data using a wide range of resources made available by the system. The analysis framework enables the wrapping of analysis tools written in a large number of languages and making them available to the user within its workflow system, providing a powerful way to carry out multi-level/multi-step analyses. An important aspect of PDACS workflows is the ability to run parallel jobs on back-end systems, either in task parallel or closely coupled modes. The system allows for provenance tracking, implementing thereby a transparent sharing method, as well as an important resource for checking reproducibility of results generated by the workflows. PDACS is based on Galaxy, a workflow tool originally developed in the field of computational biology and supported by NSF and NIH. Galaxy is open source and its overall design is not restricted to the computational biology arena. The PDACS development leverages the existing large investment in Galaxy. 
During the last year, Galaxy has been deconstructed and rebuilt with new services and the initial design of the PDACS system has been established at NERSC. The core elements are: (i) a set of tools implemented into PDACS, (ii) a set of shared simulation data now available, (iii) a dataflow computing model that allows for data analysis and sharing of workflows created by the users. Some choices regarding data formats have been made and the tools work with those data formats. Figure 10.A.1 shows an example of a workflow to identify halos in a simulation output stored at NERSC. 
[image: pdacs_wflow] (
Figure 10.A.1: PDACS instance at NERSC, example of a workflow to generate an image of the distribution of halos. The left column shows the available tools in PDACS (more are currently implemented), the center of the image shows the workflow itself, and the right column shows some details about the tools used. In this example, a simulation data set is read in (first box, Input Dataset), the halo finder is run on the data (this includes the submission to the Carver queue at NERSC), and the output is then analyzed.
)The set of tools wrapped within PDACS so far include: (i) A parallel halo finder that generates friends-of-friends (FOF) as well as overdensity (SO) halos and produces a diverse set of outputs: FOF halo properties, such as positions, velocities, and masses; SO halo properties; particles within halos; particle tags and halo tags to enable tracking of halos over time, etc. The outputs can be seen in Figure 10.A.1 in the Halo Finder box. The halo finder accepts standard Gadget files as well as a simple binary format. (ii) A conversion tool for the halo finder output (usable on any output file) that generates tables or a small database from the output, which can then be processed further. This tool is also shown in Figure 10.A.1. (iii) Halo catalog analysis tools: These tools include a mass function routine for FOF and SO halos, analytic predictions for the mass function, and a routine that allows one to measure the concentration-mass (c-M) relation from the SO halo profiles. (iv) Plotting routines: Here, some of the available tools from the original Galaxy distribution can be used. We are also building an interface to R, to allow for more complex analysis of the output. (v) Analytic prediction tools for the c-M relation and the matter power spectrum. The outputs from these routines can be compared to the outputs from the simulations. This first set of tools allows already for a comprehensive analysis of an N-body simulation and the halos within it. We are currently working on more detailed documentations of the tools so that the user understands all functions and the corresponding inputs and outputs. In addition, the Fermilab team is working on documenting the tool-wrapping process to make it easy in the future for any user to wrap and contribute tools. Careful documentation is essential to the success of PDACS in the long term. Several more analysis tools are being prepared for inclusion (this step is mainly to ensure that the tool works with the PDACS data formats and can ingest the input documentation). These include: power spectra and correlation function routines, halo occupation distribution modeling to produce galaxy catalogs, tools to analyze the resulting catalogs, etc. 
A novel feature within PDACS compared to the original Galaxy instance is the ability to submit batch jobs to NERSC supercomputers and clusters to carry out more expensive analysis tasks that require parallel tools. The submission process works well and the PDACS interface shows the progress that has been made in the workflow. The log files for these analysis runs are stored within PDACS and are easily accessible. A complete workflow starting from reading the data to analyzing them to producing final images has been demonstrated to work. 
The basic capability for using Globus Online to import data into PDACS and export results exists, as can be seen at the top of the left blue column in Figure 10.A.1. Currently, the project is more focused on using already existing data sets on the NERSC systems. The idea here is that a set of well-tested simulations will be made available to the community so that they can carry out various science projects. Since these simulations are large and disk space is limited, the simulation database provided to the users will be controlled by the core team, at least in the near future. Nevertheless, the Globus Online capability exists within PDACS and greatly eases transfers of large files.	
An important aspect of PDACS is its collaborative research environment. This includes sharing of workflows (available in the current PDACS version) via the PDACS provenance capability and community-wide tool sharing. In addition, PDACS allows researchers to work in groups so that data and workflows that are considered to be proprietary can be properly protected.
Currently, the cosmologists of the core team at Argonne are testing the first PDACS version and providing feedback for improvement to the development team. This process allows rapid progress on improving the interfaces to the tools and simulation data. We have also presented a demonstration of PDACS at the last LSST DESC collaboration meeting. The feedback was very positive and many members of the community are eager to contribute to and use PDACS. We are now close to extending the core testing team beyond the Argonne group.
10.A.2 HACC: Hardware/Hybrid Accelerated Cosmology Code
The computational cosmology effort was initiated at Argonne in May 2011. Since then, a team of researchers from HEP, ALCF, and MCS Divisions led by Salman Habib and Katrin Heitmann has continuously developed HACC, the Hardware/Hybrid Accelerated Cosmology Code simulation framework. HACC is a portable, high-performance N-body solver that can exploit diverse supercomputing architectures at full scale; it also includes a comprehensive set of analysis tools. Aside from conventional parallel supercomputers, HACC has been ported successfully to IBM BlueGene/Q (BG/Q) systems and to heterogeneous platforms such as GPU accelerated systems. On Sequoia, LLNL’s BG/Q system (twice as large as Mira, the BG/Q system at Argonne), HACC has achieved nearly 14 petaflops, in a record-setting benchmark run with 3.6 trillion simulation particles. This achievement placed the team among the Gordon Bell Award finalists at SC12 [1] (this award is given in recognition of outstanding achievements in high performance computing), and was highlighted in a DOE SC/NNSA press release (http://www.nnsa.energy.gov/mediaroom/pressreleases/sequoia112812). The GPU enhanced version of HACC is now running at scale on all of Titan, Oak Ridge National Laboratory’s supercomputer, currently second-fastest worldwide, and has been once again selected as a Gordon Bell finalist at SC13 [2] (the award will be decided in November). 
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)Over the last year, partially supported by a multi-institutional DOE HEP/ASCR SciDAC-3 project in computational cosmology (PI: Salman Habib) we have incorporated new physics capabilities into HACC, namely dynamical dark energy models and massive neutrinos. Simulations exploring these new additions have been carried out as part of the Early Science Program (ESP) on Mira and of an Advanced Leadership Computing Challenge (ALCC) project that focused primarily on neutrinos. The results are currently being analyzed. The ALCC awards computing allocations to projects that specifically support science of interest to the DOE with an emphasis on high-risk, high-payoff simulations in areas directly related to agency missions. During the acceptance phase of Mira, the world’s largest cosmological simulation was initiated, evolving almost 1.1 trillion particles spanning a (4.225 Gpc)3 volume on 32 of Mira’s 48 racks. A snapshot at an intermediate redshift is shown in Figure 10.A.2. In order to complete this simulation, Habib and collaborators successfully competed for time under the INCITE program (Innovative and Novel Computational Impact on Theory and Experiment) for the current calendar year. A new INCITE proposal for three years that would start in early 2014 has been submitted; the selections will be announced in November 2013. INCITE and ALCC proposals are reviewed by science domain experts for scientific excellence as well as by computer scientists for computational readiness and are highly competitive. In our proposal, a total of 200M CPU hours per year on both Mira and Titan have been requested. This allocation will enable the simulation efforts outlined in the previous sections to support major DOE dark energy and CMB experiments. 
In addition to the successful ports to Mira and Titan, other new features have been implemented into HACC to ensure best performance on very large scales, including locally adaptive time stepping, improved load balancing, a new I/O scheme including efficient compression algorithms, and new analysis capabilities. A comprehensive description of HACC is given in Ref. [3].
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10.A.4	Synthetic Sky Catalogs
A crucial step in using cosmological N-body simulations in support of survey science is to build a robust bridge between the dark matter distribution and the galaxies that reside within it. Unfortunately, a sufficiently sharp understanding of galaxy formation is currently lacking and creating galaxies from first principles in simulations spanning large cosmological volumes is therefore not possible. This is because our understanding of the physics is incomplete and also because the computational cost of carrying out very large hydrodynamical simulations is prohibitive. Nevertheless, it is crucial to build reliable synthetic sky catalogs for ongoing and upcoming surveys to extract new physics, to understand astrophysical and observational systematics that could mimic fundamental physics effects, to optimize survey design, and to robustly estimate observational errors. Consequently, three approaches are currently followed, two based on populating dark matter-dominated halos and subhalos, the halo occupancy distribution (HOD) and subhalo abundance matching (SHAM) techniques, and a third, the semi-analytic modeling (SAM) of galaxy formation, which may be thought of as a combination of analytic approximations and empirical calibrations taken from a more detailed set of simulations. All of these methods have free parameters that are calibrated by comparison against a set of observations. HODs are the simplest to implement, SHAMs require simulations in which subhalos are adequately resolved, and the SAM technique is the most complex. Our aim is to apply all of these techniques as appropriate to the task at hand.
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Figure 10.A.4: Mock catalog based on SDSS observations. White: mass distribution, black circles: galaxies. 
)[image: HOD]The implementation of an HOD approach is straightforward and we have generated a set of mock catalogs (following Zheng et al. 2009) based on the Coyote Universe simulations as well as new HACC runs. One example is shown in Figure 10.A.4. As mentioned above, we are currently using an HOD approach to build emulators for galaxy power spectra and correlation functions, covering a large range of wCDM cosmologies and HOD parameters. Technically far more involved is the generation of mock catalogs from SAMs. Over the last year, we have set up the infrastructure to build realistic synthetic sky catalogs with Galacticus, a publicly available SAM code due to Andrew Benson. This work included the construction of an efficient merger tree code and building a stable version of Galacticus that can run many instances very fast to explore parameter space efficiently. In addition, the outcome from Galacticus has to be calibrated against observational data. We have generated a first set of small test galaxy catalogs and are currently gearing up for the analysis of a larger simulation. This work is a joint collaboration with Martin White and Joanne Cohn from UC Berkeley. Together with Andy Connolly’s team at the University of Washington we are working on ensuring that the outputs from the synthetic sky catalogs will be most valuable for LSST and LSST-DESC.
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10.A.5	Cosmic Emulators
The full interpretation of results from next-generation cosmological observations constitutes a statistical inverse problem that must be treated by Monte Carlo methods. In order to do this, forward model predictions are generated tens to hundreds of thousands of times. The complexity of a single prediction for these observations, both in terms of physics and numbers of parameters, obviously precludes brute force simulation runs (Cf. those performed for CMB analysis) as a viable approach. To overcome this problem, we have introduced the “Cosmic Calibration Framework”. The main idea behind the framework is to cover the model space in an efficient manner by using sophisticated statistical sampling methods and techniques for interpolation over high-dimensional spaces. The power and importance of the Cosmic Calibration Framework can be appreciated by realizing that running 10,000 - 100,000 cosmological models with full simulations for a Markov chain Monte Carlo (MCMC) analysis would take several decades with current computational power. With our methodology, this time is brought down to hours.
The framework has four interlocking components: (i) The simulation design: Given a set of cosmological and modeling parameters, with a prior range for each, the points in parameter space at which to carry out the simulations are determined. The sampling design is based on sophisticated methodologies that guarantee good coverage over the complete parameter space. (ii) The emulator: From the simulation results, an interpolation scheme is constructed that provides predictions at any parameter setting within a specified prior range. The interpolation scheme is based on Gaussian Process modeling applied to a Principal Component basis representation. (iii) Sensitivity analysis: Once the emulator is constructed, the model space can be systematically explored, and parametric dependencies of observables determined as a function of the location in parameter space as well as a function of properties of the observations. (iv) Calibration against observations: With the completed emulator it is straightforward to include observational information and estimate parameters via MCMC methods. The error limits and parametric range are determined by known priors and survey requirements. The construction of emulators is the most time-consuming task in the overall process since it involves running a large suite of simulations, typically of order ~100.
Two new emulators have been released recently by the Argonne group (in collaboration with Los Alamos), one for the concentration-mass relation for clusters and groups in wCDM cosmologies [1,2] and an extension to higher wave number and earlier times of a previously released power spectrum emulator, targeted at currently available weak lensing shear measurements  [3]. All emulators can be downloaded at this URL: http://www.hep.anl.gov/cosmology/CosmicEmu/emu.html. In addition, emulators for the galaxy power spectrum and correlation function for a range of HOD models and cosmologies are currently being finalized. These are specifically targeted at the analysis of BOSS results. Finally, the extended power spectrum emulator is currently embedded in an “Emulator Factory”, a collaboration of UPenn researchers to generate predictions for a diverse set of weak lensing observables, including covariances. These are focused primarily on requirements set by DES science analysis.
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10.A.6	Reconstruction of the Dark Energy Equation of State
	A major aim of ongoing and upcoming cosmological surveys is to measure the dark energy equation of state w and its time dependence at high accuracy. Since w(z) is not directly accessible to measurement, powerful reconstruction methods are needed to extract it reliably from observations. In collaboration with researchers from UC Santa Cruz and Los Alamos National Laboratory a new reconstruction method for w(z) based on Gaussian process modeling has been developed. This method can capture nontrivial time-dependences in w(z) and, most importantly, it yields controlled and unbaised error estimates. This method was extended to include a diverse set of measurements: baryon acoustic oscillations, cosmic microwave background measurements, and supernova data [1]. Currently available data sets were analyzed and the resulting constraints on w(z) were presented, finding very good agreement with a cosmological constant, w=-1. In addition, the method’s power to capture nontrivial behavior of w(z) was explored by analyzing simulated data assuming high-quality observations from future surveys. It was found that in addition to the supernova data, the baryon acoustic oscillation measurements leads to remarkably good reconstruction results and that the combination of different high-quality probes allows us to reconstruct w(z) very reliably with small error bounds.
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Proposed Research
10.B.1 PDACS:	Portal-based Data Analysis services for Cosmological Simulations
The main goal for the next year is to release a stable PDACS version to the community that is populated with a suite of simulations, provides robust analysis tools, and allows the users to add their own tools in a straightforward fashion. A first version of PDACS will be released initially to a set of “test users” outside of Argonne. For this purpose, we have set up an Advisory Council comprising of members from several universities (UC Berkeley, Carnegie Mellon, Michigan, Michigan State, Oklahoma, Yale) who have agreed to help test PDACS, provide feedback, and implement new analysis tools. Once the Advisory Council is satisfied with the first version, PDACS will be released to the community.
In order to allow users to contribute tools to PDACS, it is important to set up a framework for testing analysis tools. This task will ultimately result in the completion of a PDACS “Tool Shed”; users who wish to contribute tools will wrap them and commit them to the tool shed. The core PDACS developers will be able to test the tools and decide if they meet the required standards (i.e., obey the specified formats, be computationally robust). If so, the tools will become part of the main PDACS distribution. The tool shed capability already exists in Galaxy but has not been exposed within PDACS so far. In addition, more tools and simulations will be added, both from Argonne researchers and publicly available software. 
After the initial deployment of PDACS at NERSC, we expect to have PDACS instances available at multiple institutions, but with a single web front-end that seamlessly handles federated identity and account management. As capabilities such as dynamically resourced clouds become available, PDACS will allow scientists to use these services with no extra overhead.
10.B.2 HACC Development
The HACC development over the next three years encompasses three major directions: (i) Extension of the in-situ analysis capabilities of HACC; (ii) improved efficiency for very high mass resolution simulations to resolve subhalos with large numbers of particles while simulating large cosmological volumes; (iii) adding hydrodynamic capabilities to HACC using particle-based methods. In addition, we will continue to explore the newest supercomputing architectures available; HACC has been chosen as one of the benchmark codes for the CORAL (Collaboration Oak Ridge Argonne Livermore) partnership that will result in acquisition of the first 100+PFlops systems to appear in the US.
10.B.3 Synthetic Sky Catalogs
The development of synthetic sky catalogs will proceed in multiple directions. The primary focus will be on SAM-related activities, initially to develop synthetic catalogs based on halo merger trees only, and validated against a set of observations, such as luminosity functions of the target galaxies. The validation process is itself a complex task, combining the calibration and joint interpretation of multiple observations, along with confronting the many-parameter SAM models (with about 20 parameters initially) to these datasets. This last step will be carried out using a combination of statistical optimization and emulation methods. In parallel with this effort, a sub-halo based merger tree extension of the current version of Galacticus will be employed to generate the next improvement in sky catalogs. On a shorter timescale, we will continue to build catalogs with HOD and SHAM models as these will be adequate for BOSS analyses, as well as the initial design work for DESI. 
10.B.4 Cosmic Emulators
Based upon previous work, new emulators will be developed for a range of survey-relevant observables, covering an eight-dimensional cosmological parameter space, as well as other modeling parameters. These emulators will also be extended to cover the cosmological dependence of covariance matrices. The cosmological parameters include the dark matter and baryon content of the Universe, the Hubble parameter, the normalization and slope of the primordial power spectrum, dynamical dark energy models characterized by a two-parameter fit, and finite neutrino masses. An advanced design strategy has been developed that will allow emulator construction with high accuracy already from a small number of simulations. Adding more simulations over time will systematically improve the accuracy. (In the original design strategy all simulation results had to be in hand before a reliable emulator could be build.) The new nested strategy has been fully tested on the linear power spectrum. The first set of simulations will encompass 25 cosmological models, then another 27 models will be added, and finally a full 99-model design will be generated. Large volume, medium resolution simulations have been already carried out for all 99 models and will be used to build an emulator for baryon acoustic oscillation predictions. This work will explicitly target high-priority tasks called out in the LSST-DESC White Paper under the Cosmological Simulation Tasks [1], DES deliverables from the Argonne group, and will also be important for DESI work (details for this are still being worked out). 
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10.  Lab support and infrastructure
The ANL High Energy Physics Division takes advantage of skilled technical expertise throughout the laboratory.  The secretarial staff, computer support and mechanical and electrical groups all play a crucial role in the support of our current and future projects for the Intensity Frontier.  The development of new detection techniques makes use of the multi-disciplinary nature of the laboratory.  Several specific facilities are listed here.
· 	Industrial building 366, a 23,000 sq ft high bay, 35 ton crane equipped, unique assembly area for large construction projects.   CDF, ZEUS, MINOS and ATLAS modules as well as moving systems for ATLAS were built here. Recently the full prototype of a 56x56ft NOνA module was assembled here.   The Argonne laboratory provides and maintains this space.
· 	There is a mechanical design group within the Division, with two mechanical engineers, typically supported by project funds. We also have access to a lab wide engineering group in case more effort is needed.
· The  Division is the home of the electronics group  with a total staff  of~9  engineers,  designers  and technicians  who  support  all  Argonne divisions.  This group designs, builds and maintains electronics associated with detectors provided by the Division for experiments. Typically at least 3-4 members of that group work on HEP activities.
· 	Machine shop including 2D CNC machining capability (plus machinist) in the large assembly building, plus two smaller machine shops.  We also have access to the large Central Shop maintained by the laboratory where  a  full  range  of  machining  capabilities  is  available  including  multi-axis  CNC,  EDM,  welding,  and precision inspection instrumentation.
· Cosmic ray test stand and optical research lab in HEP Building 362.
· 	Three Atomic Layer Deposition systems in the Energy Systems Division: a Beneq reactor, a Large Substrate Reactor (LSR), and a tube reactor.  The latter is only for 33mm disks.  The Beneq and LSR systems are for 8" plates.
· 	Plasma Atomic Layer Deposition Reactor in Energy System Division used for superconducting cavity development.
· Access to the Argonne Electron Microscopy Center, and a variety of surface analysis tools such as Low Energy Electron Diffraction, X-ray Photoelectron Spectroscopy, and Ultra-Violet Photoelectron Spectroscopy.
· Access to the Argonne Glass Shop run by a 4th generation scientific glass blower with 45 years of experience.
· Access to the IBM Blue Gene Q supercomputing capabilities within the Argonne Leadership Computing Facility
· High bandwidth electo-optical test stands with capabilities to test up to 11 Gb/s links. Bit Error Rate (BER) measurement  facilities,  motorized  2D  stage  for  optical  alignment,  CW  laser  sources  (650nm,  850  nm, 960nm,  1490nm,  1550nm),  high  speed  receivers  (10  Gb/s),  optical  power  meters,  Lens  systems  and alignment facilities.
· Thin film synthesis tools, including two 5-targets sputtering systems (AJA, direct and confocal gun configurations) to synthesize superconducting and thin films and heterostructures. The con-focal deposition system is dedicated for synthesis of superconducting films only, and provides film thickness uniformity of ~2% across the 6” wafer.
· Clean Rooms (Class 1000) equipped with microfabrication tools, including 100-kV electron-beam lithography (JEOL  9300  FS),  30-kV  electron-beam  lithography  (Raith 150),  focused ion beam/scanning electron microscopy  (FEI Nova 600 NanoLab Dual Beam,  Step-and-repeat  nanoimprint  (Nanonex  NX-3000),  and Optical mask aligner (Karl Suss MA6), Reactive-ion etch (RIE) station for high resolution anisotropic etching of silicon, silicon dioxide, silicon nitride with a high degree of selectivity, anisotropic etching of refractory metals and removal of organic residue (uses CHF3, SF6, CF4 gas chemistry), Inductive coupled plasma reactive ion etching chlorine chamber (Cl2, SF6, BCl3, HBr, CHF3, CO, O2, Ar) (Oxford Instruments Plasmalab 100); Reactive ion etching fluorine chamber (SF6, CF4, CH4, CHF3, HCFC-124, H2, O2, Ar) (Oxford Instruments Plasmalab 100); Table-top reactive ion etching chlorine chamber (Cl2, CH4, H2, O2, Ar) (March Plasma); Table- top reactive ion etching fluorine chamber (SF6, CF4, H2, O2, Ar) (March Plasma); Table-top reactive ion etcher (CF, SF6, Ar, O2) (Plasma  Sciences  600);  Barrel  asher  system (Ar, N2, O2)  (PlasmaTherm), Wet Wafer Processing tools, including, Wafer rinse dryer tool (2-, 4-, and 6-inch), Electroforming (Au, Cu, Ni, Pt), Silicon anisotropic etching, membrane fabrication and wet etching.
· Metrological tools, including Optical microscopes (Olympus MX-61), Three-dimensional surface profilometer (Veeco  Dektak 8), Profilometer (Tencor  Alpha Step 500), and Reflectometer (Filmetrics); X-ray diffractometers and Atomic Force Microscopes for structure of the films and devices. The AFM system is equipped with Q-control module for enhanced sensitivity and has a vibration isolation enclosure, which helps to ensure that the system has a vertical noise resolution of less than 0.5 Angstrom.
· Conventional transport and magnetic characterization tools, including Physical Properties Measurements System (PPMS, Quantum Design) for measurements of magnetization, magnetic anisotropy, susceptibility and I-V four-probe transport measurements in temperatures 1.7K-400K, and magnetic fields up to 7 T, and Superconducting Quantum Interference Device (SQUID, Quantum Design) for high-sensitivity magnetization measurements at temperature range 1.7K - 350K, and magnetic fields up to 6 T.
· Photocathode  electrical  and  optical  characterization  station  for  reflection,  transmission  and  quantum efficiency measurement of various thin film materials, equipped with Newport 70511 Apex Monochromater Illuminator,  Newport  74125  Oriel  Cornerstone  260  1/4m  monochromator,  enclosed  beam  path,  Si photodiode light detector, Femto DLPCA-200 Current amplifier, Keithley 2701 Ethernet Multimeter/Data Acquisition System and 6517B Electrometer/High Resistance Meter.
· VAC HE-43-6 DRI LAB glove box which provides a working area of inert atmosphere nearly free of moisture and oxygen, which permits handling of materials sensitive to moisture and oxygen contamination. The system consists of a gas delivery system, a hermetically sealed glove box, a side-mounted load-lock chamber and a full-view window.

11.  Cosmic Frontier program future planning
2 page max
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12.  CV’s plus Research Summaries (RS)

Karen Byrum - CV

Title and Lab Appointment Date: Physicist and Cosmic Frontier Group Leader since FY07

Other Positions: 
Member of the Kavli Institute for Cosmological Physics, University of Chicago
Physicist (Argonne National Laboratory, 2000-present)
Assistant Physicist (Argonne National Laboratory, 1995-2000)
Postdoctoral Fellow (Argonne National Laboratory, 1992-1995)

PhD Physics: University of Wisconsin, Madison, 1991, Advisor: Prof. Lee Pondrom
B.S. Physics/Minor Dance, Old Dominion University 1993

Publications (selected):
1. E.Aliu et al.(VERITAS collaboration), “VERITAS Deep Observations of the Dwarf Spheroidal Galaxy Segue 1”,  Phys. Rev. D  85, 062001 (2012)
2. S.A.Wissel, K.Byrum et al., “The Track Imaging Cherenkov Experiment”, Nucl. Instrum. Methods in Physics Res, Sec A, Vol 659, Issue 1, 11 Dec 2011, Pages 175-181
3. V.A. Acciari et al. (VERITAS collaboration), “VERITAS Search for VHE Gamma-ray Emission from Dwarf Spheroidal Galaxies”,  ApJ 720, 1174-1180 (2010)
4. K.Byrum, et al., “The TrICE Prototype MaPMT Imaging Camera”, Proc. 30th Int. Cosmic Ray Conf. (Merida), Vol 2 (OG part 1) 469-472 (2008), arXiv:0710.0659v1

Presentations (invited, selected):
1. “Trillion Electronvolt Gamma-rays from Space”, Public Lecture “Adler After Dark” series, Adler Planetarium, Jul 2013  
2. “Recent Results from VERITAS”, Nuclear Physics Division Seminar, Argonne National Laboratory, IL May 2013  
3. VERITAS DM Limits and Prospects for CTA”, KICP Spring Meeting of the DM Hub sponsored by E.Kolb, Univ. of Chicago, IL, May 2012
4. “Results from VERITAS”, Indirect and Direct Detection of Dark Matter – Aspen Winter Conference Series, Aspen, Colorado, Feb 2011 
Research Leadership or Management Positions (selected): Group Leader for Experimental Cosmic Frontier at HEP division, Argonne (2007 – present); Strategic Initiative Leader for “Astrophysics and Cosmology Strategic LDRD (2008-2010) at Argonne (~$4.5M); Strategic Planning Committee for Associate Lab. Director Advisory Group (2009-2010), Argonne, IL; Chicago Grad. School of Business – Strategic Laboratory Leadership Program (2007-2008), Argonne IL; Co-convenor for VERITAS Dark Matter Science Working Group (2008-2009)

Community Positions: High Energy Physics Advisory Panel (HEPAP) member (2011-2013); Conference organization (20+); Elected Member Fermilab Users Committee (1997-1999);  

Other efforts: Postdoctoral advisor: B.Zitzer (Argonne), G.Decerprit (Argonne/DESY), A.Smith (Argonne), D.Horan (Schramm Fellow at Argonne), E.Hays (Argonne); Sponsored and mentored 11 undergraduate and post-graduate students through DOE Student Undergraduate Lab Internship (SULI) program    
Karen Byrum - Research Summary

Current experiments/thrusts:
· VERITAS  (70% through Cosmic Frontier Research )
· CTA (10% through Cosmic Frontier Research)
· Laboratory Management (5% through Divisional Overhead)
· Large Area Picosecond Photodetectors R&D (15% through Detector R&D Research)

Current roles: Argonne Rep on VERITAS Science Board, member of VERITAS Dark Matter Science Working group, CTA-US elected member on Executive Committee, PI of MOU with Iowa State University to develop a conceptual design and build a demonstrator topological trigger board for CTA-US, PI of MOU with Univ. of Chicago to develop a conceptual design of a dual mirror mechanical telescope structure and build a prototype for CTA-US, Level 2 WBS management position for mechanical structure for CTA-US NSF-MRI, PI of MOU with DESY-Zeuthen for mechanical structure designs, member of HEPAP, Snowmass Instrumentation and Technology Liaison for Cosmic Frontier, Member on Executive Committee of Large Area Picosecond Photodetector (LAPPD) project, Convener of Hermetic Packaging Working Group for the  LAPPD project.  

Recent accomplishments: 
· VERITAS:  Delivered a new Level-2 (L2) trigger system as part of a VERITAS upgrade that combined with the new high quantum efficiency PMTs has allowed VERITAS to reduce its energy threshold from ~95 GeV to 60 GeV.  
· VERITAS: New methodology and background weighting method developed to improve Dark Matter limits by combining multiple Dwarf Spheroidal targets.     
· CTA: New conceptual mechanical design of new dual mirror telescope structure for CTA-US NSF MRI.  
· CTA: New conceptual design of a topological trigger board based on ATCA for CTA-US NSF MRI.

Future plans: 
· Indirect searches for Dark Matter using VERITAS Dwarf Spheroidal data and possibly rich DM galaxy clusters already observed by SDSS.
· Lorentz Invariance studies using VERITAS Crab Pulsar data. 
· Trigger studies, possibly adding a muon trigger capability at VERITAS 
· Topological Trigger demonstrator for NSF-MRI. 
· Building and commissioning mechanical dual mirror prototype structure for NSF-MRI. 

Other: 
· Development of large area photodetectors for future High Energy Gamma-ray cameras.
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Clarence Chang - CV

Title and Lab Appointment Date: Assistant Scientist since 10/2012

PhD: Stanford University, 2005, Advisor: Prof. Blas Cabrera

Awards: Early Career Award (2013); KICP Fellow (2005)

Publications (selected):
5. D. Hanson et al., “Detection of B-mode Polarization in the Cosmic Microwave Background with Data from the South Pole Telescope”, arXiv:1307.5830, PRL, accepted.
6. Z. Hou et al., “Constraints on Cosmology from the Cosmic Microwave Background Power Spectrum of the 2500-square degree SPT-SZ Survey”, ApJ, submitted.
7. B. Benson et al., “Cosmological Constraints from Sunyaev-Zel'dovich-Selected Clusters with X-ray Observations in the First 178 Square Degrees of the South Pole Telescope Survey”, ApJ, 763, 147 (2013)
8. C.L. Chang et al., “Detectors for the South Pole Telescope”, Physics Procedia, 37, 1381  (2012).

Presentations (invited, selected):
5. “A Stage-IV CMB experiment, CMB-S4”, Community Summer Study 2013: Snowmass on the Mississippi, Minneapolis, MN, July 2013
6. “Technology Challenges for the next decade of CMB”, Cosmic Frontier Meeting and Workshop, SLAC, CA, March 2013
7. “Superconducting Technology and Measuring the Cosmic Neutrino Background”, Research Techniques Seminar, FNAL, IL, March 2013
8. “Superconducting Technology and Measuring the Cosmic Neutrino Background”, Advanced Instrumentation Seminar, SLAC, CA, March 2013
Research Leadership or Management Positions (selected): Coordinator SPT Detector Development and Optimization working group, Team Leader of ANL CMB experimental group

Community Positions: liaison to Coordinating Panel for Advanced Detectors, organizer for the TES4 workshop


Clarence Chang - Research Summary

Current experiments/thrusts:
· SPT-SZ
· SPTpol
· Generic R&D of CMB detector arrays
· SPT-3G
· Thrusts: dark energy, neutrino constraints from cosmology, inflation, cosmic microwave background

Current roles: Coordinator SPT Detector Development and Optimization working group.

Recent accomplishments: 
· Development of detector technology utilized by SPTpol for both 150 GHz and 90 GHz
· Successful delivery and deployment of the SPTpol focal plane including the complete 90 GHz channel which was made at ANL from scratch
· Calibration, optimization, and ongoing operation of the SPTpol experiment
· First detection of CMB lensing B-modes
Future plans: 
· Continue SPTpol operations and data analysis
· Explore new materials and micro-fabrication processes for manufacturing superconducting microstrip with ultralow-loss at mm wavelengths
· Develop techniques for consistent and uniform fabrication of large (>6” diam.) TES bolometer arrays
· Fabricate and deliver the SPT-3G focal plane

Other efforts:  LDRD for studying superconducting microstrip loss

Salman Habib - CV

Title and Lab Appointment Date: Senior Physicist/Computational Scientist since 05/2011

Other Positions: Senior Fellow at the Computation Institute, University of Chicago; Senior Member of the Kavli Institute for Cosmological Physics, University of Chicago

PhD: University of Maryland, 1988

Awards: Gordon Bell Finalist SC12, SC13 (SC13 winner will be determined in November 2013); IQI Fellow, Caltech (2000-01); Director’s Fellow, Los Alamos 1991-93; CITA National Fellow 1988-91; National Science Talent Fellowship (Govt. of India) 1976-82.

Publications (selected):
9. Salman Habib et al., “The Universe at Extreme Scale: Multi-Petaflop Sky Simulation on the BG/Q”, Gordon Bell Finalist Paper, SC12.
10. S. Bhattacharya, S. Habib et al., “Dark Matter Halo Profiles of Massive Clusters: Theory versus Observations”, ApJ 766, 32 (2013)
11. Salman Habib et al., “Cosmic Calibration: Constraints from the Matter Power Spectrum and the Cosmic Microwave Background”, Phys. Rev. D76, 083503 (2007)

Presentations (invited, selected):
9. “Computational Cosmology at the Bleeding Edge”, invited talk, APS April Meeting, Denver, CO, April 2013
10. “The Universe at Extreme Scale – Multi-Petaflop Sky Simulation on the BG/Q”, invited talk, SC12, Salt Lake City, UT, November 2012
11. “The Universe as a Data Engine: Modeling and Observations”, First Data Intensive Science Workshop, Tokyo, Japan, March 2011

Research Leadership or Management Positions (selected): Group Leader, HEP Division, Argonne National Laboratory (2011 – present); Project Director, DOE HEP-ASCR Scidac-3 computational cosmology project, Lead investigator on multi-Divisional LDRD projects at Argonne National Laboratory

Community Positions (selected): Member, Fermilab Physics Advisory Committee (2013 – 2017), Argonne National Laboratory representative to the DESI (2013 – present) and LSST (2012 – present) Collaborations; Member-at-Large, APS, Division of Computational Physics (2012 – 2015); Spokesperson, DOE HEP Cosmic Frontier Computing Collaboration (2011 – present); multiple DOE review panels; organizer of Santa Fe cosmology workshops

Other efforts: Postdoctoral advisor – Argonne: S. Bhattacharya (w/UChicago), L. Bleem, S. Das (Schramm Fellow), S. Deb, H. Finkel, B. Gutierrez, J. Kwan, N. Li, A. Pope (Compton Fellow), A. Upadhye (Director’s Fellow); Los Alamos: K. Abazajian (Director’s Fellow), K. Jacobs, S. Koushiappas, J. Qiang, D. Reed, D. Steck (Director’s Fellow), L. Teodoro, A. Vallinotto, Y. Xu; Graduate students – Argonne: N. Frontiere and E. Rangel; Los Alamos: S. Ghosh, A. Heinen, B. Greenbaum, T. Holsclaw, A. Lidz, Z. Lukic, U. Popov, C. Wagner
Salman Habib - Research Summary

Current experiments/thrusts:
· Large Synoptic Survey Telescope (LSST) (25% through Argonne LDRD)
· LSST Dark Energy Science Collaboration (LSST-DESC) (20% through Argonne LDRD)
· Dark Energy Survey (DES) (20% through Argonne LDRD)
· Dark Energy Spectroscopic Instrument (DESI) (10% through Argonne LDRD)
· Thrusts: dark energy, neutrino constraints from cosmology, computational cosmology (20% funded by HEP Computing, 5% HEP Theory)

Current roles: Argonne National Laboratory representative to the DESI and LSST collaborations; member of science working groups in DES, DESI, LSST, and LSST-DESC.

Recent accomplishments: 
· Large Synoptic Survey Telescope (LSST): started organization of LSST@Illinois collaboration (ANL, FNAL, Northwestern, UIUC), leading Argonne LDRD-funded project to develop scalable data-intensive algorithms for LSST pipelines, investigating use of ProC (Planck workflow engine from MPA) for LSST
· LSST Dark Energy Science Collaboration (LSST-DESC): member of cosmological simulations working group, working on generation of synthetic sky catalogs from large-volume, high-resolution simulations (collaboration with UC Berkeley and U Washington)
· Dark Energy Survey (DES): member of team that built the nonlinear power spectrum emulator covering the desired k- and z-range for DES; this is being integrated within an “emulation factory” for weak lensing observables and covariances (collaboration with UPenn); contribution to new simulation methods and campaigns for including neutrinos and dynamical dark energy effects
· BOSS: member of team that developed a new fast method for N-body simulations to compute covariances for BOSS; a new Advanced Leadership Computing Challenge award was garnered by this work (collaboration with UC Berkeley, Harvard, and Yale)
· Computational Cosmology: Leading development of the HACC (Hardware/Hybrid Accelerated Cosmology Code) framework, currently one of the world’s highest performing codes on multiple architectures (Gordon Bell Prize finalist 2012, 2013); project lead on PDACS (Portal-based Analysis system for Cosmological Simulations) to provide simulation data and analysis tools to the community (collaboration with Fermilab and NERSC, LBNL)
· Dark Energy Spectroscopic Instrument (DESI): Initiating simulations for project design, optimization and error propagation

Future plans: 
· New capabilities in HACC for cosmological survey support (physics modules, post-processing) across multiple wavebands, catalog generation for multiple surveys
· First PDACS open release to Cosmic Frontier community
· Advanced statistical analysis methods and scalable algorithms for survey data and analysis pipelines

Other efforts:  HEP Computing (20%), HEP Theory (5%), Argonne LDRD (75%)

Katrin Heitmann - CV

Title and Lab Appointment Date: Physicist/Computational Scientist since 05/2011

Other Positions: Senior Fellow at the Computation Institute, University of Chicago; Senior Member of the Kavli Institute for Cosmological Physics, University of Chicago

PhD: Dortmund University, 2000, Advisor: Prof. Dr. em. J. Baacke

Awards: Gordon Bell Finalist SC12, SC13 (SC13 winner will be determined in November 2013); Pacesetter Award in the Leadership Computing Facility Division at Argonne for outstanding contributions and creative problem solving as part of a team working on the deployment and testing of Mira, a major DOE high performance computing resource in support of open science (Nov. 2012); Globus Online User of the Month (July 2011, program to highlight innovative and impactful usage of Globus Online); Director’s Fellowship at Los Alamos National Laboratory (2000 – 2002); Siepe Award 2001, Dortmund University; Fellow of the Graduiertenkolleg “Production and Decay of Elementary Particles” at Dortmund University (1996 – 2000)

Publications (selected):
12. K. Heitmann et al., “The Coyote Universe Extended: Precision Emulation of the Matter Power Spectrum”, arXiv:1304.7849, ApJ, submitted
13. K. Heitmann et al., “The Coyote Universe I: Precision Determination of the Nonlinear Matter Power Spectrum”, ApJ 715, 104 (2010)
14. K. Heitmann et al., “The Coyote Universe II: Cosmological Models and Precision Emulation of the Nonlinear Matter Power Spectrum”, ApJ 705, 156 (2009)

Presentations (invited, selected):
12. “Exploring the Dark Universe”, SAMSI/MADAI, Durham, NC, July 2013
13. “Cosmic Structure Probes of the Dark Universe”, Early Science Program Investigators Meeting, A Presentation of Mira’s First Science, Argonne, IL, May 2013
14. “Exploring the Dark Universe: Statistical and Data Challenges”, Conference on Data Analysis, Santa Fe, NM, February 2012
Research Leadership or Management Positions (selected): Team Leader at Los Alamos National Laboratory (01/2009-04/2011, ~20 team members), Lead-Investigator on multi-divisional LDRD projects at Los Alamos (annual budget of ~$1.6M, FY2010-2012, FY2007-2009), Institutional PI, DOE HEP-ASCR SciDAC-3 computational cosmology project

Community Positions: Convener for the Cosmological Simulations Working Group in the LSST DESC, organizer Santa Fe cosmology workshops, member of NASA and NSF committees

Other efforts: Postdoctoral advisor: Sudeep Das (Schramm Fellow at Argonne), Juliana Kwan (Argonne), Suman Bhattacharya (Argonne/UChicago), Ujjaini Alam (Oppenheimer Fellow, Los Alamos), Adrian Pope (Feynman Fellow, Los Alamos), Savvas Koushiappas (Los Alamos), Darren Reed (Los Alamos), Alexey Voevodkin (Los Alamos); Thesis committee member: Eddy Chandra (Masters in CS, UC Santa Cruz), Tracy Holsclaw (Statistics, PhD, UC Santa Cruz), Zarija Lukic (Astrophysics, PhD, UIUC), Uliana Popov (Masters in CS, UC Santa Cruz) 
Katrin Heitmann - Research Summary

Current experiments/thrusts:
· Large Synoptic Survey Telescope (LSST) (15% through Argonne LDRD)
· LSST Dark Energy Science Collaboration (LSST-DESC) (30% through Argonne LDRD)
· Dark Energy Survey (DES) (20% through Argonne LDRD)
· Dark Energy Spectroscopic Instrument (DESI) (10% through Argonne LDRD)
· Thrusts: dark energy, neutrino constraints from cosmology, computational cosmology (20% funded by HEP Computing, 5% by NASA)

Current roles: Convener for Cosmology Simulations in LSST-DESC, member of science working groups in DES, DESI, LSST, and LSST-DESC.

Recent accomplishments: 
· LSST/LSST-DESC: Coordination of Cosmological Simulations Working Group, organized cross-working group meeting with Theory group; development of infrastructure to build synthetic sky catalogs using semi-analytic methods (in collaboration with UC Berkeley, UWashington); design of database to hold sky catalogs 
· DES: Delivered prediction tool for matter power spectrum out to desired k- and z-range, currently integrated into “emulation factory” for weak lensing observables and covariances (in collaboration with UPenn); investigation of the effect of neutrinos and dynamical dark energy models on the matter power spectrum; design of new simulation campaign to cover dynamical dark energy models and neutrinos
· BOSS: Development of approximate N-body simulations to generate covariances (in collaboration with Yale); based on this work, PI on new Advanced Leadership Computing Challenge (ALCC) award, ~50M CPU hours to generate mock catalogs for BOSS (in collaboration with Yale, UC Berkeley, Harvard)
· Computation Cosmology: Continuous development and improvement of HACC (Hardware/Hybrid Accelerated Cosmology Code) and related analysis tools; demonstrated scaling of HACC on Titan (GPU enhanced supercomputer) and Mira (BG/Q) up to full scale on both machines, first large science runs finished; two time Gordon Bell finalist with HACC (SC12, SC13); currently carrying out biggest ever cosmological simulation with more than 1.1 trillion particles; development of PDACS (Portal-based Analysis system for Cosmological Simulations) to provide the community easy access to N-body simulations and analysis tools (in collaboration with Fermilab)

Future plans: 
· Continue HACC development and extend analysis tool kit, add new physics modules to HACC, continue large simulation suite covering neutrinos and dynamical dark energy
· Continue effort on making simulation results and tools easily available to the community
· Build survey relevant prediction tools beyond the matter power spectrum and weak lensing tools to include mass functions, galaxy power spectra etc.
· Refine synthetic sky catalogs to match the demanding LSST requirements
· Build up CMB simulation effort in collaboration with SPT (LDRD proposal pending)

Other efforts:  HEP Computing (20%), NASA (5%), Argonne LDRD program.
72




Eve Kovacs - CV

Title and Lab Appointment Date:  Computer Specialist/Scientist, ANL (1999-present)

Other Positions: Visiting Scientist, ANL (1996-1999), Visiting Scientist, FNAL (1990-1996), 
                           Visiting Assistant Professor, ANL/UIC (1988-1990), 
                            Lecturer/Fellow, UIC (1986-1988), 
                            Postdoctoral Research Associate, ANL (1983-1986),
                            Postdoctoral Research Associate, Rockefeller University (1981-1982),
                            Visiting Scientist, SLAC (1980-1981). 

PhD:  University of Melbourne, 1980.

Publications (selected):  
                1. Type Ia Supernovae Selection and Forecast Cosmology Constraints for 
                                           the Dark Energy Survey (with E. Gjergo et. al.) arXiv:1205.1480 (2012).
                                      2. Supernovae Simulations and Strategies  for the Dark Energy Survey (with
                                           J. Bernstein et. al.) ApJ 753 152, 2012.
                                      3. The Track Imaging Cerenkov Experiment (with S. Wissel et. al.)       
                                           Nucl. Instrum. Meth. A659, 175 (2011).
                                      4. Charged jet evolution and the underlying event in proton – anti-proton
                                           collisions at 1.8-TeV  (with A. Affolder et. al.) Phys. Rev. D 65, 092002 (2002) .
                     5.  J. Huston et. al.,  Large Transverse Momentum Jet Production and the Gluon
                         Distribution Inside the Proton, Phys. Rev. Lett. 77, 444 (1996)
                      6. G. Bodwin, E. Kovacs, Fermion Doubling in the Lattice Schwinger Model,
             	  Phys. Rev. D35, 3198 (1987)
Presentations:
                      1. Redshift Determination for the DES Supernova Survey, AAS Meeting, Jan 2012
                      2. The DES Supernova Search: Plans and Prospects, Barcelona, Sep 2010.




Eve Kovacs- Research Summary

Current experiments/thrusts:
Supernova simulations and analysis for the DES experiment
Supernova simulations for LSST
Implementation of semi-analytic galaxy-formation models for HACC simulations
Development of mock-galaxy catalogs for LSST
    
Current roles: 
Help to support SNANA (supernova simulation) package
Help to develop analysis codes and cosmology fits for DES supernova search
Analyze merger-tree results from HACC simulations
Develop framework to implement galacticus (galaxy-formation model) for results of HACC simulations

Recent accomplishments: 
Wrote light-curve plotting routine to be used in future releases of SNANA package
Developed codes for studying biases and evaluating analysis methods for DES 
Developed python-based merger-tree analysis codes for HACC data 
Set up initial framework for running galacticus at NERSC

Future plans: 
Perform large scale runs of semi-analytic galaxy-formation model at NERSC and ANL
Develop procedure for constructing mock galaxy catalogs from the above results
Use merger-tree and galacticus results to quantify better the systematics of using galaxy as tracers of structure formation
Improve the understanding of intrinsic color variations in Type Ia supernovae
Study the biases on supernova cosmology that are introduced by host-galaxy effects
  
Other efforts:  
Use large-scale simulation results to study rare classes of objects
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Lab Name	Cosmic Frontier Experimental Research Review
Stephen Kuhlmann - CV

Title and Lab Appointment Date: Staff Physicist since 1997

PhD: Purdue University, 1988, Advisor: Prof. Dr. Art Garfinkel

Publications (selected):
1. “Cosmology with Photometrically-Classified Type Ia Supernovae from the SDSS-II Supernova Survey”, H. Campbell et al.,  Astrophys.J. 763 (2013) 88
2. “PreCam, a Precursor Observational Campaign for Calibration of the Dark Energy Survey”, K. Kuehn et al., Publ.Astron.Soc.Pac. 125 (2013) 409-421
3. “Type Ia Supernovae Selection and Forecast of Cosmology Constraints for the Dark Energy Survey”, E. Gjergo et al., Astropart. Phys. 42 (2013) 52-61
4. “Photometric Supernova Cosmology with BEAMS and SDSS-II”, R. Hlozek et al., Astrophys.J. 752 (2012) 79
5. “Supernova Simulations and Strategies For the Dark Energy Survey”, J.P. Bernstein et al., Astrophys.J. 753 (2012) 152
6. “A More General Model for the Intrinsic Scatter in Type Ia Supernova Distance Moduli”,  J. Marriner et al., Astrophys.J. 740 (2011) 72
7. “Results from the Supernova Photometric Classification Challenge”, R. Kessler et al., Publ.Astron.Soc.Pac. 122 (2010) 1415
8. “Photometric Estimates of Redshifts and Distance Moduli for Type Ia Supernovae”, R. Kessler et al., Astrophys.J. 717 (2010) 40-57
9. “SNANA: a Public Software Package for Supernova Analysis”,  R. Kessler et al., e-Print: arXiv:0908.4280

Presentations (selected):
15. “DES Type Ia Supernova Sample Purity Simulation Studies”, 219th Meeting of the American Astronomical Society, Austin TX, Jan 2012
16. “DES Probes of Dark Energy”, Wichita State University Colloquium, Wichita, KS, Nov 2011 
17. “Challenges for Future Supernova Surveys”,  10th Great Lakes Cosmology Workshop, Chicago IL, June 2010

Committee Appointments (selected): 
1. DOE/HEP Dark Energy Science Task Force,  2012
2. Cosmic Frontier Experimental Operations Review, 2012
3. SLAC Science and Technology Review,  2012
4. Early Career Research Program, 2011

Other efforts: Postdoctoral advisor: Kyle Barbary (Director’s Fellow), Rahul Biswas





Stephen Kuhlmann - Research Summary

Current experiments and roles:
· Dark Energy Survey supernova science (DES SN) preparations (40%)
· Leader of supernova simulations for DES and maintains simulations web page: http://www.hep.anl.gov/des/simulations/ 
· Only member of DES SN to run full main+SN survey simulations (OBSTAC) to determine optimal DES SN cadence while maintaining main survey completeness
· DES SN Science Verification data quality
· DES SN Science Verification data image scanning
· Photometric typing simulation studies and papers with team of undergraduate and high school students 
· SNANA core software developer
· Study SN light curve and calibration systematics with SDSS+SNLS data in the Joint Light-Curve Analysis group
· Dark Energy Survey calibrations and operations (30%)
· Analysis of DES photometry precision using PreCam and other standard stars
· One of only four DES members to run the global calibration module which ties photometric solutions together by overlapping images
· Taking DES observation shifts
· f/8 secondary mirror handler operations and supervision of engineering software development
· OH emission-line suppression R&D (20%)
· Liaison with Argonne Center for Nanoscale Materials (CNM)
· R&D and CNM-user proposal lead author
· Liaison with AAO and LBNL on R&D directions
· Technology tests 
· LSST detector and survey specifications for supernova science (10%)
· Analysis of LSST filter vendor options using impact on supernova science
· Analysis of LSST survey options using impact on supernova science

Recent accomplishments (2013): 
· Worked with CTIO on successful initial mating of DECam and the f/8 mirror handler
· Published study with ANL post-doc (Kuehn et al. 2013) of initial PreCam results
· Published study with ANL undergraduate student (Gjergo et al. 2013) of the impact of DES SN sample purity on cosmology
· Worked with DES survey operations group to simulate the main+SN survey and find an acceptable balance which maintains SN cadence and main survey completeness

Future plans: 
· Lead DES supernova simulations and software/algorithm development and early science
· Optimize DES photometric precision with PreCam standard stars
· Develop new technologies for OH emission-line suppression
· Continue analysis of LSST detector and survey specifications and supernova impact 
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Argonne National Laboratory                                      Stephen Kuhlmann – Dark Energy
Harold Spinka - CV

Title and Lab Appointment Date: Senior Physicist since 08/1987

Other Positions: Adjunct Assistant Professor at the University of California at Los Angeles and Physicist and Postdoctoral Fellow at Argonne National Laboratory

PhD: California Institute of Technology, Prof. T. Tombrello thesis advisor (nuclear astrophysics)

Awards: Fellow of the American Physical Society (2007)

Publications (selected - Cosmic Frontier related):
0. K. Kuehn et al., “PreCam, a Precursor Observational Campaign for Calibration of the Dark Energy Survey”, Publ.Astron.Soc.Pac. 125, 409-421 (2013).
0. E. Gjergo et al., “Type Ia Supernovae Selection and Forecast of Cosmology Constraints for the Dark Energy Survey”, Astropart. Phys. 42, 52-61 (2013).
0. M. Ave et al., “Precise Measurement of the Absolute Fluorescence Yield of the 337 nm Band in Atmospheric Gases”, Astropart. Phys., 42, 90-102 (2013).
0. J.P. Bernstein et al., “Supernova Simulations and Strategies For the Dark Energy Survey”, J.P. Bernstein et al., Astrophys.J. 753, 152 (2012).
0. M. Ave et al., “Temperature and Humidity Dependence of Air Fluorescence Yield Measured by AIRFLY”, Nucl. Instrum. Meth. 597, 50-54 (2008).


Research Leadership or Management Positions (selected): Group leader / P.I. for a medium energy physics project with the STAR detector at RHIC (at present).  Manager for the STAR endcap electromagnetic calorimeter shower maximum detector construction (2002-5).  STAR spin working group co-convenor (2003–5).


Other efforts: Leader of the Argonne Quarknet program.  Postdoctoral advisor: Stephen Gliske and Alice Bridgeman (plus others before 2007).  Thesis committee member: Joshua Kellams and Malorie Stowe (Masters degrees at Ball State Univ.).













Harold Spinka - Research Summary

Current experiments/thrusts:
· Dark Energy Survey (0.2 FTE, hopefully increasing next fiscal year)
· OH suppression for ground-based infrared astronomy
· Activities with the supernova working group
· Help with commissioning the f/8 handler for the Blanco telescope as needed

Current roles: 
· OH suppression  -  One of two main people working on this project
· Supernova working group  -  Assist where needed
· Commissioning f/8 handler  -  Act as trouble-shooter

Recent accomplishments: 
· OH suppression
· Set up test stand, checked fiber Bragg gratings for absorption, ordered parts
· Guided a SULI student this past summer who worked on this project
· Supernova working group
· Performed some simulations to evaluate how to optimize available telescope time
· Attended supernova working group meetings
· Scanned many images for supernova candidates
· Commissioning f/8 handler
·  Went to Chile to commission this very large mechanical structure, and located various problems, which were fixed.  It was used with the real f/8 mirror recently and performed well.  However, modifications have been suggested, and we may need to perform further work.

Future plans: 
· OH suppression
· Attempt to develop a practical solution for OH suppression for ground-based astronomy, perhaps based on ring-resonators or volume Bragg gratings, in collaboration with the Argonne Center for Nanoscale Materials
· Supernova working group
· Attempt to find a project with my Argonne colleagues involving DES supernovae analysis
· Commissioning f/8 handler
· Hopefully this task will be completed soon.

Other efforts:  
· Spin physics at STAR (0.6 FTE)
· Measurements of prompt photons plus jets, inclusive pi0’s and inclusive etas in the STAR endcap electromagnetic calorimeter at sqrt(s) = 200 and 500 GeV for polarized pp collisions
· These affect the polarized gluon distribution in the proton when using longitudinally polarized beams.
· Also inclusive W → e and Z → e+ e- production with longitudinally polarized proton collisions to determine the spin contribution from ubar and dbar quarks.



Robert G. Wagner - CV

Title and Lab Appointment Date: Physicist (1984-present)

Other Positions:
Assistant Physicist (Argonne National Laboratory, 1981-1984)
Postdoctoral Appointment (Argonne National Laboratory, 1977-1980)

PhD: University of Illinois – Urbana/Champaign, Physics, 1978; Advisor: Bob Eisenstein

Awards: R&D100 Award (June, 2012),  “A Cost Effective and Robust Route to Fabricate Large Area Microchannel Plate Detectors”

Publications (selected)
1. The Track Imaging Cherenkov Experiment, S.A. Wissel et al., Nucl. Instr. And Meth., A659, 175-181 (2011).
2. VERITAS Search for VHE Gamma-ray Emission from Dwarf Spheroidal Galaxies, V.A. Acciari et al. (VERITAS Collaboration), ApJ 720, 1174-1180 (2010).
3. A Search for Dark Matter Annihilation with the Whipple 10 m Telescope, M. Wood et al. (VERITAS Collaboration), ApJ 678, 594-605 (2008).
4. The TrICE Prototype MaPMT Imaging Camera, K.Byrum, J.Cunningham, G.Drake, E.Hays, D.Kieda, E.Kovacs, S.Magill, L.Nodulmann, R.Northrop, S.Swordy, R.Wagner, S.Wakely, S.Wissel, Proc. 30th Int. Cosmic Ray Conf. (Merida), Vol. 2 (OG part 1), 469-472 (2008) 
5. The Timing System for the CDF Electromagnetic Calorimeters, M Goncharov et al., Nucl. Instr. And Meth., A565, 543 (2006).
6. Observation of Top Quark Production in pbar-p Collisions with the Collider Detector at Fermilab, F. Abe et al. (CDF Collaboration), Phys. Rev. Lett. 74, 2626 (1995).

Presentations (selected)
1. “Development of a Lower Cost Large Area Microchannel Plate Photodetector”, Workshop on Latest Developments of Photon Detectors (Ringberg Castle, Tegernsee, Germany 1 Nov 2011).
2. “Development of Large Area Microchannel Plate Photodetectors”, Applied Antineutrino Physics Workshop (Vienna, Austria, 16 Sep 2011).
3. “Indirect Dark Matter Searches with VERITAS”, 31st International Cosmic Ray Conference (Lodz, Poland, 10 July 2009).

Research Leadership or Management Positions: Project Physicist, Large Area Picosecond Photodetector Collaboration, August 2009-present

Community Positions: Argonne Representative to Coordination Panel on Advanced Detector R&D (CPAD)




Robert G. Wagner - Research Summary

Current experiments/thrusts: 
· VERITAS (Indirect Dark Matter Search with Dwarf Spheroidal Galaxies, Lorentz Invariance Violation Search)
· Large Area Picosecond Photodetector Development

Current roles: Project Physicist for Large Area Picosecond Photodetector Collaboration 

Recent accomplishments: 
1. Assembly and demonstration of Demountable All-Glass Large Area Microchannel Plate Photodetector with picosecond time and millimeter spatial resolution
2. Development of vacuum transfer system for 6x6cm^2 active area microchannel photodetector fabrication at Argonne National Laboratory
3. Assembly of glass kit packages for Technology Transfer Opportunity (STTR-TTO) for commercial production of Large Area Picosecond Photodetectors.
4. Leader (czar) for May, 2013 VERITAS observing shift. 

Future plans: 
1. Fabrication of 6x6cm^2 Microchannel Plate Photodetectors at Argonne Small Tile Processing System.
2. Assist with data analysis of VERITAS indirect dark matter and Lorentz invariance violation searches.
3. Bialkali photocathode quantum efficiency improvement.
4. Possible design and development of Large Area (20x20cm^2) Single Tile Microchannel Plate fabrication system at Argonne National Laboratory.
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Gensheng Wang - CV

Title and Lab Appointment Date: Assistant Physicist since 02/2011

PhD: Case Western Reserve University, 2005

Awards: Director’s Recognition Award for research excellence during postdoctoral appointee, Argonne National Laboratory, 2011; ICMC Best Structural Materials Paper Award (2011) for “Thermal Properties of Silicon Nitride Beams Below 1 Kelvin” published in “Advances in Cryogenic Engineering (Materials), Page 75-82, Volume 56”.

Publications (selected):
1. G. Want, et al., “Mo/Au Bilayer Superconducting Transition Edge Sensor Tuning with Surface Modification Structures”, IEEE Trans. on Applied Superconductivity, VOL. 23, NO. 3, 2101605, JUNE 2013;
2. G. Wang, et al., “An Absorber-coupled TES Bolometer for Measuring CMB Polarization”, Physics Procedia 37, 1349 (2012);
3. G. Wang, et al., “Thermal properties of silicon nitride beams below one Kelvin”, IEEE Trans. on Applied Superconductivity, Vol. 21, pp. 233 (2011);
4. G. Wang, “Phonon Emission in Germanium and Silicon by Electrons and Holes in Applied Electric Field at Low Temperature”, Journal of Applied Physics 107, 094504 (2010); 
5. G. Wang, et al. “Development of Absorber Coupled TES Polarimeter at Millimeter Wavelengths”, IEEE Trans. on Applied Superconductivity, Vol. 19, pp. 544 (2009); 
6. Z. Ahmed, et al., “Search for Weakly Interacting Massive Particles with the First Five-Tower Data from the Cryogenic Dark Matter Search at the Soudan Underground Laboratory”, Physical Review Letters 102, 011301 (2009).

Presentations (selected):
1. “Mo/Au Bilayer TES Tuned with Nb Structures on Surface”, G. Wang, Applied Superconductivity Conference, October 9, 2012, Portland; 
2. Superconducting Detectors, G. Wang, X-ray Science Division Seminar, Argonne National Laboratory, September 7, 2010;
3. Cryogenic Detectors and Their Applications, G. Wang, Low Temperature Physics Seminar, Department of Physics, University of Florida, January 6, 2010.

Research Leadership or Management Positions: lead-investigator on ultra-low loss superconducting microstrip LDRD project

Other efforts: Instructor of co-operative undergraduate students: Jonathan Church, Sam Ciocys



Gensheng Wang - Research Summary

Current experiments/thrusts:
· Cosmic Microwave Background (CMB) polarization measurement with the South Pole Telescope (SPT)
· SPT 3G very large detector array design, simulation, and development
· Development of an ultra-low loss superconducting microstrip 
· Transition Edge Sensor (TES) tuning with surface modification structures and superconducting nano-structure engineering for a bolometric application 

Current roles: Scientist on CMB science, receiver development, and laboratory instrumentation 

Recent accomplishments: 
· Design, fabrication, and characterization of the 90 GHz absorber-coupled TES polarimeters that have been deployed with the South Pole Telescope 
· Technology that improves TES detector operational stability and therefore increases CMB measurement sensitivity. It is recognized as an important technology progress in very large CMB detector array instrumentation
· Excellent progress in the ultra-low loss superconducting microstrip LDRD project which is for the key technology development in next generation CMB instrumentation
· The electromagnetic simulation of CMB detectors using CST microwave studio

Future plans: 
· CMB experimental data analysis and science
· Design, fabrication, and characterization of SPT 3G very large detector array 
· Electromagnetic compatibility analysis of the very large CMB detector array and readout electronics
· Development of improved bolometric detector data interpretation algorithm
· Bolometric detector physics and technology
· Rare event experiments (such as dark matter particle search and neutrinoless double beta decay) instrumentation for a low-energy threshold and/or a high-energy resolution

Other efforts: The physics and technology of superconductor and normal metal hetero-structures for applications in advanced detector and electronics in astrophysical instrumentation
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