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Small-scale dynamo. Mixed polarity fields are “generated” in intergranular lanes. A movie
showing the evolution of these fields (http://flash.uchicago.edu/~mhd) demonstrates how field
lines get twisted and tangled by vortex motions. This important detail (left) is lost when the
resolution is reduced to what can currently be achieved with the best high resolution
telescopes and adaptive optics (courtesy of F. Cattaneo ).
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Atmospheric perturbations
cause distorted wavefronts
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Atmospheric turbulence is layered
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— I, “Fried’s parameter”

Primary mirror of telescope

e “Coherence Length” r, : distance over which optical
phase distortion has mean square value of 1 rad?
(ro ~ 15 - 30 cm at good observing sites)

e Easy to remember: ry=10 cm < FWHM = 1 arc sec
at A = 0.5um




AO produces point spread functions
with a “core” and “halo”

Definition of ““Strehl”:
Ratio of peak intensity to
that of ““perfect” optical

system
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e When AO system performs well, more energy in core

e When AO system is stressed (poor seeing), halo contains larger
fraction of energy (diameter ~ r)

e Ratio between core and halo varies during night and in particular
during the day




Expression for isoplanatic angle 6,

O
e Strehl = 0.38 at 8= 6,

g, is isoplanatic angle

3/5

9, =|2.914 k*(sec£)®"® T dz C:(2) z°"

0

g, is weighted by high-altitude turbulence
(25/3)

e |If turbulence is only at low altitude,

overlap is very high.

_ _ Common
e |If there is strong turbulence at high Path

altitude, not much is in common path




Isoplanatic angle, continued

 Isoplanatic angle 6, is weighted by z%3C?(2)

e Simpler way to remember 6,

_ (I dz z°"°C} (Z)T/5

g,=0.314 cosg’(%] where h

‘ dz C: (2)

N A

Hardy § 3.7.2




Quantity

Scaling

2.6/5

2.6/5

2.6/5

7;1/5

7»12/5

};12/5

ry, — Related Parameters

Name

Fried parameter
(coherence diameter)

coherence time

Isoplanatic angle

Image diameter

no. of actuators, D=4m

uncorrected Strehl ratio

Value Value
(at 0.5 um) (at 2.2 pm)
20 cm 120 cm
20 ms 120 ms
4" 24"
0.50" 0.38"

400 12

2.5x1073 0.08
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Adaptive Optics for the ATST
Visible (500nm)

High Strehl Requirement leads to large number
of DoFs
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Adaptive Optics for the ATST
NIR (1.6 p)

High Strehls are fairly easy to achieve!
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-conjugate AO concept
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Credit: Rigaut, MCAO for Dummies




+ Guide Stars

Each WES looks at one star

Global Reconstruction
igh Altitude Layer

n GS, n WFS, m DMs

1 Real Time Controller
Ground Layer

The correction applied at » Telescope
each DM is computed using
all the input data.

Credit: N. Devaney




h field points

Similar to MCAO WEFS approach and implementation!! 21 46532166



Y —
b 4

o Vv

€«

~Nso

"-

Reardon(2006)

E&£400nmESS50NmMT
DERNBADKES

(arcsec). LaPalma

JEFEA400nmMESS0NMAYR!) Y
MR (0.11arcsec)IZBE % -

DOY

i!'i :"\:hl:l'l-'!'_ Fooc a1l aleeme o

TULAEFR (5) . AUy k&
[, LaPalma

IEAE]

5
7 8 9 10 11 12 13 14 15 16 17 18 19

Time (UTC)

Figure AL Magnitude of the atmospheric dispersion, in arcseconds. at La Palma for the Sun between
wavelengths of 400 and 850 nm. For each day of the year, shown on the vertical axis, the dispersion
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Figure A, The duration in minutes for which specira obtained at two different wavelengths will
remain aligned within one shit width, The shit is initially oriented perpendicular to the horizon bt
the image is rofated during the scan o maintain a constant orientation with respect to the celestial
coordinates, The figure is calculated for observations obtained at La Palma at 400 and 850 nm and
with a slit widih of 0,117, a width typical of present ohservations (see e.g., 7).
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Big Bear NST (New Solar Telescope)
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BBSO News

Dec 18, 2009: First NST Flare has been Caught on Camera by John Varsik!
Dec 18, 2009: AGU Session SH53B on NST First Light and Results

Dec 12, 2009: Ichimoto, K. (Kyoto Univ) and Suematsu, Y. (ISAS) Visiting BBSO




Secondary "tower”
Solar guider

Sunshade

Tubes for moving
counterweights

Central "box"

arcsec

Polar axis

Rockwell IR camera

Declination drive arm
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Nasmyth bench foged
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NST D 431K

1.6 m clear aperture. /2.4 primary mirror (M1)
83.2m effective focal length (f/52 at Gregorian focus). Plate scale 2.48 arcsec/mm
- Off-axis Gregorian configuration, Telescope optics (PM,SM) made of Zerodur.
Figuring of primary mirror (PM) to 16nm r.m.s.. 10-15A finishing of PM
-Secondary figured to 20nm accuracy and has protected silver coating.
-Open telescope structure with equatorial mount and new, ventilated dome
-Real-time systems for maintaining telescope alignment
- Computer controlled pointing and tracking
- Active optics
- Adaptive optics
- Multiple focus locations that serve a variety of focal-plane instrumentation
-2 arcmin FOV in Gregory-Coudé focus
-Wavelength range from 0.39-1.6um with AO
- All wavelengths > 0.39um also at Nasmyth focus with tip/tilt but without AO
- Diffraction limited resolution of 0.06" at 500nm and 0.2" at 1,565nm (with adaptive
optics)
Temperature monitoring at many points on the telescope



Telescope Requirements

Aperture: 4 m

Resolution: diffraction limited:
- within isoplanatic patch (conventional AO)
- over ~2 arcmin using MCAO (upgrade)

Adaptive Optics: Strehl ratio: >0.3 , goal of S> 0.6
during good seeing

FOV: 3 arcmin (goal 5 arcmin)

Wavelength Coverage: 300 nm - 28 micron

Polarization Accuracy: 10 (low instrumental polarization)

Polarization Sensitivity: limited by photon statistics down to 10-°

Low Scattered Light: e.g. sunspots: 1% of surrounding photosphere
Corona: < 10° at R=1.1R®; A=1u

Coronagraph: in the NIR and IR

Flexibility: e.g., Combine various post-focus instruments

Adaptability: e.g., try out new ideas, bring your own
iInstrument




Telescope Overview
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NIRSP: Near-lnfrared Spectropolarimeter
VEI: Visible Proadband Imager

VISP: Visible Spectro-Polarimeter

VTF: Visible Tunable Filter

WFS: Wavefront System —
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