02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.C.a. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Philip_Goode
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [X  Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[ Native Hawaiian or Other Pacific Islander
K White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
[0 None
Citizenship:  (Choose one) I U.S. Citizen [0 Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): X

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project X

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PlIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.C.a. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Thomas Berkefeld
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [X  Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[ Native Hawaiian or Other Pacific Islander
K White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
X None
Citizenship:  (Choose one) [0 uU.S. Citizen [0 Permanent Resident I Other non-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): O

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project O

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PlIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.C.a. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Wenda Cao
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [X  Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) Kl Asian
[ Black or African American
[ Native Hawaiian or Other Pacific Islander
[0 White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
X None
Citizenship:  (Choose one) [0 uU.S. Citizen X Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): O

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project X

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PlIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.C.a. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Jose Marino
Gender: [0 Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [ Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[ Native Hawaiian or Other Pacific Islander
[0 White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
[0 None
Citizenship:  (Choose one) [0 uU.S. Citizen [0 Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): X

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project O

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PlIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).



02 INFORMATION ABOUT PRINCIPAL INVESTIGATORS/PROJECT DIRECTORS(PI/PD) and
c0-PRINCIPAL INVESTIGATORS/co-PROJECT DIRECTORS

Submit only ONE copy of this form for each PI/PD and co-PI/PD identified on the proposal. The form(s) should be attached to the original
proposal as specified in GPG Section II.C.a. Submission of this information is voluntary and is not a precondition of award. This information will
not be disclosed to external peer reviewers. DO NOT INCLUDE THISFORM WITH ANY OF THE OTHER COPIES OF YOUR PROPOSAL AS
THISMAY COMPROMISE THE CONFIDENTIALITY OF THE INFORMATION.

PI/PD Name: Thomas R Rimmele
Gender: X Male [] Female
Ethnicity: (Choose one response) [0 HispanicorLatino [X  Not Hispanic or Latino
Race: [0 American Indian or Alaska Native
(Select one or more) [] Asian
[ Black or African American
[ Native Hawaiian or Other Pacific Islander
K White
Disability Status: [0 Hearing Impairment
(Select one or more) [0 Visual Impairment
[0 Mobility/Orthopedic Impairment
[0 Other
X None
Citizenship:  (Choose one) [0 uU.S. Citizen X Permanent Resident [0  Othernon-U.S. Citizen
Check here if you do not wish to provide any or all of the above information (excluding PI/PD name): O

REQUIRED: Check here if you are currently serving (or have previously served) as a PI, co-Pl or PD on any federally funded
project X

Ethnicity Definition:

Hispanic or Latino. A person of Mexican, Puerto Rican, Cuban, South or Central American, or other Spanish culture or origin, regardless
of race.

Race Definitions:

American Indian or Alaska Native. A person having origins in any of the original peoples of North and South America (including Central
America), and who maintains tribal affiliation or community attachment.

Asian. A person having origins in any of the original peoples of the Far East, Southeast Asia, or the Indian subcontinent including, for
example, Cambodia, China, India, Japan, Korea, Malaysia, Pakistan, the Philippine Islands, Thailand, and Vietnam.

Black or African American. A person having origins in any of the black racial groups of Africa.

Native Hawaiian or Other Pacific Islander. A person having origins in any of the original peoples of Hawaii, Guam, Samoa,

or other Pacific Islands.

White. A person having origins in any of the original peoples of Europe, the Middle East, or North Africa.

WHY THIS INFORMATION IS BEING REQUESTED:

The Federal Government has a continuing commitment to monitor the operation of its review and award processes to identify and address
any inequities based on gender, race, ethnicity, or disability of its proposed PlIs/PDs. To gather information needed for this important
task, the proposer should submit a single copy of this form for each identified PI/PD with each proposal. Submission of the requested
information is voluntary and will not affect the organization’s eligibility for an award. However, information not submitted will seriously undermine
the statistical validity, and therefore the usefulness, of information recieved from others. Any individual not wishing to submit some or all the
information should check the box provided for this purpose. (The exceptions are the PI/PD name and the information about prior Federal support, the
last question above.)

Collection of this information is authorized by the NSF Act of 1950, as amended, 42 U.S.C. 1861, et seq. Demographic data allows NSF to
gauge whether our programs and other opportunities in science and technology are fairly reaching and benefiting everyone regardless of
demographic category; to ensure that those in under-represented groups have the same knowledge of and access to programs and other
research and educational oppurtunities; and to assess involvement of international investigators in work supported by NSF. The information
may be disclosed to government contractors, experts, volunteers and researchers to complete assigned work; and to other government
agencies in order to coordinate and assess programs. The information may be added to the Reviewer file and used to select potential
candidates to serve as peer reviewers or advisory committee members. See Systems of Records, NSF-50, "Principal Investigator/Proposal
File and Associated Records", 63 Federal Register 267 (January 5, 1998), and NSF-51, "Reviewer/Proposal File and Associated Records",
63 Federal Register 268 (January 5, 1998).
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Certification for Authorized Organizational Representative or Individual Applicant:

By signing and submitting this proposal, the Authorized Organizational Representative or Individual Applicant is: (1) certifying that statements made herein are true and complete to the
best of his/her knowledge; and (2) agreeing to accept the obligation to comply with NSF award terms and conditions if an award is made as a result of this application. Further, the
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application and its supporting documents or in reports required under an ensuing award is a criminal offense (U. S. Code, Title 18, Section 1001).
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In addition, if the applicant institution employs more than fifty persons, by electronically signing the NSF Proposal Cover Sheet, the Authorized Organizational Representative of the applicant
institution is certifying that the institution has implemented a written and enforced conflict of interest policy that is consistent with the provisions of the NSF Proposal & Award Policies &
Procedures Guide, Part Il, Award & Administration Guide (AAG) Chapter IV.A; that to the best of his/her knowledge, all financial disclosures required by that conflict of interest policy have
been made; and that all identified conflicts of interest will have been satisfactorily managed, reduced or eliminated prior to the institution’s expenditure of any funds under the award, in
accordance with the institution’s conflict of interest policy. Conflicts which cannot be satisfactorily managed, reduced or eliminated must be dislosed to NSF.
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This certification is a material representation of fact upon which reliance was placed when this transaction was made or entered into. Submission of this certification is a prerequisite for
making or entering into this transaction imposed by section 1352, Title 31, U.S. Code. Any person who fails to file the required certification shall be subject to a civil penalty of not less
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(2) building (and any related equipment) is covered by adequate flood insurance.

By electronically signing the NSF Proposal Cover Sheet, the Authorized Organizational Representative or Individual Applicant located in FEMA-designated special flood hazard areas is
certifying that adequate flood insurance has been or will be obtained in the following situations:

(1) for NSF grants for the construction of a building or facility, regardless of the dollar amount of the grant; and
(2) for other NSF Grants when more than $25,000 has been budgeted in the proposal for repair, alteration or improvement (construction) of a building or facility.
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Project Summary

Solar adaptive optics has become indispensablesebpe) team to perform both the required controlled
ground based solar telescopes. Driven by the questMCAO laboratory experiments and continue vital on-
ever higher spatial resolution observations of the Sy MCAO experiments with the plan being to imple-
solar adaptive optics hardware has been developeent MCAQ, in the timeframe of this proposal, on the
and systems routinely operate at major ground ba$¢8T and GREGOR and ultimately on the ATST soon
solar telescopesHere we propose, in collaborationafter it has been commissioned.
with the National Solar Observatory (NSO), to de- Earlier, BBSO and NSO collaborated in the imple-
velop a Multi-conjugate Adaptive Optics (MCAO) sysnentation of two AO-76 systems (76-subaperture, 97-
tem for the 1.6 m off-axis New Solar Telescope (NSEI@¢ment deformable mirror) for the now retired BBSO
at Big Bear Solar Observatory (BBSO) that will ex3.6 m telescope and the NSO 0.7 m DST, respectively.
pand the field of view (FOV) of diffraction limited obThese systems have served the solar community for
servations by about an order of magnitude to at leastany years now and their impact on scientific pro-
1 arcmin. The expansion of the diffraction limiteductivity of the BBSO and NSO facilities has been
FOV will be sufficient to cover entire active regionsemendous. The current high-resolution solar tele-
enabling critical spectroscopic and polarimetric obscopes, such as the DST, are in the one-meter class and
servations, which include, for instance, flares that mailize AO for >95% of the observing time to achieve
occur at anytime and anywhere in an active regiothe diffraction limit at visible and near infrared wave-
Therefore, the proposed MCAO system will elimilengths. Solar AO has revitalized ground-based solar
nate a major limitation of conventional AO systemgstronomy at existing telescopes. A high order 349
the small isoplanatic patch, and, thus provide the taattuator conventional AO system for the NST is cur-
to effectively study, with unprecedented spatial resently under development involving the same experi-
olution, fundamental scientific questions like the omnced team that developed the AO-76 and successfully
set and evolution of flares, flare triggering mechdemonstrated MCAO for solar application at the DST.
nisms, magnetic reconnection events and many othesum, we address two required criteria:
dynamic solar phenomena that require diffraction lim- (1) Intellectual merit: MCAO will enable the NST
ited observations over an extended FOV with the retip- provide the community the highest resolution,
uisite high temporal cadenc&he MCAO hardware diffraction limited data over a large FOV to probe
will enable the NST to achieve its full scientific potethe fundamental character of the extended object that
tial, while also serving as a pathfinder for the ATSiE our dynamic star. Over the next decade, NSO
MCAO project. Construction of the off-axis ATSWill build and begin operating the ATST, the flagship
(Advanced Technology Solar Telescope) will begint@glescope for the solar community. MCAQO experi-
2010 and will be fully commissioned in 2017. Initiainents and their hardware implementation on the NST
solar MCAO on-sky experiments provided proof-of¢ill be an essential pathfinder for the more compli-
concept at the Dunn Solar Telescope (DST) and tteted ATST MCAOQO. After the ATST is on-line, the
German VTT on the Canaries demonstrating MCAQYST will continue to be a critical telescope in making
ability to extend the corrected FOV. Thus, it is the rigltampaign-style observations.
time to focus on the development and scientific utiliza-(2) Broader Impact. The development of the pro-
tion of MCAOQ as a critical enabling technology of theosed MCAO system will be a BBSO, NSO and KIS
future. The operational experience with solar MCAQollaboration, and will continue BBSO’s decade long
at the NST, and thoroughly characterizing its perfdaradition of training the next generation of scientists
mance will be absolutely essential for the next genevho build instruments. The resulting data from the
ation solar telescope, the 4 m aperture ATST, whidipgraded NST will be used in many Ph.D. theses. Fur-
undoubtedly will revolutionize solar astronomy. Ather, the testing and development of solar MCAO sys-
well, we plan to work with a separately funded Kl$ems is relevant for nighttime telescopes. Our data,
(Kiepenheuer Institute, Germany, that will be opeand a substantial portion of NST observing will be
ating, GREGOR, its own 1.5 m on-axis solar tel®@pen to the community.
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A. Project Description

A.1 Overview

Adaptive Optics (AO) has revolutionized solar astron#
omy by providing diffraction limited observations of §
our nearest star. Since the deployment of conve
tional AO hardware at major solar telescopes, signi
icant progress has been made in our understanding
the complex MHD processes that drive solar activity§
These highly successful AO developments have deli
ered the enabling technology for the development a
construction of large aperture solar telescopes sucH
as the New Solar Telescope (NST) and the Advanceg
Technology Solar Telescope (ATST).
A severe limitation of conventional AO is its abil-
ity to fully correct only the seeing aberrations within
the isoplanatic patch. Anisoplanatism causes the qual-
ity of the AO correction to gradually decline awayigure 1: Granular field observed in G-band at the DST
from the diffraction limit with distance from the cho-using AO-76 and speckle reconstruction. The box in the
sen lock center. As a consequence, the Strehl rd@er right corner is a magnified cutout illustrating the G-
decreases. The Strehl is the ratio of the maximum Rfnd bright points at the center of the FOV.

tensity in the AO corrected image to that in the diffrac- o )
tion limited image in the focal plane. For short expd€Nt: The vast majority of solar observing programs

sures, i.e, broad-band imaging, post-processing sWgpld penefit tremendously from diffraction limited
as speckle reconstruction may restore contrast to fRgolution over an extended FOV.
conventional AO corrected images. Arguably, how- Figure 1 shows an image of solar granulation and
ever, the most exciting science requires long exposéfsbedded magnetic G-band bright points observed
spectroscopy and polarimetry over an extended fiegar the limb of the Sun. The FOV is approxi-
of-view (FOV). mately 120’ x 120’. This diffraction limited image

In the visible, conventional AO limits the correcte#as recorded at the Dunn Solar Telescope (DST) with
FOV to about 10 or less. In contrast, a sunspot or adigh order AO and post-processed using speckle inter-
tive region extends typically over 1-2 arcmin. In ordderometry. Post-processing is required to achieve the
to capture the dynamic temporal evolution of sunspéfiform, diffraction limited imaging over such an ex-
structures on the relevant spatial scales, one requigsfled FOV. However, speckle interferometry, as well
spatial resolution of 01 or less. Flares can occufs other post facto restoration methods typically rely
“unannounced” anywhere in the extended FOV. Fla@@ short exposure imaging, which cannot be utilized
trigger mechanisms operate rapidly and on the smayhen quantitative spectroscopy and polarimetry are
est spatial scales. Their location within the FOV Rerformed, i.e., long exposures are required.
difficult, if not impossible to predict. Thus, we are led The Sun is a natural target for extended object
directly to a requirement for diffraction limited resowavefront sensing; any number of “target stars” can
lution over a FOV of 1-2 arcmin. be made from the 2-D structure of the Sun by using

A single cell of supergranular convection, the coweorrelations from Shack-Hartmann wavefront sens-
vective flow pattern that reflects the organization afg, which is the technique being used in our ap-
the magnetic network of the Sun, is of order’38 proach to solar AO. Implementing operational solar
diameter. In order to study dynamic, magnetic recoltulti-Conjugate Adaptive Optics (MCAO) is an es-
nection events in the network boundaries, one requissstial, but challenging task that faces the NST, GRE-
diffraction limited resolution over a FOV that cover&OR (the 1.5 m on-axis solar telescope being built
at least 2-3 network cells, i.e., 6®0’ in spatial ex- by our partners at the Kiepenheuer Institute in Ger-



many (KIS) for deployment in Tenerife, Spain) anch Big Bear, and ultimately at the large ATST on

ultimately the ATST. Haleakala. The roadmap further states that MCAO
development must progress beyond these initial
Turb. Layers — Telescope WES proof-of-concept experiments and should include

#2 #1 1 DM2 . .
o \ laboratory experiments and on-sky demonstrations

under controlled or well-characterized conditions,
as well as quantitative performance analysis and
comparison to model predictions. With our proposal,

+
— we respond fully to the US AO roadmap and propose

Atmosphere ! , to implement its goals for studies of the Sun.
<=1 UP f;_’;’aio We propose to develop and install a high order

MCAQO system at the Big Bear Solar Observatory
Figure 2: Cartoon illustration of MCAO wavefront sens{EBfS?.) |1d6 m INST' V\:helr??s, thtehDST. will Servel as
ing due to F. Rigaut from CfAO Lectures. € inftial development pla Qrm, € prlmary goal IS
to develop a well-characterized, operational MCAO
MCAO provides the much needed real-time diffradhat will greatly enhance the capabilities of the NST
tion limited imaging over an extended FOV. In thand lead to new, otherwise unobtainable discoveries.

simplest view of MCAO, one has two, or more, delhe project is a collaboration between NJIT (New

formable mirrors (DM's) to correct anisoplanatisr{€rSeY Institute of Technology), NSO (National Solar

with each DM being conjugated to a different |aye(pbservatory), and KIS and will lead to operational
of atmospheric turbulence (see cartoon in Figure YCAO systems at the currently largest aperture solar
MCAO is now a demonstrated technique for corredf/€Scopes in the world, the NST, as well as its Ger-

ing atmospheric turbulence over a FOV (Ragazzdhp" counterpart GREGOR. This MCAO development
et al. 1999, Tokovinin et al. 2001, Ellerbroek et gfffortis also an important pathfinder for providing the
2003). The recent results from the ESO MAD syé—m ATST with an MCAOQO system in the not too distant

tem, which uses natural guide stars, demonstrated ffgire: Although, BBSO is a university run observa-
power of MCAO for scientific discovery even with 4°7Y: the community will have access to the MCAO
demonstrator system. Wavefront sensing in nighttifiguiPped NST through an open proposal process (dis-
MCAO s difficult because for general use, multipl§USsed in Section B.7)
laser guide stars (LGSs) are needed for tomographi@homas Rimmele (NSO and NJIT research pro-
wavefront reconstruction. Thus, to accurately recofessor), Phil Goode (BBSO/NJIT), and Wenda Cao
struct 3-D turbulence, generally a number of LGSs a8BSO/NJIT) are the Pl team of NSF-AST-ATI-
needed. The GEMINI SOUTH MCAO system use3905279 AO project to replace our 97 actuator DM
five LGSs and three natural guide stars. with a 349 actuator DM, so the NST can take diffrac-
The development of MCAO for existing sdion limited observations over a single isoplanatic
lar telescopes and, in particular, for the nexpatch in visible light. The 97 actuator DM was suf-
generation large aperture solar telescopes f&ient for the old BBSO telescope, but the NST has
stated as a top priority in the US adaptive opthree times the aperture of the telescope it replaces.
tics roadmap (see http://aura-astronomy.org/nv/Jog Marino is a new member of the Pl team. He
AO_Roadmap2008 Final.pdf). The Sun is an idealearned a Ph.D. in Physics from NJIT for work in AO
object for the development of MCAO since solainder the supervision of Rimmele. Rimmele (PI) and
structures provides “multiple guide stars” with an¢éoode were part of the Pl team that built the 97 ac-
desired configuration. It is therefore not surprisingator AO systems on the DST and in BBSO (NSF-
that the first successful on-the-sky MCAO experRTM-0079482). As well, KIS collaborated on both of
ments were performed at the DST and at the Gerntaese AO projects. Two senior members of the KIS
VTT (Vacuum Tower Telescope) on the CanaiyICAO team, Thomas Berkefeld and Dirk Soltau, are
Islands. However, further development is neededriew members of the lead team on this proposal, and
order to provide operational solar MCAO at the NSiheir work is supported by German funding sources,
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so that NSF investments in this MCAO project are

. [N
further leveraged. A myriad of papers have been pub’ i g5 5 =
. . B @ B B 0 & 1/
lished using the DST and BBSO 97 actuator DM A¢, "L ¥ L= | ] /
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A.2 Previous MCAO Experiments and Lim-
itations

The initial solar MCAO work performed at NSO (LanFigure 3: Guide region and WFS geometry on the left.
glois et al. 2004, Rimmele et al. 2006a) and at Kthe wavefront sensor camera of the MCAO stage reads out
(Berkefeld et al. 2006) provided proof-of-concephree 20«20 pixel (10 x10") fields arranged in a triangu-
with on-sky experiments at the DST and the Gder pattern from within a 52<52" FOV. The separation
man VTT in the Canaries. Both experiments demopgtween guide regions can be adjusted by simply repro-
strated MCAO’s capability of expanding the correctdfjamming Fhe WFS.camera. For the experiment descrlbgd
here, the diagonal distance between the centers of the guide

FOV. The DST MCAO experiments used two DM?egions was about 30 The beam footprints of the cen-

a_nd a MCAO wavefront sensor With three guide I%er field points at an altitude of 4 km are shown as circles
gions (smalk 10" x 10" areas, which serve the samgiihin the meta-pupil on the right. Each of these footprints
purpose as guide stars for the extended object thaiisampled with 21 subapertures as shown on the left. The
our star). Lacking dedicated hardware, these expeltiple, overlapping circles for one of the fields indicate
iments utilized existing hardware from the convemhe coverage caused by the extended field of a guide region.
tional DST AO systems (Rimmele et al. 2008). Due to
constraints of the existing hardware, only three gui@gbapertures and its 97 actuator DM (DM1) conju-
regions and a limited number of subapertures (21 g&ted to ground-level. This system is used for normal
guide region) could be implemented with a reasonat$ieience operations at the DST. The second stage uses
bandwidth. However, since daytime seeing is ofténsecond 97 actuator DM (DM2) that can be conju-
dominated by strong ground-layer turbulence, a higated to an adjustable altitude between 2 and 10 km.
order correction of the ground-layer is crucial. Theéhe wavefront sensor of the MCAO stage uses up to
76 subaperture conventional AO system (97 actuafeur (4) off-axis guide regions to track granulation,
DM) at the 76 cm DST can correct between 60 and 0 other solar structures. DM2 was on loan from the
KL (Karhunen-Loeve) modes, and thus is able to prBBSO during the construction of the NST and is now
vide a good correction for most seeing conditions. Bystalled at the NST. We used modal reconstruction
limiting the ground-layer correction to only 21 subalgorithms for both DMs and successfully and stably
apertures, MCAO work was, in practice, limited to th@cked the MCAO system on artificial objects (slides),
very best seeing conditions only. for which turbulence screens are generated directly in
Another severe practical limitation was the fact th&ont of the DMs, as well as solar structures. We var-
in order to set up the MCAO experiment, the two opged the height of the upper conjugate between 2 km
ational conventional AO systems had to be disassead 7 km. We recorded strictly simultaneous im-
bled to provide the parts such as DMs and wavefrxges after the pupil DM1, and after the upper layer
sensor equipment for the MCAO. Likewise, a conPM2. Comparing these images allowed us to quali-
plete and time consuming re-assembly and alignméatively evaluate the performance of the MCAO stage
of the conventional AO systems was necessary aféd directly compare to conventional AO. In addition,
completion of the MCAO experiment. Given the higwe recorded wavefront sensor telemetry data for both
demand for observing time at the DST, this situatighosed and open loop cases.
was not viable or sustainable. The wavefront sensor of the MCAQ stage that fol-
The DST now has a dedicated MCAO bench féows the ground-layer AO utilizes 3-4 guide regions of
easier and faster and somewhat more permanent @neut 10 x10” each. The triangular arrangement of
plementation of the MCAO experiment. The firghe three (3) guide-region setup is shown in Figure 3.
stage consists of the high order AO system with 7the pupil footprints of the guide regions at altitude of

3



4 km above the telescope are plotted with respect t
the meta-pupil.

The spare wavefront sensor camera and processi
unit of the high order AO system were used for the
second stage of the MCAO experiment. The camer
can easily be reprogrammed to accommodate the a
rangement of multiple FOVs.

On-sky experiments were performed under un{EE==S
known atmospheric conditions, i.e., no information
about theC?(h) seeing profile above the telescope waggure 4: Maps of residual image motion measured with
available during the experiments. Hence, a detaileghventional AO (left) and the MCAO (right). Dark areas
comparison of MCAO performance with model prdD these images indicate good correction. The circular FOV

dictions is impossible. Furthermore, optimization (yf* about 1 arcmin. These results were obtained with the

parameters such as DM conjugate positions and c<'_5)/|n(;'o.‘O experiment at .the DST using thiereeguide region
configuration shown in Figure 3 and clearly demonstrate

trol algorithms could not be perfprmed. .Howeve{he MCAQO’s capability to increase the corrected FOV.
for any operational solar MCAQ, it is crucial to de-

termine how well the achieved and expected perfo
mances compare, and under what conditions and
erational parameters. This is one of the first goals
the proposed BBSO MCAO effort.

Nevertheless, the DST MCAQO experiment can b
characterized as extremely successful. A stable ¢
trol loop was achieved on solar granulation. We we
able to correct up to 21 KL modes with DM2 conju
gated to 4 km. Bursts of 50 -100 digital &k im-
ages with an exposure time of 10 ms were recordgd

i . Igure 5:Maps of residual image motion forfaour guide
after ground-layer AO correction and after the MCA ion configuration. This figure is similar to what is seen

. . . e
correction, respectively. The images were record@l&igure 4 but the square FOV is about’4545' and a
strictly simultaneously. The observing wavelengiiferent color scaling has been applied to the residual im-
was 510 nm (9 nm FWHM) for both channels. Duringge motion maps. These very recent results indicate that a
these MCAO test runs, DM2 was positioned to conjuniform correction can be achieved over an extended FOV.

gate heights of 2, 4, 5 and 7 km, respectively. The best

results were achieved with the DM2 at 4 and 5 kgtound of each map is the speckle reconstruction of
conjugates, which is not surprising given the resiye corresponding burst of images. Dark areas in
of our solar SLODAR (SLOpe Detection And Ranghese images indicate low residual image motion and
ing) measurements at the DST site, which indicatehance good correction. The images on the right were
dominant turbulence layer at an apparent altitude f@orded after DM2 and demonstrate the ability of the
about 4 km. The image bursts were processed in tl)&AO stage to provide an increased diameter of the
ways. Alocal correlation algorithm was applied to olgorrected FOV compared to that of conventional AO.
tain residual image motion within the extended FOYhe MCAO corrects to a level better thaf.01 rms
of about 60 diameter. Residual image motion is eagyithin a triangular shaped FOV of about’4Qcom-
ily computed from granulation images, and is an imared to typically less than 1Gor the conventional
dicator of the degree of correction obtained. Alternao. In Figure 4, the configuration shown in Figure 3
tively, a speckle reconstruction algorithm was applieglas used. The location of the three guide regions is
which also outputs residual image motion. The resug@any reflected in the residual image motion maps,
of both methods were nearly identical. since the correction is maximal at these locations. Im-
Figures 4 and 5 show two sets of residual imagge motion is actually increased by the MCAO stage
motion maps. The granulation image in the backs the corners of the FOV where the three (3) guide-
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region wavefront sensor does not provide any infol "
mation. Use of a more sophisticated control algc
rithm and more guide regions, as we plan to use f¢
the BBSO NST MCAO, should alleviate this problem|
This can already be seen in more recent results sho
in Figure 5 where four guide regions were used fc
the MCAO wavefront sensor, and already a more u
form correction was achieved over the 1 arcmin FO
shown in this example.

B. Proposed Work

B.1 Overview of Implementation at the NST

In early 2009 at BBSO, first light science obser
vations were made with BBSO’s NST, which is ¢
1.6 m clear aperture, off-axis telescope. The ne
telescope will have its operational 97 actuator D
based AO system replaced with our conventionghyre 6:NST images with a FOV o’ x 2" from March
349 actuator-based AO within the next year. Builgg, 2009 are shown. Left: A reconstructed image in which
ing on this 349 actuator system, we propose to Ueven bright points appear side-by-side in a dark lane at the
grade to a three (3) DM MCAO system that offersenter of the FOV. These bright points are thought to be
an essential and significant improvement in groun@gsociated with magnetic field concentrations and are each
based high angular resolution capabilities that wfPout 0.1 in diameter. Right: The same image degraded
substantially enhance our continuing program to utr?_the_ resolution of the old BBSO 0.6 m aperture telescope
. . in which the beads cannot be seen.
derstand photospheric magneto-convection and chro-
mospheric dynamics. These are the drivers for what
is broadly called space weather — an important prokentional AO-349 currently under construction for the
lem, which impacts human technologies and life dMST to an MCAO system. As well, we propose to join
Earth. The NST project is described in detail ithe nascent MCAQ efforts in the KIS laboratories, fur-
http://www.bbso.njit.edu/newtelescope ther broadening our basis of expertise.

The NST has an off-axis Gregorian configuration The NSO MCAO experiment at the DST uses a two
consisting of a parabolic primary, heat-stop, ellipticg®) DM configuration, while the KIS laboratory setup
secondary and diagonal flats. The focal ratio of tiieat will eventually move to GREGOR implements a
primary mirror is f/2.4, and the final ratio is f/50. Thehree (3) DM system. Both teams have extensive lab
working wavelength range covers from 0.39to i and on-sky experience with two (2) DM MCAO. KIS
in the Cou@ Lab beneath the telescope and all wavead NJIT/NSO/UF (University of Florida) teams have
lengths including the far infrared at the Nasmyth focuagreed to use the KIS three (3) DM system as a de-
on the dome floor. We emphasize that both the NS&lopment platform. Lab experiments will be con-
and ATST are off-axis designs. A first scientific lighfiucted at the KIS labs in Freiburg, while on-sky ex-
NST image taken in the TiO band at 710 nm is shovgeriments will be conducted at the DST. The NSO
in Figure 6. MCAO bench optics will be modified to accommo-

The DST experiments and similar experiments date the KIS MCAO for on-sky MCAQO experimenta-
the German VTT telescope on Tenerife have demdion. The DST provides the stable and well-supported
strated the feasibility and power of solar MCAO andevelopment environment required for this effort. In
its ability to extend the corrected FOV significantlythis way, both teams will collaborate on hardware and
These demonstrate our team'’s technical abilities aswftware development, as well as analysis and charac-
give us the confidence that we can upgrade the cterization of system performance making optimal use
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of resources at all partner institutes. Measuring theC2(h) profile with sufficient resolu-
The teams have agreed to exchange personneltfon to be able to optimally design the MCAO sys-
joint work on the DST MCAO bench and the KIS laltem is a first important step in the proposed work. We
setup. Initial joint MCAO experiment observing runsvill use a method that is similar to the well-known
were already performed during 2008/2009. BuildingLODAR (Wilson 2002; Butterley et al. 2006) ap-
on these ties and following joint work with the KIS lalproach used for point-sources, but it has been adapted
setup we plan to perform three MCAO observing carfer solar application (Waldmann et al. 2007, 2008).
paigns at the DST during 2010 using the KIS three (Bhe method uses a wide FOV Shack-Hartmann wave-
DM MCAQO setup. The KIS hardware will be shippedront sensor operating on solar granulation and eval-
to the DST capitalizing on the common lab and omates the covariance of image shifts that have been
sky bench on the DST (rather than shipping from Kieasured with different subapertures of a Shack-
to Tenerife). The existing DST optical setup can Bdartmann wavefront sensor at different points in the
easily modified to accommodate one additional DNFOV. We plan to implement such a device at the NST
The optical design also allows adjustment of conjte obtain onlineC2(h) measurements during normal
gate heights of the two upper layer DMs. operations. The device is fairly simple, consisting of
Performance simulations that are to be comparawide field wavefront sensor that uses a FOV of about
to actual system performance achieved will be carrigdarcmin. A 10<10 lenslet array forms wide field im-
out jointly by team members at NSO and KIS. Theages of 16 cm subapertures. Bursts of these images
is extensive experience in the area of MCAO simulare recorded on a 2K2K camera and processed on
tions at NSO and UF. KIS intends to expand on its cla-PC. Software to analyze these data has been devel-
rent capabilities in support of the GREGOR MCAQ@ped (Waldmann et. al 2009).
project and the European Solar Telescope (EST) ef-
fort. Again, by joining these efforts, we will form a In order to obtain a baseline design that enables us
critical mass and make optimal use of resources atfjestimate the scope of the effort and the required re-

avoid duplication of effort. sources, we used an approxima@gh) profiles de-
rived in the following way. The ATST site survey re-

B.2 NST MCAO design parameters and ex- liably measured:_,%(h) fc_)r the first SQO m above the
pected performance ftelescope. The high altitud? (h) profile was approx-
imated by using 1) Mauna Ke&?(h) profiles (Rim-
The goal of the proposed work is to implement an omele 2006b), 2) &2 profile that was measured for
erational MCAO system on the NShe median see-Mt. Graham (Milton et al. 2003) and 3)G¢(h) pro-
ing at BBSO is aboutgr= 6 cm at 0.5um (see the file measured at Mt. Palomar (courtesy R. Dekany
ATST site surveyhttp://atst.nso.edu/sittor details), 2009, priv. comm.). We will refer to these profiles
but periods of excellent seeing with the Fried pararas BBSO/MK, BBSO/MG and BBSO/MP profiles, re-
eter, p, being significantly larger than 10 cm do ocspectively. The BBSO/MP profiles can be expected to
cur. TheC2(h) profile at the site contains the cruciatlosely match the actual BBSO profile because of the
information for designing the MCAO and for modelelose proximity of BBSO to Mt. Palomar. The perfor-
ing its expected performance. The ATST site survayance of a baseline MCAQO configuration was simu-
provided measurements 6f(h) at BBSO. Unfortu- lated using CIBOLA (Co-variance, Incorporating Ba-
nately those measurements have very coarse hegttOption for Linear, Analysis by Ellerbroek). The
resolution, in particular, for the upper atmospheriaseline design uses three (3) DMs and a minimum
layers. However, the site survey revealed that grourtd-seven (7) granular guide regions. The DM conju-
layer turbulence, which dominates the daytime segate heights vary for the differe@f(h) profiles. For
ing at mountain sites is significantly suppressed at teeample, for the BBSO/MK profile the DMs are con-
BBSO lake site. While at a mountain site, 70-95 % @igated to 0 km, 4 km and 13 km and have 349 actua-
the seeing may be located near the ground, wherea®ed, 349 actuators and 97 actuators, respectively. This
BBSO only about 50-70 % of the turbulence is nearder may change in BBSO depending@imeasure-
the ground. This makes MCAO relatively more imments and experimentation. The solar MCAO wave-
portant for the BBSO NST. front sensor is equivalent to the star-oriented night-
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Figure 7:The design of CouglRoom optics for MCAO for the NST.

time version. However, since solar granulation is usbdseline design once the act@$l(h) profile is mea-

a “guide-star”, we can easily select any “guide-stasured. However, we do not expect significant changes
configuration and increase the number of guide stamsthe baseline system design. This is indicated by
or guide regions to improve uniformity of the Strehrdomparing the CIBOLA results from the BBSO/MK
across the FOV. The use of natural guide stars in €(h) profile with the results from the BBSO/MG
lar MCAO avoids the complexity of laser guide staand BBSO/MP profiles. Similar performance can be
systems of night time MCAO, and issues such as taehieved for these profiles with the baseline system
cone-effect. The modeled baseline MCAO system hasd with adjustments to the DM conjugate heights.
six guide regions arranged in a circular configuration

with an additional guide region in the center of thé 968.3 The optical design of the NST MCAO

diameter FOV. o _ .
The preliminary optical design of the MCAO system

The Strehl ratio is generally used to quantify the,,yn in Figure 7 is composed of three parts corre-
performance of an AO or MCAO system. The Clg,,h4ing to the three different altitude conjugations.
BOLA calculations show that the baseline NST SY$he first part is built on the BBSO AO-308 system.
tem in BBSO can be expected to achieve Strehl r_‘"‘“Ré-SOS and the MCAO design are identical up to
of about S = 0.5 across the’'9BOV. The Strehl vari- 5ap3 (off-axis parabola). The only difference is the
ations are moderate with S varying between S = Qiff ¢ thjs |atter component optimized for a better per-
and S = 0.45. Strehl uniformity can be improved B ance in the new system. The pupil of the tele-
adding additional guide regions. The idealized cagg, e is formed on the tip/tilt mirror and on the De-
where the turbulence is assumed to be located in thige., - 1e Mirror (DM1 with 349 actuators and a clear
discrete layers (0, 3.4, 13.3 km) with the 3 DMs conjuperyre of 100 mm diameter). The second part con-
gated to these layers results in Strehl of between Qj aates DM2 (also with 349 actuators) to 4 km. OAP4
and 0.74 across the FOV. The performance goal drivg}, s the 4 km altitude conjugate to infinity and OAP5
by the science requirements is to achieve an averagfimates the beam and images the 4 km conjugate
Strehl of S = 0.5 across the FOV. onto DM2. BBSO already owns OAP4 and OAPS5.

We expect to be able to further optimize the MCAO@he third part conjugates the smaller format DM3 (97
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Figure 8: Spot diagram for MCAO showing nearrigure 9: Functional block diagram of the DSP based

diffraction-limited image quality for 0.3um, which is a \WFS and the reconstruction unit of the MCAO system.
shorter wavelength than used in our polarimeters. The cir-

cles are the Airy disks (diffraction limit disks) for 0/m

light. The spots are not fully confined to the Airy disk, bué 4 Electronic. computing and mechanical
narrow-band wavelength observations, which are the norm ! P 9

at BBSO, will be diffraction limited. systems

actuators) to 13 km. P7 (on-axis Parabola) sends ?—H%e principal system components for the baseline
MCAO system are: seven (7) correlating Shack-

13 km altitude conjugate to infinity and OAP8 colli ; WES: front ruct 4 th
mates the beam and images the 13 km conjugate o manh V=S, a wavetront reconstiuctor and three
DMs. Figure 9 shows a block diagram of the

DM3. The spot diagram for the design is shown i CAO hard The basali front
Figure 8 reveals diffraction limited performance fo} ardware. fhe baseline waveiront sensor con-

the narrow-band observations that we plan iguration samples with 20 subapertures across the
' 1.6 m entrance aperture for a total of 308 subaper-

The overall length of the system IS 4':_)’ m and Cou{gres. A significant difference from the previously de-
be reduced to 3 m by adding fold MIrrors: arou Jloyed approach is that instead of imaging a large (in
OAP4 and OAP9 to make the system fit on a Verigs .oqe 90 90”) FOV through a single, wide-field
cal opt|'ca.l table. However, we con3|de_r th|s_de5|gr_1 nslet array and onto a single wavefront detector and
bF," .prellmlnary_ar_ld expet_:t that the.c_ie5|gn_W|II be SII'IB'rocessing only the much smaller regions of interest
plified and optimized during the initial design phase(guicle regions), the guide regions are now split or sep-

The requirements for the optics of the NST MCAQrated optically and re-imaged onto a number (base-
design shown in Figure 7 were also driven by the fagfige is 7) of narrow-field wavefront sensors. This de-
that the optics must relay the NST focal plane imaggyn choice is motivated by a trade between optical
to the Coué@ Lab (beneath the telescope), which {gmplexity and wavefront sensor camera complexity
about 3 m below the NST’s Gregorian focal plane arghd associated programmatic risk. Imaging all sub-
the FOV for the optics must be 9t diameter, so that gpertures and the full field containing the seven guide
we realize as wide a field of view as is consistent WiFagions onto a Sing|e detector would have required a
the downstream, Fabryéot based polarimeters.  extremely large detector of order 3008000 pixels

To deliver optimal optical performance, some of th&ith a required frame rate of 2000 fps. Such technol-
optical components in the AO relay path will havegy is not available at this point in time and a cus-
to be custom-designed and manufactured. Figuréom development would be expensive and carry sig-
shows the optical layout of the design excluding thficant risk. We avoid this cost and risk with the ap-
wavefront sensor (WFS). The optical concept is preroach shown in Figure 10. The optical split into the
liminary and will be finalized during the initial desigrseven (7) wavefront sensor channels, which are now
phase and frozen after the Critical Design Review dtuplicates of the conventional AO wavefront sensor
Year Two of the project. that has already been designed for the BBSO high or-



der, AO-308 system. The added optical complexity is
very moderate. The guide regions can be picked off
in, or near an image plane using a pick-off mirror as-
sembly. The required square field stop mask would be
placed in the prime focal plane of the wavefront ser
sor channel. Alternatively, the light can be split int

a collimated path, as is shown in Figure 11, and ide:
tical images of the full FOV are imaged. The smaller
guide regions are then re-imaged through the lenslet
array. The latter approach appears to have lower com-
plexity and would be easier to implement. Since the

wavefront sensor channel uses broad-band light, sll_,l{gure 10: Schematic demonstrating MCAO wave-

ficient photon flux is availaple ir_1 the WFS channel $Pont sensing approach for solar application.
as to divide the beam multiple times.

The technology developed for the conventional AO-
308 can be directly applied to the MCAO effort. The — [ T\
cameras that will be used are the same that we use for I
the conventional AO-308. Each of the seven MCAO
Phantom V7.3 cameras will feed images to 15 DSPs —
on two DSP boards. The 14 DSP boards in two cPCI .

chassis will receive the images from the seven cam-

eras, determine the subaperture image shifts and per- ||
form the reconstruction. The results will be passed to camera

7
a fifteenth DSP board where the servo algorithms will -
Camera

take place for the three DMs. The fifteenth DSP board
is interfaced to the three DMs through LVDS (low
voltage differential signaling) via the DSP board’s FP-
GAs (field programmable gate arrays). :

The interface between the Phantom V7.3 cameras
and the DSPs is mostly software and once devEigure 11: Multiple wavefront sensor channels for so-
oped for one camera can be copied for the other dex: MCAQO. The individual channels are duplicates of
Bittware, Inc. is currently developing the required irthe conventional AO-308 wavefront sensor.
terface for the AO-308. This work is expected to be di-
rectly applicable to the MCAOQ interfaces and softwagittware with a subcontract from this grant, and will
modifications that are required to synchronize cameed to be tailored within the team to fit our needs.
eras will be contracted to Bittware, Inc. The cameragnetheless, these are very time-consuming efforts
will be synchronized to each other through an externraluiring great care. Our experience with the two AO-
signal generated by one of the cameras. 76 and AO-308 systems will pay off here.

Among the many issues of software development,In addition to the international solar MCAO col-
the reconstruction matrix (to convert from wavefrorboration described here, we are in contact with sev-
information to the movements of the actuators) neegsl night-time MCAO efforts, such as GEMINI, ESO
to be made. For the electronics part, we plan to p8&AD and ONERA and will incorporate their valuable
form the following tasks: (1) design and construct axperience, in particular, in the area of reconstruction
interface to connect the WFS camera and the D&Rd control, into the NST MCAO effort. During a
board; (2) design and construct an interface to caecent meeting with members at ONERA/Paris plans
nect the DSP and tip/tilt; (3) design and construct arere discussed for ONERA members to use the DST
interface to connect the DSP and the DM. As in otCAO to implement ONERA control algorithms and
AO-308 project, the skeletal interface will be built bgvaluate their performance.
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B.5 Science drivers for an MCAO-equipped achieve diffraction limited images with a spatial reso-
NST and NST instrumentation lution of about 50 km, when observations are made at
, 500 nm (better than three times the resolution possible

BBSO's AO-308 (349-element DM) system caf yhe NIR with the NST). Still, there are advantages

achieve 50 km resolution at 500 nm with a Strefll \ R vector polarimetry, especially the considerably

above 0.5 (more than sufficient for polarimetry) MO& ger Zeeman splitting, which enables one to sepa-
. . o
than half of the time but with a less thari0” diffrac- | 5¢e the magnetic field from the magnetic flux over

tion limited FOV under nominal BBSO seeing condiy,o Fov.
tions. However, typical NST observing campaigns re-
quire diffraction limited observations that cover morg

. , ) ) . .
like 100’ because in a typical campaign, one mlghtant part of our IR instrumentation was the develop-

. ) . : Al
be track!ng an active region r.eplete with dynar_mcaﬁem of a narrow bandpass filter system, which com-
events, like flares, that may originate anywhere in tglé

. L .bihes a Lyot filter and an IR FabryeRot interferom-
FOV. The events typically originate on small spa‘uaet r — the IR Imaging vector Magnetograph (IRIM).
scales with sub-second timescales. Thus, MCAO fxle e Lyot filter has a bandpass of 28at 1.56 m

spectro-polarimetric hardware is essential to obtain .

diffraction limited i .’ . 0 Iving us a 2.5A wide prefilter (narrower than the
iraction fimited across an entire active region. Uk g & feq spectral range of the IR Fabrg#®t). The

ten, events are seen in one place in an active regyo

Bt filter was designed as part of the Ph. D. thesis of
and are preceding and/or followed by other even% T
A his Lyot fil
elsewhere in the region. Therefore, with MCAO, ca 2L how graduated student. At present, this Lyot filteris

. tully follow th luti ¢ ?B'eing replaced by a second Fabrgrét interferome-
]E)_allgns cznﬂuse L:, y Tollow | ﬁ evolu 'O?_ 0 malgne_l er to increase the light feed, which is not so critical
€70 and Tlows for several hours continuously Wiy v,y \we have obtained and implemented a large
sufficient Strehl. Extended FOV, sub-arcsec resolu-

i ib ique feat f MCAO oed NS ormat IR CMOS camera (2k1k, 30 frames/s) from
'on WITLe a unique feature o cquippe Rockwell Scientific Imaging (now Teledyne). We en-

and it will remain as a potent instrument to be used "cpyed a very successful first scientific light of the full

its campaign mode for the study and monitoring of s 3IM hardware system in November 2004 at NSO

lar activity and space weather, even after the ATSTdrs1 the DST and in July 2005 at BBSO (Cao et al.,

built. The following scientific objectives reflect SUCEOO6) The strength of the IRIM is its magnetic ex-

a unique capability. treme sensitivity, which allows us to study weak and

The polarimetric hardware that will be fed MCAQ nall-scale magnetic fields in the quiet Sun. In ac-

light on the NST has already been built and teSte[R/e regions, it enables accurate measurements avoid-

an'd the fully outfitted NST was designed to meet OH{g Zeeman saturation of the traditional filter-based
science goals.

magnetograph systems. Both magnetic field strength
and the filling factor have already been derived from
B.5.1 The hardware: near infrared (NIR) and fitting the Stokes V profiles (Cao et al., 2006).

visible imaging vector magnetograph sys-

tems

BBSO has built and employed several generations
NIR imaging systems. The most recent and signif-

B.5.2 Science Drivers for the AO Equipped NST
To achieve the highest spatial resolution with the

NST, we have developed polarimetric instrumentdVe need to develop MCAO as soon as possible for the
tion in visible light, which is a Visible Imaging Mag-following scientific reasons: (1) Solar activity maxi-
netograph system (VIM) that is tunable from 40mum is anticipated in about three to four years, and
to 700 nm with a bandpass of 0.01nm (Denker atfee full resolution NST would play a significant role in
Tritschler, 2005). The principal optical elements dhe study of solar activity. (2) The NST will support a
this state-of-the-art system are an interference filmber of solar missions, STEREO, Hinode, and SDO
set and a Fabry&®ot interferometer, which enabldto be launched later this year).

one to perform full vector Stokes polarimetry over the Below we briefly describe some of the science goals
~100’ FOV. This system has achieved its first light dhat we have planned to meet with MCAQO corrected
BBSO in 2007. With MCAOQ correction, the NST willlight feeding our existing hardware:
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(a) High cadence, high resolution studies of soltr variation in seeing conditions. More specific scien-
flares tific questions to be answered are: (1) What are the

One of the most important but not well-understod§'ative and absolute roles of the evolution of the local
areas in flare research is the fine temporal and spad néarby photospheric magnetic fields in triggering
tial structure of flares, so called “elementary burstgelar flares, and what is the relationship between the
(see Sturrock, 1989 for a review). The 1.6 m telgvolving magnetic configuration and the properties of
scope will obtain high resolution, high cadence inflares? (2) How do electric currents, derived from the
ages of flares. Such observations will provide detafi§!d; e€volve, and what is their relationship to particle
of electron precipitation on fine temporal and spRecipitation?
tial scales. We expect to learn if, and how the indi¢) Dynamics of Kilogauss Flux Tubes
vidual sub-second peaks in the hard X-ray and mi-Understanding the dynamic behavior and structure
crowave time profiles correlate with the rapid preci®f Small scale kilo-Gauss fluxtubes is a primary sci-
itation along various flux loops. Xu and Cao (Zoog)ntific goal. The key issues are the formation of
presented the very first high resolution observatioRgotospheric flux concentrations having field strength
of an X10 white-light flare (from solar active regioffPove the equipartition field strength and the dy-
NOAA 10486 obtained with the DST on 2003 Octdl@mic interaction with the turbulent photospheric at-
ber 29, with AO-76). The study demonstrated the pmosphere. Understanding the dynamic interaction of
tential for new scientific results when high resolutioRhotospheric flux concentrations with turbulent gran-
photospheric observations are combined with hard dation is also essential in order to estimate the total
ray imaging and spectroscopic observations; howe@1ergy flux that is transmitted/channelled by small-
even with a resolution approaching 100 km, the flap€ale fluxtubes into the higher atmosphere. The key
ribbons were not resolved. We anticipate that Ngipestions are: How are fluxtubes formed and how do
with MCAO will provide new and basic insight intothey evolve? What is the lifetime of a fluxtube? How
this problem because, in part, we will be able to oB9 fluxtubes interact with the turbulent flows in the
serve, at the diffraction limit remote, but correlate@notosphere? The observational determination of the

events in the FOV that precede and/or follow the flaf@rocess(es) that leads to kilo-Gauss flux concentration

(b) Structure and evolution of magnetic fields and roin the solar photosphere, where the equipartition field
fields in flaring active regions g\frength is only about 500 G, is a fundamental prob-

_ lem in solar and stellar physics that needs to be solved,
It is generally accepted that the energy released;iRg 50 to 100 km resolution is critical to resolve this

solar flares is stored in stressed magnetic fields. Sgsplem. In the shorter term, multi-wavelength in-
the study of magnetic fields is a very important conjastigations ultimately using NST and satellite data
ponent of flare science. This concept of energy releggaydy this problem will advance our understanding
has motivated many attempts to detect flare-inducgckyx tube physics. Here MCAO will provide much

changes in the magnetic fields of active regions. Uniilore diffraction limited data, and thereby increasing

very recently, no one has detected, in any consistgfif chances finding the odd event that facilitates new
way, the changes in magnetic fields associated Wifjghts.

solar flares. The BBSO group first saw signs of these

changes using BBSO, TRACE and MDI one-minu - - )
cadence data (Spirock et al., 2002; Wang et al., 201(?2',6 E)?il:](;atlon’ Research Training and Men
2004; Liu et al., 2005). The inconsistency among the
results is due to observational limitations. We cahiJIT has a diverse student body in an urban environ-
not get high temporal and spatial resolution and highent, with a large minority student population. BBSO
polarization accuracy at the same time, with existifghly prizes its special role in the education of the
telescopes/instruments. NST equipped with MCA@ext generation of scientists who build instruments.
will provide much more reliable, and higher qualityVe currently have six PhD students, including 2 US
measurements of vector magnetic fields. A consistizens, who will receive PhD’s from NJIT in various
tently high Strehl ratio over the extended FOV wiliields: applied physics, electrical and computer engi-
ensure that the detected field variations will not be doeering, and computer science. The very best NJIT
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students are attracted to the BBSO program. The tyimue our open observing time and open data policies.
ical student designs and builds the instruments usedVe plan to make a portion of observing time available
make his/her PhD measurements in BBSO, althouighthe community. The Telescope Allocation Com-
this is not possible for the NST MCAO Project. Howmittee will rank the proposals and allocate time. NST
ever, Joé Marino earned his Ph.D. from NJIT in adapdata will be on line immediately, if it is not part of
tive optics and will be working on this project as a special observing program. A web page describing
postdoctoral associate. He will be primarily merall the requests will ensure that researchers will not
tored by Thomas Rimmele (his thesis advisor) wituplicate their data analysis efforts.
has been guiding his work in adaptive optics and
MCAQ, in particular, since Marino graduated. He re8 .8  Personnel Management Plan and Time-
sides at the University of Florida (UF) and his support lines
in our MCAO project will come from the subcontract
to NSO. Marino will spend extended periods whefeuring the building of the NST, we have assembled
the MCAO experiments are on-going. He has a clo3§tong instrumentation team at BBSO. The commis-
relation with nearly all members of the team, but is a8loning phase of the NST began in January 2009. As
vised on a nearly daily basis by Rimmele. The secofid?@rt of this phase, some members of the NST team
postdoctoral associate will be a new hire and will spli@ve been shifted to the AO-308 project and will be
time between NSO and BBSO. He/she will be mefbifted to the MCAQ project. The implementation of
tored in the same manner as Marino and will workO-76 and then AO-308 are, in fact, part of the com-
on MCAO experiments, integration and testing at tfissioning phase, and involve the same NSO team
DST and NST, and do performance characterization@@ng with the BBSO team, as well, we maintain our
the MCAO system. He/she will benefit from collabclose connection with our KIS colleagues in AO. In
oration with the full team in this essential task in thigct, BBSO and NSO have a decade-long history of
MCAO project. The mentoring of the two postdocorking together beginning with AO-76. The AO in-
toral associates is also discussed in the Supplemefitallations on the NST are not part of the work pro-
Documents appendage to this proposal. posed here even though they are significant precur-
The resulting data from the MCAO will be imporS0rs to MCAO. AO-76 will be operational beginning
tant sources for graduate and undergraduate resez®eHPf this writing and will be in operation in the Fall
The NST will also become a teaching tool for optic€f 2009. The hardware purchases for AO-308 are be-

mechanics, computer control and solar physics. g made at present and the MCAO team is already
involved in this. The major efforts in the AO-308

project would only overlap with the first year of the
MCAQO project when BBSO seeing will be character-
Since NJIT began operating BBSO, its telescope tinzed and the conceptual design of the MCAO system
and data have been open to the community. Many swil be made. Near the end of the first year of the work
entists have had observing time. Further, several Phidposed here, the purchase of the MCAO hardware
students from around the world have used BBSO datdl be made following the conceptual design review.
as a central part of their work on their theses. DatWeanwhile, in the first year of the MCAO project, lab
requests come to BBSO on a daily basis from arouadd initial on-sky experiments will continue using the
the world. We are an active participant in the Virtualvo DM system in place at the DST (BBSO will be
Solar Observatory (VSO). Users of our telescopes antplementing its AO-308 at this time). Early in the
data are only asked to acknowledge BBSO in their first year, the KIS three DM MCAO system (Berkefeld
sulting publications. Many observers have used cetral. 2006) will be transferred to the DST along with
data to help plan their observing campaigns. some personnel to do further lab and on-sky experi-
The observing time of the first, next generation soientation. During the second year, two of the DMs
lar telescope in the US, the NST, will be oversulin the German system will be upgraded by being re-
scribed because of its much improved scientific galaced by the two 349 actuator DMs (one purchased
pability compared to the old 0.6 m telescope, espeere and the other from the BBSO AO-308 system) for
cially after it is equipped with MCAO. We will con-a series of experiments. Since the DM diameters are

B.7 Data and Telescope Time
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Figure 12:The Gantt Chart showing the Schedule for the MCAQ Project. Details of MCAQ tasks are given in Table 1.

comparable, only minor changes in the optical setufll also be the Project Manager, and split his time be-
will be required. tween Big Bear and Sac Peak. A standard project re-
view process that includes expert reviewers from the

We already have our experienced team in placeA®/MCAO community will be used for the MCAO
do the proposed work and we risk losing essential steffort . Rimmele will closely work with Kit Richards
and our momentum by delaying the start of the MCAghd a Software Engineer (new hire) on the interfac-
project. Goode and Rimmele will manage and cihg of the WFS cameras, the DSP’s and DM con-
ordinate the diverse elements of the project. Googlel; and Gorceix and the new postdoc will work on
is in BBSO about half of each year, so he can prthe analysis of the WFS data to optimize the system.
vide hands-on leadership, as well as coordinating i Richards at NSO will guide the software develop-
joint efforts between NSO and BBSO. Rimmele wilihent, which is primarily DSP control. He will super-
oversee the MCAQ activities at Sac Peak includingse the new Software Engineer who will be in res-
the lab and on-sky experiments and will supervisgence at NSO/SP, and who will perform the major-
Marino and a second, new post-doc who will speng of the MCAO DSP software programming and in-
most of his/her time at NSO early in the project. Nicaegration of components, such as cameras, DSP sys-
las Gorceix, the BBSO optical engineer, has done tlegns, and DMs. Jose Marino at the University of
MCAO optical designs shown in this proposal. He
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Table 1: Tasks and Assignments for the MCAO Project.

Year Task

Person(s) In Charge

Year1l Overall Management and Coordination
Project Management
C2 Measurements in Big Bear
Subsystem requirements
Lab MCAO development on DST
On-sky MCAO tests on DST
Review and Purchase Most Major Hardware

Goode and Rimmele
Gorceix
Gorceix and Cao
Rimmele and Gorceix
Rimmele and Marino
Rimmele and Marino
Rimmele and Goode

Year 2  Overall Management and Coordination
Project Management
Final Optical Design
Final Design Review

Review and Purchase Remaining Major Hardware

DSP Software
DSP Hardware Integration
System Integration on DST

Goode and Rimmele
Gorceix

Gorceix and Rimmele
Rimmele, Gorceix and Goode

Rimmele and Goode

Richards and software engineer (TBD)

Richards and software engineer (TBD)
Rimmele and Marino

Year3 Overall Management and Coordination
Project Management
On-sky MCAO tests in Big Bear
Software and electronics
System integration of MCAO on NST
First Regular Observations with MCAO

Goode and Rimmele
Gorceix
Rimmele, Gorceix and Cao
Richards
Gorceix, Cao and Rimmele
Team

Florida, Gainesville has been developing reconstrigervations, analysis and modeling, to determine the
tion algorithms for the DST MCAO experiments. Heonjugate altitudes in the sky above the NST using
will collaborate closely with T. Berkefeld at KIS inthe Waldmann method, as discussed in Section B.2.
order to develop optimal reconstruction and contrdhis effort will be immediately followed by specifica-
for the GREGOR and NST MCAO systems. Co-Rion of the MCAO system components. At the con-
and NJIT Assistant Professor, Wenda Cao, is wetllusion of thisConceptual Design Phaséhe major
experienced in the BBSO AO-76 AO-308 systems aMICAO hardware (DMs, cameras, DSPs) will be pur-
was a key developer of the IRIM and VIM. He will bechased (see the next section for details). It is already
responsible for integrating these instruments into thiear, though that we will need to purchase another
MCAO. 349 actuator DM (in addition to the 97 and 349 ac-

In the Gantt chart in Figure 12 and in Table 1, wiglator DMs already purchased by BBSO). This will
show the major proposed tasks of the MCAO projelee purchased late in the first year, since it has a six
with timelines and key personnel associated with theonth lead time. As well, we will purchase the DSPs
tasks, respectively. A detailed vertical flow worRnd wavefront sensing cameras. In parallel, MCAO
breakdown along with a full-page version of the Garletb experiments will begin in earnest on the DST us-
chart is shown in the Supplemental Documents séeg two (between NSO and BBSO there are already
tion. Before the start of MCAO tests in BBSO, AOtwo 97 actuator DMs and one 308 actuator DM) and
308 corrected light will be fed to the Coead_abo- three DMs (the KIS system). In this phase, BBSO
ratory of the NST, and that light will also be fed tavill use its 97 actuator DM during a series of runs on
the IRIM and VIM systems for observations. Thtéhe DST, and its 308 actuator DM otherwise, while
main tasks in the first year of the MCAO Projedhe DST will alternate between MCAO on-sky exper-
will be C? experiments in Big Bear, including obiments and regular observations. The primary goals
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of the DST experiments will be to sharpen optical and The remainder of the budget for the MCAO de-
mechanical designs, while solving control loop prolvelopment is dominated by personnel costs includ-
lems. The KIS three (3) DM MCAO setup will being about three (3) FTEs per year over the three year
implemented in three observing campaigns during theject. This includes the subcontract to NSO, which
first half of 2010 to optimize reconstruction and coris less than 20% of the requested funding. The tasks
trol algorithms, as well as quantifying and optimizingf these people are described in the body of the pro-
the on-sky performance of the system. All of this jgosal. This includes 1 FTE for Nicolas Gorceix as
to optimize the design for the NST MCAO. The firsbptical engineer and project manager, 0.5 FTE for en-
year culminates with the detailed design phase tlgateering work in year 3 in BBSO by Jeff Nenow (me-
continues into the second year. Early in the secocldanical engineer) and Vlad Abramenko (electronics
year, there will be &ritical Design Revievihat will engineer). The budget also includes 2.5 FTE for a new
lead to the purchase of the mirrors, lenses, beamspidstdoctoral associate who will perform the MCAO
ters, benches and mounts for the NST MCAO. Most ekperiments under the supervision of Dr. Thomas
the second year will be dominated by the fabricatidimmele and work with Dr. Jose Marino. Finally,
phase and system integration on the DST. The s#were is partial support (1 FTE) for the software engi-
ond year culminates in bench tests and on-sky verifieer for testing and debugging the MCAQO system, as
cations of the NST system on the DST. Again, becausell as work on the GUI. The subcontract to NSO in-
the DMs all have nearly the same diameter, minimeludes 0.6 FTE of Kit Richards time to supervise soft-
optical changes will be required in switching to theare development by the new hire software engineer.
NST system DMs. The third year is dominated by if-he software engineer is 1.4 FTE at NSO (remain-
stallation, testing, optimizing the MCAO on the NSTder of support from BBSO) for a total of 2.5 FTE,
This includes on-sky tests and culminates in first seihich are split between programming the DSPs (1
ence observations with the MCAO on the NST, whidRTE), programming the GUI (1 FTE) and post install

should be a time near solar activity maximum. debug and modification (0.5 FTE). The last part of the
subcontract is 1.5 FTE to support Dr. Jose Marino for
B.9 Budget reconstruction algorithms and controls.

The requested budget for the projec$375 K from
the NSF. Even though no match is required, to show
NJIT's commitment to this project, NJIT will match
with $515 K including $100 K for equipment. As
well, NJIT/BBSO and NSO personnel will be work-
ing part-time on the MCAO Project with no charge
to the project. The contribution here is difficult to
know exactly, but it amounts to about 1 FTEquip-
ment accounts for slightly more than half the total pro-
posed. These include: 1) the Xinetics 349 actuator
DM ($275 K) and its Controller ($175 K); 2) seven
(7) Phantom V7.3 Camera System ($380 K), which
are the WFS cameras; 3) fifteen (15) Bittware Tiger-
Sharc T2 DSP Boards T26U-OU-445-306-1177 plus
cPCI chassis and SBC ($350 K); 4) integrated link
from the WFS camera to the DSPs and to the DM
(and tip/tilt) requires modification of linking software
Bittware developed for AO-308 ($30 K); 5) control
computers with SCSI bus, etc. and software ($50 K);
6) mirrors, lenses, beamsplitters ($60 K); 7) benches,
($40 K); and 8)C? hardware ($20 K). The total hard-
ware cost for MCAO is $1,380 K.
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7 Phantom V7.3 Camera System, which are the WFS cameras 380,000
C_n"2 Hardware 20,000
Others (See Budget Comments Page...) 530,000
TOTAL EQUIPMENT 1,280,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 4,000
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS  ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 1,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 2,000
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 233,176
6. OTHER 0
TOTAL OTHER DIRECT COSTS 236,176
H. TOTAL DIRECT COSTS (A THROUGH G) 1,613,034
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
Personnel (Rate: 52.5000, Base: 92858) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 65,550
J. TOTAL DIRECT AND INDIRECT COSTS (H + I) 1,678,584
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 1,678,584 | $
M. COST SHARING PROPOSED LEVEL $ 133,844 | AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Philip Goode INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

1 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY PROPOSAL BUDGET COMMENTS - Year 1

** D- Equipment

Control computers with SCSI bus, etc.; Software  (Amount: $ 50000)

Link from WFS camera to the DSPs and to the DM from Bittware  (Amount: $§ 30000)
Xinetics 349 actuator DM and its Controller ~ (Amount: § 450000)

** |- Indirect Costs

Publications (Rate: 52.5000, Base 2000)

Subcontract (Rate: 52.5000, Base 25000)

Supplies (Rate: 52.5000, Base 1000)

Travel (Rate: 52.5000, Base 4000)




SUMMARY YEAR

2

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO. |DURATION (months)
New Jersey Institute of Technology Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Philip Goode
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Philip Goode - none 0.000 0.00 0.00 0/$
2. Thomas Berkefeld - none 0.000 0.00 0.00 0
3. Wenda Cao - none 0.000 0.000 0.00 0
4. Jose Marino - none 0.000 0.00 0.00 0
5. Thomas R Rimmele - none 0.000 0.000 0.00 0
6. ( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00, 0.00 0.00 0
7.( 5) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1) POST DOCTORAL SCHOLARS 12.000 0.00, 0.00 51,750
2.(  2)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 11.000 0.00| 0.00 64,868
3.( 0)GRADUATE STUDENTS 0
4.( 0) UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 116,618
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 32,886
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 149,504
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 4,000
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 1,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 2,000
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 132,231
6. OTHER 0
TOTAL OTHER DIRECT COSTS 135,231
H. TOTAL DIRECT COSTS (A THROUGH G) 288,735
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
Personnel (Rate: 53.0000, Base: 149504) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 82,947
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 371,682
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 371,682 | $
M. COST SHARING PROPOSED LEVEL $ 238,335 | AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Philip Goode INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

2 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY PROPOSAL BUDGET COMMENTS - Year 2

** |- Indirect Costs

Publications (Rate: 53.0000, Base 2000)
Supplies (Rate: 53.0000, Base 1000)
Travel (Rate: 53.0000, Base 4000)




SUMMARY YEAR

3

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO.

New Jersey Institute of Technology

DURATION (months)

Proposed | Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Philip Goode
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Philip Goode - none 0.000 0.00 0.00% 0/s
2. Thomas Berkefeld - none 0.00, 0.00 0.00 0
3. Wenda Cao - none 0.000 0.00 0.00 0
4. Jose Marino - none 0.00, 0.00 0.00 0
5. Thomas R Rimmele - none 0.000 0.00 0.00 0
6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 5) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1) POST DOCTORAL SCHOLARS 6.000 0.00 0.00 26,780
2.( 4)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 16.000 0.00, 0.00 85,787
3.( 0)GRADUATE STUDENTS 0
4.( 0)UNDERGRADUATE STUDENTS 0
5.( 0)SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 112,567
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 31,744
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 144,311
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 4,000
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 1,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 2,000
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 93,280
6. OTHER 0
TOTAL OTHER DIRECT COSTS 96,280
H. TOTAL DIRECT COSTS (A THROUGH G) 244,591
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
Personnel (Rate: 53.0000, Base: 144311) (Cont. on Comments Page)
TOTAL INDIRECT COSTS (F&A) 80,195
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 324,786
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 324,786 | $
M. COST SHARING PROPOSED LEVEL $ 143,177 | AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Philip Goode INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

3 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY PROPOSAL BUDGET COMMENTS - Year 3

** |- Indirect Costs

Publications (Rate: 53.0000, Base 2000)
Supplies (Rate: 53.0000, Base 1000)
Travel (Rate: 53.0000, Base 4000)




SUMMARY C

PROPOSA

L BUDGET

umulative

FOR NSF USE ONLY

ORGANIZATION
New Jersey Institute of Technology

PROPOSAL NO.

DURATION (months)

Proposed | Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR
Philip Goode

AWARD NO.

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates

NSF FundeijI
nths

Funds

Funds

(List each separately with title, A.7. show number in brackets) CAL stg;go SUMR R‘*S%%SSSSPY gr%?ﬁ?fe%m)s i
1. Philip Goode - none 0.000 0.00 0.00 03
2. Thomas Berkefeld - none 0.00, 0.00 0.00 0
3. Wenda Cao - none 0.000 0.00 0.00 0
4. Jose Marino - none 0.000 0.00 0.00 0
5. Thomas R Rimmele - none 0.000 0.00 0.00 0
6.( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 5) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00, 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 8)POST DOCTORAL SCHOLARS 30.000 0.00 0.00 128,530
2.( 7)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 31.000 0.00 0.00 172,750
3.( 0)GRADUATE STUDENTS 0
4.(  0)UNDERGRADUATE STUDENTS 0
5.( 0)SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 301,280
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 85,393
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 386,673
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
$ 1,280,000
TOTAL EQUIPMENT 1,280,000
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 12,000
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 3,000
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 6,000
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 458,687
6. OTHER 0
TOTAL OTHER DIRECT COSTS 467,687
H. TOTAL DIRECT COSTS (A THROUGH G) 2,146,360
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A) 228,692
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 2,375,052
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) 2,375,052 | $

M. COST SHARING PROPOSED LEVEL $ 515,356 | AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Philip Goode INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

C *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



Budget Justification Page

The requested budget for the project is $2,375 K from the NSF. Even though no match is
required, to show NJIT's commitment to this project, NJIT will match with $515 K
including $100 K for equipment. As well, NJIT/BBSO and NSO personnel will be
working part-time on the MCAO Project with no charge to the project. The contribution
here is difficult to know exactly, but it amounts to about 1 FTE.

Equipment required for the MCAO system accounts for slightly more than half the total
proposed. These include:

1) the Xinetics 349 actuator DM ($275 K) and its Controller ($175 K);

2) seven (7) Phantom V7.3 Camera System ($380 K), which are the WFS cameras;

3) fifteen (15) Bittware TigerSharc T2 DSP Boards T26U-OU-445-306-1177, including
cPCI chassis and SBC ($350 K);

4) integrated link from the WFS camera to the DSPs and to the DM (and tip/tilt) requiring
modification of linking software Bittware developed for AO-308 ($30 K);

5) control computers with SCSI bus, etc. and software ($50 K);

6) mirrors, lenses, beamsplitters ($60 K);

7) benches, ($40 K); and

8) C.* hardware ($20 K).

The total hardware cost for MCAO is $1,380 K.

The remainder of the budget for the MCAQ development is dominated by personnel costs
including about three (3) FTEs per year over the three year project. This includes the
subcontract to NSO, which is less than 20% of the requested funding. The tasks of these
people are described in the body of the proposal. This includes 1 FTE for Nicolas
Gorceix as optical engineer and project manager, 0.5 FTE for engineering work in year 3
in BBSO by Jeff Nenow (mechanical engineer) and Vlad Abramenko (electronics
engineer). The budget also includes 2.5 FTE for a new postdoctoral associate who will
perform the MCAOQ experiments under the supervision of Dr. Thomas Rimmele and work
with Dr. Jose Marino. Finally, there is partial support (1 FTE) for the software engineer
for testing and debugging the MCAO system, as well as work on the GUI.



SUMMARY YEAR

1

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO.

AURA/National Optical Astronomy Observatories

DURATION (months)

Proposed | Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Thomas R Rimmele
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Thomas R Rimmele 0.000 0.000 0.00% 0$
2.
3
4.
5.
6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1)POST DOCTORAL SCHOLARS 12.000 0.00, 0.00 50,000
2.( 2)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 12.000 0.00| 0.00 58,323
3.( 0)GRADUATE STUDENTS 0
4.( 0)UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 108,323
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 40,862
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 149,185
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 0
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 0
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 0
TOTAL OTHER DIRECT COSTS 0
H. TOTAL DIRECT COSTS (A THROUGH G) 149,185
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
Personnel (Rate: 56.3000, Base: 149185)
TOTAL INDIRECT COSTS (F&A) 83,991
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 233,176
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 233,176 | $
M. COST SHARING PROPOSED LEVEL $ 0 \ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Thomas R Rimmele INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

1 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY

YEAR

2

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION
AURA/National Optical Astronomy Observatories

PROPOSAL NO.

DURATION (months)

Proposed

Granted

PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR
Thomas R Rimmele

AWARD NO.

A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Thomas R Rimmele 0.000 0.000 0.00% 0$
2.
3
4.
5.
6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00, 0.00 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 1)POST DOCTORAL SCHOLARS 6.000 0.00 0.00 25,000
2.( 1) OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 6.000 0.00 0.00 36,428
3.( 0)GRADUATE STUDENTS 0
4.( 0) UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 61,428
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 23,172
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 84,600
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 0
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 0
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 0
TOTAL OTHER DIRECT COSTS 0
H. TOTAL DIRECT COSTS (A THROUGH G) 84,600
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
Personnel (Rate: 56.3000, Base: 84600)
TOTAL INDIRECT COSTS (F&A) 47,630
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 132,230
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 132,230 | $

M. COST SHARING PROPOSED LEVEL $

‘ AGREED LEVEL IF DIFFERENT $

PI/PD NAME

FOR NSF USE ONLY

Thomas R Rimmele

INDIRECT COST RATE VERIFICATION

ORG. REP. NAME*
Maxine Kahn

Date Checked

Date Of Rate Sheet

Initials - ORG

2 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY YEAR 3

PROPOSAL BUDGET FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO. |DURATION (months)

AURA/National Optical Astronomy Observatories Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.

Thomas R Rimmele
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF

(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)

1. Thomas R Rimmele 0.000 0.00 0.00% 0/s

2.

3

4.

5.

6.( 0)OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0

7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00, 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)

1.( 0)POST DOCTORAL SCHOLARS 0.000 0.00, 0.00 0

2.( 2)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 8.000 0.000 0.00 43,334

3.( 0)GRADUATE STUDENTS 0

4.( 0)UNDERGRADUATE STUDENTS 0

5.( 0)SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0

6.( 0)OTHER 0

TOTAL SALARIES AND WAGES (A + B) 43,334
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 16,347
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 59,681

D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)

TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 0
2. FOREIGN 0

F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $
2. TRAVEL
3. SUBSISTENCE
4. OTHER

OClloooe

TOTAL NUMBER OF PARTICIPANTS ( ) TOTAL PARTICIPANT COSTS 0

®

. OTHER DIRECT COSTS

. MATERIALS AND SUPPLIES

. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION

. CONSULTANT SERVICES

. SUBAWARDS

oA~ W(N (P

. OTHER

TOTAL OTHER DIRECT COSTS

0
0
0
. COMPUTER SERVICES 0
0
0
0
1

H. TOTAL DIRECT COSTS (A THROUGH G) 59,68

I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
Personnel (Rate: 56.3000, Base: 59680)

TOTAL INDIRECT COSTS (F&A) 33,600

J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 93,281

K. RESIDUAL FUNDS 0

L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 93,281 |$

M. COST SHARING PROPOSED LEVEL $ 0 \ AGREED LEVEL IF DIFFERENT $

PI/PD NAME FOR NSF USE ONLY
Thomas R Rimmele INDIRECT COST RATE VERIFICATION

ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

3 *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



SUMMARY Cumulative

PROPOSAL BUDGET

FOR NSF USE ONLY

ORGANIZATION PROPOSAL NO. |DURATION (months)
AURA/National Optical Astronomy Observatories Proposed | Granted
PRINCIPAL INVESTIGATOR / PROJECT DIRECTOR AWARD NO.
Thomas R Rimmele
A. SENIOR PERSONNEL: PI/PD, Co-PI's, Faculty and Other Senior Associates PNSE Funded | Reqﬁgggesd By grant';téng;NSF
(List each separately with title, A.7. show number in brackets) CAL | ACAD | SUMR proposer (if different)
1. Thomas R Rimmele 0.000 0.00 0.00% 0$
2.
3
4.
5.
6.( ) OTHERS (LIST INDIVIDUALLY ON BUDGET JUSTIFICATION PAGE)| 0.00| 0.00| 0.00 0
7.( 1) TOTAL SENIOR PERSONNEL (1 - 6) 0.000 0.00 0.00 0
B. OTHER PERSONNEL (SHOW NUMBERS IN BRACKETS)
1.( 2)POST DOCTORAL SCHOLARS 18.000 0.00, 0.00 75,000
2.( 5)OTHER PROFESSIONALS (TECHNICIAN, PROGRAMMER, ETC.) 26.000 0.000 0.00 138,085
3.( 0)GRADUATE STUDENTS 0
4.( 0)UNDERGRADUATE STUDENTS 0
5.( 0) SECRETARIAL - CLERICAL (IF CHARGED DIRECTLY) 0
6.( 0)OTHER 0
TOTAL SALARIES AND WAGES (A + B) 213,085
C. FRINGE BENEFITS (IF CHARGED AS DIRECT COSTS) 80,381
TOTAL SALARIES, WAGES AND FRINGE BENEFITS (A + B + C) 293,466
D. EQUIPMENT (LIST ITEM AND DOLLAR AMOUNT FOR EACH ITEM EXCEEDING $5,000.)
TOTAL EQUIPMENT 0
E. TRAVEL 1. DOMESTIC (INCL. CANADA, MEXICO AND U.S. POSSESSIONS) 0
2. FOREIGN 0
F. PARTICIPANT SUPPORT COSTS
1. STIPENDS $ 0
2. TRAVEL 0
3. SUBSISTENCE 0
4. OTHER 0
TOTAL NUMBER OF PARTICIPANTS ( 0) TOTAL PARTICIPANT COSTS 0
G. OTHER DIRECT COSTS
1. MATERIALS AND SUPPLIES 0
2. PUBLICATION COSTS/DOCUMENTATION/DISSEMINATION 0
3. CONSULTANT SERVICES 0
4. COMPUTER SERVICES 0
5. SUBAWARDS 0
6. OTHER 0
TOTAL OTHER DIRECT COSTS 0
H. TOTAL DIRECT COSTS (A THROUGH G) 293,466
I. INDIRECT COSTS (F&A)(SPECIFY RATE AND BASE)
TOTAL INDIRECT COSTS (F&A) 165,221
J. TOTAL DIRECT AND INDIRECT COSTS (H + 1) 458,687
K. RESIDUAL FUNDS 0
L. AMOUNT OF THIS REQUEST (J) OR (J MINUS K) $ 458,687 | $
M. COST SHARING PROPOSED LEVEL $ 0 \ AGREED LEVEL IF DIFFERENT $
PI/PD NAME FOR NSF USE ONLY
Thomas R Rimmele INDIRECT COST RATE VERIFICATION
ORG. REP. NAME* Date Checked Date Of Rate Sheet Initials - ORG
Maxine Kahn

C *ELECTRONIC SIGNATURES REQUIRED FOR REVISED BUDGET



Budget Justification Page

The requested budget for the project is $2,375 K from the NSF with $464 K (19% of
total) to NSO. All these funds are for MCAO personnel. This includes 0.6 FTE of Kit
Richards time to supervise software development by the new hire software engineer.
The software engineer is 1.4 FTE at NSO (remainder of support from BBSO) for a total
of 2.5 FTE, which are split between programming the DSPs (1 FTE), programming the
GUI (1 FTE) and post install debug and modification (0.5 FTE). The last part of the
subcontract is 1.5 FTE to support Dr. Jose Marino for reconstruction algorithms and
controls.



1 August 2009

New Jersey Institute of Technology
Big Bear Solar Observatory / Center for Solar-Terrestrial Research
Current Support
Principal Investigator: Philip R. Goode

CURRENT SUPPORT

Project/Proposal Title: Studies of Solar Activity with Coordinated Observations of
New Solar Telescope and NASA Solar Physics Mission

Source of Support: NASA

Project Position: BBSO/NJIT

Total Award Amount: $1.5M

Total Award Period: January 1, 2009 — December 31, 2011

Person-Months per Year Committed to the Project: 2.0 (Academic), 2.0 (Summer)

Project/Proposal Title: First Light Infrared Observations with the 1.6 Meter Telescope

in Big Bear: Origins of Space Weather
Source of Support: AFOSR
Project Position: BBSO/NJIT
Total Award Amount: $334,000
Total Award Period: January 1, 2009 — December 31, 2011
Person-Months per Year Committed to the Project: 0.3 (Calendar)

Project/Proposal Title: ATI: Development of High-Order Adaptive Optics for the
1.6 Meter Solar Telescope in Big Bear

Source of Support: NSF

Project Position: BBSO/NJIT

Total Award Amount: $900,000

Total Award Period: July 1, 2009 — June 30, 2012

Person-Months per Year Committed to the Project: 1.0 (Calendar)

Project/Proposal Title: MRI: Development of Cryogenic Infrared Spectrograph for the

1.6M Solar Telescope in Big Bear
Source of Support: NSF
Project Position: BBSO/NJIT
Total Award Amount: $1.3M
Total Award Period: July 1, 2009 - June 30, 2013
Person-Months per Year Committed to the Project: 1.0 (Calendar)

Project/Proposal Title: High Resolution Studies of Solar Activity with
New Solar Telescope
Source of Support: NSF — GEO/ATM
Project Position: BBSO/NJIT
Total Award Amount: $1.5M
Total Award Period: April 1, 2008 — March 31, 2013
Person-Months per Year Committed to the Project: 2.0 (Academic), 1.0 (Summer)

Project/Proposal Title: Next Generation Synoptic Telescope for Innovative
Space Weather Research

Source of Support: AFOSR

Project Position: BBSO/NJIT

Total Award Amount: $212,000

Total Award Period: June 1, 2008 — May 31, 2010

Person-Months per Year Committed to the Project: 0.2 (Calendar)



Project/Proposal Title: Solar B_Phase E Support

Source of Support: Lockheed Martin Corp./NASA

Project Position: BBSO

Total Award Amount: $540,000

Total Award Period: November 1, 2006 — October 31, 2010
Person-Months per Year Committed to the Project: 0.3 (Calendar)

Project/Proposal Title: Helioseismic and Magnetic Imager
Source of Support: Stanford University/NASA

Project Position: BBSO

Total Award Amount: $279,000

Total Award Period: May 1, 2005 — May 31, 2010
Person-Months per Year Committed to the Project: 0.2 (Calendar)

PENDING SUPPORT

Project/Proposal Title: MRI: Development of Multi-Conjugate Adaptive Optics for the 1.6 M Solar
Telescope in Big Bear

Source of Support: NSF

Project Position: BBSO/NJIT

Total Amount: $2,345 K

Total Award Period: February 1, 2010-January 31, 2013

Person-Months per Year Committed to the Project: 2.0 (Calendar)
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Kiepenheuer Insitut fuer Sonnenphysik
Current & Pending Support

Thomas Berkefeld

PENDING Co-PI SUPPORT

Project/Proposal Title: MRI: Development of Multi-Conjugate Adaptive Optics for the 1.6
Meter Solar Telescope in Big Bear

Source of Support: NSF-MRI

Project Position: BBSO/NJIT

Total Award Amount: $2,345 K
Total Award Period: February 1, 2010 — January 31, 2013
Person-Months per Year Committed to the Project: 12 (Calendar in year 1), 6 (Calendar in year 2)
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New Jersey Institute of Technology
Big Bear Solar Observatory / Center for Solar-Terrestrial Research
Current & Pending Support
Wenda Cao

CURRENT PI SUPPORT

Project/Proposal Title: Developing High Resolution Infrared Instrumentation to Explore Solar Activity
Source of Support: NSF - CAREER

Project Position: NJIT

Total Award Amount: $488,835

Total Award Period: February 1, 2009 — January 31, 2014

Person-Months per Year Committed to the Project: 1 (Academic), 1 (Summer)

CURRENT Co-PI SUPPORT

Project/Proposal Title: High Resolution Studies of Solar Activity with New Solar Telescope
Source of Support: NSF - GEO/ATM

Project Position: BBSO/NJIT

Total Award Amount; $1.5M

Total Award Period: April 1, 2008 — March 31, 2013

Person-Months per Year Committed to the Project: 0 (Academic), 1 (Summer)

Project/Proposal Title: Studies of Solar Activity with Coordinated Observation of New Solar
Telescope and NASA Solar Physics Missions

Source of Support: NASA

Project Position: BBSO/NJIT

Total Award Amount: $1.5M

Total Award Period: January 1, 2009 — December 31, 2011

Person-Months per Year Committed to the Project: 0 (Academic), 1 (Summer)

Project/Proposal Title: First Light Infrared Observations with the 1.6 Meter Telescope in Big Bear:
Origins of Space Weather

Source of Support: AFOSR

Project Position: BBSO/NJIT

Total Award Amount: $334,019

Total Award Period: January 1, 2009 — December 31, 2011

Person-Months per Year Committed to the Project: 0.5 (Academic), 0 (Summer)

Project/Proposal Title: ATI: Development of High-Order Adaptive Optics for 1.6 Meter Solar Telescope
in Big Bear

Source of Support: NSF-AST/ATI

Total Award Amount: $895,792

Project Position: BBSO/NJIT

Total Award Period: June 1, 2009 — May 31, 2012

Person-Months per Year Committed to the Project: 1 (Academic), 0 (Summer)



Project/Proposal Title: MRI: Development of Cryogenic Infrared Spectrograph for the 1.6
Meter Solar Telescope in Big Bear

Source of Support: NSF-MRI/ATM

Total Award Amount: $1.3M

Project Position: BBSO/NJIT

Total Award Period: July 1, 2009 — June 30, 2013
Person-Months per Year Committed to the Project: 1 (Academic), 0 (Summer)

PENDING Co-Pl SUPPORT

Project/Proposal Title: MRI: Development of Multi-Conjugate Adaptive Optics for the 1.6
Meter Solar Telescope in Big Bear

Source of Support;: NSF-MRI

Project Position: BBSO/NJIT

Total Award Amount: $2,345 K
Total Award Period: February 1, 2010 — January 31, 2013
Person-Months per Year Committed to the Project: 1 (Academic), 0 (Summer)
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New Jersey Institute of Technology
Big Bear Solar Observatory / Center for Solar-Terrestrial Research
Current & Pending Support

José Marino

PENDING Co-PI SUPPORT

Project/Proposal Title: MRI: Development of Multi-Conjugate Adaptive Optics for the 1.6
Meter Solar Telescope in Big Bear

Source of Support: NSF-MRI

Project Position: BBSO/NJIT

Total Award Amount: $2,345 K
Total Award Period: February 1, 2010 — January 31, 2013
Person-Months per Year Committed to the Project: 12 (Calendar in year 1), 6 (Calendar in year 2)



Current and Pending Support
(See GPG Section 11.D.8 for guidance on information to include on this form.)

The following information should be provided for each investigator and other senior personnel. Failure to provide this
information may delay consideration of this proposal.

Other agencies (including NSF) to which this proposal has been/will be submitted.

Investioator: Thomas R. Rimmele None

Support: XCurrent [] Pending [] Submission Planned in Near Future  [] *Transfer of Support

Project/Proposal Title: Development of Infrared Instrumentation for High-Resolution and High-Precision
Solar Magnetic Fields Observations

Source of Support: National Science Foundation-MRI. ATM Division
Total Award Amount: $1.978.755.00 Total Award Period Covered: 08/01/04 — 07/31/09
Location of Project: University of Hawaii & National Solar Observatory (Tucson & Sacramento Peak)

Person-Months Per Year Committed to the Project. Cal: Acad: 1.20 sumr:

Support: L] Current X Pending [] Submission Planned in Near Future  [] *Transfer of Support

Proiect/Proposal Title: Cooperative Aareement for the Manaoement. Operation and the Maintenance of the Na-
Astronomy Observatories (NOAO) and the National Solar Observatory (NSO)

Source of Support: National Science Foundation, AST Division

Total Award Amount: $211,779,000.00 Total Award Period Covered: 04/01/09 — 03/31/14

Location of Project: NSO Sites in Tucson, Arizona and Sunspot (Sacramento Peak), New Mexico

Person-Months Per Year Committed to the Project. Cal: 12.0 Acad: Sumr:

Support: L] Current X Pending [] Submission Planned in Near Future [ *Transfer of Support

Project/Proposal Title: Advanced Technology Solar Telescope (ATST) Construction Phase Proposal

Source of Support:  National Science Foundation

Total Award Amount: $253,721,000.00 Total Award Period Covered: 06/01/08 — 05/31/13

Location of Project: NSO, NJIT/BBSO, Univ. of Hawaii, Univ. of Chicago, NCAR/HAO

Person-Months Per Year Committed to the Project. Cal: Acad: Sumr:

Support: L] Current X Pending [] Submission Planned in Near Future  [] *Transfer of Support

Proiect/Proposal Title: Advanced Technoloav Solar Telescope (ATST) Construction Phase Proposal
Source of Support:  National SF

Total Award Amount: $253,721,000.00 Total Award Period Covered: 9 years, beginning 10/01/2009
Location of Project:  National Solar Observatory; NJIT/BBSO; Univ. of Hawaii; Univ of Chicago; NCAR/HAO

Support: X Current ] Pending [] Submission Planned in Near Future  [] *Transfer of Support
Project/Proposal Title: Development of High-Order Adaptive Optics for thel.6 Meter Solar Telescope in Big Bear

Source of Support: National Science Foundation, AST/ATI

Total Award Amount: $ 895,792.00 Total Award Period Covered: 06/01/09 — 05/31/12
Location of Project: NJIT/BBSO
Person-Months Per Year Committed to the Project. Cal: Acad: 1.0 Sumr:

*If this project has previously been funded by another agency, please list and furnish information for immediately pre-
ceding funding period.
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Multi-Conjugate Adaptive Optics

Project Management
Project Tracking

Biweekly Meetings
Conceptual Design Phase
System Level Requirements
Site characterization, Cn*2 measurements @ BBSO
System modeling & design based on Cn"2 data
Science and system implementation review
System concept development
System requirements review
System conceptual design
Subsystem Requirements and Interface Documents
Optical
Mechanical
Wavefront sensor components
Wavefront sensor camera
Software
Deformable mirror
Thermal
Interface control documents
Conceptual design review(s)
Conceptual Design Phase Completed
Preliminary Design Phase
System tests using Kolmogorov phase screens at DST
Purchase components for system testing
Two deformable mirrors
Three deformable mirrors
Solve remaining problems with control loops
Quantify and optimize performance
On-sky MCAO system tests using DST MCAO bench
Two deformable mirrors
Three deformable mirrors
Quantify and optimize performance
Preliminary Designs
Optical design for BBSO MCAO
Mechanical design for BBSO MCAO
Design of wavefront sensor camera & processing system
Reconstructor design
Preliminary Design Review(s)
Detailed Design Phase
Subsystem detailed design
Risk reduction prototyping
Integration and test planning
Critical Design Review(s)
Fabrication Phase
Procurement and fabrication of remaining subsystem components
Operational software implementation
System integration at DST
Bench tests at DST using granulation slides & Kolmogorov screens
On-sky verification
Integration, Test, and Commissioning Phase
Install BBSO MCAO optics
System integration at BBSO
On-sky MCAO engineering runs
Performance evaluation and optimization
Science operations
MCAO development completed

v
1021

&0

Project: BBSO MCAO_2

Date: Mon 8/3/09

Task (I ~ progress S Summary

Spiit . .. Miestone < Rolled Up Task

External Tasks

Rolled Up Progress -

Page 1
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100 Dey Road

Wayne, New Jersey

07470 USA

. +1.973.696,4500
F: +1.973.606,0560

sales @

visionresearch.com

ViSiON

www.visionresearch.com

Quote

Quote ID : QU4530

Revision :1

Page Number :Page1lof 1

When remitting your order please use the Vision
Research main office information to the left and
reference the Quote ID above.

Sold To: CUS4000 Ship To :
Big Bear Observatory Bia Bear Observatorv
40386 North Shore Lane 40386 North Shore Lane
Big Bear City, CA 92314 Big Bear City, CA 92314
USA USA
Quote Date: 8/4/2009 Currency Type : USD
Expir. Date: AR Terms: 1%-10; Net 30 Upon Approval
Contact:
Line Nbr Item ID Taxable Req Unit GSA Sales Tax Extended
Qty Price Percent Price
Item Name / Sales T
ales Tax
Cust Item ID Amt
VRI-V7.3-2048MM-RTO No 7.00 $53,675.0000 0.00% $375,725.00

PHANTOM, V7.3 MONOCHROME CAMERA, 2 GB MEMORY 1US SHUTTER, 14-BIT,
PIV, RTO

Line Comments : Includes real time ouput option.

VRI-GF100-MTP No 7.00 $570.0000

CABLE, MULTI-MODE 50/125 12 FIBER OFNP MTP-F TO MTP-F GLASS FIBER FOR 13
(100 FT COIL) MAX 1500 FT

VRI-SC-V7.3-2YR No 7.00 $5,715.2000

SERVICE CONTRACT, TWO YEAR FOR V7.3

Line Comments :
warranty + 2 year extenstion). OPTION

Extended warranty/service contract. Extends standard warranty to 3 years (1 year

$0.0000
0.00%  $3,990.00
$0.0000
0.00%  $40,006.40
$0.0000
Total: $419,721.40
VAT Freight: $0.00
Total Extended Price:

$419,721.40

Additional
Instructions: larry.vladic@visionresearch.com

Questions? Call Larry Vladic at 949-635-9053




*From:* Price, Thomas R (Space Technology) <mailto:Thomas.Price@ngc.com>
*To:* Philip Goode <mailto:pgoode@bbso.njit.edu>

*Sent:* Monday, November 03, 2008 11:12 AM

*Subject:* RE: Price Quote from Xinetics

Phil,

349ch mirror with 5mm actuator spacing DMHD-349-S4  $275,000
349ch
Driver EA349HVA48  $175,000

577ch mirror with 5mm spacing DMHD-577-S4  $450,000
577ch Driver
EA577HV48  $275,000

When purchasing a mirror with a Xinetics driver, there is a 1 year
warranty on both units.

If you need more information feel free to contact me. We can also
provide custom devices based on your application needs. We have some
different technologies that may be a better fit to your application
depending on the problem you are trying to solve. We can make some
suggestions if you let us know what you are trying to do.

I have also attached catalog sheets for the mirrors and driver.

Regards,

Tom Price


mailto:Thomas.Price@ngc.com
mailto:pgoode@bbso.njit.edu

August 5, 2009

QUOTE # BUDGETARY ROM QUOTE 08-04-09

Bittvvare
9 Hills Avenue

Suite B
Concord, NH 03301

FAX: 603-226-6667

BittWare, Inc. is pleased to provide the following budgetary
quotation for the following integrated system.

Item 1. Integrated System*
SY6U-NSO-001

Quantity

Price

1 $349,702

*The Integrated System includes all of the following items.

10

11
12

Part #

RS-EL-TBD

RS-CO-P421/231-13

RS-CO-AD-
CP1/DR1-73
RS-MS-WINDOWS-
XP
RS-IDE-HDD-NHD-
120GB
RS-CDR-DVD
T26U-0U-4450-306-
1177

T26T-CUSTOM
RS-FJ-FPD-
010R008-0E
RS-FC-FCP1925-2-0

CAIB-0050
RS-EL-80-616CJB-
00

BittWorks-Platinum-
02

Description

HardWare
Elma 12C, 19" Rack Mount, cPCI
enclosure system, with 11 slot
backplane, 64-bit 33MHz

Concurrent cPCI SBC with 1.66 Ghz
Dual Core Xeon CPUs, 4 GB DRAM

Concurrent Disk Drive Fitting
Microsoft Windows XP
120GB IDE Notebook Hard Disk Drive

CD-R, DVD Drive

Octal TS201 6U cPCI board, populated
with Virtex Pro (30/6) and 256MB
SDRAM per cluster (7 in one system 8
in another)

Custom Rear Transition Module for T2
Fiber Connector from Fujitsu FPD-
010R008-0E

Fiber Cable from Fiber Connection,
Custom 50/125 10GbE MTP(f) 12F
Plenum Ribbon Std pol. MTP Jumper -
2 Meters - 0 PKs

Infiniband Cables .5 meters

ELMA Slot blocker

SoftWare
BittWork's Platinum Bundle includes
BittWorks Gold (DSP21K-SF-32-01,
VDSP-SF-Target, TS Libs Full) and
VDSP++ and HPUSB-ICE

QTY

15

15
14

45

Phone: 603-226-0404



1) This Quotation includes standard product documentation.
2) Prices do not include shipping. FOB Origin.

3) Pricing assumes total system pricing.

4) Terms are 50% up front, 50% at delivery.

5) Delivery is 16-18 weeks ARO.

6) Pricing is currently based on ROM

Thank you for the opportunity to quote your application requirements. Please contact me
if I can be of further assistance. This quote is valid for 30 days.

Sincerely,
Lacey Brown

(603) 226-0404x513
Ibrown@bittware.com




Mentoring of Postdoctoral Associates in MCAO Development Project:

The MCAO Development Project will hire two postdoctoral associates. The first is Dr.
Jose Marino who earned his Ph.D. from NJIT in adaptive optics. Jose will be working on
this project as a postdoctoral associate. He will be primarily mentored by Thomas
Rimmele (who served as his PhD thesis advisor) and has been guiding his work in
adaptive optics and MCAQ, in particular, since Dr. Marino graduated. He resides at the
University of Florida and his support in our MCAO project will come from the
subcontract to NSO. Marino will spend extended periods where the MCAQO experiments
are on-going. He has a close relation with nearly all members of the team, but has been
advised on a nearly daily basis by Rimmele over the last several years (both before and
after finishing his PhD). Marino will play a key role in the lab and on-sky MCAO
experiments. He is developing skills that ensure a bright future as a scientist who builds
instruments. The second postdoctoral associate will be a new hire and will split time
between NSO and BBSO. He/she will be mentored in the same manner as Marino and
will work and MCAOQ experiments, integration and testing at the DST and NST, and do
performance characterization of the MCAO system. He/she will benefit from
collaboration with the full team, as well as a close working interaction with Rimmele. in
this essential task in the MCAO project.

The resulting data from the MCAO will be important sources for graduate and
undergraduate research. The NST will also become a teaching tool for optics, mechanics,
computer control and solar physics.



New Jersey Institute of Technology
I University Heights
Newark, NJ 07102-1982
New Jersey’s Science & 973.596.8449
973.596.6056 fax

Technology University sebastian@njt.edu

Donald H. Sebastian, Ph.D.
Provost (Interim) and
Sr. Vice President for R&D

August 5, 2009

Office of Integrative Activities National Science Foundation
Major Research Instrumentation Program
4201 Wilson Blvd. Arlington, VA 22230

Dear NSF Program Manager:

I am pleased to write on behalf of Professor Phil Goode’s application to this year’s special ARRA-
funded National Science Foundation Major Research Instrumentation Program - Recovery &
Reinvestment. His proposal entitled “MRI: Development of Multi-conjugate Adaptive Optics for the
1.6 M Solar Telescope in Big Bear” is an important extension to the capabilities of the newly
commissioned optical telescope at our Big Bear Solar Observatory. It is currently the world’s largest
platform for ground-based observations of the sun and not only will this instrument add
considerable enhancement to image quality and resolution, it will serve as a test bed for a variety of
instrumentation concepts that will be integrated into the planned ATST. NJIT regards BBSO as its
premier scientific research venue and has made millions of dollars of investment to transform the
site to world-class status since acquiring it from Cal Tech in 1995. NJIT’s commitment to its solar
observatory is further reflected in the half-million dollar match, including $100K for hardware for
the project even though no match is required.

NJIT is one of three public, doctoral universities in the state of New Jersey. It offers the Ph.D. degree
across nineteen different programs, graduating more than 50 Ph.D. candidates per year. Its annual
research expenditures are over $90M with Federal funding of over $30M. This does not place it in
the top 100 universities and thus NJIT is exempt from the cost-sharing requirement. The university
enrollment is about 65% undergraduate, and although neither an MI nor HBCU, NJIT is one of the
top 25 institutions in the country in the number of graduating engineers who are Hispanic and
African American. We include undergraduate research experiences and rich capstone design
projects as key elements of that undergraduate experience

Consequently, if granted this equipment will make a substantial improvement in NJIT’s capabilities
to conduct leading-edge research; it will be used to enhance our ability to offer research experiences
for undergraduate students using leading-edge facilities; and it will broaden the participation in
science and engineering research by women, underrepresented minorities and persons with
disabilities. Please contact me if you need any additional data on our academic enterprise.

Thank you, and please contact me with any questions regarding institutional support for this request.

Sincerely,

Do bastian, Ph.D.
Provost (Interim) & Sr. Vice President for Research & Development

The Edge in Knowledge



NSOe

~

National Solar Observatory

Dr. Phil Goode, Director

Big Bear Solar Observatory (BBSO)
40386 North Shore Lane

Big Bear City, CA 92314-9672

Dr. Thomas Rimmele

POB 62

National Solar Observatory
Sunspot, NM 88349

Dear Phil and Thomas,

NSO/Tucson

950 N. Cherry Avenue

P.O. Box 26732

Tucson, AZ 85726-6732

Ph. (520) 318-8294; Fax (520) 318-8278
Email: nso@noao.edu

3 August 2009

NSO/Sunspot

P.O. Box 62

Sunspot, NM 88349-0062
Ph. (505) 434-7000

Fax (505) 434-7029 or 7079
Email: nso@sunspot.noao.edu

This is to confirm the commitment of the NSO to fulfill its obligations in connection with the
proposal titled “MRI: Development of Multi-Conjugate Adaptive Optics for the 1.6 Meter Solar
Telescope in Big Bear”. The NST MCAO can be considered a valuable and important
development effort for a future MCAO upgrade for the ATST. We are looking forward to
collaborating with you on developing this important technology and implementing MCAO on

the NST.

Sincerely yours,
Blephann AXecl
Stephen L. Keil, Director

National Solar Observatory
Sunspot, NM 88349 (505 434-7039)

Operated by the Association of Universities for Research in Astronomy, Inc. (AURA) under cooperative agreement with the National Science Foundation



Kiepenheuer-Institut fir Sonnenphysik | Schéneckstrasse 6 | 79104 Freiburg | Deutschland

Prof. Dr. Phil Goode

Director, Big Bear Solar Observatory
40386 N. Shore Lake

Big Bear City, CA 92314

USA

Dear Phil,

-

W KIS

Kiepenheuer-Institut
fiir Sonnenphysik

Stiftung des 6ffentlichen Rechts des Landes Baden-Wirttemberg
Mitglied der Leibniz-Gemeinschaft

Schoéneckstralle 6

79104 Freiburg im Breisgau
Deutschland

Telefon: +49 761 3198-0

Fax: +49 761 3198-111

E-Mail: ovdluhe @kis.uni-freiburg.de
Internet: www.kis.uni-freiburg.de

Freiburg, den 07.08.2009
Prof. Dr. Oskar von der Liihe

this is to confirm the commitment of the Kiepenheuer-Institut to fulfil its obligations in
connection with the proposal to the National Science Foundation titled ,MRI: Development
of Multi-Conjugate Adaptive Optics for the 1.6 Meter Solar Telescope in Big Bear*.

We are looking forward to collaborating with you and with NSO on implementing multi-
conjugate solar adaptive optics at the Big Bear and Gregor solar telescopes. With the
Gregor MCAO getting ready for system tests at the optics laboratory of the Kiepenheuer-
Institut, this is clearly the right time to strengthen our community by an intense exchange
of experience, personnel and data. The NST and Gregor will be the first solar telescopes
equipped with comprehensive adaptive optics which will revolutionize or field of

experimental research.
Sincerely,

CJL ba Ai ZLL,

Prof. Dr. Oskar von der Lihe
Director

Seite 1 von 1
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