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oku University and R
ama

Adap tics Tomogra orkshop

reconst

(\

Yoshito Ono (Ph.D.gf ubaru Observatory ),

25t-26™ March 2014
@UK Astronomy Technology Centre Royal Observatory, Edinburgh

TOHOKU

UNTVERSITY



TOHOKU

UNTVERSITY



MOAQO is a system Wh/
resolution observati
Field of Regard (Fo h
\ 4
rfu

MOAO will be a pa
studies of high-reds

the FoR as wide as 10’ is required to
multiple high-redshift galaxies in the FoR.

We are trying to enla[e FOHto I( U
with new tomographi@ recomsificti tho

without increasing the numbﬂ@ﬁ%imgasy 'v@rsr? ,
52 VI Re head®) 1
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Introduction : Limi}af oAl toms

. (18
,t’L

% Enlarging the FoR is fbssilale by increasi GS
LGS configuration

[ : [
¢ Larger LGS confi L’i On @gake uncertainty o

tomographic redpistruditMarger, because we cofilie® € ce

get sufficient inf ionf@\atospheric turbulence v
from limited nu id@stars.

Mhe size of

Y

[~
I\

‘/vv\/'/"\rv—'\/

Telescope
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Introduction : Limi}af o, - IR

//-&_"-’?\

OGLQE

Y r A

\/
0’0

\/
0’0

4

L4

L)

4

L 4

L)

4

L 4

L)

Enlarging the FoR is Ossilale by increasit Mhe size of

S
LGS configuration.
Larger LGS confi 10N gake uncertainty o

BN & &

{
ilence
' By

tomographic re trud@i®larger, because we cq | o —
get sufficient inf ionf@N\Otmospheric turbulence
from limited nu id@stars.

L™

ure, some regions are un-

cause they are coveri‘ /V\/\/‘/\'\f\/’"\/

Telescope

In the case of the ri
sensed or less-sensex
no LGS or only one LGS.

These regions cause a significant

even if using noise-free WFSs and perfect knowledge WES 0 D %
of the C 2 profile.

This error limits the IoR sQesHenQ K U

less-sensed regions increase gs ﬁ? atlon

increases. MRSJV‘TSV >
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Introduction : Idea /of ‘

* In order to overcom tation, IS ' GS
using measureme ous tim * ik
knowledge of win d direction P
turbulence layer{ dp lenc
s Itis assumed that ag@tm ic layer shifts by ‘
5

wind with keeping t rb®lence structure
within a short timescgi It’s called “frozen flow”.

&

» If wind profiles are c}\/
sensed and less-sensed r
measurements at previous tr

a tomographic error.

D)

L)

Telescope

AR
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P G L
Method : New tom}g ‘c S A;\ |

s The equation betwe e easuremets and turbulen'
phases at current tj oD % l

is writt®

s(t) = CT'r‘qb(t) WL (1)

phase-to-slope

Y<

Pa

WFS measurements eng@phases measurement
Sl(t) ¢a(t) nl(t)
s(t) = | s2(t) t)= | ¢u(t) n(t) = |n2(t)
ss(t) @ o0 0

¢ In my method, we also c
measurements at previous tF
turbulence phases using informati

s(t — At) G’qb(t (t ----(2)
influence Matrix between c rent‘ an Nm‘U

s Wind profiles are necessary to calculate G,

UNIVERSITY :



s Considering equatiof

[s(ts—(t)m)} :(

s Derive @(t) with
equation (4) with

‘
) “~

measurements noise atmo,

N

([6)7G] +0Cy" ) ot

I
TOHOKU
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s Wind speeds and di
method.

rf .

s We construct a
tomographic rec
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Method : Wind Estip at 3 CS

e of eagl/ogr feam classi Qgraphic estimation. We
consider regions witl A ight path D d8@w e PO ynbéertainty associated
with the tomogra g iie rE@BOMSeruction outsid ST LaSullt) hiagath.

¢ P is a matrix whi¢ginextra avefront within SPGSldibath

turbulence phase& d ca p slope maps from é ote dgility e t.
n O ASES

* We extract turbulencé

reconstructed

reconstructed turbule F
Saga TS within 1-st LGS light path

' §1a — Plaqga, /

~

Pa

Sla

UNTVERSITY 1




Method : Wind ESW

s We calculate auto-c e maps and average

the correlation ma/)

Auto Corr

V

Temporal CoA{el

«* We deconvolve the\€“ ral-correlation with the auto-cor,
-y F[Tia

2-Dimensional Dec\ ution Dyo(At) = F1
\

r 4

s We calculate the peak positiofEciith el ééonvo dO0AMUN o center of gravity, and
estimate wind speeds and direelioMs ffom shifts of géfrelation peaks and At.
At =0.1s

At =0,

d[m]

o KS] UW/S]
temporal-corre/atit’ mapMecor'olutln

UNTVERSITY .
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0.0

>

urbulence and wind model

30

30m CerU/Gr apertu 09k Atmospt;eric Tulrbulencel ModeIIIZI
= = ] P Wind Model === { 25
ro - 0-156m, LO - % 08} //, \\\
: 0Tt \ iy
wind model from 8 J \ {208
206 / \ B}
8 Na LGS, 2 cor” €05 / \ 158
u; 0.4 /// \\\ >
V4 . -g
* 5% config € oaf ]/ \\ 1108
e 10’ configur £ 02 DT 5
“lhn O I
Shack Hartmann oo, 11, [1 . . 0

5 7.5 10 1é.5 i5 175 20
?tude from Telescope Tkm1
X 11 pixels / subaperture‘ Gdide stars configuration

* read out noise =5 cou I P N

e 60 X60 subap
» pixel scale 0. 7&‘
e 700 counts / subap

s, subaperture size = 0.5m

DM segment size = 0.5m
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Simulation Setup /\6‘

There are som

£

X Turbulencea fil

s Wind spee
s 100% frozen f rbulences.

s There is no time

TOHOKU

UNTVERSITY
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Simulation Results :

s Wind estimation is p ' , ulated WFS’s data.

s Correlation map

At = 000 ms

s The error of the esti sh/ft of turbulence layers for O e t wind estimation

errors are less than m at all altitude.

(2| note that this is id ‘he/gﬂts of m rs are given.)
_-------

C,2 fraction (%)

Shifts of turbulence layers for

0.1s due to given wind (m) 0.78 0.87 0.97 1.24 1.9 2.42 0.58

Error of the estimated shifts
of turbulence layers for 0.1s
due to wind estimate error

(m)

0.02 0.02 0.03 0.02 0.09 0.23 0.13



Simulation Results :

¢ Right figure shows re
in a FoR after MOA

«* The red and blue l/
indicate the result

s As the LGS configurat

WFE at outside ofthego "
but inside WFE becomes larger 7 5100 125 150 175 200 225 250 275 300

un- and less-sensed regions increese Pistance from the center of FoR larcsec]

Red : Classical method for 5’ LGS configuration
Blue : Classical method for 10’@ configuration

TOHOKU
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Simulation Results :

/

¢ This green line shows
reconstruction result f

configurations with
wind profiles. /‘\

s We use measurement
new tomographic reéon

=

tion.

** Outside WFE decrease
WEE since un- and less- se
filled with previous measurerne

keeping inside

@ 100 125 150 175 200 225 250 275 300

Pistance from the center of FoR larcsec]

Red : Classical method for 5’ LGS configuration
Blue : Classical method for 10’@ configuration
Green : New method with perfect knowledge of wind

T O I I OprckrIUﬁguration

UNTVERSITY
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Simulation Results :

s Magenta line shows
result for 10°@ confi j

distance

estimated wind profjlé&
s Even if | use est/m
WFE profile is sam a _ gt
perfect information les. """ e

“* In this case, the effect lnd estimation LT L
200 o R L E R PP TS EP PP LR PR PP R PR g

error for the reconstructi ' :
0 \ ’f’/’/ L

& 100 125 150 175 200 225 250 275 300
» |stance from the center of FoR [larcsec]

Red : Classical method for 5’ LGS configuration
Blue : Classical method for 10’@ configuration
Green : New method with perfect knowledge of wind

ri (p cafiguration
I O H . h estimated wind information for

UNIVERSITY 0



s The right figure show/ 2%k = oy in o 50mas aperture
profiles in a 50mas ———

s The profiles are s <
in the previous sli A ¥ T\ \Uh—N l
2
Wl 30k N . SO\
s At outside of a FoR,\en d energies %
with the new metho -3times largers 207 M T SO 1
than the encircled en with classical “ | . W& / > -
method. . -

00 125 150 175 200 225 250 275 300

% From this result, | think that I ca tance from the center of FoR [larcsecl

FoR Of MOAO with the new reconstruction : Classical method for 5’¢ LGS configuration
Blue : Classical method for 10’@ configuration

method. Green : New method with perfect knowledge of wind

profies 1 cogffiguration
I O H : meth@ willh estimated wind information for
1 on n

UNTVERSITY 2
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Discussion : Effect ,/,«

X4

L)

*

o0

It is assumed that tup@ute
this simulation.

In fact, we shou Jtk turbulence profiles

example, SLODA&\

We are trying to mation of turbulence p

The error of turbule
affect wind estimati
reconstructions.

rofile estimation may
d tomographic

We will evaluate the new reconstructi
including the estimation error of turbulence profiles.

TOHOK

UNTVERSITY

> profiles, a@h®spheric layer Geigh

N0 N EscABO A/ ence profiles
T r A\\ P f

gra

AR.

LODAR s:mulatlon

s and C, 2, are given in

econstructions (for

02 1-2, 04 14
0-11

8 10
Altitude [km]

23




m.\
Discussion : Effect }f »i '

C,2 fraction (%) 59.

Shifts of turbulence layers for
0.1s due to given wind (m)

Error of the estimated shifts
of turbulence layers for 0.1s
due to wind estimate error

(m)

0.78 0.87 0.97 1.24 1.9 2.42 0.58

0.02 0.02 0.03 0.02 0.09 0.23 0.13

&) 6/
ors of estimated shift o s for 0.1s due to wind

gment size.

* In this simulation, the\ le

estimation error are sm

** Since the WFE caused by this errords_correspond fitting error which is smaller than
tomographic error, the wind estimation errors don’t affect the result of reconstruction.

TOHOKU

UNIVERSITY 8



//-&_"-’?\

/4
Discussion : Effects/@f 7 iqti@ s nce

** Guesalaga et al. 201# s} he peakof ckoss-correlatiofOIAVES measurements

U-807 for 0.1 Tses. 80 s tu
Qo \eHror |
OVAQO

become weaker up

time. A
** This decay of co

’nce'structure vary with

7/}

0 X . , ) Uaga etal. 2014

0 02 04 06 08 1

tio

makes wind esti ar

s Time variation of, trbulen

WFE of the new rec

ucture breaks froze and make residual

ctige™ethod larger.

Wind speed = 21.3m/s
Wind direction = 227.7°

08} m = -3.26 5! 1

decay ratio
o
(a2 ]

time, s 25
W 1Y POV dkeVERhead1E B 1



—
e =0~
mi gtig ofiles

Discussion : Effects/@f /. o R

/

** Poyneer et al. 2009
0.5m/s at Mauna

3at the RIS 5 change of wi

deds for 10s is around

R/

% The error of the
smaller than 0.

variation is much
ulation.

a/fts of turbulence
Isskror doesn’t affect t

and

dullesto th :
Ofathis Si
&=
\

Y
Cew o8
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Summary :

% | construct a ne
and measure S
A
s | also constr e
% | performed
method.

d of wind estima

tion of wind estimai fW reconstruction

5’ from the center of the FOR b mpre than 30% with the

rbulence profiles are p

% Encircled energi
new method wh

¢ Increasing a FoR of M
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Future works :

Simulation

% | will also simulatesa
reconstructlon

On-sky test

eerfing observation with RA

s Using the on-sk data from RAVEN, | will try to

e estimate tur%
e estimate win '
* investigate time vari ind profiles,

* evaluate the effective

s Apply the new method for real-time system of RAVEN.
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