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Executive Summary

The Center for Solar-Terrestrial Research (CSTR) operates four major, remote ground based observing facilities, while having an expanding presence on campus in Newark.  These remote facilities, Big Bear Solar Observatory (BBSO), Owens Valley Solar Array (OVSA), Second-generation Optimized Fabry-Pérot Doppler Imager (SOFDI), in Peru, and Automated Geophysical Observatories (AGO) distributed across the Antarctic iceshelf, give New Jersey Institute of Technology (NJIT) unique observational facilities in optical-infrared and radio solar astronomy, as well as low, middle and upper atmospheric observations – enabling studies spanning the Sun’s surface through its extended atmosphere and on the Earth’s atmosphere, with more to come.  As well, CSTR is the PI organization in the Radiation Belt Storm Probes (RBSP) mission of the NASA Living With a Star (LWS) program. The mission consists of two spacecraft that will be launched in May 2012 in nearly identical near-equatorial orbits. 

CSTR has grown enormously since it was founded in 1997 as the Center for Solar Research.  For the current fiscal year (FY11), center members are PIs on $10.0 M in federal grants, which represents a roughly 50% increase in funding over the last two years.  CSTR has built the world’s most capable and largest aperture solar telescope at BBSO – the New Solar Telescope (NST), which is deep into its commissioning phase.  The NST requires continued institutional support at the same level during commissioning to succeed and ensure world leadership for NJIT ground-based, optical-infrared solar physics for years to come.  As well, OVSA is undergoing a major expansion that will also require more institutional support in its operating budget from NJIT.  For continuing strength CSTR requires the hiring of a new senior faculty member to direct BBSO.  

CSTR also operates two global networks – one for observing the Sun and the other for measuring the Earth’s climate change by observing the Moon.  BBSO’s website receives about ten million hits per year. 

Our group has grown to six senior members including five regular faculties (Cao, Gary, Gerrard, Goode, and Wang) and one senior research faculty member (Lanzerotti).  Lanzerotti and Gerrard (just promoted to the rank of full professor with tenure) bring a strong near-terrestrial component to our center helping to make NJIT the only university in the U.S. with a group whose studies span the regime from the Sun to the Earth.  In addition to the senior faculty, we have sixteen Ph.D. researchers (nine in Newark and seven in Big Bear).  We have nine Ph.D. students.  Our recent postdoctoral associates and graduate students have gone on to make their marks in universities, NASA, national centers and industry.  Our successes have made NJIT one of the most significant universities in the U.S. in solar astrophysics and space sciences.  Along with the successes, we are undergoing growing pains on the way to seeking further successes.  
The Three Year Plan
Overview

CSTR is composed of several groups whose studies span the heliosphere from the Sun to the Earth.  The new 1.6 m off-axis solar telescope in Big Bear (the NST) is the crown jewel of CSTR.  The NST is the first facility class solar telescope built in the U.S. in a generation. This telescope is uniquely identified with NJIT and is becoming the most important solar telescope in the U.S., and one of two or three in the world that will dominate observational solar physics for the better part of this decade.  As such, this telescope and CSTR merit special investment from NJIT over the three year period of this plan to finish the commissioning phase of the NST.  Meanwhile, NJIT should support the expansion of OVSA.
The FY12 federal budget for CSTR comes from its several components.  The breakout is given by group leader and shows FY12 funding and overhead in $M:  Goode ($2.16 M, $0.67 M), Gary ($2.43 M, $0.38 M), Wang ($0.82 M, $0.25 M), Cao ($0.10 M, $0.04 M), Gerrard/Lanzerotti ($0.92 M, $0.26 M), and Lanzerotti ($3.0 M, $0 M) for a total of $9.93 M with $1.66 M in overhead (OH).  

The FY12 NJIT operating budget for CSTR is $1.0 M for BBSO and $0.1 M for CSTR on the NJIT campus.  The operating budget pays for BBSO equipment matches to federal grants plus operating expenses in BBSO (utilities, maintenance, leases, etc.), and for an office manager in Big Bear.  The part for Newark pays for an office manager and supplies.  The office managers handle budgetary and personnel issues for about thirty people. The last quarter of the BBSO budget is dedicated to support Roy Coulter and Nicolas Gorceix (Project Director and Optical Engineer for the NST). Support for Coulter and Gorceix over the three years of this plan is essential for the success of the commissioning phase of the telescope and to bring it to its full, but essential scientific capabilities.  NJIT will then see full credit for its investments.

NJIT should hire a Full Professor in Physics who would become director of BBSO.  This scientist would leverage NJIT’s investment in Big Bear, as well as ensuring a stable managerial and scientific future for BBSO.

The following sections, A-D, of the plan give the view from each group leader.
A. Big Bear Solar Observatory

BBSO has been under NJIT management for fourteen years.  Under NJIT management, the Observatory has been significantly upgraded in successive steps culminating in the 1.6 m clear aperture NST.  The NST enjoyed first light in January 2009 with first science grade observations coming in the Summer of 2009 and first AO corrected observations in the Summer of 2010.  The National Solar Observatory (NSO) site survey data revealed that BBSO is the best site for sustained, high resolution observations of the Sun, yet discovered in the world. BBSO is located 6,750 ft above sea level in the middle of a mountain lake, in a region characterized by clear skies and prevailing winds from the west coming over two miles of open water.  Big Bear Lake provides a natural inversion that stabilizes BBSO’s solar images. This is especially important for high-resolution observations, which are a central focus of our efforts.  Our greatly strengthened scientific staff (expanded over the last decade from one Ph.D. in residence to nine), coupled with new and improved instrumentation to feed the NST, have brought the observatory to the international forefront.  Our work is detailed on our website (www.bbso.njit.edu), where the talent of our scientists, engineers and other staff is on display.

The BBSO budget is detailed and discussed in a subsequent subsection.  It is one of the leanest budgets for a major observatory.  At the same time, we have been among the most productive, if not the most productive observatory in the world.  During our management, we have produced a steady, annual average of more than 30 “bluebooks” (CSTR preprints, available on the BBSO website), of which more than two-thirds are ultimately published in the most prestigious refereed journals.  

In advance of feeding light to the NST post-focus instrumentation (PFI), we have built and tested first generation PFI, including Fabry-Pérot based spectrometers and polarimeters in the visible and near-infrared (NIR), as well as a real-time, parallel-processing image reconstructor and a fast imaging spectrograph (FISS) built by our Korean partners.  These hardware reside in the new optics laboratory beneath the floor of the NST, the Coudé Lab.   These instruments have been fed light corrected by our first generation adaptive optics (AO) system that provides diffraction-limited imaging in the NIR.  A higher order AO and Multi-Conjugate Adaptive Optics (MCAO) are under development.  The higher order AO will enable diffraction-limited imaging for the highest possible resolution at the shortest visible light wavelengths over an isoplanatic patch.  MCAO is the holy grail of AO and would enable diffraction limited correction over the entire field of view.
This is truly the golden age for astronomy, and a significant part of this is due to technological advances in cameras, computers, optics and other hardware.  There is every good reason to believe that the best years for ground-based astronomy, and especially solar astronomy, are yet to come.  With remarkable advances in AO, image-processing, and post-focus instrumentation, coupled with ever-faster computers, one can anticipate studying celestial objects from the ground with image clarity that one now expects only from extraordinarily expensive equipment in space.

A.1. BBSO Scientific Projects (and Required Instrumentation)

BBSO has the primary objective of high-resolution studies of the Sun and, in particular, of the Sun’s highly variable magnetic activity, including dynamics in strong, weak and even regions where the field is absent.  There are various classes of events occurring on fine-scales on the Sun’s surface that the NST has already probed with unprecedented precision, whether it be the field or manifestations of turbulent convection – these have effects on larger scales in the atmosphere and beyond, whether it be the heating of the chromosphere or corona, the properties of corona holes, the spectacular CMEs., etc..    To mention two results from the NST, the telescope has already been used to reveal that the fundamental structures of the Sun’s magnetic field (so-called “bright points”) persist to the diffraction limit of the NST, which is a much smaller scale than predicted.  As well, the predicted bright granular lanes atop granules have been detected, and associated with newly discovered, ubiquitous chromospheric jets that transport large amounts of material upwards.  To date, data from the NST have resulted in more than 30 publications, including 10 in ApJLett.  

BBSO observes in campaigns, which are ideal for probing the evolution and origin of atmospheric dynamics, as well as space weather events.  Such campaigns are essential to extract the most science from BBSO data and that from complementary NASA satellites.  Observing the fundamental nature of many solar phenomena has been tantalizingly within our reach, but beyond our grasp because it requires the higher resolution observations of the Sun, which can be made only with a telescope with NST’s, or larger aperture.  For the foreseeable future, this will be the NST and in 2012, the GREGOR (a 1.5 m on-axis telescope awaiting its primary mirror, see gregor.kis.uni-freiburg.de).  These two telescopes are planning to observe in campaigns where useful.  A decade from now, NSO’s 4 m Advanced Technology Solar Telescope (ATST) will be on-line.  The primary hardware project at BBSO is the commissioning of the NST, which is underway.  This now involves next generation spectro-polarimeters, which will be fed light from next generation AO systems.  The NST is the testbed for the ATST and its instrumentation.
A.1.1. The NST

The primary mirror (PM) is 1.7 m with a clear aperture of 1.6 m with a final figure residual error of 16 nm rms.  An off-axis design was chosen principally because of its vastly reduced stray light, since there is no central obscuration, which reduces the telescope’s MTF (Modulation Transfer Function) at high spatial frequency.  The NST project has cost about $10 M, which is roughly evenly split between personnel and hardware.  Major support has come from NJIT, NSF, AFOSR, NASA, KASI (Korea Astronomy and Space Science Institute) and Steward Observatory Mirror Lab of the University of Arizona.   All told the NST and its instrumentation at the end of commissioning represent about $13 M in hardware ($5 M for the telescope, $4 M for AO and $4 M in post focus instrumentation.

The NST optical and software system have gradually been upgraded since first light and the Summer of 2009.  First, with a light feed to the Coudé Lab and optics to enable a variable beam size, as well as improved alignment and the addition of fail-safe systems bearing in mind that 2 kW of heat is concentrated at prime focus and telescope stability is always an issue.  Further, instrumentation has been deployed and brought on-line in the Coudé Lab.
A.1.2. Adaptive Optics
The current AO system in operation at BBSO employs a 97 actuator deformable mirror (DM) from Xinetics, Inc..  This AO system is called “AO-76” because the wavefront sensor has 76 sub-apertures.  For two years, this system has been feeding light to post-focus instrumentation in the Coudé Lab.  This system is adequate for spectro-polarimetry in the near infrared (NIR).  However, AO-76 is truly useful in the bluer wavelengths only under exception seeing.  This is part of the reason that the initial observations have been concentrated in the NIR.  We are now upgrading to a Xinetics DM centered system (AO-308) with 357 actuators because higher order correction is required for the NST to meet its scientific goals by delivering sufficient Strehl to the visible light PFI for diffraction limited observations under nominal BBSO seeing.  AO-308 is well into development and testing is ongoing for deployment in the Summer of 2012.  Of course, even AO-308 will not correct the entire field of view.  The MCAO project is underway with the purchase of hardware and measurements of the altitude of layers of atmospheric turbulence.  The AO projects have all been funded by the NSF Astronomy Division for about $4 M worth of hardware.

A.1.3. Post-focus Instrumentation (PFI)
The NST is in the process of being outfitted with several state-of-the-art post-focus instruments. The currently planned PFI include: InfraRed Imaging Spectro-polarimeter (IRIS), Visible Imaging Spectro-Polarimeter (VISP), Narrow-Band Imagers (NBI) with a Real-time Image Reconstruction System (RIRS), Fast Imaging Solar Spectrograph (FISS), and CrYogenic InfraRed Spectrograph (CYRA).  Prof. Wenda Cao is the PFI lead scientist on these projects. All these PFI represent about $4 M worth of hardware.
1) Near Infrared Imaging Spectro-polarimeter (NIRIS) 

NIRIS is the descendent of the IR Imaging Magnetograph (IRIM). IRIM has been a workhorse for the NST.  Prof. Wenda Cao built IRIM and is in charge of the IRIS project.  IRIM was our first PFI for polarimetry, as well as other NIR spectroscopic observations.  IRIM is based on a single Fabry-Pérot Interferometer (FPI) and a Lyot filter to probe the deepest layer of the photosphere in the 1.6 micron wavelength range.  IRIM has obtained vector magnetograms on the NST. The modulator for IRIM is a rotating waveplate system after the secondary mirror. The NIR at 1.6 micron is particularly interesting because it will permit seeing deeper into the Sun than previously possible. Moreover, the atomic Zeeman splitting is ten times greater than in the visible and the Earth's atmosphere is less turbulent at these wavelengths. We have had scientific results from this system from the old BBSO telescope, the Dunn Telescope of NSO, and most recently from the NST.  NIRIS will be a dual FPI system that will have a greater light throughput and a faster IR camera. A dual FPI system, like NIRIS, will be tunable to any wavelength in the NIR, allowing us to further exploit magnetic field of solar atmosphere from the deepest photosphere to the upper chromosphere and the base of the corona. Available field-of-view will be extended to 85” ( 85”.
2) Visible Imaging Spectro-Polarimeter (VISP) 

VISP will be a dual FPI system, like its twin NIRIS. Wenda Cao is also in charge of the VISP project.  VISP is the follow-on to the Visible light Imaging Magnetograph (VIM).  VIM is based on a single FPI and narrow-band interference filters.  VIM has worked on the old BBSO telescope and on the Dunn Solar Telescope, and has done imaging on the NST.  It awaits AO-308 and its development will copy the technology from NIRIS.

3) Fast Imaging Solar Spectrograph (FISS)

To better understand the fine structure of the solar chromosphere, NST is equipped with FISS, which is a field-scanning slit spectrograph with high spectral resolving power and a fast scanning speed (10 seconds) to sufficiently cover a large field of view of about 60”(40”. FISS was developed, paid for, and deployed and tested by Korean Astronomy and Space Science Institute (KASI) and Seoul National University (SNU). The observable spectral lines range from visible to NIR (0.38 - 0.92 micron). The major spectral lines of interest for studying chromospheric dynamics are Hα, Ca II H & K, and Ca II 854.2 nm. Two different spectral lines can be recorded simultaneously using two identical CCD cameras. This feature enables one to distinguish between the thermal and the non-thermal turbulence, so that a precise determination of temperature becomes possible.  FISS is fully operational and has resulted in several publications led by our Korean colleagues.
4) CrYogenic InfRAred Spectrogaph (CYRA)

CYRA will be the fully cryogenic solar spectrograph.  It will have optics in the cryostat at liquid nitrogen temperatures (~77 K) and a much cooler camera (Teledyne’s Hawaii-2RG, 2K ( 2K format, 76 frames/sec operating at ~35 K).  It will span wavelengths from 1-5 microns, and it will help the NST achieve its scientific potential of a new and improved probing of the fundamentals of the Sun's atmosphere with its dynamic magnetic field, the origin of space weather.  CYRA will be a substantial improvement over the two current solar IR spectrographs -- one operating at the National Solar Observatory (on the McMath-Pierce telescope) and the other at the Institute for Astronomy (Mees Solar Observatory, University of Hawaii), both of which are based on warm optics except for the detectors and order sorting filters, whereas CYRA feed optics will be fully cryogenic. CYRA will be a significant advance, particularly for high Zeeman sensitivity, high-cadence and high- spatial observations of the Sun's atmosphere from the photosphere through the chromosphere and into the corona, as well as observations of dimmer targets such as sunspot umbrae and off-limb features.  CYRA will be fed by a light that is only corrected with a tip-tilt mirror because the isoplanatic patch is so large beyond 2 microns.  CYRA and MCAO operations will define the end of the commissioning phase.  CYRA is funded by NSF-MRI-AGS.
5) Narrow-band Imagers (NFI) with a Real-time Image Reconstruction System (RIRS)
BBSO has had an active program in image reconstruction with the data from Narrow-band Imagers (NFI). NBI was at Nasmyth focus and is now in Coudé Lab. We have already demonstrated that such reconstructions can sharpen our images to the diffraction limit.  However, it used to take our fastest PC several hours to reconstruct a few minutes of data.  We are now using a 32-node parallel computing system that can do real-time image reconstruction with one image every minute from a 1K ( 1K CCD camera.  Image reconstruction is an ideal application of parallel processing because we obtain multi-dimensional data sets, i.e., each processor will handle one image or several sub-images (corresponding roughly to an isoplanatic patch) at a time.  This system is operational and is used to process daily data, especially simultaneous observations in the TiO 706 nm and H( 656 nm line with which we have done so much observational work.

A.1.4. Synoptic Programs

High resolution imaging work is not the only focus of BBSO.  We also have one of the world's most important synoptic observing programs.  BBSO makes daily full-disk observations of the Sun in Hα to provide context for NST observations.  BBSO has resumed its long-standing practice of making a daily survey of the Sun's active regions, which is provided on our website.  With the NST, the active region survey will be done in higher resolution, and Hα will continue with the new telescope that is currently operating under a separate dome near the NST site.  We will continue to use BBSO synoptic data to forecast solar storms, which are now broadly called “space weather”.  Space weather has become an important area of practical concern because of its impact on satellites, communications and the power grid.  

A.1.5. Earthshine: Photometry and Spectroscopy

We are doing nighttime astronomy, as well.  We photometrically observe the Earthshine from BBSO, which gives us a unique and precise measurement of the Earth's reflectance – a critical climate parameter since the climate depends on the net sunlight reaching Earth.    These observations are now made by remote control from BBSO and our station on Tenerife.  Among other results, we measured a reversal of the declining terrestrial reflectance beginning near the turn of the century, which preceded the cessation of the warming of the global oceans.  This project is funded by a private foundation.

A.2. The BBSO Budget

The hardware expenses for the NST, PFI and AO are about $5 M, $4 M and $4 M, respectively, for a total of about $13 M at the end of the commissioning phase.

We list BBSO funding for FY 2011. All of our support comes from a few federal agencies.  Recently, we have expanded our base to include more DoD funding, as well as private foundation support. 

A.2.1. Federal Funds (FY11):

FY12 Grants and OH (7/1/11-6/30/12):

· NASA (Backbone)                 
          

$390K ($120K OH)

· NSF    (Backbone)                
         

$330K ($105K)

· NSF-ATI (AO-308)

          
          
$150K ($35K)

· NSF-MRI-ATM(CYRA)


$205K ($30K)

· NSF-MRI-AST-MCAO

            $310K ($85K)

· AFOSR


          

$110K ($40K)

· Private Foundation - Earthshine                   
  $50K ($20K)

· NSF CAREER (Cao)

          

$100K  ($50K)

· NASA-LWS (Yurchyshyn)                        
$200K  ($80K)

· NSF (Yurchyshyn)                                      
$150K  ($50K)

· NASA-LWS2(Yurchyshyn, partial year 1)
$20K   ($10K)

· Subcontracts:

· Hinode


          


  $80K  ($25K)

· GONG                                                           
  $60K  ($20K)

· ___________________________________ 
· Total                                                           
$2.16M ($0.67 M OH)

A.2.2. Rough Expenditure of these Funds:
· Payroll

                          
$1.0M
· Fringe


              
$0.3M
· Overhead

 
  
$0.7M
· Equipment, travel, etc.                    
$0.3M
_______________________________________
· Total

                      
            $2.2M
We have the essential team in place to complete the commissioning of the NST, which includes high order AO-308 and MCAO.  One 357 DM AO system will deliver sufficient Strehl to the PFI to enable diffraction limited correction down to 400 nm light under nominal BBSO seeing conditions within a single isoplanatic patch.  The MCAO will extend available diffraction limited field of view from a single isoplanatic patch (roughly 10 arcseconds) to 1-2 arcminute.  MCAO will conjugate to three altitudes in terrestrial atmosphere by utilizing two or three DMs (3 ( 357 actuators) along with upwards of nine guide regions on the Sun.  MCAO is a formidable undertaking, but correcting the full field to the diffraction is a great prize.  We emphasize that the full NST project, and hence BBSO cannot withstand a reduction in force.  BBSO is extremely lean and actually needs to grow.  We note that a 5% raise in salary corresponds to one FTE.
A.2.3. Operating Budget/Expenses
It requires about $1.1 M of annual NJIT support for BBSO operations.  This includes office managers in Big Bear and Newark and covers required grant matches, which presently focused on the NST.  This is a convenient way to handle matches and enable BBSO to pay its own utilities, fees, maintenance costs, etc.  This amounts to about three-fifths of the CSTR overhead, which includes the salaries of Roy Coulter and Nicolas Gorceix, who are the Director of the NST project and its Optical Engineer.  Continuing this support over the period of this plan is essential to the success of the commissioning of the NST.
A.3. BBSO Scientific and Support Staff in Residence

Volodymyr Abramenko, Electronics Engineer

Valentyna Abramenko, Research Professor

Kwangsu Ahn, Postdoctoral Researcher

Wenda Cao, Associate Professor, PFI Lead Scientist

Seonghwan Choi, Visiting Scientist

Roy Coulter, Director of NST Project
Phil Goode, Distinguished Professor, Observatory Director 

Nicolas Gorceix, Optical Engineer

Eun-Kyung Lim, Postdoctoral Researcher
Jeff Nenow, Mechanical Engineer/Solar Observer

Erika Norro, Office Manager
Claude Plymate, Telescope Engineer/Chief Observer
Alla Shumko, Observer

Sergei Shumko, Computer Systems Engineer
John Varsik, Computer Systems Engineer and Research Professor
Vasyl Yurchyshyn, Research Professor
Zhicheng Zeng, Graduate Student

A.4. Infrastructure Additions
We have just completed a new office/lab building in BBSO, which has five offices/labs.  The space is essential because the MCAO system will eliminate some offices in the dome.  Further, we already need offices for staff and visitors even before MCAO.  This project has been funded in significant part by the Hartley Foundation. 

We have also installed, from private foundation funds, a video conferencing center in the Back Lodge.  This has strengthened the connection between BBSO and rest of the world.  NJIT students working at BBSO are able to take live classes from NJIT.  While observing at BBSO, faculties are able to teach classes back at NJIT.  We can hold seminars where both sites participate.  Also, general lectures from other institutions are available to us.  The structural upgrading of the Back Lodge was paid for by the Hartley Foundation.  The Hartley Foundation also partially paid for new roofs, new windows and HVAC systems on-site.

A.5. BBSO Concerns

CSTR reports directly to the SVP for Research, Don Sebastian.  In its report five years ago, the EAC said “The EAC recommends strongly that NJIT replace its current overhead-return funding for BBSO with line-item funding from university General Funds. The simplest version of this model is to create a General Fund budget for the entire CSTR to cover required operating costs and equipment replacement costs for BBSO and OVSA, administrative costs at NJIT, and the personnel required to complete and then operate the NST. The EAC was not in a position to do a detailed budget analysis. However, a cursory analysis suggests that the total budget should be approximately $950,000 per year, which is fortunately not materially different from the overhead currently generated by CSTR (aside: now that amount is about 3/5 of the overhead generated by CSTR). As part of the General Fund, the budget for CSTR would be expected to increase with inflation and merit increases, as do other academic and service organizations at NJIT.”  This recommendation was re-enforced in the EAC report two years ago.  “The maintenance of BBSO as an off-site facility, and one engaged in a major construction project, has and will continue to require strong financial support from NJIT.  There has been a financial funding formula used, based loosely on the overhead generated by CSTR grants/contracts.  This arrangement has appeared to cause some dissension among faculty not directly involved in BBSO. The connection with overhead should be severed, to avoid this confusion, and a line-item-budget for the operation of BBSO and completion of the NST should be established and be the basis for the support going forward.  The current budget model for BBSO appears to have resulted in a stable funding situation, and the new budget model going forward should not result in a reduction in support for BBSO”.  Prior BBSO Advisory Committees have pointed out that such support is provided to other remote observatories operated by universities and national centers.  The previous Advisory Committee report said “NJIT thus has an extraordinary opportunity to dominate the field of ground-based solar astronomy and provide critical measurements for upcoming observations from space.  This is the vision Phil Goode has championed for some years, which the EAC has heartily endorsed, and which is now coming to fruition.”  The EAC argues that such a key role in the scientific world is essential for the national and international reputation of NJIT, and does not come cheaply.  Without additional institutional support, the observatory will face the impossible choice between paying its operating expenses or bringing the NST to fruition. Completing the NST and bringing it to full, scientific operation requires more NJIT support enabling BBSO to keep its instrumentation team and their efforts on track to the full funding for the critical high order adaptive optics system for the NST, as well as the other aforementioned critical post-focus instrumentation.

Three years ago, Phil Goode discussed with the advisory committee the need to plan for a new director with his directorship not extending beyond the commission phase.  The EAC said “There is a need to plan for Phil Goode’s successor, as he has wisely noted.  The successor needs to be a full tenured professor at NJIT; a scientist of international standing; willing and able to spend much of his/her time at BBSO while still participating in the educational mission of NJIT, thus maintaining his/her connections with and status as a tenured full professor.  It needs to be recognized also that as BBSO and the NST evolve into a true national facility, the burden of leading BBSO into this new, more important world will likely fall to the new Director.  The skill set required to exercise this leadership should be a selection criterion of the new Director.  This leadership role, both inside and outside of NJIT, is an important demonstration of why this person must be a tenured full professor.  BBSO will be evolving from a PI-led, NJIT-centric facility, into a true national facility, and only someone of this stature, both inside and outside NJIT, and who believes in the BBSO mission, is appropriate.  There is a need to undertake this search soon, so there is ample time for a graceful transition from Phil Goode to the new Director.”  So far the Physics Department has approved such a position, and a search is planned for the Fall of 2012.  
B. Radio Solar Physics Program 
The solar radio program at NJIT centers on the Owens Valley Solar Array (OVSA), which was transferred to NJIT at the time of the creation of the Center for Solar-Terrestrial Research.  OVSA, under the directorship of Dale Gary, is about mid-way into a major expansion through a $5.3 M NSF MRI-R2 grant.  Although groundbreaking was only 7 months ago, the construction of the site infrastructure is nearly complete, with the eight new antennas delivered to the site, the refurbishment of the 27-m antennas nearly complete, and all 13 antenna pads installed at new locations for the array.  The main remaining task is to install a new 1440 sq.ft. building (now under construction for delivery in June 2012) and begin installation of the RF and digital signal processing equipment.  The schedule calls for a three-antenna prototype to be operational by Oct. 2012, with build-out to the final 13-antenna array to be completed by Oct. 2013.  The resulting instrument, dubbed EOVSA (Expanded Owens Valley Solar Array), will be an entirely new instrument with many new capabilities and a greater role as a community facility.  In addition to its stand-alone capabilities, we envision the instrument as a prototype for the future Frequency Agile Solar Radiotelescope (FASR), which is a much larger facility (EOVSA is about 10% of FASR in cost and in number of antennas).  As a prototype, our aggressive plan is to build and operate EOVSA while immediately transitioning to FASR construction after the EOVSA construction is complete in 2013.  The NJIT radio group has been a lead player in FASR since its inception, and we are pleased to say that it has been ranked highly in the recent Astronomy & Astrophysics decadal survey.  We anticipate a high ranking in the soon-to-be-released Solar and Space Science survey (FASR was ranked #1 in the “small” category in the 2003 survey).  After EOVSA’s completion in Oct. 2013, we will operate a science/data center at NJIT to serve the data to the solar physics community.  Our goal for the later FASR project is to significantly increase the size and scale of the effort and have NJIT become the FASR Science Center.

B.1. Radio Science Projects
1) EOVSA

As noted above, the Expanded Owens Valley Solar Array is a three-year project that began in Oct. 2010, with completion expected in Oct. 2013.  The first year of effort involved environmental assessment that was finally completed so that construction commenced on Sept. 14, 2011.  The original plan was to refurbish and use the existing 5 antennas, to which 8 new antennas would be added for a 13-element array.  It has now become apparent that replacing the existing antennas with new ones will greatly enhance the science and operations of the array, so we are actively seeking an additional $300 k to purchase those and build a uniform array.  A NASA proposal for this was not funded, but we are continuing to seek the required funds.  The existing two 27-m antennas have been refurbished with entirely new wiring, new controllers, motors, encoders and switches.  These two antennas will be outfitted with cryogenic receivers to enable precise calibration and nighttime science, and will no longer be used for observing the Sun.  When completed, the array will go from the previous 7 antennas (28 baselines) to 13 antennas (78 baselines), with across the board improvements in sensitivity, image quality, spatial, temporal and spectral resolution, science and data products, and ease of use.  The new array will provide the following improvements:

· The ability to image not only flares and active regions, but also the quiet Sun;

· Real-time imaging and daily data products such as flare movies, coronal magnetic field maps, full-disk F10.7 images (F10.7 is a long-running solar activity index, without spatial resolution—we will add daily images at that 10.7 cm wavelength);

· Dual circular polarization, for better diagnostics of flare-accelerated energetic electrons and magnetic fields (in both active regions and dynamically in flaring regions);

· Vastly improved calibration, leading to improved precision in flux density and polarization;

· A pipeline processing system for producing the daily data products, plus a widely available and user-friendly analysis system (based on the successful RHESSI model), with web server tools, to allow open access to the community without the need to be an expert radio astronomer. 

To complete the project, we have added two engineering positions funded from the grant (Nimish Sane and Wesley Grammer), thus enhancing the group’s technical expertise and capabilities, and placing us in a position to play a greater role in FASR (discussed next).  It also provides for direct student involvement.  Looking ahead to the exploitation of EOVSA data, we also have a major effort underway to expand our capabilities in theory and modeling of bursts and active regions, largely through the work of research professors Gregory Fleishman, Gelu Nita and Jeongwoo Lee.

The current status and schedule of the EOVSA project is as follows:

· We successfully completed a “conceptual design review” (Apr. 25-27, 2011), which required the team to generate a complete, end-to-end concept sufficient to define each subsystem, identify the interfaces and detailed intercommunication between subsystems, and devise control, monitoring, calibration, and data handling protocols.

· We completed an 18-month-long environmental assessment to satisfy Federal (NEPA) and CA State (CEQA) requirements in order to get approval to begin construction.  The documents submitted were a Finding of No Significant Impact (FONSI) for NEPA and a Mitigated Negative Declaration (MND) for CEQA.  The NEPA approval was obtained in late September 2010, and the CEQA approval was granted in June 2011.  The site owner, LA Department of Water and Power, gave permission to begin construction on Sept. 14, 2011.

· Construction of site infrastructure (roads, building, antenna pads, trenching) occurred Sept. 14—Dec. 23, 2011, and delivery of the 8 new antennas occurred on schedule from Nov. 2011—Mar. 2012.

· A preliminary design review (PDR) was passed Mar. 15-17, 2012, which vetted the technical details and parts identification sufficient to build a 3-element prototype.  Most parts orders for the prototype have been placed, with final orders going in during May 2012.

· The refurbishment of the 27-m antennas took place Feb.-Apr. 2012, and the rejuvenated antennas will be operational this week (Apr. 26, 2012).

· A critical design review (CDR) is slated for late-2012, to be based on the successful construction and testing of the 3-element prototype. The final build-out of the array will occur after the CDR, with full testing and regular operations by the anniversary date of Oct. 2013.

A major issue for EOVSA is transitioning from construction to operations.  The original proposal estimated an annual operations cost of $690 k, sufficient to provide 2.5 FTE at OVRO and 1 FTE at NJIT.  The operations grant for the old OVSA is ending Jul. 2012, and a new operations proposal was submitted to NSF in November 2011 for $1.7 M over three years.  We have not yet heard the result of that funding request, but should find out by May 2012.

2) FASR

The FASR project remains the long-term goal of the group, and we have every expectation that it will become a new start within three years.  FASR has been defined and redefined in several incarnations over the past three years as a result of shifting opportunities.  Given the recent high AST (NSF Astronomy) ranking and the expected re-ranking in the Solar and Space Science survey, together with (still incomplete) plans for a mid-size funding line at NSF, we expect that FASR will proceed soon. The most-recent plan is that FASR construction will be managed by Associated Universities, Inc. (AUI).  Meanwhile, a consortium of institutions (NRAO, NJIT, UC Berkeley, Michigan, MIT and others) would participate in the construction and perform the operational and scientific oversight.

The complete FASR project is expected to cost $70-100 M, and consist of about 200 antennas of three different array types.  The EOVSA project, which again is roughly 10% of FASR, will be key in providing technical and operational experience for FASR development, and will also provide some early science that can guide the design of the instrument and fuel interest by the larger community.

During the three years of this plan, if FASR receives a new start toward the end of the period, our work will be divided between operating EOVSA and design and preparation for construction of FASR.

3) Other Radio Projects

A proposal is pending (Andrew Gerrard, PI) to construct a single-dish antenna for the South Pole station in Antarctica. This project includes significant support (roughly $200 k/year including salaries, fringe and OH) for members of the radio group.  The goals of this project are to obtain uninterrupted coverage of solar radio emission, including radio bursts, over a broad band from 0.5-18 GHz, taking advantage of the nearly 6 months of continuous solar observing.  The system is designed to allow full frequency coverage without switching, with only very short (< 1 minute) gaps once per day to unwind the cables.  The telescope would be mounted inside a raydome in order to survive the harsh environment.  The science goals include various Space Weather impacts such as unbiased occurrence rate and size distribution of solar bursts, and sensitive searches for periodicities such as P-modes in the full-Sun solar radio data.

In addition, Research Professors Gregory Fleishman and Gelu Nita are pursuing a largely independent program of theory and modeling of radio and hard X-ray emission from solar flares.  They have produced a fast, accurate, and highly efficient tool called the GX_Simulator for quickly obtaining physically meaningful models of flaring loops in order to do forward fitting of radio and hard X-ray spatial and spectral data.  Gregory Fleishman is currently PI of two grants (one NSF and one NASA) funding this research.  Fleishman also has a proposal pending for $106 k for Astrophysics research.

Finally, Gary is Co-I on a number of pending proposals to do cooperative research with different groups.  This includes providing data and results from the soon-to-be-completed EOVSA, with support in terms of travel funding (several trips/year to Europe) or modest summer salary support ($10 k/year).  These are indicative of future research being enabled by EOVSA.

B.2. Radio Budget

Below are the approximate budget numbers in the NJIT Radio Group for the current fiscal year.

Incoming Federal/Contract Funds, FY12:

NSF OVSA Support

$   295K

NSF MRI-R2 (EOVSA)
$2,420K

NASA SR&T


$     43K

NSF AGS (Gregory)

$   160K

NASA GI (Gregory)

$   115K

______________________________

Total



$3,033K
This upcoming budget year is quite stable, since each of the above grants continue next year.  As noted, we have a proposal pending for EOVSA operations ($304 k in the first year), and several to the EU, NASA and NSF totaling about $350 k in the first year.  We will also be seeking additional funds to replace the 5 old antennas for EOVSA, with opportunities later this year.

Estimated Federal/Contract Funds, FY13 (if proposals are successful):

NSF EOVSA Oper. (if successful)
$   304K

NSF MRI-R2 (EOVSA)

$   878K

NASA SR&T



$   123K

NSF AGS (Gregory)


$   164K

NASA GI (Gregory)


$   117K

Misc. other proposals (if successful)
$   350K

_____________________________________

Total




$1,936K
B.3. Radio Personnel
Kjell Nelin (EOVSA Site Manager) is on site at OVRO in California, as is a part-time (50%) helper on the EOVSA project.  Kjell is in charge of managing the installation of site infrastructure for the EOVSA project during the construction phase, and then operating it in the later operations phase.  We have hired two RF Engineers on the project through subcontracts with NRAO and Caltech, both of whom are working off campus.  In addition, we pay 2/3 FTE for use of the OVSA site, which gives us access to a number of other on-site Caltech personnel for help with maintenance and use of test equipment.

Most of the staff in the radio program are located at NJIT. These currently include one professor (Dale Gary), three research professors (Jeongwoo Lee, Gelu Nita and Gregory Fleishman), a new Digital Engineer (Nimish Sane).  We currently have two graduate students at the M.S. level, Shaheda Begum-Shaik and James LeMaire.  We hope to support one additional Physics Ph.D. student.  The research professors partially support themselves with grants of their own procuring.  Gelu Nita is heavily involved in EOVSA.  Gregory Fleishman is a top-notch theorist who has been successful in supporting both himself as PI and Gelu Nita as Co-I.  Their work on theory and modeling adds greatly to the scientific impact of EOVSA, and our database of OVSA and FST data.  Jeongwoo Lee is an accomplished modeler and interpreter of solar data, although he is supported also (currently about 40%) on grants from the terrestrial projects of Gerrard and Lanzerotti.

B.4 Radio Program Concerns

With the construction of EOVSA, and the altered arrangement with Caltech, the Radio Program faces many challenges both during the construction and the following operations phase.  EOVSA can only succeed if NJIT conducts the project in the most efficient manner possible.  NJIT has been very supportive of the large initialization costs associated with the project, including the environmental studies, and the purchase of a building and work vehicle, each of which have been absolutely fundamental to the success of the project.  Unfortunately, a lot of much smaller items with low aggregate cost, such as permit fees, gas and maintenance and off-road tires for the vehicle, have required an inordinate amount of my time and resulted in a loss of efficiency far out of proportion to the costs.  It is critical that in the future a reasonable incidentals budget of order $10 k be provided so that I do not have to fight battles for every low-cost item that is needed but not anticipated in the project.

As EOVSA becomes a reality, I anticipate that its impact on the science community will be huge.  To support our on-campus Science Center efforts, I anticipate that within two to three years we will require additional personnel, including a solar radio faculty line, and additional computer center/office space.  If FASR starts on that time-scale, we will also require additional lab space.  We are not yet at a stage where concrete steps are needed, but these issues should be included in planning for the next two to three years.

It is also becoming clear that NJIT’s relative lack of renown is hurting us.  Each year I have excellent prospects for students who nevertheless end up taking offers at other universities.  The students we do have are clearly not of the caliber (in terms of academic ability, but also chiefly in terms of drive and ambition) that can support forefront research.  In past years we could count on a few quality international students, but even they are becoming impossible to attract in recent years.  I am hopeful that once EOVSA is available we will have better luck, but in the meantime I believe we need to enhance our course offerings, which are heavily focused on standard Physics topics, but lack such mainstays, for our research area, as radiative transfer, radiation processes, MHD, plasma physics, and fluid dynamics.  To teach these courses requires faculty members who are theorists and numerical modelers.  In short, solar research here has to branch out from our traditional instrumentation focus and broaden our faculty presence.
C. Space Weather Research Laboratory

Space Weather Research Laboratory (SWRL) was established in September 2008 by NJIT. Its mission is to understand and predict the magnetic activities of the Sun and their effects on the near-Earth environment. One of the important tasks of SWRL is to integrate research and education, to train Ph.D. students and post-docs preparing them to become future leaders in solar physics. The use of data from BBSO is an important part of its research. SWRL also extensively uses space data from NASA missions and closely collaborates with the Radio Solar Physics group. 4 Ph.D. students graduated since 2009. PI Wang has advised 18 completed Ph.D. theses since 2000.  A post-doc (Rui Liu) just accepted an offer of a full professorship in a prestigious university in China. Two recently students are playing active roles in Space Weather research in US NOAA and Korean Astronomy and Space Institute.

SWRL Members 

Director: Haimin Wang, Distinguished Professor of Physics

4 Research Professors: Ju Jing, Chang Liu and Yan Xu and Na Deng

3 Ph.D. students:  Yixuan Li (2012),  Shuo Wang (2014), Xin Chen (2015)

1 M.S. student:  Xiupeng Wang 

4 Undergraduate students: Fazian Naqvi , Chris Oertel,  Jeff Zhang and Andrew Fadi

2 Affiliated NJIT Faculty, Frank Shih, Professor of Computer Science and Wenda Cao, Assistant Professor of Physics

Long-term collaborators:  Thomas Weigelmann, MPI, Germany; Carsten Denker, Potsdam, Haisheng Ji, Purple Mountain Observatory, Hongqi Zhang, Huairou Solar Observatory, Pengfei Chen, Nanjing University and  Deqing Ren, California State University; Yuhong Fan, HAO, Peter Schuck, GSFC, Jim Klimchuck, GSFC, Rui Liu, USTC

FY12 Funding:

NSF Global Halpha Network:  


$120K

NSF SHINE  (BBSO Film Digitization)

$100K

NSF   (PI: Ju Jing)


 

$100K

NSF   (PI: Yan Xu)


  

$60K

NSF   (PI: Chang Liu)




$50K

NASA LWS 1





$80K

NASA SRT





$80K

NASA SDO GI (PI: Ju Jing)



$110K

NASA LWS 2
  


             
$120K

_______________________________________________

Total






$820K (OH $250 K)


Goals for Next Three Years:

SWRL’s research is mainly to provide deliverables in the funded projects. The highlights of anticipated achievements are:

(1) Improve the data service of 9-station Global Halpha Network. A NASA mission style data service structure is being established so data can be requested through web interfaced form with a search function.

(2) Finish digitizing all the full disk and 10% of high resolution BBSO films from 1969 to 1995 and make them available to the community.  Finish digitization of NSO/SP films from 1950.

(3) Actively participate in NST science projects, in particular seek opportunity for Ph.D. students to use NST and analysis data for their Ph.D. theses.

(4) Build on a number of discoveries by the group, further breakthroughs are anticipated, like: early footpoint contraction and coronal implosion of flares; rapid and gradual changes of magnetic structures associated with flares; high cadence, high resolution observations of flares to understand the elementary bursts of RHESSI; 3-D structure of magnetic fields and free-energy in active regions; 3-D structure of filaments and CMEs; relationship between magnetic reconnection and electron acceleration.  SDO, Hinode, RHESSI, STEREO and NST are providing essential observations. 

(5) Collaborate with Radio group closely, particularly, in the comparison of coronal magnetic fields derived from microwave observations and non-linear force-free extrapolation.

(6) Establish a suite of programs using artificial intelligence to automatically detect and characterize filaments, flares and active regions. We will also expect to forecast flares and geo-effects automatically.

(7) Collaborate with theory groups such as HAO, Predictive Sciences and GSFC. 

(8) Collaborate with Caltech group on laboratory simulation of solar eruptions.

SWRL Concerns:

The productive and successful Ph.D. program will not sustain due to following reasons: 

(1) NJIT’s minimum requirement to support a Ph.D. student increased rapidly to $90,000/year now, including the tuition and overhead. The unionization of graduate students in 2012 will make this number even larger. The minimum cost set by NJIT for a post-doc is $73,000/year (overhead and benefit included), substantially lower than the required amount for Ph.D. students.

(2) The easy access of excellent space data such as Hinode and SDO attracts best  students to choose better ranked universities such as Stanford, U.C. Berkeley, Rice and U. of Michigan. 

(3) Haimin Wang is current the Director of Physics Graduate Program, he noted that the quality and quantity in the applicant pool for the entire physics Ph.D. program has dropped significantly.  

D. Terrestrial Atmosphere and Magnetosphere 
The terrestrial atmosphere program within the Center was developed with the recruitment of Dr. Louis Lanzerotti [Distinguished Research Professor] in ~2003 and the NSF-sponsored hire of Dr. Andrew Gerrard [now a Professor] in 2006. Gerrard brought his existing lower and middle atmospheric program from Clemson University and joined it with Lanzerotti’s spacecraft and Antarctic research infrastructure.  Simultaneously in 2006, Lanzerotti was awarded the PI of the Radiation Belt Storm Probes Ion Composition Experiment (RBSPICE) on each of the two RBSP spacecraft.  This conjunction of events in 2006 initiated the Terrestrial Lab [terrestrial-lab.org] sub-group of CSTR, which has made tremendous developmental strides in the past five years and has developed a strong structure within the Center.
D.1. Current TSMTM Projects

D.1.1.  Research in South America Regarding Equatorial Spread-F

Understanding the development of localized equatorial spread-F (ESF) is a problem of fundamental plasma physics and an important engineering issue, as ESF causes scintillation along trans-ionospheric radio links, particularly at and below the L-band (~1 GHz, VHF, UHF, and micro-wave), much like atmospheric turbulence causes stars to twinkle in the visible portion of the EM spectrum.  This scintillation can cause a wide variety of problems due to the associated ~10-30 dB signal power loss, including: 1) decreased satellite-to-ground message throughput, 2) degradation in GPS navigation performance, 3) delayed signal acquisition, and 4) radar tracking errors.  Furthermore, recent research has indicated that measurements of the thermospheric winds at all times are crucial in the forecasting of the upper atmospheric environment.  Unfortunately such wind measurements are rare.  Without knowledge of these winds to initialize and constrain various space weather models, it has been shown that forecasts of ESF, for example, do not replicate the observations.  In fact, thermospheric wind measurements have been cited as prime measurements needed in today’s space weather research.

As a consequence, the Second-generation Optimized Fabry-Perot Doppler Imager (SOFDI) was constructed with the purpose of measuring continuous 24-hour (i.e., nighttime and daytime) winds and temperatures from the upper mesosphere and lower thermosphere. This particular project was initially funded so that the 24-hour ground-based wind measurements from SOFDI could be used to validate in-situ wind measurements from the Air Force Communications/Navigations Outage Forecasting System (C/NOFS) satellite, which is part of an intensive satellite and data assimilation/operational space weather modeling program that will attempt to predict the low latitude occurrence of ESF.  SOFDI’s validation role has considerably expanded, however, because of later changes made to the C/NOFS satellite altitude coverage that limits its wind observations to above 400 km, higher than the origination altitude of ESF.  As such, SOFDI is the only instrument capable of measuring thermospheric winds during daytime and nighttime conditions at altitudes closest to ESF formation

Accordingly, Gerrard is currently the PI of a multi-institutional, multi-national project that extends across Peru and Chile with the intention of advancing our understanding of the generation of ESF.  These instruments include:

a)  24-hour winds and temperatures from the 630-nm OI emission (thermosphere, centroid ~250 km) observed by SOFDI [Gerrard is the PI of the SOFDI instrument] located at Huancayo, Peru ), 

b)  nighttime 630-nm OI imagery from the Cornell All-Sky Imager (CASI) co-located within the SOFDI trailer housing, 

c)  nighttime winds and temperatures from the 630-nm OI emission observed by the Fabry-Perot interferometer (FPI) located at Arequipa, Peru, and 

d) nighttime 630-nm narrow-field imagery from the Portable Ionospheric Camera and Small-Scale Observatory (PICASSO) currently located at the Cerro Tololo Inter-American Observatory (CTIO) near La Serena, Chile .

The data from this instrumentation, along with supporting data from the Jicamarca Radio Observatory (JRO) located west of the SOFDI trailer in Lima, Peru (geographic: -11.95 oN, 283.13 oE; geomagnetic: 0.62 oN, 354.61 oE) and gravity wave predictions from the Forecasting of Gravity waves via Ray-tracing Algorithms with prescribed Tropospheric Sources (FOREGRATS) model [Gerrard is the PI of the FOREGRATS model], are being analyzed in a collaborative and synoptic manner whenever ESF is and is not observed.

D.1.1.1.  FY2013 Plans

A new 3-year grant is in preparation for submission to AFOSR in May 2012 [not listed below, as the grant is not submitted].  The total award amount is estimated to be $450k for the 3-years. NJIT will be the PI institution of this proposal.

D.1.2 Research in Antarctica Regarding Magnetospheric Dynamics

The Polar Experiment Network for Geospace Upper atmosphere Investigations (PENGUIn)  project, which is sponsored by the National Science Foundation Office of Polar Programs, is an ongoing multi-university collaborative effort dedicated to better understanding the dynamics of Earth’s high latitude ionospheric and magnetospheric systems, their interaction with the high latitude thermosphere and mesosphere, and the coupled response of the entire upper atmosphere and magnetosphere to space weather disturbances across all spatial and temporal scales.  The project started in the late 1980’s and has been ongoing ever since.  Today, instrumentation supported by the PENGUIn  project is located at South Pole Station, McMurdo Station, and within a distributed array of Automatic Geophysical Observatories (AGOs) located across Antarctica.

NJIT is the primary engineering, field testing, and deployment institution for the PENGUIn-AGO project.  At NJIT, we:

· Lead the yearly field servicing to each of the AGO facilities

· Maintain a “mock” AGO facility in order to test the facility instruments, components, and the DAQ systems.

· Assist in the installation of new equipment in each of the AGO sites

· Handle shipping of AGO equipment to and from Antarctica

· Are handling all requests for fluxgate magnetometer data

D.1.2.1.  FY2013 Plans

A new 3-year South Pole and McMurdo grant is in preparation for submission to NSF-OPP in May 2012 [not listed below, as the grant is not submitted].  Budgets are estimated to be to be $400k total over 3-years.  NJIT will be the PI institution of this Collaborative Proposal.

We are currently reprograming the PENGUIn-AGO award to create the Polar Engineering Development Center [PEDC], which will provide a resource for experimenters trying to do field work on the ice, particularly along the lines of in-situ power generation (at the ~100-W range), telemetry, and engineering robustness.  We'd hope that any experimenters planning on siting field instruments on the ice would contact the PEDC to provide insight on such work, and ideally subcontract any instrument development to us so that there is a "guarantee" on the quality and robustness of the project.  To date, the estimated 1-year startup funds for the PEDC, of which NJIT will be the PI institution, is estimated to be $450k.

D.1.3.  Research in NJ Involving the NJIT-UACNJ-PSU Collaborative

Gerrard’s hire and startup funding from the aforementioned NSF-Bridge grant allowed for the creation of an optical remote sensing group at NJIT; focusing primarily on lidar [also known incorrectly as “laser radar”] instrumentation.  Gerrard’s former graduate advisor, Dr. Tim Kane of The Pennsylvania State University, contributed equipment to this lidar program and thus the NJIT-PSU lidar collaborative was formed in Spring 2008.  The molecular-aerosol lidar system at that time consisted of a seed-injected, 1.6-W, 355-nm Nd-YAG Big Sky [now Quantel] laser with a standard PMT [i.e., photon counting] receiver.  Originally, a Meade 4” receiver with limited steering capability was used which limited our effect range to ~30 km.

However, in the fall of 2007 the NJIT-PSU lidar group was awarded the ITEK telescope from Starfire Optical Range in Kirtland Air Force Base, NM.  The ITEK is a 48” [1.2-m] fully steerable optical telescope that is configurable between an f/2.5 and f/10.  The telescope was transported to NJIT in March 2009.  

The acquisition of this telescope prompted the creation of a new lidar observatory for the NJIT-PSU lidar group.  The chosen location was at the United Astronomy Clubs of New Jersey [UACNJ, uacnj.org] field site near Hope, NJ, within the Jenny Jump State Forest [41o N, 75o W].  UACNJ is an umbrella organization for all the amateur astronomy clubs within NJ and does public outreach with the community via the state forest; outreach that includes weekly public talks [CSTR personnel have given a large number of such talks], working with Scouting organizations, and public viewing.  Their site is ~300-m above sea level in a dark-skies location in the Highlands area of northwest NJ and consists of a main building with a lecture hall, internet service, water, 200-Amp power, restroom facilities, kitchen, and beds for overnight visits, and 6 10’x10’ roll-off sky sheds to house telescopes and viewing instrumentation.

The NJIT ITEK is now the largest operational optical telescope east of the Mississippi.  The foundation for the new building to house the ITEK was started on May 18, 2009 and pouring of the floor was completed in April 2010.  The observatory building is currently in construction.  The ITEK will be relocated to the site from is current location in an AC-controlled warehouse in mid-June 2011.  The system will be immediately fiber-coupled to the receiver and we expect first light with the ITEK telescope by the end of July.

Meanwhile, the original NJIT-PSU lidar system is currently at the site in one of the small sky-sheds.  The system has been running with the 4” Meade telescope to characterize the receiver system as we await the installation of ITEK.  Once the ITEK is relocated to the site, the laser will be mounted on the telescope itself [using the mounting plates and rack unit seen in the figure] and the return signal will be coupled into a fiber optic and run into a light-time receiver building that is AC-controlled, heated, and dehumidified.

The intent of the NJIT-UACNJ-PSU lidar group is to focus on four science topics: 1) the detection and measurement of gravity waves between 10-km and 40-km to study their propagation as predicted by the Gerrard’s NSF-funded FOREGRATS model, 2) the study of planetary wave structures and how such structures synoptically influence the refraction of locally-generated gravity waves, 3) the study of urban aerosol layers between 1-km and 5-km, including the measurement of sub-visible cirrus clouds between 8-km and 12-km to support the NASA CALIPSO mission, and 4) measurement of gravity waves generated by the urban heat island [UHI] convective pattern.  

It should be noted that also at the NJIT-UACNJ-PSU site is a solar radio telescope [PI: Dale Gary, NJIT], a magnetometer [PI:  Andrew Gerrard], and a dual-frequency GPS receiver capable of measuring horizontal wavelength of gravity waves observed in tropospheric water vapor measurements [PI:  Andrew Gerrard].  In addition, Gerrard and Dr. John Meriwether [Clemson University, collaborator on the SOFDI project] plan on installing a new Fabry-Perot instrument in Spring of 2012 at the UACNJ site.

D.1.3.1.  FY2013 Plans

A 1-year $55k EGER grant is currently in preparation to support the Collaborative and its activities [not listed below, as the grant is not submitted]. 

D.1.4  RBSPICE Instrument on Radiation Belt Storm Probes Mission (RBSP) 

The Radiation Belt Storm Probes (RBSP) mission is in the NASA Living With a Star (LWS) program.  The mission consists of two spacecraft that will be launched in May 2012 in nearly identical near-equatorial orbits with perigee at ~500 km and apogee at about 5.5 RE.  The orbits of the two spacecraft will lap within about 75 day intervals.  The nominal mission is two years.

Each spacecraft consists of identical instrumentation from five Principal Investigator institutions:


University of Iowa: Electromagnetic waves and fields (including magnetometer)


University of Minnesota: Electric fields and waves


University of New Hampshire: Three-instrument charged particle complement 


NJIT: Ring current Ion Composition and Electrons (RBSPICE)


National Reconnaissance Office: High energy inner belt ions and electrons

The RBSPICE instrument has 12 co-investigators from 7 institutions.  RBSPICE is designed to determining how space weather creates the storm-time ring current around Earth by determining how that ring current supplies and supports the creation of the radiation belt populations.

Measurements: Protons: 0.1 – 1 MeV with angular resolution of 20( and energy resolution of 40% at 0.3 MeV

Measurements: Ion composition: 0.02 – 0.3 MeV/nucleon with angular resolution of 30( and energy resolution of 40% at 0.05 MeV/nucleon

D.1.4.1.  FY2013 Plans

To date we received very little information on the status of the Phase E funding, set to being in Fall 2012.  Based on the last approved plan (February 2009), NJIT would have a total budget of $915,676 for the period 10/16/12 – 10/15/15 (3 years), which includes $317,195 in indirect costs.  Some factors which will increase NJIT’s projected costs include increases in salaries and the fringe benefit rates.
D.1.5.  ACE Spacecraft

Lanzerotti is a co-I for the EPAM instrument on the ACE spacecraft (EPAM is the back-up for, and identical to, the HI-SCALE instrument flown on Ulysses).  In summer 2010 Gerrard and his post-doc, Bhattacharya, were added to the project to assist in data analysis.  Bhattacharya attended the ACE Science Working Group meeting at JHU/APL in October 2011 and will be attending the 2012 meeting at the California Institute of Technology in early June 2012.

D.1.5.1.  FY2013 Plans

Another year of funding will be incoming.

D.1.6.  Space Weather Journal

CSTR hosts the editorial office for the journal Space Weather, published by the American Geophysical Union.  The journal is completely on-line, and also publishes a hard-copy Quarterly that includes selected items from the on-line edition.

D.2.  Pending Efforts

A 3-year $2,065k MRI grant [with $433k indirect costs] was submitted to NSF in January 2012 to install a new solar radio telescope at the South Pole Station in Antarctica.
A 5-year $683k grant [with $191k indirect cost] was submitted to NASA in February 2012 to support the Sun to Earth Model Predicting Earth Response (SEMPER) modeling effort. Gerrard is the local PI, with Goode, Cao, Gary, and Lanzerotti as Co-I’s.

A 5-year $415k grant [with $142k indirect cost] was submitted to NASA in February 2012 to support the Active Exploration of the Physics of the Inner Belt effort.  Lanzerotti is the local PI.
D.3.  TSMTM Federal Funds 
D.3.1.  FY2012

	Grant Description
	Total Awarded

(FY2012)
	Indirect Costs (FY2012)

	NSF/Siena Polar (Lanzerotti/Gerrard)
	 32,518.00 
	 28,054.05 

	U.S. Air Force (Gerrard)
	 -   
	 20,658.45 

	NSF Penguin Geospace (Gerrard)
	 -   
	 4,715.07 

	NSF/Siena Penguin (Gerrard)
	 182,216.00 
	 64,607.99 

	AGU Space Weather (Lanzerotti)
	 -   
	 -   

	NASA/JHU-APL ACE (Lanzerotti/Gerrard)
	 30,000.00 
	 10,934.91 

	NASA/JHU-APL Plasmasphere (Keika)
	 26,316.00 
	 9,115.86 

	NASA/JHU-APL RBSPICE (Lanzerotti)
	 687,429.00 
	 118,508.79 

	NASA/JHU-APL Ring Current (Keika)
	 24,231.00 
	 -   

	TOTALS
	982,710.00 
	256,595.12  


D.4.  TSMTM Concerns

1.  Quantity of SRO Personnel.  We are concerned with the shear quantity (NOT quality, of which is very high) of people in the Sponsored Research Office at NJIT.


Ideally, we’d like to see NJIT dedicate more support for productive, hard-working SRO personnel to assist the Center [and entire University] in being more productive from a research perspective.  For example, we’d like to have someone like Felicia Margolies be the sole point-of-contact between the Center and SRO/Purchasing; dealing with subcontracts, subawards, budgeting, etc.

2.  High Graduate Student Costs at NJIT.  Starting in the fall of 2011, the graduate students at NJIT will be unionized and their already high costs will go even higher [due to increased fringe rates].  As such, the graduate students at NJIT will continue to cost too much to support on Federal grants (in fact, it is currently cheaper and more productive to hire a post-doc than to train a student).  We are concerned that the high costs of graduate students will lead to fewer graduate students in general, thus defeating the purpose of the NJIT graduate program.

Ideally, the high cost of NJIT graduate students needs to be addressed ASAP by NJIT governance and Graduate Student Union representatives.

3.  There are a number of minor issues that, though smaller in scale, are nonetheless vital to the productive functioning of CSTR.  These include a severe shortage of space for personnel, especially adequate office space for post-doctoral fellows and senior post-doctoral research staff.  These individuals require office space that is conducive to deep thinking and forefront research.  The physical separation of Center personnel is also a hindrance at times to encouraging the types of collaborative interactions that the Center seeks. 
E. CSTR on Campus 
The CSTR has significant strength on campus, including about half of the Ph.D. researchers of the entire center and 6 of the 7 Ph.D. students. It has its administrative core on campus.  While the heart of the instrumentation program and projects are in Big Bear.  There are instrumentation programs on campus involving students and coordinated research linking the three branches of the Center (optical-infrared, radio, and near-terrestrial).  This would be a good time to consolidate CSTR personnel, which are spread over four floors of one building.  Senior personnel could be placed in one complex by completing a simple expansion of the CSTR HQ office into neighboring rooms, including one classroom.
E.1. CSTR Administration

The office on campus submits all of the grant proposals, prepares the personnel action forms and visa paper work, prepares student appointments, publishes preprints (BBSO bluebooks), and communicates with the upper administration of the university.

E.2. Instrumentation 

An optical lab was established as part of the startup package for Wenda Cao. The 250 ft2 optical laboratory is available for the design, development, and testing of new instruments. Parts of IRIM have been designed, assembled, and tested at CSTR.  Air knife system and temperature control system for the NST were tested in the optical laboratory, and have been in Big Bear for some time. The optical laboratory provides an ideal environment to involve students in the process of instrument building and research. Hands-on experience will also be part of the Experimental Solar Physics, Astronomy and Astrophysics, and Optical Engineering curriculum. Once the instruments are operational, they will be used to gather data for the student’s research or thesis projects. Based on this optical laboratory, Wenda Cao has developed a new course - “Astronomical Instruments and Observation Techniques” for senior undergraduates and graduate students.
E.3. Scientific Research

The researchers and students on campus work closely among different branches of CSTR. The most notable projects include: understanding and predicting solar activity and space weather; the study of magnetic field evolution in flare productive active regions; RHESSI-BBSO-OVSA joint studies of flares; high resolution studies of sunspots, pores and faculae; origin of the solar wind; study of active regions and flares in radio wavelengths.

E.4. Undergraduate and Public Education

The Center is the genesis of the NJIT Academic Astronomy Program within the Physics department, created by Dale Gary, with major contributions by Dr. Slawomir Piatek, and instructors Libarid Maljian and Moses Feingold.  The program continues to grow, and the introductory courses now have more than 200 students enrolled per year.  The courses include several for non-technical majors such as management and information technology students, and four courses for technical majors who can receive either a Physics Minor in astronomy or an Applied Physics degree with a concentration in astronomy.  NJIT also now has an active astronomy club, with Gary as its advisor.

Several of the CSTR grants have education and public outreach components.  Gary has E/PO funding from NASA and is working with the New Jersey Project Astro to prepare a set of solar-related activities and provide workshop training of teachers in the middle-school and high-school levels.  Cao has an NSF CAREER award that includes funds to construct an astronomical instrument teaching laboratory to bridge academic education to scientific research for undergraduate and graduate students.

E.5. Senior CSTR Staff on Campus 

Wenda Cao, Assistant Professor

Dale Gary, Distinguished Professor, Director of OVSA

Andy Gerrard, Professor

Phil Goode, Distinguished Professor, Director of CSTR and BBSO
Louis J. Lanzerotti, Distinguished Research Professor

Christine Oertel, Administrative Assistant

Haimin Wang, Distinguished Professor, Director of SWRL
E.6. New Faculty Hires 

Professor Andrew Gerrard is the most recent regular faculty hire to CSTR, and last year he was promoted to full professor with tenure.  His position was partially funded with support of the NSF-ATM Faculty Bridge Program.  NJIT has paid half of his salary for five years, and with the remainder, Gerrard was able to support a postdoc and graduate student, which enabled him to be more productive at the outset, which is clearly reflected in his further successes as discussed in Section D.  Gerrard really enables the Center to live up to the full meaning of its name.  Wenda Cao was recommended for promotion to associate professor with tenure.  With the support of the NJIT administration, CSTR plans to add another faculty position immediately.  This person should be strongly connected to BBSO, and come at a senior rank with tenure to enable him/her to play a leadership role in BBSO and CSTR.  This hire is needed to ensure continuity and to strengthen NJIT’s investment in BBSO.  Downstream, further hires should be considered, such as a theorist.  As well, the Center would benefit from an optical astronomer who builds hardware, and/or a radio astronomer to help NJIT lead the FASR project when FASR is further along.  

F. CSTR Advisory Board 

CSTR has an Advisory Committee composed of world-respected scientists who meet every other year to critique our program.  These scientists only have their travel expenses paid.  We are pleased that such distinguished scientists view CSTR as being sufficiently important that they are willing to visit and evaluate our efforts, and make suggestions for future improvements.  Their latest report (May 2009) is attached.

The current members of our board are:

1) Lennard A. Fisk, University of Michigan.  Thomas H. Donohue Collegiate Professor of Space Sciences, Member of National Academy of Sciences.  Prior to joining the University in July 1993, Dr. Fisk was the Associate Administrator for Space Science and Applications of the National Aeronautics and Space Administration (NASA). 
2) Timothy Bastian, Senior Scientist. National Radio Astronomical Observatory.  Solar physics expert at NRAO. He shares leadership with Dale Gary on the FASR project.

3) Edward Cliver, Senior Scientist. Air Force Research Lab, Hanscom AFB.  He has provided scientific leadership on the Air Force Radio Solar Telescope Network (RSTN), and is an expert in solar-terrestrial effects.

4) Jeffrey R. Kuhn, Astronomer.  Director of the Institute for Astronomy Haleakala Division at the University of Hawaii.  He is a collaborator in the NST project.
5) Oskar van der Luhe, Professor of Astrophysics, Freiburg, Germany, Director of Kiepenheuer Institute for Solar Physics.  Responsible for German Vacuum  Tower Telescope and 1.5 m GREGOR telescope in Tenerife, Canary Islands.

6) Steve Mende, Space Science Laboratories, University of California, Berkeley.  Leader in middle and upper atmospheric physics, focusing magnetospheric-auroral dynamics, all-sky imaging, optical remote sensing, atmospheric gravity waves, and lightning induced upper atmospheric phenomena.
7) Odile De La Beaujardiere, Air Force Research Laboratory, Hanscom AFB. C/NOFS Principal Investigator.  Leader in ionospheric and magentospheric physics and remote sensing, particularly from spacecraft.  Active in synoptic ionospheric measurements and ESF forecasting. 
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