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Research Opportunities

Occultations

Intensity Interferometry
High-precision photometry
Spectroscopy

Polarimetry

And many other astronomical areas...



Occultations

|IOTA —focuses on
timing events
Occultation
sources

Lunar

Asteroids

Other solar system

KBO opportunity
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Lunar Occultations
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Lunar Occultations Il
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Lunar Occultations Il

|IOTA Software Tools

Occulty, Occult Watcher, LiMovie, Tangra
Demo (time permitting)
Detectors needed:
Fast area or diaphragm-limiting
Longer wavelengths (NIR) advantages



Sample Event

a5 Lunar eccultation predictions E]@
with Prediction ... Mag limit adjustment. .. gﬁ 3-day weather forecast @) Help X Exit
1. Select site for predictions 2. Star catalogue 3. Objects 4. SetUT dates 5. Ewents for Site E. Events anywhere
Uze home BDH sites. site - 60Xz Clars Year _ Month  Diay Starting ?t_\
122 5te 72,33 30452 ) %Z <magl Flanets Start 2010 {2 Jun | | 18 || -Bhis b Docultati G Multi-site world
Set home —~ 8 Ohrs ) =coultations Arazes for 1 star s
- )37 <mag? [ Asterids = e P
I alvern-Gravic v = End |20 (Si].Jun [» 18 |+ +Bhs ()
Usze singla A #Z <mag 4 ::\ Shart Output [
|:| Filter search to sites in file O ZC wear bonth Day  Today  412hrs S st grazes only D
Right-click on prediction for further options Daoubles anly I:‘ [20710 Jun 18]
10 Jun 18 1 E5 15 r 119144 11.1 10.8 37+ WE -9 30 245 -Z18 ZES 181 E03 +1.9 +4+6.7 +32.447Z.0 109 -103 10 42 13.9 210 4
10 Jua 15 1 31 43 r 1le8445 GO 2.3 2.0 37+ 75 -l0 29 EZ46 -3TH 347 30E 325 +1.9 4507 +0.E-E.6 L3486 138 10 42 555 Z 35 5
10 Jum 12 1 24 13 4 ¥ 24225 EE 1l0.¢ 10,0 27+ 7E -l0 2% Ed4¢ 79N 103 B3 BE +1.92 +5.7 +1.0-1.5 .4&& 1z 10 44 12.¢€ £ 15 4%
10 Jum 18 1 41 47 ¢ ¥1131E7 11.3 11.0 27+ TE -l1 27 Ed4% -818 ES8E E40 EZ64 +1.2 +5.7 +0.3-1.5 478 -1l&4 10 42 E4.6 Z El 40
10 Jun 18 1 45 47 4 H119272 11.8 11.0 37+ 75 26 Z4% 79N 103 57 81 +1.9 +5.7 +0.5-1.5 475 1s 10 44 453 2 11 k&&
10 Jun 18 1 51 & d ¥119Z30 11.1 10.7 a7+ 7E Z6 F4% BTN 90 44 69 +1.9% +6.7 +1.0-1.3 (43F 30 10 44 452 Z 14 &t
10 Jun 18 2 9 48 4 X1159307 lo.z 10.0 a7+ 7L Z3 ES3 76N 100 53 79 +1.8 +6.7 +0.8-1.5 .48F Z0 10 45 F1.z2 7 Z:
10 Jun 18 2 11 2 r X119EZ00 11.4 11.0 a7+ WE Ez EL3 -718 275 EET7 EE3 +1.8 +6.7 +0.8-1.4 486 -1E55 10 43 14.6 211 =
10 Jum 12 E 1z 10 r 118447 EO0 5.2 2.8 27+ 7R ZE EEZ -74B ETE EZ0 EEE +1.8 +5.7 +0.7-1.4 478 -1E2 10 432 16 & 2 11 4
10 Jum 18 E 18 1% r 1l845EZcFE £5.3 2.1 27+ 7E 21 EEE -738 ET77 EZS EEE +1.8 +5.7 +0.7-1.4 475 -1E7 10 43 E7.4 2 58 kI
11845Z% i=s double: ** 8.5 5.1 0.10" 130.0%*
1158452 has been reported as non-instantanecus (0Cc 412) . Obserwvations are highly desired
10 Jun 18 2 23 z4 I 118468 G5 8.5 8.3 a7+ 7L Z0 ESL 295 175 127 154 +1.8 +6.7 +0.0-2.9 _z293 -E6 10 44 47.3 1 Lo 2t
10 Jun 18 2 24 41 4 1159309 11.5 11.2 a7+ WE E0 ESL 615 143 95 12F +1.8 +6.7 +0.4-2.1 478 -E4 10 45 £3.1 1 53 2
10 Jum 18 E 31 47 4 ¥ 16131 FE lO0.1 2.9 37+ 75 19 E5¢ 64N 883 3% 66 +1.8 +5.7 +0.7-1.3 450 3E 10 46 2.1 T Ej[j
10 Jun 18 E 24 B4 r ¥ 24Z2F EE 10.¢ 10.0 27+ 7E lz EET -g&lN 217 EE6% E56 +1.8 +5.2 +0.4-2.0 .E04  1EZ 10 44 12.€
10 Jun 15 2 41 45 4 X119346 11.z 10.3 37+ 75 17 258 EZN 76 27 54 +1.8 +6.5 +0.7-1.0 .332 43 10 46 15.0 | WM. Help  Ext tight-lick to set umbet of stars plotiad
10 Jun 12 Z 43 25 4 118486 G5 9.2 &7 37+ 75 17 Z53 4ZN 66 17 44 +1.8 +5.8 +0.8-0.7 _3EE 53 10 46 18.3
10 Jun 18 2 45 30 r ¥119Z80 11.1 10.7 a7+ 7E 16 EZ5% —-LLN 329 Z80 307 +1.8 +6.8 +0.Z-2.F 464 180 10 44 452
10 Jun 18 2 49 17 r H119E7Z2 11.5 11.0 a7+ WE 15 E60 —-67H 317 267 295 +1.8 +6.8 +0.32-2.0 .514 162 10 44 45.3
10 Jum 18 E 56 57 r 1lle84e8 G5 8.5 8.3 38+ 76 14 EZ61 -385 E4E 193 Ez1 +1.8 +5.8 +0.7-0.6 .307 -lz4 10 44 47.3
10 Jum 18 3 2 49 4 112378 11.0 10.& 28+ 7E 1z el E1N Y& & B3 +1.2 +5.2 +0.5-1.0 .402 43 10 48 E3.0
10 Jum 18 2 7 23 r ¥113z307 10.E 10.0 28+ 76 1z E63 -g6&lN 217 E&62 E56 +1.8 +&6.2 +0.E-2.0 .EE1 1le0 10 458 E1.Z
10 Jun 18 3 18 56 r 113309 11.8 11.2 38+ 76 10 Z64 -708 273 EZ3 E5Z +1.8 +56.8 +0.3-1.4 _E51E5 -1E6 10 45 23.1
10 Jun 12 3 19 43 r 118486 G 9.2 8.7 g+ Te 10 Z64 -34N 350 300 328 +1.8 +6.8 +0.0-2.6 341 1E7 10 48 18.3
10 Jun 18 3 EZ 55 r ¥ 16131 FZ 10,1 9.9 g+ Te 9 EgL -5LN 3z8 279 307 +1.8 +6.8 +0_1-2.1 _483F 149 10 486 Z.1
10 Jun 18 3 E5 38 r H119346 11.2 10.9 g+ ve 9 EEL —44N 340 290 318 +1.8 +&6.8 +0.0-2.3 _41& 137 10 46 15.0

Predictions based on location and elevation




Video Equipment
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Occultation Video

= Light Measurement Tool for Occultation Observation using Vidieo Recorder [Limovie 0.9.29b]
File Edit Option

4 || Limovie File Format (for Ver.0.9.26 later) {
"FileName : E:\astronomywideo\2010-06-1715 4 «

40 03.0523N 075 31 ?eosu s e
- ) S Time",,, " Centre of","End of",,,,"Resutt",,,,,," Ohje
- - J'Detect”, "WTI", "Frame","Frame",,," Sound","Mea
02:23:23-00 06-18-10 et VT e e S e

1285, 4845, 546994594 595
1261 7,,4.359, 8611,95138 69,
2640 1491 4, 4 667,,8570,95388,6
250,",,,11933,,4 989, 8560,86233 60,
5 ; 3,,5.058,,8409,95156 69,5
0",,,1088.9,,4.363,8449,96148 69,
s 1 206.5,,,4 374, 8535,94777 69,8¢
2890, 14762, 5185, 6627 95028 69,5
2600, ™ 1145.3,,5.248,,5449,944196
261.0,mm  1377.4,,4.824,,8675,34353 69,
2620, 1349.4,,5.019,,8622,34017 69,
263.0," ™ 1627 7,,5.205,,8904 94065 69
264.0,m ™ 1286.5,,4.914,,8514,33434 69,
2 10259, 4,491, 8263,93568,69,5
6.0, .,9497, 4 688,,5180,93470,69,592
267.0,m ™ A019.3,,4.496,,5234,93262,69,5¢
268.0,m ™ a514,,4577,,3188,93555,69, Pq‘
269.0," ™ 1082.6,,4.568,,6313,93472,69,8

< J )
[~ Gamma Reverse Correction More

End Time of Field Exposure [Field1=Centre of Frame]
m s[Fieldl] [Field2] Threshold 51|52

[_I_[—l_— B0 H @ kw
J Audio Channel Display Star Image [3D]

Current Frame | | « | | Measurement File

1Fiame| DEL| START | STOP | DataRemove | SaveToCSV-Fie || | /ENastronomylideoi2 17184 ¢
-10sec| -1sec| -1Fr 1Fr+ | 1secH 10sec+
Measurement Value | Position Linked Tracking = Speed Control Form of BKG-Area Number of Pixels / Radius AVIFile Open | Load CSY Exit
Framel { ramed f‘— e

Center Tracking || [~ Link Passed- {ia
BKG/Frame |71.6 inl asse tandard Aperture Backgound - :
X' 300 |300 o . : r Measurement / View Option Frame Rate
Star Point  Set Ir g D 1 5 1 | % Avoid Sunlit Face Even |32 448 -
Even/463.1 =179 (179 Y Ci| Set| Cil elay [ ec]  MeteorLunarLimb | ggq |57 7 Field Show ] Interval | from VPwW
= Star Tracking Passed Point (Frame.) e - I IField Mensie |
0dd |436.6 H?‘" Flux E?S’é'?ar: Seyj| ~ An IV Sync-APT [—— [—‘ Direction Setting Frame |69 892 }

{ hol
ot Diameter - S || D;.Z or Rt Threshald Width Gap Radius Inner  Outer Field Order

b | ) I B B gl 21| Even first
Color Value € simad| - o [1 2 [0 seyarsetonll 5Ty oyl [* M0 lm 5 G e




Light Curve

EGraph

Analyzed file name [ zc 118468 3.5magd. awi] Phatometiy in each Fram::

o0 %
1500 s o * ;- * e
1400 *
1300 | e
1200 foel | T4
1100% 4
1000
900
800
700
£00
500
400
300
200
100
ol—

270 300 0 30 390

Current- heasurement- |
Frame Walue | | |

Edit4  |Edits
Farrom

J Scale |1_ :

| Fadius
kdarked Dot
Caopy to ClipBoard

W

v Show Image of Clicked paoir
| Beproduce Anetyre Positio

420
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F F

450
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v Dat f
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Star Image [SD]| Reset| Diffraction | cln:use|
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Lucky imaging with Light Bucket

GV LZMd 40 03 .0088N 075 31 .8064U
which? 23:57:22-00 04-139.10

Use atmosphere
to conjugate the
mirror aberrations

Defocused moon
video from C8
SCT processed
with Registaks
seems to work
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Circle of Confusion

Diaphragm

| Detector
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Circle of Confusion

Circle of Confusion = blur spot at focal plane
Diaphragm = circular isolator before the detector
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Aberration Characterization |

Tools were

needed to

e [ 1
progress and Viror 1

failure in our |

vk MNANAANANT

Traditional —
quantiﬁcation P-VV and RMS measures are the same for both mirrors!

But, not |Ag|ms (rms slope)
such as P-V and

Strehl Ratio were
not helpful

17



Aberration Characterization Il

Two aberration
types considered

Random surface
height variations

w/\  Circle of Confusion

Random local
slope problems
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Aberration Characterization llI

Diameter of CoC from surface height flaws:

dE‘f}E,SquucE height(n) ~ USTHT/]C

Diameter of CoC from local slope flaws:

dﬂ'ﬂ{?,iﬂmismpe (n") = An'F AP | ms

where fis the focal ratio, Fis the focal length, and the nand n’
multipliers determine the encircled flux fraction



Aberration Characterization IV

Zernike wavefront representation, W(p,0), is
used for the estimation of ¢ and |A¢|,

1 W(p,0) = X;a;Zi (p,0)
2 ol = Wp.0)~ W(p,0))? = ) &

1=2

% 18W
— e

sp P pso

VW s

D/Z

3 VW (p0) = XL e

4 |AQ | s =



Aberration CharacterizationV

Solving for the spot size gives a useful rule of thumb:

FWHM spot size (arc sec) = 2.35 x 2|A@], ..

= 2.35 x 4||VW||,,.. /D ~ 10° E/D,
where E 1s the “wavefront error,” D IS the mirror
diameter in the same units.

e.g., 2 waves=10°-m on 1-m mirror ~ 2” FWHM
Note: E depends on the type of aberration (above holds
for when rms grad norm = 0.5 (P-V), e.qg., for tilt).



Common Aberration Gradients

Zernike Gradients
“E” EMS Wavefront | Ratio
Gradient
J Type Polynomial P-V lew,| RMS
s GradE
1 Piston 1 oy () )
2 H Asae Tilt 2p cost 4, 2, 0.5
3 T Asas Tilt 20 sinf 4, 2o 0.5
4 Defocus \-"Eul 2p°— 1) 2V3 a 4 2/6a, 1.4
(power)
5 45° x-"E.f:-: sin28 2 xE a 2 \E 0 0.7
Astigmatism
6 0° \Eﬁ > cos28 2 xE el 2 xg el 0.7
Astigmatism
7 T Coma 2\-"5[3,@.: — 2plisinf 16+2 2414 a- 1.0
— 3 7 —
8 X Coma 2v2(3p° — 2p)cos@ 1642 2V 14 ay 1.0
—_— 3— _ E —_—
9 30° Trefoil 2207 sin38 12 a, 6 a, 1.7
10 0° Trefoil 2 x-"E.o ® cos3d 4 xE &0 4 \E oy, 1.7
I | Principal JS(6p" —6p°+ 1) | 3% 230 ay, 32
Spherical 5 Ty

Note: Malacara (2007 normalization

22



Figures of Merit |

How do aberrations affect the Signal-to-
Noise-Ratio (SNR)?

Nstar+sky—Nsk
SNR = 4 2

/
\/NStar+Sky+NSky +Npetector+S?

where Ns are counts and S models atmospheric
scintillation

Focal plane diaphragm size



Light Bucket vs. SCT

Traditional /8 . ' ' 1
SCT, o0.50-m =
mirror & Diaphragm
:
2 f215m
Light bucket f/2, £ 100um
1.5-m & f/3, 1.0-ma  4004m
=
I = #31.0
Diaphragms - e -
28"&7"vs. 1" on & v
SCT ' £ 400m
e
Scintillation at 0 | | | . | | | | | I
. 10 11 12 13 14 15 16 17 12 19 20 21
1000-mM, alf-Mass Program Object (mag) for 50-cm 88 SCT, 21 magisqas Sky, 20-um Diaphragm
1.5

SAS 2010 LBA paper
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Light Bucket vs. Newtonian

Traditional f/3 2
R=
Ngwt., 0.50-m S Diaphragm
mirror =
5 i215m
) E 100-prm
Light bucketf/2, 3
ﬁ " mm
1.5-m&f/3,1.0-m a
=
é 3 1.0-m
Diaphragms - g 100pm
28"&7" vs. 7" on » 20gm
g
Newtonian =
0 | | | | ] | | | | |
. ” . 1 B a 10 11 12 13 14 15 1é 17 1
Scintillation at Program Object (mag) for 30-cm £3 MNewtonan, 21 magfaqas Sky, 25-um Diaphragm
1000-M, air-mass
1.5

25



Light Bucket Arrays

7 LBT arrays vs
8-m f/1 scope

2 relative
diaphragm

diameters (400,

100 VS 40

micron on 8-m)

Scintillation at
3000-m, air-

Mass 1.5

Eelative SHE (Zeven Scope LB Array/8-m Scope)

Array 723 0-m £1

Diaphragm
[ OCpen 400pm

— - -

Array Tx2 0-m §1.5

Diaphragm
100pm 400pm

— - -

Array Tx1.5-m £2

Diaphragm
100pm 400pm

14

12

0a

0

04

02

12 13 14 15 16 17 12 19 20 21
Program Object (mag), 21 magisqas Sky
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Optical Technologies
Light bucket mirrors
Correctors
Evaluations of other new technologies

27



7" pneumatic mirror
Complex interferograms




Light Bucket Mirrors I

12" pneumatic mirror
Vega (w/no correction)




Light Bucket Mirrors Il

Our first 2-meter light bucket...




Starstone evaluation |

Mirror ooo1A 8" f/2.25

31



Starstone evaluation I

@ Mirror Analysis

enerate Mirror Repork

Interterogram Wavelength  |632 nim
Analyzis Wavelength  |550 fim

Wavefront Error in Waves at 550 nm

iGenarate Contour Plot

Mirror Pedfarmance

At 550 nm

FitS YWavefront Emor 1/ 231 waves
Strehl Ratio B.31e-4

Best Fit Conic Constant  0.0561

Fol of Miror  |957 mm
Diarneter of Mirar  |213 mim
Target Conic Constant |0

(" Surface Error in Mamometers

{+ wavefront Emar in 'Waves

Wavefront Error in Waves at 550 nm

HEEEEEEEEEEEEEEEEEEEE
R
EEEEEEEEEEEEEEEEEEEE

| HEEEEEN

Angle from X-axis |0 degress

Graph Section through Mirrar Center|

3 4 I oE

Defocus in Waves O

WiewdSelect Zermike Coefficients | Edit Zemike Aweraging List ‘ Cloge ‘

32



Starstone evaluation Il

Cooling after 30 sec. warming with heat gun

7:32:26pm 7:32:54pm 7:33:52pm




Starstone evaluation IV

Corrector used— 5o-mm projection lens

Hubble optics 5-star flashlight 5o to 250 micron
“stars” @11-m
180" — no correction

25" — with correction

34



Peacock Labs |

P B = T = v B R o' S d'u
Fa = -l n ra =

a L (%) -
m M S o

Cold silvering processes
Located in Philly

8 calibrated mirrors to
be coated with their oo S 1]

Mirror Performance

various products

Strehl Ratio 0,931

- r =
in

Best Fit Conic Congstant  -0.633



Other Potential LBT Mirrors

Edmund 24"
parabolic
Aluminum o.04"
flo.25

1.5" central hole
Low reflectivity
(not “precision
polished”)

36



Correctors

Spherical aberration: f/4, f/2, even f/2

One & two spherical lens designs (off-
the- shelf)

Slumped meniscus
Projection lenses with aspherics

37



Dave Rowe’s 1-m, f/4 Corrector

Optimize

Statistics 43777281
Errar 19116 urm

Cureature [1e8
SC 000
Spacing 02
Corrector[0.002

Trace

v Auto Focus
Faolychromatic

EFL 4045.5
D 4.047

Wavelengths (nm)

Red 750
Green |550

Fow [0z Auto Seale 102" per I

Off-axis Angle (deg)

Blue |420

[ Ohject

Distance [1e20
Diarmeter (1000

2 Focal Surface

Radius [1e20 [~ Opt

Spacing |0

| Oet ﬂ Optical Layout

1 Mirrar

Radius |7950
SCo
Diameter (1000

Fit On Sceen|| v Angled
[~ Opt

[~ Opt

Spacing (3700

[~ Opt

2 Lens BKY

Radius 1 [13938
Thickness [
Radius 2 [-zza808
Diameter [75

v Opt
[~ Opt
v Opt

Spacing |1

[~ Opt

3 Lens By

Radius 1 [so.2317
Thickness [~
Radius 2 [aa4438
Diameter [75

v Opt
[ Opt
v Opt

Spacing |269.833

[~ Opt

v Anglel

W fngle:s

=J=kd
Fays |?‘_

o

Offaxis Distance
0

Trans (%) 100
RMS Size 4.004e-4

Optimizer YWeight

e

Dff-axis Angle {deq)
0.05

Offaxis Distance
3546

Trans (%) 100
RMS Size 0.01293
Optirnizer YWeight

—

Off-axis Angle (deg)
0.0715

Offaxis Distance
5 065

Trans (%) 97.79
RMS Size 0.03702

Optimizer YWeight

e
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Tong Liu’s f/4 design on f/2 8"




1-m f/4 BK4

Optimize ‘ Curvature |Te & Trace 5'%%—9 Red |[fa0 nm Foh |02 Auto Scale | 0.799" per :H:
SCloom .
Stats 54/41488 Spacing[00s | [ Auto Focus 0 Green [550 nm | Angle (deg)
Error 25.081 um Corrector[0.002 Palychromatic 516 Blue J420 nm | 0
: | Distance
0 Object - — g
Distance [1e20 I3 Optical Layout E]@ = Trans (%)
Diarneter (1000 100
] RM= Diam
S [~ Opt
S i 0.03611
1 Mirror Weight
Radius [7950 [~ Opt YA
SCIn [~ Opt
. Angle (deg)
Diarneter (1000 g 4
| 005
Spacing |3721.47 [w Opt Distancs
2 Conic Lens =] 4 631
Radius 1 |-37.0143 [+ Opt Trans (%)
=C 1 |0715204 [» Opt 96.0?
Thickness [10.3015 [w Opt RMS Diam
Radius 2 [-42. 2732 v Opt 0.04475
SC2|06eEE19  Jv Opt Weight
Diameter |20 1
Spacing |351.79 [w Opt Angle (deg)
n.o7
2 Focal Surface Di
: Istance
Radius [1e20 [ Opt E 343
Trans (%)
89265
RhS Diarn
0.0654
Weight
1 40




1-m f/4 Plastic

| Curvature | 1e-5

Dptimize

Trace

SC|o.0m
Spacing |0.2
Corrector [0.002

Statistics 0122
Errar 77.051 um

[~ Auto Focus
Faolychromatic

EFL 4706
fiD 4.708

Wavelangths (hm)

Fed |g56.2
Green |57
Blue [4851

FOW |1 Auto Scale

4.38" per :I:':

[l Object

Distance |1ez0
Diarmeter {1000

Spacing |0 [ Opt

1 Mirror

Fadius [7950 [ Opt
SCo [ Opt
Diameter 1000

Spacing [3705.32 v Opt
2 Lens FBH3

Radius 1 |-140 [ Opt
Thickness |20 [ Opt
Radius2 [1e0 [ Opt
Diarneter 150

Spacing [324.624 v Opt
3 Focal Surface

Radius [1e20 [ Opt

HH Optical Layout

Fit On Sceen || W Anglel v Anglel v Angle?

-JOgd

Offaxis Angle (deg)
0

Oft-axis Distance
0

Trans (%) 100
RMS Size 0.06108

Dptimizer Weight

——

Offaxis Angle (deg)
0.05

Oft-axis Distance
4191

Trans (%) 100
RMS Size 0.09321
Dptimizer Weight

T

Oft-axis Angle (deg)
0.1

Off-axis Distance
8385

Trans (%) 100
RMS Size 0.156

Optimizer Weight

T




1-m f/2 Plastic

[ Ohject

28 [1e2
eter 1000 [ 1| W Anglel W Anglel v Ang




1-m f/4 Meniscus

Diameter 1000 it O n|| WV Angel W Angel [ Angle2
Spacing |0 [~ Opt

hlirror

Opt #-—r -",..—I"_—-—

-

o
Opt
Opt

Opt

: /.l._l_s:

Opt

4 Foca

Radius [1e2 Opt




Marginal ray
crosses axis at this

point

Aspherics

@ 02
Normal Projection
1f=1/D1+1/D2,

D1 and D2 both positive, D2 is large

Olives is out-of-

date

Projection lenses
Movie
LCD ~f/2 | I
Rear Proj. TV ~f/1 Y,

CCD @ D1

I
f
I
I
LCD [E o1 Soreen
I
I
I
I
I
I
I
I
I
I
I
I
I
I

From
- fast
FIOLE R N mirroe

Telescope
1 =1/D1 + 1/D2, D2 negative



Gaussian Kernel |

Above : Russ’s 1-m
flz. wino
correction

Moon image from
web

5ox50 Gaussian
Kernel applied to

approximate f/4

With 4£x reduction
expected from
Tong Liu’s
corrector design



Gaussian Kernel Il

Albirio pair — 35" apart
Middle and right images correspond to the lunar
ones on the previous slide.




Deformable Mirrors |

Goals

Active, not adaptive, correction for LBTs
Low-cost & replicable

Explore relationship between prediction and
experiment

Current State

Deformable Newtonian secondary 45°
40 actuators
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Deformable Mirrors Il

Controller

Data 0-5v
*
20

CKO
CvA, Board

r

oKD Piezo
AMP Transducers

Micro

Chameleon

L 4 L 4

FYYYY¥©

s

Addressas

High Vaoltage Ingput
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Deformable Mirrors Il

Re-used old
ISA OKO
boards

USB

uChameleon
ooHz update
rate
4,0-channel
0-200v Out




Deformable Mirrors IV

R1, 47k 1%

R2, 2.7k 1%

R3, 270k 1%

. 1 R4, 27M 1%

HV amp. O'3V |n, O' R5, 47k 1%
REG, 47 1%

200V out T1" MPSAL) NPN (300v)
IC1, LM348
ooHz update rate
MPSA42 @ $0.05ea. | L

e
{0 our

Qty. 2k o e
. "\

x40




Deformable MirrorsV ‘ /.

Zernike orthonormal
functions
Closed loop

Wavefront sampling

Active correction
O | {\. e ,-{',‘ r-é ‘\ ~ ..n
peN 100p . 7, 7,
Minimize PSF (simulated Y
annealing) . 5 . -
Lookup table T a
Zs Zs WLy



Deformable Mirrors VI

Control Software

User Inferface

Corhg File

_Fr"rf T

clsPresed

'

Message Send
Funclions

S

Fiezo-
Transducers

S

¥ Deformable Mirror Control Interface POC

PTD 1 = 255
PTD 2 = 255
PTD 3 = 255
PTD 4 PTD 4 = 255
PTD 5 PTD 3 PTD 5 = 255
PTD 6 = 255
O O O
FTD & = 255
PTD 9 = 255
PTD 6 FTD 1 FTD 2
PTD 7 O PTD 9
FTD 8

—voltage Level
|

2

= | e |

Create Preset | Load Preset l All Stop |
Scan Devices | Connected to device :  SL4LOATY

Buzzer | Lights I
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Instrumentation
Area and diaphragm detectors
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Fast Detectors

Requirements
Low noise, high sensitivity
300Hz BW & up

Affordable/replicable
Fast Area

CCD & CMOS
Binning/Region of interest processing

GigE interface
Fast diaphragm-limiting photometry

Silicone, InGaAs, PMT
High Time Resolution Astronomy (future)
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Detectors — Fast Area

Brand/products
SuperCircuits 164CEX-2 (CCD)
Opticstar PL-131 (CMOYS)

JAI/Pulnix TM-6740GE (Kodak KAI-
0340 CCD, GigE)

Many others: Cook Corp, MallinCam,
Vision Research, Point Grey, Dalsa,
Optronics, Xenics, Allied Vision Tech, Photon
Focus, Qimaging, DRS Data & Imaging,
Imperex, Prosilica, Watec (Wat-9o2H2
Ultimate), Lumenera (SKYnyx2-2), Astrovid
(Stellacam)




Diaphragm-limiting

Current state

skHz BW
transimpedance
amplifier

Visible (Si) Diodes (IRD
UVG100, Optec SSP-3)
Visible (PMT) (Optec
SSP-5A)

Port of FCO PBPHOT
software underway
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High Speed Electrometer |

e s 2 - ¢ —




High-Speed Electrometer ||

| R D Gravic Electrometer
Septem:v..azr T, 2009
detector

Ug--the-air o A
5 k Z BW A ™ "'_'\\::'\-'\'—
=
“Q
Wiy

Also
added
overload
circuilt




Electrometer parts

R1 — has to be modest to maintain BW

PARTS LIST
Resistor Walue (ohms] Capacitor Value (Farads) Op Amp Value Battery Value [volts) Diode Value
R1 5G, 1% Cl du IC1 LMCB0EL Bl b ol LED - 10mA
R2 5k, 1% c2 du IC2 OPABZ1 B2 b o2 FEMER - 9w
R3 5k, 1% 3 du IC3 OPABZ1
R4 50k, 1% 4 du
R5 500k, 1% 5 Au
RB& 5M, 1% Ch 3u
R? 50M, 1% 7 3u
RB8 100, 5% 8 Au
R9 50k, 5% 9 du
R10 S0k, 5% Cf R1/Detector specific-see LMCB0EL spec.
R11 100K, 5%
R12 10k, 5%
R13 10k, 5%
R14 50, 5%
R15 300, 1%
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Future HTRA experiments

Three 12-cell
Hamamatsu
R1463P PMTs
LeCroy 6100A
samples at
10GS/s
NVIDEA CUDA
GPU for photon
correlation
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Future experiments

Oriel M125
Spectrograph (2/8 m)




Contact & More Information

Bruce D. Holenstein

bholenstem{@gravic.com

More details see:

2010 Lightweight Alt-Az Telescope Developments, ed. R. Genet,
(Payson, AZ: Collins Foundation Press)

2011 (scheduled) Light Bucket Astronomy
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