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Proposal Summary

In Fall-Winter 2008 at Big Bear Solar Observaronics system, and the subsequent set-up/testing and
tory (BBSO), first light observations will be madgerformance characterization of the AO-308 system at
with our 1.6 m clear aperture, off-axis telescope - thiee NST.

NST (New Solar Telescope). The NST will be the The principal scientific objectives for the AO-308
most capable, largest aperture solar telescope in éogipped NST are visible light campaign observa-
US until the 4 m off-axis ATST (Advance Technoltions of the: (1) dynamics of kilo-Gauss magnetic flux
ogy Solar Telescope) comes on-line in the middle tfbes; (2) evolution of magnetic fields associated with
the next decade. Here we propose, in collaboratisolar activity; and (3) high cadence, high resolution
with the National Solar Observatory (NSO), to buildtudies of solar flares.

a high order adaptive optics (AO) system for the NST In sum, we directly address the two criteria required
that will enable diffraction limited observations ovein an NSF proposal:

NST's principal operating wavelength range from 0.4- (1) Intellectual merit: AO-308 will enable the
1.7 um. This system is essential for the NST thIST to provide the community the highest resolution,
achieve its scientific potential of probing for the firdiffraction limited data on the fundamental character
time the fundamental scale of the Sun’s dynamic magf-our dynamic star, while probing the origins of space
netic field, the origin of space weather, while praweather. Over the next decade, NSO will build and be-
viding valuable experience and risk reduction for thggn operating the ATST, the flagship telescope for the
ATST project. solar community. AO-308 will be a significant testbed

Earlier, BBSO and NSO collaborated in the sutf:(-)r the_ more compllcafted AT.ST AO. Alfter the ATST
on-line, the NST will continue to be an essential

cessful implementation of two 76-element (each wi Elesco 6 in making campaian-stvle observations
a 97-element Deformable Mirror (DM)) AO-76 sys- @) B?oader Im gct' Tﬁe gc]ieve?g ment of the 'ro
tems for the now retired BBSO 0.6 m telescope and bact. P P

the NSO 0.7 m Dunn Solar Telescope (DST), resp Co_sed AO system continues our decade long tradi-

tively. At first light, BBSO staff will implement the Ion of training the next generation of scientists who

. ; build instruments. The resulting data will be used in
re-designed optical setup for AO-76 on the NST. D any PhD theses. Our data will be open to the scien-

tailed and realistic error budget analyses that inclugy

AO residuals, as well as telescope and instrument%t(r'e? community, and a substantial portion of observ-

ror budgets, show that AO-76 will yield diffraction 9 time on the NST will be open to the community.
limited images in the near infrared>(1 um) under

nominal median BBSO seeing. But diffraction lim-

ited observations would be very rare indeed at visible
wavelengths, even though such observations would
be an essential diagnostic for magnetic field measure-
ments at the highest possible spatial resolution as well

as for dynamic imaging of the chromosphere.

In a BBSO/NSO collaboration, we propose for
funding to implement a 308 sub-aperture (349 el-
ement Deformable Mirror) AO system for the NST
to achieve diffraction limited imaging over the tele-
scope’s full range of operationA detailed NST-AO
project plan has been developed (see Sections B.6 and
B.7). The primary tasks include fine-tuning the optical
design (which is quite close to that for AO-76 on the
NST), programming of the wavefront sensor and re-
constructor DSP hardware, operational integration of
the wavefront sensor (WFS) and reconstructor elec-



A. Project Description only under exceptional seeing conditions ¥ 12cm,
which is about twice BBSO’s median Fried param-
A.1 Overview eter, ro ~6 cm, at 0.5um). Thus, diffraction lim-

) ) ) ) ited observations will be rare in the visible spectrum,
High spatial and temporal resolution observations gfap, though they would be an essential diagnostic for

the Sgn are crucial for solving many outstahding prQHfagnetic field measurements and critical for the high-
lems in solar astronomy. In particular, high spatigkt nossible spatial resolution. We emphasize that for
resolution polarlmetry_ls gssentlal and requires largey_30g (based on an available Xinetics DM with 349
aperture telescopes with images corrected by high Qg1 at0rs), according to our error budget analysis, we
der adaptive optics. In Fall-Winter 2008 at Big Beggjistically expect to achieve a Strehl ratio of 0.3 in
Solar Observatory (BBSO), first light observationge getector plane in the visible (OBn) for median
will be made with the new 1.6 m clear aperture, ofggsQ seeing conditions. The Strehl, generally used
axis telescope - the NST (New Solar Telescope). §f quantify the performance of an AO system, is the
this writing, observations of stars are about t0 COffig of the maximum intensity in the AO corrected
mence for alignment purposes, which will be imMgr 446 in the detector plane to that from a theoreti-
diately followed by observations of the Sun. Thgy “nerfect imaging system operating at the diffrac-
NST will be used in traditional BBSO-style campaigfion, |imit. Experience, at NSO/SP and elsewhere,
observations to understand the dynamics of our sighm existing solar AO systems as well as detailed per-
but now at unprecedented spatial and temporal resqliinance modelling of AO observations using MHD
tion. Such resolution will enable us to finally p,rObgimuIations of solar magnetic fields show that a Strehl
the fundamental scale (50-70 km) of the Sun's dy; 5> 0 3s required to perform the desired quantita-
namic magnetic field, which is the origin of spacge analysis of the small-scale magnetic elements.
weather that can have appreciable terrestrial impactsy, 2009, the Kiepenheuer Institute (KIS, Germany)
The NST will be the largest aperture solar telescopg begin operating, GREGOR, its own 1.5 m on-axis
in the US, and perhaps the world, until the 4 m offs)5r telescope. For the same strong scientific rea-
axis ATST (Advanced Technology Solar Telescopg)ns the GREGOR project is also developing a high
comes on-line in the middie of the next decade. Wqer AO system with order 300 degrees-of-freedom
addition to its tremendous scientific potential the NS(BOF). We propose a close collaboration between
will be the_testbed for many ess_ential components qqg”—, NSO and KIS in developing these high order
technologies of the ATSPrimarily we propose here, o systems. Combining the significant experience
in collaboration with the National Solar Observatorynq expertise of these institutes will ensure that the

(NSO), to build a high order adaptive optics systegyyejopment is achieved in the most efficient and cost
for the NST that will enable diffraction limited ob-

_ A , effective way, while virtually guaranteeing success in
servations over the NST’s principal operating wavesis essential task.
lengths from 0.4um through 1.7um, which is essen-
tial for t.he NST to reach its scientific potentl.al. A2 Science Drivers for the AO-308

Previously, BBSO and NSO collaborated in the suc- Equi

) ) : quipped NST

cessful implementation of two 76-element (each with
a 97-actuator Deformable Mirror (DM)) Adaptive OpMany fundamental properties of our dynamic star
tics systems (AO-76) for the now retired BBSO 0.6 mvill finally come within our grasp with the AO-308
telescope and the NSO 0.7 m Dunn Solar Telescamplipped NST feeding light to existing BBSO instru-
(DST), respectively. At first light, BBSO staff will mentation. We will probe magnetic features that we
implement the re-designed AO-76 on the NST. Dean't quite resolve and can't quite track as they fade-
tailed and realistic error budget analyses that incluitheand fade-out. Understanding the properties of these
AO residuals, as well as telescope, interface and small-scale features are at the heart of what drives
strument error budgets, show that AO-76 will yieldpace weather. We will observe in G-band (430.6 nm)
a high Strehl ratio of about 0.7 in the near infraradhere we will benefit both from the highest spa-
(1 pm) under median BBSO seeing. However, in thi@l resolution (shortest wavelengths) for studies of
visible, AO-76 will deliver reasonable Strehl-Q.3) the photosphere, and because the small-scale mag-



netic fields are most apparent (so-called G-band brigétaction of photospheric flux concentrations with tur-

points). Further, the blue line Ca Il K (393.4 nm) wilbulent granulation is also essential in order to estimate
expose the chromosphere, so we will be able to make total energy flux that is transmitted/channelled by
unprecedented probing of the magnetic structuressimall-scale fluxtubes into the higher atmosphere. The
the solar atmosphere. key questions are: How are fluxtubes formed and how

The BBSO site has been well-characterized withfl9 they evolve? What is the lifetime of a fluxtube?
the ATST site survey (sekttp:/atst.nso.edu/sitéor How do fluxtubes interact with the turbulent flows in
details). The NST will be installed in the existinéhe photosphere? The observational determination of
telescope structure at a height of 14 m above the I4R€ Process(es) that leads to kilo-Gauss flux concen-
(compared to 6 m for the ATST S-DIMM survey infration in the solar photosphere, where the equiparti-
strument). Even at this relatively low height for a sol&ton field strength is only about 500 G, is a fundamen-
telescope, the lake-effect, which suppresses gr(_-,u];ﬂj_unsolved observational problem in solar and stel-
layer seeing, produces good, and consistent Seéﬁ{d)hysics. Sustained diffraction limited observations
over long periods of time. Using the ATST site suft 90 km ¢-0.08") resolution with high temporal ca-
vey data and comprehensive error budget analysis%‘é‘ce’ just below the putative diameter of fluxtubes,
computed the normalized histogram of Strehl ratiG€€ critical to resolve this problem. Multi-wavelength
that the AO-308 is expected to achieve. As mentiontyestigations using NST and satellite data will ad-
above, under median seeing conditions at BBSO, d@nce our understanding of flux tube physics.
analysis predicts a reasonable Strehl of about 0.3 inG-band bright-point observations are essential here.
the detector plane at 045m, and that will enable usTheir short wavelength implies the possibility of the
to meet our scientific goals. Requirements for the Afighest angular resolution, and the bright-points are
performance and performance predictions are detaifgurally amplified fluxtubes. Resolving these regions
in Section B.3. The site survey data reveal steady,lower density will enable us to see deeper into the
AO-correctable seeing all day long, so that the NSblar photosphere. Further, with AO corrected blue
can quite usefully operate in the traditional BBS@yht we will be able to make measurements that have
campaign-style observing mode and obtain long timgeen just beyond our capabilities. With NST AO-308
sequences of diffraction limited data. Such diffractiafbrrected resolution, we will able to: (a) Track center-
limited data in the blue are essential to probe, with-limb evolution to determine the tilt of flux tubes;
the highest resolution of the NST, those phenomefty Measure the formation of bright points in the quiet
that have been tantalizingly beyond our reach with tigin, as well as in active regions, especially near the
sub-meter class solar telescopes that have been ygggnetic neutral line. Since bright points are believed
(like NSO’s DST, the German Vacuum Tower Telao be formed by convective collapse, this will enable
scope and the Swedish Vaccuum Telescope). Havifiddies of plasma instabilities; (c) Compare bright
the extra factor of 2-3 in angular resolution will be egyoint statistics with EUV and solar wind to see their
sential in resolving features that are only smudgesrifle in coronal heating and solar wind acceleration;
us at present. With solar maximum comingd@011, (d) Compare bright point images withcH(656.3 nm
and satellites like STEREO, Hinode and SDO (Sfine center), especially the blue wing, since it shows
lar Dynamics Observatory) flying then, the AO-308 a good correlation with spicules and jets (blue wing
equipped NST will be critical in addressing problenfgatures with magnetic elements). Since irobes
of long interest at BBSO and in the solar communityhe chromosphere, we can combine with G-band to
(a) Dynamics of Kilogauss Flux Tubes track flux tubes at various altitudes: 50 km (G-band),

Resolving and understanding the dynamic beha%ﬁc_)'soo km (SoHO MDI/HR and/or SDO/_HMI mag-
ior and structure of small scale kilo-Gauss fluxtub&€1iC data) and 400-700 km (); (€) We will model
is a primary scientific goal. The key issues are t e 3D rnagnet!c configuration apove the solar surface
formation of photospheric flux concentrations havirlgtential and linear force-free fields).
field strength above the equipartition field strength, The recent discovery of type Il spicules and chro-
and the dynamic interaction with the turbulent pherospheric jets also opens new challenges, which
tospheric atmosphere. Understanding the dynamicwould be addressed by the AO-308 corrected NST.
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Type Il spicules are visible in Hinode Ca Il H linavay, the changes in magnetic fields associated with
near the limb. What is the precise location and evolselar flares. The BBSO group first saw signs of these
tion of their disk counterparts, which would be identehanges using BBSO, TRACE and MDI one-minute

fied only by highest resolution observations? We caadence data (Spirock et al., 2002; Wang et al., 2002,
determine these from NST Ca Il K (393.4 nm) an2004; Liu et al., 2005). The inconsistency among the
Ha chromospheric lines, along with the Hinode SOfesults is due to observational limitations. One can-
(Solar Optical Telescope) to search for these jets. not get high temporal and spatial resolution, as well as

(b) High Cadence, High Resolution Studies of SolBigh polarization accuracy at the same time with exist-
Flares ing telescopes/instruments. The NST equipped with

One of the most important, but not weII-understod%]O'308 will provide much more reliable, and higher

areas in flare research is the fine temporal and SBHE"“W mgasurements of Fhe alway§ difficult vegtor
tial structure of flares, so-called “elementary burstgn'agnetlcflelds (for vector fields we will compare with

(see Sturrock, 1989 for a review). In the bluest wavinode (Solar-B) FG (FilterGraph), the filter-based
jyector system as it is now operational, as well we

lengths, the 1.6 m telescope will obtain the higH-; X ) :
est resolution, high cadence images of flares to ddtd! compare with vector fields from SDO when it
We have high temporal cadence observations of Slh%ﬁaunched). A consistently sufficient Strehl ratio to
bursts, but we can't quite tell where they are and h liver diffraction limited light to the focal plane in-
they rriove about. NST observations with 0’Oeso- Strumentation will ensure that the detected field varia-
lution will aid us greatly here. Such observations wi“Ons wil nqt_ be que to vanathns in seeing conditions.
provide details of electron precipitation on fine te Viore specific scientific questions to be answered are:

poral and spatial scales that are presently not possil@%.w,hat is the_ ro!e Of_ the_ evol_ution of the photo-
We expect to learn if, and how, the individual sut?—pher'c magnet_lc f|eI.d in triggering solar flt_ares, gnd
second peaks in the hard X-ray and microwave tirW@_at is the relatlonshlp between the magnetic conflgy-
profiles correlate with the rapid precipitation annEf‘tIon and the properties of_flare;? (b) HOW dp electric
various flux loops. Cao et al. (2004, 2006) and sgprrents evolve, and what is their relationship to par-
et al. (2004, 2006) presented the very first high redile precipitation? (_C) HOV\_’ are ﬂOV_V fi(_el_ds altered in
lution observations of an X10 white-light flare (fronlihe presence of active regl_ons'_? Slgnlflcant advances
solar active region NOAA 10486 obtained with thaere require the full diffraction limit of the telescope.
DST at NSO on 2003 October 29, with AO-76). The _

study demonstrated the potential for new scientific &-3 ~Schematic of the NST

sults whep high _resolution phot_osph_eric observatioggso has removed its old 0.6 m aperture telescope
are combined with hard X-ray imaging and Spec”,?donated to the Los Angeles Amateur Astronomy So-

scopic observations; however, even with a resolutlg[éty) and the alignment of the modern, off-axis 1.6 m
approaching 100 km in the blue, the flare ribbons WelR Ay aperture instrument (Goode et al., 2003) is on-

high temporal cadence, while having diffraction limz, .. <o ution capabilities

. . . , and will substantially en-
ited light a greater fraction of the day, we expect th

; . REA ! _ﬂ&nce our continuing program to understand photo-
the NST will provide new and basic insight into th'§pheric magneto-convection and chromospheric dy-
problem. namics, as sketched in Section A.2. These are the
(c) Structure and Evolution of Magnetic Fields angkivers for what is broadly called space weather — an
Flow Fields in Flaring Active Regions important problem that impacts human technologies
It is generally accepted that the energy releasedaind life on Earth. The NST project is described in
solar flares is stored in stressed magnetic fields. Tdetail inhttp://www.bbso.njit.edu/newtelescope
study of energy release in stressed magnetic fieldd'he NST is configured as an off-axis Gregorian sys-
has motivated many attempts to detect flare-indudedn consisting of a parabolic primary, prime focus
changes in the magnetic fields in active regions. Urfi#ld stop and heat reflector (heat-stop), elliptical sec-
very recently, no one had detected, in any consistendary and diagonal flats, see Figure 1. The primary
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mirror (PM) is 1.7 m with a clear aperture of 1.6 m
with a final figure residual error of 16 nm rms. The
PM was figured by Steward Observatory Mirror Lab.
The focal ratio of the primary mirror is /2.4, and the
final ratio is f/50. The 180circular opening in the
field stop defines a 126120’ maximal square field

of view (FOV) of the NST. The working wavelength
range will cover 0.4 to 1.7um in the Coué Labo-
ratory one floor beneath the telescope, and all wave-
lengths including far infrared at the Nasmyth focus on
an optical bench attached to the side of the telescope
structure. An off-axis design was chosen principally
because of its vastly reduced stray light, since there is
no central obscuration, which reduces the telescope’s
MTF (Modulation Transfer Function) at high spatial
frequency.

We have designed an open telescope structure with
an equatorial mount, as illustrated in Figure 1. A key
design issue for a large aperture, solar telescope is the
thermal control system to keep the temperature of the
mirrors very close to, or even slightly below that of
the ambient air. The dome employs a wind-gate and
exhaust system to control the airflow from the wind
helping to maintain the same temperature inside and
outside the dome, and remove concentrations of heat
in and around the optical paths. In fact, we have mea-
sured the temperatures along the optical path from the
telescope to the Coéd_aboratory (which is thermally
controlled to 0.5 C). When the vent gates and exhaust
system are turned on, the temperature all along the
optical path becomes precisely uniform (A. Coulter,
2008, private communication). In addition, we have
implemented a closed cycle, chilled air knife system
as part of the OSS (Optical Support Structure) to limit
so-called “mirror seeing” by sweeping away turbulent
cells and directly cooling the PM. The OSS and ac-
tive support mirror cell were built and tested by DFM,

Figure 1: Schematic of the 1.6 m off-axis, open NSTENgineering in Longmont, CO. The PM is supported
(top) and its optical layout (bottom). On the top part, tHey 36 actuators that can bend out low-order aberra-
heat stop (HS) resides at the Gregorian focus with the 3idns, such as those due to gravity and/or thermal ef-
mounted on a Pl hexapod. The wavefront sensing syscts. Its shape will be controlled by a wavefront
tem (WFS) resides immediately before M3 (along with thesnsing  systemh(tp://www.wavefrontsciences.cm
polarization optics for magnetic field measurements). Mﬁhich resides immediately before M3. The OSS has

sends the light to the CoédRoom below. The HS, SM, M3

and M4 are not apparent in the figure. If M4 is flipped t
light goes to the Nasmyth Bench for which the light path

l:éeen installed and is being tested at this writing. First
ight observations of stars are about to occur. Align-

shown in red. This is where the first light observations wilnent and first observations will be done in collabo-
occur. The design was driven by competing needs for rigidtion with DFM and Steward Observatory with stan-
ity near the SM and an open light path. For more detait$ard alignment-laser hardware from an outside vendor

please visit the BBSO website.
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Figure 2:The NST equatorial mount, mirror cell, counterweights (for right ascension balance), and tower to secondary.

(ATT), as well as our wavefront sensing system. the ATST, as well as being Pl in the AO-308 project.
The new, larger dome, required to house the NSTAshumber of papers have been published to describe
fully operational and the installed telescope is showimese two AO-76 systems and their scientific results
in Figure 2. The elliptical secondary mirror (SM) wafRen et al., 2003a; Didkovsky et al., 2003; Denker et
silvered, and has been tested by both SORL (Spate 2005, 2007; Rimmele, 2004; Yang et al., 2004;
Optics Research, which figured the SM) and Stewardtschler et al., 2005; Xu et al., 2004, 2006, Cao et
before its installation on the NSI Pl hexapod. The laa., 2006). Figure 3 shows a sample image obtained
est version of the BBSO telescope headquarters con-April 29, 2005 with the BBSO AO system. The
trol system software has been written in BBSO amrformance of the BBSO AO system is evaluated in
tested at DFM. While this software is not essential féiigure 4. The figure compares the variances of the
early observations, it would make them somewhat le&grnike coefficients for modes up to order 35, for AO-
cumbersome. off and AO-on data (Denker et al., 2005). The Fried
parameter for this particular data set is 5.4 cm in the
Couck Lab, slightly lower than the value of the me-
A4 AO-76 atBBSO dian seeing at BBSO. The variances are a factor of
As mentioned in Section A.1, under a prior NS00 smaller for the AO-corrected data. Therefore, the

MRI grant (AST-0079482), we have successfully builfean wavefront abberation is 100 times smaller af-
two high-order AO systems (each with a 76 subapé®! the AO-correction. The temporal variances were
ture AO system using 97 actuator deformable mirr@etermined from time sequences of about 10,000 AO
(DM)), one for BBSO's 0.6 m telescope and the oth&teasurements over the entire pupil. Often, the Fried
for the 0.7 m Dunn Solar Telescope at National Solgarameteryo, is used to quantify the seeing condi-
Observatory/Sacramento Peak (NSO/SP). Dr. Thonti@8s at a siterg is the coherence length of the atmo-
Rimmele of NSO, as a Research Professor at NJ$pheric turbulence. For telescope apertures larger than
was the Pl of the project. He is the Project Scientist ftw, resolution is seeing limited. The Fried parameter
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AO - off DIr=12.10 1

is wavelength dependenty(C A€ for the generally- ;
assumed Kolmogorov turbulence). These observa- 10.000;
tions were made before the new dome with vent gates i
was installed along with the full heat exhaust sysy 1.000%
tem. Previous experiments using wavefront sensof:é
clearly showed that the steady wind of several m/s & 1000
the BBSO site minimizes dome skin seeing effectss E
and for the old, not-sufficiently ventilated dome inter- .4 0000000000%0000% 000
nal dome seeing was the dominant effect. Our tem- i ¢
perature sensor measurements within the new dome ¢ go1[ . . 1 1 1 1 1
have shown a uniform temperature all along the opti- 5 10 15 20 25 30 35

cal path and thus dome seeing is avoided, which tells Zernike Coefficients

us that the internal seeing situation is much improv&tgure 4:Comparison of the variance of the Zernike Coef-
and we can be assured that the combined Fried E%{ents for AO-on (carets) and AO-off (asterisks) data de-
rameter (atmospheric and internal) will be sufficiefff'™ned from the BBSO AO WFS. The solid curve repre-

to enable steadv diffraction limited imaging even sents a fit to the Kolmogorov spectrum of the AO-off data
(_) ,e abie steady actio € aging eve r D/rp=12.10 (Denker et al., 2005), where D=65 cm and
visible wavelengths.

ro is the Fried parameter. The larger the refigrg, the
more important AO correction becomes.

T

3y 3
00 L 60d

AO -on

to a telescope that was never meant for AO. However,
our experience with AO-76 on the old telescope will
make the implementation of the AO-76 for the NST
relatively straightforward. As well, the relative sim-
plicity of the new setup further assures us that the im-
age quality in the CouslLab can only improve over
that from the old setup for the 0.6 m telescope. For the
new setup, only the feed optics and the reconstruction
matrix for inverting the wavefront sensor output need
to be changed. AO-76 on the NST will be very nearly
achromatic, unlike AO-76 on the old telescope. Fig-
ure 6 shows the spot diagram for AO-76 for the NST.
The optical design achieves a StrehSf 0.9 across

the field of the science instruments and at the relevant
wavelengths.

Figure 3: A diffraction-limited image obtained at BBSOA'5 S_ci_ence Instr.uments: Near Infrared and
on April 29, 2005 with the AO-76 system and speckle re- Visible Imaging Vector Magnetograph
construction. Systems

With the support of an expiring NSF ATI grant, th& he instruments needed to meet our science goals
AO-76 system has been redesigned to fit the NST. Figave been built and tested. These instruments await
ure 5 shows its final design for which the optics haveO-corrected light from the NST. In fact, BBSO has
been purchased. The set-up has undergone labbrakt and employed three generations of visible light
tory experiments in Big Bear, so that it will be readgind near infrared (NIR) imaging systems over the last
shortly after first light of the NST. This design is simdecade. Although IRIM (InfraRed Imaging Magne-
pler and more robust than that used on the old 0.6tagraph) has many advantages on its own, to achieve
telescope. The design problems for the AO-76 on ttiee highest spatial resolution with the NST, we must
NST were simpler than those for AO-76 on the olemphasize instrumentation in visible light. We have
0.6 m telescope because AO-76 was a difficult retrafiéveloped a Visible Imaging Magnetograph system
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graduated student, and the filter solves the longstand-
ing problem of constructing a filter-based IR magne-
tograph (Cao et al. 2006), while avoiding the com-
plications of using a double etalon. We have a large

us — S0 format NIR CMOS camera (2k1k, 30 frames/s, Cao

DDUELE/% ~oovhLerz T ILT et al. 2005) from Rockwell Scientific Imaging (now
Teledyne). We enjoyed a very successful first scien-

GREGORIAN FOCUS tific light of the full IRIM hardware system in Novem-

ber 2004 on the DST at NSO/SP and in July 2005 at
BBSO, Cao et al. (2004, 2006) and Xu et al. (2004,
- 2006). The strength of the IRIM is its extreme sen-
sitivity and high spatial resolution, which allows us

Figure 5: The design of the CoudLaboratory optics for to study weak and small-scale magnetic fields in the

AO-76 for the NST. It is as achromatic as possible corfiliet Sun. In active regions, it enables accurate mea-
bination of reflective-refractive optics, while largely usingurements avoiding Zeeman saturation of the tradi-

off-the-shelf components. M5 and M6 are folding flats felonal filter-based magnetograph systems. Both mag-
from the Gregorian focus beyond the folding mirror, M4etic field strength and the filling factor were derived

that sends the light down the ccéu'dixis. There are WO from fitting the Stokes V profiles (Cao et al., 2006).
relay doublets, three OAP’s (off-axis powered mirrors) and

the DM.

0BT ©.6000. 0.0800 DEG OBT: 0.04B0. 0.8104 OEG DB §.8800. -6.0194 DEG - 2.3930

= 0.5000

(VIM) that is tunable from 400 to 700 nm with a : @ © . a7
bandpass of 0.01lnm (Denker and Tritschler, 2005). AR
This system has also achieved its first light on the old ™" '™® = wms mememe
0.6 m telescope at BBSO. With AO-308 correction, ® F ) @
the NST will obtain diffraction limited images with a

spatial resolution of about 50 km, when observations e swm  w van vwne e s
are made at 500 nm (better than three times the reso- . Q ®
lution possible in the NIR with the NST). Such reso-

lution is essential to address the science questions amg- s m . «=x LR T -
to take full advantage of the capabilities of the NSTl 5" s we o ner woms < 003
Nonetheless, observations in the NIR have advantags:,, i i 5% ak i ik n 36 5 ferwormees oo m
associated with the relatively larger Zeeman splitting

(Zeeman splitting increases quadratically with wavElgure 6: Spot diagram for AO-76 showing near
length) in that regime and are vital for measuremerfﬂgracuon'l'm'ted image quality for the wavelength range

g .. from 0.5 to 1.1um and for a circular field of view of 100
of weak magnetic field strengths. In that way, V|S'b\ﬁhich is appropriate for the Fabryekots. The circles are

and NIR observations complement each other. the Airy disks (diffraction limit disks) of the shortest wave-
The most recent and significant part of our NIR iength (0.5um). The spots are not fully confined to the

strumentation was the development of a narrow barfdty disk, but the Strehl will be> 0.9.

pass filter system, which combines a Lyot filter and

an IR Fabry-Rrot filter — the IR Imaging vector Mag-

netograph (IRIM, Cao et al. 2004, 2006). The IRING PI’OpOSGd Work

design copies that of VIM, but was more difficult be-

cause VIM could use standard components or hagl  overview

ware that was already on-hand. The IRIM Fabard?

filter has a bandpass of OA at 1.56 um, giving us High order AO is essential for the NST to correct the

a 2.5A wide prefilter (narrower than the B free wavefront errors caused by atmospheric turbulence.

spectral range of the IR Fabremt). The Lyot fil- We propose to develop a new, higher order AO system

ter was designed as part of the PhD thesis of a nOWD-308) for the NST following the basic concept of

- 1.7o00
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24 DSP Block Diagram
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Figure 7:Functional block diagram of the WFS and the reconstruction unit of the AO-308 system.

our lower order AO-76 for the NST. AO-76 was origialready operational downstream polarimeters.

nally successfully implemented on the old 0.6 m tele-

scope, and then re-designed to be very nearly achgo2  The AO-308 Development Plan

matic, while being appropriate for the NST light feed.

The implementation of AO-76 on the NST is not pa?{he conceptual operation of AO-76 or AO-308 on the
of the effort proposed here and all development NST is quite straightforward, and is illustrated in Fig-
completed and parts are in-hand for the modified ABte 7 for AO-308. For either, a beam splitter directs a
76. The original BBSO AO-76 proved to be succesRortion of the light to the wavefront sensor (WFS) that
ful and demonstrates our team’s technical abilities afi@es the following: (a) The telescope aperture is sam-
give us confidence that we can upgrade to AO-308R#ed by a lenslet array, which in turn forms an array
an optimal way, so that the NST can deliver diffra@f images of the object (e.g. granulation) to be im-
tion limited observations in visible light throughoufged by a camera with a better than kHz frame rate;

most days, which is ideal for BBSO-style campaid#®) Cross-correlations between subaperture-images
observations. and a selected reference subaperture-image are com-

puted via a very fast computer-Digital Signal Pro-
The NST has an aperture that is nearly three timesssor (DSP); (c) Local wavefront tilts are computed
that of the old 0.6 m telescope and represents a neylocating the maximum or centroid of the cross-
generation of solar telescopes made possible by nemrelations (CC) to subpixel precision, and (d) Drive
technologies. Since AO-76 significantly correctesignals for the Deformable Mirror (DM) are derived
light from the old telescope at 0.8m, AO-76 will from the wavefront sensor data using a modal wave-
significantly correct the atmospheric turbulence fxbnt reconstruction algorithm (e.g., Madec 1999).
1.6 um in the NIR. The median seeing at BBSO igVith sufficiently good seeing, the WFS is capable
about p = 6 cm at 0.5um, which implies it should be of using solar granulation, or other relatively slowly
about 24 cm at 1.6¢m under the standard assumptiovarying, low contrast, spatially extended targets to
of Kolmogorov turbulence. A higher order AO mustneasure the wavefront aberrations. The bandwidth
be developed for the NST to make diffraction limitedf the correction for AO-76 was 135Hz in its closed-
observations in the visible over an isoplanatic patdbpp mode. With much improved computing speed
while probing with spatial resolution of about 50 knmow available and a newly developed DM, we expect
Here one should bear in mind that the spatial resoto-achieve a similar bandwidth for AO-308, which has
tion decreases linearly with wavelength. We emphaeen demonstrated to be sufficient to yield diffraction
size that AO-308 is an essential step in reaping tlmited correction of 0.5um light. Of course, expe-
benefits of the investments in the NST, including itsence with AO-76 adapted to the NST will guide the
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detailed implementation of AO-308. As will be seeB.2.1 The Optical Design of AO-308

the optical design of AO-308 is closely patterned after ] ) ) )
that of AO-76 (shown in Figure 5) for the NST. The_optlcal design of AO-308 ultimately requires re-
placing two doublet lenses and one powered mirror

For AO-308, the wavefront sensor will be a correlgoAP2 of AO-76 becomes OAP3 of AO-308 and a
tion Shack-Hartmann WFS. This DM is manufacturegew OAP2 is required for AO-308) in AO-76 for the
by Xinetics, Inc. The new high density DM (5 mnNST. The optical feed must relay the NST focal plane
spacing) just became a standard item, and the reduggflge to the Cousl Laboratory (beneath the tele-
spacing facilitates an optical design of AO-308 thatope), which is about 3 m beneath the NST’s Grego-
is close to that of AO-76 for the NST. The WFS hagan focal plane; the field-of-view for the optics must
308 effective elements, while the DM has 349 actuge 100 in diameter, so that we realize as wide a field
tors. The largest Xinetics DM at present has 941 actf-view as is consistent with the downstream, Fabry-
ators. The WFS is designed to be able to process upggot based polarimeters.

360 SUb-apertureS. The wavefront sensor detector W|”'|'0 deliver 0pt|ma| 0ptica| performance’ one of the

be a Phantom V7.3 camera that has 86800 pixels off-axis powered mirrors for AO-308 will have to be
(400x400 to be used to start). It has a frame rate ov@istom-designed and manufactured. Figure 8 shows
6000 fps, but we will only utilize 2000 fps. Each ofhe optical layout of the design for the new AO-308
the nearly 2620 sub-apertures will be characterizeghain optical path. The tip/tit and DM mirrors are
by a minimum of 26« 20 pixels. The tip/tilt mirror has poth located at pupil images. The WFS path is mod-
been mounted on a Polytec Pl S-340 piezo tilt pladtied directly after the AO-76 WFS, and the straight-
form. We will consider the Cilas-416 (416 actuator%rward ZEMAX design has already been completed
DM as well, because the GREGOR team plans to Us& is not shown here. Figure 9 shows the spot di-
that DM. However, this choice is not essential to Olal’gram for AO-308 spanning about 0.4-Jugn. We
collaboration. With either choice of DM the proposegi|| continue to review the design based on experi-
work with KIS team would be the same. ence derived from implementation of AO-76 on the
NST, which precedes the AO-308 Project. The final
design of AO-308 will be reviewed by the team as well
as external reviewers, once this proposal is funded.
The optical design achieves a StrehlSof 0.9 across
the field of science instruments and at relevant wave-
lengths. Like our current hardware set-up for measur-
0FP3 & — . ing magnetic fields (see Section A.5), NIR and visi-

poveerf® oo ble will have their current two separate CCD systems

" poeETE o fed by separate camera lenses. As with AO-76 for the
NST, we will not need to adjust focus for either of the
two benches when we switch the AO-308 corrected
light feed from one bench to the other.

Since the WFS works in a very narrow passband
L. (~10% of the wavelength band) in the visible, com-
mercial in-stock lenses can be used, and the chroma-
Figure 8: The design of Cougl Room optics for AO-308 tism wpuld not be a concern. Table 1 compares the
for the NST. It is as achromatic as possible combinati§$sential hardware components of AO-76 for the NST

of reflective-refractive optics, while largely using off-theand the new AO for the NST.

shelf components. M5 and M6 are folding flats fed from

the Gregorian focus beyond the folding mirror, M4, that . i i

sends the light down the coaidxis. There are two relayB-2-2  Electronic, Computational and Mechanical

doublets, three OAP’s (off-axis powered mirrors) and the Systems

DM. The basic similarities for AO-76 and AO-309 on the . L

NST is apparent when comparing this figure to Figure 5.Again, the principal system components for the AO
system are: a correlating Shack-Hartmann WFS; a

GREGORIAN FOCUS




Table 1: Comparison of hardware components of old (AO-76) and new (AO-308) AO systems.

Hardware Components AO-76 for the NST AO-308 for the NST

Optical Design Achromatic Achromatic

Tip/tilt System 30 mm aperture 30 mm aperture

WFS Camera Baja 200 by 200 sub-array = Phantom 7 400 by 400 sub-array
WFS (Lenslet) 1610 20x20

WEFS (Bittware DSP) ADSP-21160 ADSP-TS201

DM (Xinetics) 97-elements 7-mm spacing 349-elements 5-mm spacing

e E s e ~¢e=]  Richards, who has a vast amount of experience with
® @ ‘ : these processors, in particular, and solar AO systems
development in generakror performance reasons the
e oy - w0 programming will be done in assembly. The DSP de-
veloped for AO-308 will be to a large extent directly

o 100.00 g

8 2 & portable to the ATST AO system. The hardware ap-
o . v 790, . proach was chosen for its scalability to the ATST AO
system.
) s’
N There are .other software development tasks, in-
RMSRNHM? 1565113 15,14 ‘mm B9 080 ‘N‘HZG 12.6M ll‘bl: CIUdIng user Interface and development Of the Optl-
GED RADILE : W47 270 HeW 2M5 NN 1938 M BN NM (NST -AO03H2 . ZMX . . .
SCALE BAR : 100 REFERENCE  : MIDDLE CONFIGURATION 1 OF 1 m|zed reconstruction matrices (to convert from wave-

_ _ _ front information to the movements of the actuators).
Figure 9: Spot diagram for AO-308 showing neapjere we will work closely with the GREGOR team
diffraction-limited image quality for the wavelength rangg 4 5 Marino at the University of Florida, who is an
from 0.5 to 1.1um and for a circular field of view of 100 ATST fellow. Both T. Berkefeld at KIS and J. Marino

which is appropriate for the FabrgPots. The circles are . . . )
the Airy disks (diffraction limit disks) of the shortest wavel'ave extensive experience in developing reconstruc-

length (0.5um). The spots are not fully confined to thdéors for solar AO systems. We will exchange algo-
Airy disk, but the Strehl will be> 0.9. rithms (e.g., reconstruction algorithms) and software

and work closely together on the performance evalua-
wavefront reconstructor and a DM. Figure 7 showstian of the systems.
block diagram of the AO-308 hardware. The proces-
sor of choice is the TigerSHARC DSP, which has also
been selected by the ATST AO project and the TMT For electronics development, Bittware, the vendor
(Thirty Meter Telescope) project. Initial benchmarkior the DSPs will perform additional tasks: (1) de-
ing of the chosen TigerSHARC DSP shows that Zign and construct an interface to connect the WFS
subapertures can be processed by a single DSP wittdmera and the DSP boards; (2) design and construct
less than 250 microsec leaving sufficient performanae interface to connect the DSPs and tip/tilt; (3) de-
margin and room for the implementation of telemetsign and construct an interface to connect the DSPs
data collection and potentially online PSF estimati@nd the DM. Bittware will tailor these links to fit our
(Richards and Rimmele 2008). Consequently, A@eeds, and this effort will be coordinated with the AO-
308 requires only 4 clusters of DSPs with 4 process@®8 team. Nonetheless, our efforts to program, control
each. The subaperture images from the WFS camana use the linked hardware components will be very
will be sorted and distributed to the DSP processorstiye-consuming tasks requiring great care. Our ex-
an interface that utilizes an additional set of 8 DSHserience with the two generations of AO-76 systems,
Programming of the DSPs is one of the main sofilong with the broad experience of our full team will
ware development tasks and will be performed by Kit a great benefit here.
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Number of Modes Corrected tios in the detector plane that we expect to achieve from
Figure 10:Theoretical Strehl ratiat the primary mirror A_O'76 as de”V?d from comprehen_swg error budget analy-
as a function of the number of corrected modes under thise @nd assuming the measured distribution of BBSO see-
different seeing conditions; = 6, 14, and 24 cm, which"g- The dotted line is for visible (0.sm) and the solid

are the expected median seeing at BBSO at 0.5, 1.0 4A§ for NIR (1.6 um) wavelengths. For the visible, the

1.6 um respectively. The vertical dashed line on the rigfﬂCk of a peak indicates that diffraction limited corrections
indicates the maximum number of modes that could be c¥fQuld rarely occur.

rected by AO-308. The vertical dashed line on the left in-

dicates the anticipated performance with half of the ma)ff'is clear that it would be smaller at the focal plane.

mum number of modes being corrected. . .
a Nonetheless, as can be inferred from the Strehl ratios

B.3 Performance Predictions in Figure 10, even moderate variations gnwhich are

The AO design parameters, as detailed in Section BE9Mmon for day-time seeing, will result in undesired
were driven by the science requirements, the telgf9€ variations in the Strehl, if only a small number
scope properties, as well as the seeing condition®hfernike modes are corrected. This is due to uncor-
BBSO. The practical experience from the DST BBS@cted aberrations in the higher order Zernike modes,

and other adaptive optics solar telescopes shows H#ffich increase as decreases. Therefore, in order to

Strehl ratios of S> 0.3 are required in the detecMinimize seeing induced variations in image contrast,

tor plane to obtain reliable quantitative results froffgh order AO is needed.
spectroscopic and polarimetric AO corrected observa-According to Figure 10, at 1.im, when the me-
tions because of the extended nature of the obserdéth ro should be about 24 cm, a 76-mode correc-
object. In particular, polarimetric observations wittion would achieve an idealized, median Strehl ratio
low Strehl are from difficult to impossible to inter-of about 0.8. While in visible at 0.fm, the median
pret. The problem here is that the requisite oppositgis 6 cm, the corresponding, idealized Strehl ratio
polarity measurements are often closely (tenths of avesuld be 0.2. If the correction order is increased to
secs) spaced.. Forward modelling using MHD sir808, the idealized Strehl ratio would be 0.60 for the
ulations combined with radiative transfer and modgtisible, reaching a satisfactory, idealized correction
elled AO Point-Spread-Functions provide simulatdéelvel above 0.5 (Wizinowich et al., 2004). Unfortu-
observations have been used to determine the “grounadely, these results are only intuitively instructional,
truth” of such MHD simulations. and this level of correction is not germane because it
As a first step to quantifying the AO-308 perfordoes not apply to the detector plane, since many other
mance, we show in Figure 10 the “idealized” (reasfror sources contribute to the error budget and ulti-
overly optimistic) Strehl ratio that results from considnately limit the realistically achievable Strehl.

ering the fitting error only vs. the number of corrected 14 gptain meaningful predictions of the Strehi ratio,
modes, usingo as a parameter. The Strehl is idealye performed extensive performance modelling in or-
ized because it is that ratio at the PM, even thougly 1o estimate the expected performance, quantified
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10 Anisoplanatism causes the quality of the AO cor-
i 1 rection to gradually decline with distance from the
0.8 - chosen isoplanatic patch. This dropoff will become
I ] more appreciable as the Strehl decreases. One may
0.6 i argue that post-processing such as speckle reconstruc-
tion may restore contrast to the AO corrected, but low
04l : b Strehl ratio images. However, speckle requires multi-
' ple input images to construct one output image, there-
L fore, one cannot expect to achieve our essential sci-
0.2 7] entific goals that all are tied, one way or another, to
I , 1 having diffraction limited images with a sub-second
ool . . T cadence.
0.0 0.2 0.4 0.6 0.8 1.0

Strehl
Figure 12:Histogram (normalized to unity) of Strehl raB.4 Education and Research Training

tios in the detector plane that we expect to achieve from ) ) )
AO-308 as derived from comprehensive error budget anBiJIT has a diverse student body in an urban environ-

ysis, and assuming the measured distribution of BBSO s8&ent, with a large minority student population. BBSO
ing. The dotted line is for visible (0,6m) and the solid line highly prizes its special role in the education of the
for NIR (1.6 um) wavelengths. For the visible, the prenext generation of scientists who build instruments.
dicted flocal plane Str_ehl has a satisfactory value of abgat currently have six PhD students, including 2 US
0.3, while for the NIR it is somewhat0.8. citizens, who will receive PhD’s from NJIT in various
fields: applied physics, electrical and computer engi-
by the Strehl ratio in the detector plane of the posieering, and computer science. The very best NJIT
focus instruments. This comprehensive analysis #tudents are attracted to the BBSO program. The typ-
cludes adaptive optics residuals (e.g., fitting/aliasirigal student designs and builds the instruments used to
bandwidth, and wavefront sensor noise) as well gfike his/her PhD measurements in BBSO, although
realistic estimates of uncorrectable wavefront errgiis is not possible for the AO-308 Project.
contributions from the telescope (e.g., mirror seeing,A PhD student will be involved in this project.
interfaces and dome seeing) and the instrument®wever, he/she will be funded by BBSO's five-
(e.g., non-common path errors). The analysis uses {a@r NSF-ATM backbone grant. We believe that this
ATST site survey data and is partially based on the gxtoject will be a strong draw for talented NJIT stu-
tensive error budget modelling that was done for tlients who are already interested in instrument de-
ATST. Itis fair to use this modelling for the NST bevelopment. The graduate student will be trained in
cause both NST and ATST are off-axis, using simil&0 design, and will also assist with the set-up, ob-
designs, have well-ventilated domes, air knives, ef@rvation and data analysis. In addition, BBSO typi-
The results are shown in the form of histograms of tally has 1-2 undergraduates who spend the summer
predicted Strehl that we expect to obtain with AO-3Q BBSO, as well as working on BBSO projects during
at visible and NIR wavelengths. For comparison Wae school year. The NST will also become a teaching
show the expected AO-76 performance in Figure ol for optics, mechanics, computer control and solar
which is to be compared with that for AO-308 showphysics.
in Figure 12. While for AO-308, the Strehl for the vis-
ible (0.5um) peaks around 0.3, for AO-76 that Strelﬁé
shows no peak. This implies AO-76 will not enable
observations in visible except under the most extra@ince NJIT began operating BBSO, its telescope time
dinary seeing conditions. Thus, Figures 11 and &Rd data have been open to the community. Many sci-
clearly demonstrate the need for a high order AO fentists have had observing time. Further, several PhD
the highest resolution observations, which are essstudents from around the world have used BBSO data
tial to get the full benefit of the 1.6 m clear aperturas a central part of their work on their theses. Data
and all the effort to make the telescope off-axis.  requests come to BBSO on a daily basis from around

.5 Data and Telescope Time
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the world. We are an active participant in the Virtuahe AO-308 system.

Solar Observatory (VSO). Users of our telescopes andrhe main NSO task is the development of DSP code

data are only asked to acknowledge BBSO in their ngith about 20% of the support for the development

sulting publications. Many observers have used aofroptimized control matrices for AO-308. The travel

data to help plan their observing campaigns. budget is primarily for collaborating personnel travel
The observing time of the first, next generation sbetween BBSO and NSO/SP.

lar telescope in the US, the NST, will be oversub-

scribed because of its much improved scientific cB:7 Personnel Management Plan and Time-

pability compared to the old 0.6 m telescope. We will lines

continue our open observing time and open data poli-

cies. We plan to make a portion of observing tirf@uring the building of the NST, we have assembled

available to the community. The Telescope AllocatighStrong instrumentation team at BBSO. The commis-

Committee will rank the proposals and allocate timéioning phase of the NST will begin during the Fall-
Winter of 2008. As a part of this phase, some mem-

bers of the NST team will be partly shifted to the AO
project. The implementation of AO-76 is, in fact, part
The requested budget for the project#895 K. The of the commissioning phase. AO-76 installation on
budget is relatively low because the DBR{5 K) and the NST is not part of the work proposed here even
its controller 175 K) will be purchased with otherthough it is a significant precursor to AO-308. Thus,
funding that includes &100 K match from NJITIn we already have our team in place to do the proposed
addition, about $30 K of the hardware that we alreadgyork and we risk losing essential BBSO staff and
have in hand for AO-76 that will be directly transeur momentum by delaying the start of the AO-308
ferrable to AO-308. Thus, of the $780 K in hardwangroject. Pl Rimmele (he is also Project Scientist on
required for this project, only $300 K will be chargethe ATST) and Goode (PI in BBSO) will manage and
to this grant, highly leveraging the NSF investmerbordinate the diverse elements of the project. Goode
in AO-308. As well, NJIT/BBSO and NSO persoris in BBSO about 50% of the time, so he will pro-
nel will be working part-time on the AO-308 Projectide hands-on leadership, and coordinate the joint ef-
with no charge to the project. The contribution her®rts between NSO and BBSO. Rimmele will oversee
is difficult to know exactly, but it amounts to abouhe optical and interface designs of the system, which
1 FTE. Most of the key hardware items for AO-308s the most difficult part of the project. Nicolas Gor-
are shown in Figure 7. These include: 1) the Xineteix, the BBSO optical engineer, has completed the
ics DM ($275 K) and its Controller ($175 K); 2) theoptical AO-308 design, which has been reviewed by
Phantom V7.3 Camera System ($95 K), which is tiRmmele. A more formal PDR will begin when the
WEFS camera; 3) three Bittware T26U-OU-445-30@roject is funded. Goode will oversee the integration
1177 DSP boards ($55 K); 4) integrated link from thef the AO system and the NST, as well as the work
WFS camera to the DSPs to the DM (and tip/tilt) praf Jeff Nenow (mechanical engineer) and Vlad Abra-
vided by Bittware ($120 K); 5) PI tip/tilt stage andnenko (electronics engineer) in this integration pro-
mirror ($15 K); 6) host computer ($15 K); 7) lensletess. Rimmele will closely work with Kit Richards
array and miscellaneous hardware ($15 K); and 8) ome the interfacing of the WFS camera, the DSP’s and
off-axis parabolic mirror (Optical Surfaces, $15 K) idM control. Kit Richards at NSO and John Varsik at
the AO-76 will have to be replaced. The total har@BSO will be in charge of the software development,
ware cost for AO-308 is $780 K. Subtracting from thig’hich is primarily DSP control with Varsik helping to
items 1), 5), and 6), our equipment request is redudetplement Richards’ code in BBSO. Co-Pl and NJIT
to $300 K. Assistant Professor, Wenda Cao, is well-experienced
The remainder of the budget is dominated by penthe BBSO AO-76 system and was a key developer
sonnel costs of about 2 FTE per year over the threlethe IRIM and VIM. He will be responsible for in-
year project. The PhD student will be supported liggrating these instruments into AO-308. Aleksandra
BBSO's backbone NSF grant. The effort of these pekndic, a new postdoc in BBSO, is an expert in im-
sonnel will be focussed on all aspects of implementiage reconstruction, and she will see that speckle and

B.6 Budget and Management Plan
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Figure 13: The Gantt Chart shows the AO-308 project schedule. The chart is “rolled-up” because it is so detailed
and may be hard to read. A complete version showing the tasks with each summary appears in the “Supplementary
Documents” section. As well, a vertical flow version of the Gantt chart is shown there. The personnel tied to key AO-308
tasks are listed in Table 2.

phase diversity software is implemented into the datmaining AO-308 hardware. the NST will begin its
stream. BBSO has had NSF-ITR funding to devel@ommissioning phase about nine months before first
this software. Rimmele, Goode and Cao will also egear funding. Then, the implementation of the AO-
sure that the AO-308 design will match the scientif@08 hardware would begin. The main tasks in the
requirements as sketched in Section A.2. first year of the AO-308 Project will be the PDR fol-

o ] lowed by a careful consideration of alternative hard-
In the Gantt chart in Figure 13 and in Table 2, Wg e \yhich is followed by the final, external design

show the major proposed tasks of the AO-308 projggliew. Then comes the immediate purchase of the
with timelines, as well as key personnel assomatgg)eos hardware. With the hardware in hand. the
with the tasks. The Gantt chart sketches the AO-3Q8ic4| electronic and mechanical designs of the AO-
tasks (the detailed chart and vertical flow versions ajgg system will be implemented, along with its inter-
shown in the “Supplemental Documents” Sectiorg,qe tg the NST and the focal plane instrumentation in
Before the start of AO-308, the NST observations gfa second year. This will leave the BBSO staff in a
the Nasmyth focus will be on-going, and light wily,o4 hosition to undertake AO-308, as a follow-up to
have been fed to the Coad.aboratory. When there ispe jmplementation of AO-76 for the NST (not part of
light in the Cou Laboratory, AO-76 will be used s nronosal). The main tasks in the second year will
feed light to fast cameras that will record data to chgyz development, including the analysis of WFS data.
acterize the wavefront and for speckle reconstructi¢fiq (55ks for thé third year are to set-up and test the
in the visible and NIR. The AO-76 light will also bexq gystem in its regular operating mode, continue the
fed to the IRIM and VIM systems for observationsy,,\ysis of the WFS data and observe with the new fo-

AO-76 implementation will have some small overlap,) piane instruments. Here is an overview of tasks in
with the final design review and the purchase of the
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Table 2: Tasks and Assignments for the AO-308 Project.

Year Task Person In Charge

Year1l Overall Management and Coordination Rimmele
Interface with NST Goode, Gorceix and Cao
Optio-mechanical Design Rimmele and Gorceix
DSP Software Richards and Varsik
NST Wavefront Data Analysis for AO-76 Andic and Cao
VIM and IRIM on NST with AO-76 Cao and Graduate Student
Image Reconstruction with AO-76 Andic

Year 2  Overall Management and Coordination Rimmele
Interface with NST Goode, Gorceix and Cao
Optical Design Implementation Gorceix
DSP Software Richards and Varsik
DSP Hardware Integration Varsik and Richards
Wavefront Data Analysis for AO-308 Andic and Cao
VIM and IRIM testing with AO-308 on NST Cao and Graduate Student
Image Reconstruction with AO-308 Andic

Year 3 Overall Management and Coordination Rimmele
Interface with NST Goode, Gorceix and Cao
Performance Testing of AO-308 Cao, Varsik and Graduate Student
Software and Electronics Varsik and Richards
Wavefront Data Analysis for AO-308 Andic and Cao
Regular Observations with AO-308 Team

the Gantt chart and related personnel tasks (Table&hn works properly. Rimmele and Gorceix will lead
for the AO-308 Project: the design reviews to ensure that the design is opti-

(a) As soon as this project is funded, we will haveraized. They have already reviewed and approved the
PDR of the AO-308 system. Then the design of ti§igsigns presented in this proposal.

opto-mechanical system, final choice of DM and car(®) A key componentin the AO development is to ana-
era will be made and followed by the final design rdyze the wavefront data to evaluate the operation of the
view. The final design hardware will be purchased &0, and guide the modification of the system. Rim-
relay the telescope’s Gregorian focal plane imagermele will lead Jog Marino in this analysis, as Rim-
the Cou@ room where most of the AO componentele has significant experience in handling wavefront
are located on an optical bench. In parallel the DS&salysis for AO-76. Marino did such work when he
will be purchased and programming of them will bewas Rimmele’s Ph.D. student at NJIT.

gin immediately. This includes the design of the op- The Fabry-Rrot systems will be our primary sci-
tics for the WFS, for which a 15x 15’ field of view ence instruments. Prof. Wenda Cao has brought IRIM
will be imaged on its lenslet array and the CCD detegn-line and will utilize the work of Prof. Carsten
tor for wavefront sensing. The WFS will be carefulfpenker (now at AIP, Potsdam, Germany) to bring
tested with our single-mode fiber interferometer (R&AM to the same state of readiness. Cao will continue
et al., 2003b) to make sure that it has minimal optivork on the NIR and the visible system so that both
cal aberration. In addition, we will iteratively test thevill be fully exercised with AO-76 at BBSO and ready
main AO optics with the interferometer until the maito be integrated into AO-308. Cao is the most expe-
optical system is well-aligned. All parts will then beienced and expert person in the operation of AO-76
integrated as a whole system, and trial observatiatBBSO. He will have one semester without teaching
will be conducted to make sure that the whole AO syghus a summer to bring IRIM and VIM on-line.
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