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Rapid Rotators

B3V ASIV A7V ATV F21V

Regulus Rasalhague Altair Alderamin B Cas

\QS‘ NS . o ' rvatoire Australian ZWRIAKYOTO  —N\UNIVERSITY OF

reorolaState NS o b NOIR U M ( dbservatoi THE UNIVERSITY OF ustratian 5 KYOTO

“ﬁiﬁlﬁ?ﬁ’.}i A@rr ‘ “QLab | vatoire |- LESIA : Qa CXnsghatolre ary SYDNEY National Z SANGYO EXETER
o T Y MICHIGAN

IIIIIIIIII




The CHARA Science Meeting 2023

2006-09-01 2006-09-01 2006-08-31 2006-09-01 2006-08-31 2006-08-31
07:17:08 UT  07:45:35 UT 07:57:41 UT 08:20:02 UT 08:38:38 UT 08:58:36 UT 07:17:08 UT  07:45:33 UT  07:57:51 UT  08:20:07 UT 08:35:45 UT 08:58:37 UT

0.008 o g e e e B e e B T 7 ‘
0.006 # ‘f‘ {. f. ? fi
= / I [ / /
: 0.004 Ry / / / % / f
s 0002 5‘;‘_ i | i % |‘
" 0000 ihi“ll Q'*‘M.’ iéi"'é é‘t"j} ! i% -100 / 4 / / fl l’
8% , / , / |
B.8% f / | .
- 0.016 ke m“ ..,Q’. “(i '(* #
© g
c i 0.014
é gco'z f *588%11*11::1""*
g - ‘.
g S 100 y‘
T R . |
£ . 0.0020 fﬁ *I ;E}J . I‘]
=] & o.001s ol |
pza & | / S |
% onoio \
_-;25 0.0005 }w —100
0.0000 - T LTl
F e S2-W1 ] —0.0q93 ~488
300« S2-W2 CHARA UV Coverage -
::\égv\\%Z e gou 100
E - LT A N E =0
200 - E2.w2 - ] g ,r!’rﬁ ;ﬁﬁ 5
g //I »* J\\\ ; "o w’!” M o Yff gj':_, 0
— 100 2 ﬁ]’]/‘I‘ y E o8 il 56
©® ] 0.6
E o // ,' ] 0.014 @q] % -100
= . s 7 L
5 ;- il : b i
0 o 3 ¢
3 ) R ] 0.004 ~150
T 9 %
'200’ \\‘~-_f‘_“_—’/’ * _ oos g‘l o
E zo.os o m‘“
-300 _ E g oo —170 i:q.! ﬂ¥¥ Hii
O O O O N O S R I . 0.02 @@g;q: Eﬂ@e}% 4
300 200 100 O -100-200 -300 0.00 2 wn -180

L L L L L L L L L L L L L L L L L
1.470 1.545 1,620 1,695 1.470 1.545 1,620 1,695 1,470 1,545 1,620 1,695 1.470 1.545 1,620 1,695 1.470 1.545 1.620 1,695 1.470 1.545 1,620 1.695 1.470 1.545 1.620 1.695 1,470 1.545 1.620 1.695 1.470 1.545 1.620 1.635 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695 1.470 1.545 1.620 1.695

EaSt (m) Wavelength () Wowelength (mu)

Monnier et al. 2007
m THE UNIVERSITY OF | -] Australi KYOTO UNIVERSITY OF
ka) Obs%TEdAZUR SYDNEY = Ng_iiggz;_fn SANGYO E ETER 5

Introduction to Imaging Y b
Pt g vatowe LESIA
b =7 University UNIVERSITY

de Paris

GeorgaState
Stellar Surfaces Un%msm

UNIVERSITY OF
MICHIGAN

s




The CHARA Science Meeting 2023

Interactmg Binaries

B Lyrae

3 mas
Zhao et al. 2008

Introduction to Imaging \QS, . : . = [ Australian KYOTO UNIVERSITY OF
GeorglaState vatoire - LESIA Q) Qetlzsgrvgtmre §ad| TiEunvERSITYOF 14\\‘} Napoa SANGYO 6
Stellar Surfaces Uf%‘mlt}’ e s T $0 o SYDNEY & University UNIVERSITY EXETER




The CHARA Science Meeting 2023

Interactmg Binaries

Algol

9 mas Baron et al. 2012
\KS’ v NO|R . ) . Australian KYOTO UNIVERSITY OF
GeorgiaState > | 2 Il. vatoire LESIA ( ) (?et‘zscer;\!eggbr'ae xad| THE UNIVERSITY OF 1 @
(L(Jn”'&r%“% g Tpmhkab @ e ﬁ Qa ) SYDNEY Ugit\LZ?Silty ONIVERSITY EXETER




The CHARA Science Meeting 2023

12Aug09a 12Aug09b 12Aug09c 12Aug09d 12Aug09e
40 T T T T T T T T T T T T T T T T T T T T T T T
1_0 =, T T T T T T T T T T T st = o g
_ 12Aug09a e 5 722:'.”6 """ & 3 oo o ®oe {7y G
! 12Aug09be |1 & co o - | i °*
- —ae 12 Aug 09 C - ©om -60F [ ® L » L ] i o ®
i 12Aug 09d [ ~sof - - }
P R mm————— ,
22' "*
1 ** ........................... Frger e g s
oz
o | 81 -20f5 3 * * *
B i el R ST *
2 By ¥ & * * x* %
= == -60} b - 1 1 &
0 _ -80f E F ] +
2 198
-8 ) 20} L A & &
P T O ko b b
g . & N a % 2 = A
- -40F F
- E‘{o ; -
ol == g9 ; : ;
: bl R g
0.2\ gt I = o - '
3 h ﬁ - I i BT g . e - R e e e
- S SR L 7 88 EE R F
= L) !I é —ii_i% 5 — o -20 ¥ ¥ ¥ x h 4
B I; =¥ %l—g#}? ‘ I E E 7 2
00 1 1 | 1 1 I \ 1 L ** ; 1 -401‘50 1.55 1.60 1;35 170 1.7650 1.55 ulso 1,;35 1,‘70 wmgo !,l55 I,;i(] 1.65 1.70 1.7650 1.55 1.60 1.65 1.70 1?5‘50 1.55 1.60 1.65 1.70 1.75

Wavelength (um) Wovelength (um) Wovelength (um) Wavelength (um) Wavelength (um)

50 100 150 200
Baseline [10° 1]

Baron et al. 2012

_ . - '.:‘ Aus_tralian KYOTO UNIVERSITY OF
Qa) Qbservatoire SYDNEY == National SANGYO EXETER 8

=7 University UNIVERSITY

Introduction to Imaging \QS’ B, "(
GeorglaState

vatowe ~LESIA
Stellar Surfaces UrmerSIty

de Paris

UNIVERSITY OF
MICHIGAN




The CHARA Science Meeting 2023

~UT2009Dec03 " UT2010Feb18

= e - —

-|.|‘-.

Kloppenborg et al.

\KS’ Gl ,'1_;.‘“". NOIR . L . Australian 2 P ‘ KYOTO = (\UNIVERSITY OF
GeorgiaState WS | # I'®, vatoire - LESIA ‘ ) QRSCEE‘E@E‘Q!FE SYDNEY National 40 SANGYO
University @f ‘ . Lab te Fers Qa ° o) SYDNEY University UNIVERSITY EXETER




The CHARA Science Meeting 2023

€ Aur NS
ET CO TNl Gl 5F G L7 W B 50 0 Rt T i | T T T TR E T T G 1 T il ERTR 1.000
200f 2009 November - 2009 December 1
S 100¢ - 18 0.100
g8 : .
=) - ;
s 0 3 ;
© - f
£ 8 B g
'U - - -
= C C i 0.010
8 -100F F .
© r ¥ i
=) C 3
200 - :
5 N PR Liviiaaia, Lot iiaiiis L iviiins Leood 0.001
200 100 0 -100 -200 200 100 0 -100 -200
V coordinate (10° radians™) V coordinate (10° radians™)
Kloppenborg et al.
2010 S
Introduction to Imaging Wy . » Ybservatoire [ED] e vensivor ] Australian KYOTO UNIVERSITY OF
Stellar Surfaces Gﬁ%ﬁ%ﬁ ‘Rhore Les RS Qa) Ry SYDNEY % ”2&2?;% UNIVERSITY EXETER




The CHARA Science Meeting 2023

DEC (mas)

-20 0
RA (mas)

$»

GeorgiaState
Unive rsm‘

20

Unconvolved Source Image

ﬂﬁ

1.0 1.0

0.8 0.8
m

0.6 ‘E“ 0.6

0.4 b 0.4
[a)

0.2 0.2

0.0 0.0

-4 -2 0 2 4
RA (mas)

Scaled down, convolved Source
Image

NOIR I’.@vatowe LESIA M &(}» Observatoire SUDNEY

UNIVERSITY OF
MICHIGAN

DEC (mas)

RA (mas)

Best fitting reconstruction

Norris et al. 2021
l' UNIVERSITY OF
Nebonar ihevo  EXETER

University UNIVERSITY

11



AZ Cyg

Supergiants

4 1.0
2 0.8 2 0.8
E o 0.6 E . 0.6
] 04 § 0.4
[a] (a]
3 0.2 =3 0.2
-4 0.0 -4 0.0
-4 -2 1] 2 4 -4 -2 0 2 4
RA (mas) RA (mas)
AZ Cyg (OITOOLS.jl) 2011  AZ Cyg (OITOOLS.jl) 2014
1.0 4 1.0
0.8 2 0.8
E 0.6 E " 0.6
] 0.4 b 0.4
o o
0.2 =2 0.2
0.0 -4 0.0
-4 -2 0 2 4
RA (mas) RA (mas)
AZCyg (SQUEEZE) 2011 AZCyg (SQUEEZE) 2014
G (L(Jn on:)t)wg i NOIR I’.@vatou‘e LESIA

The CHARA Science Meeting 2023

UNIVERSITY OF
MICHIGAN

1.0 a 1.0
0.8 . 0.8
E 0.6 g . 0.6
o 04 g 0.4
(=] fa]
0.2 o 0.2
. . 0.0 -4 0.0
-4 -2 0 2 a -4 -2 0 2 a
RA (mas) RA (mas)
AZ Cyg (OITOOLS.jl) 2015 AZ Cyg (OITOOLS ]l) 2016
a 1.0 a 28
2 05 § 0.8
E. . 0.6 E . 0.6
8 & 04 Y 0.4
o a
-2 0.2 -2 0.2
-a 0.0 -4 0.0
-4 -2 0 2 4
RA (mas) RA (mas)
AZ Cyg (SQUEEZE) 2015 AZ Cyg (SQUEEZE) 2016
r ()bseor;\!aggl!;e % THE UNIVERSITY OF Aus_tralian
©) SYDNEY = National

KYOTO
SANGYO
UNIVERSITY

Norris et al. 2021

EXETER




The CHARA Science Meeting 2023

e et e 109+
moliUEE T8e Jem goms = 300
. Sl . s2- B ’ W 4
S1-E1 S2-E2 W1-E2 % 10_1 \ -
200 { E g 200
3 34 g10°2 \ . > g
100 a " -S 100+
_ 21073 \ g @ 3 |
E 0 "t - A - E ? b 2 % .’
> 1 @ 10-0 2 -
> ® —100- 4
-100- E . 2
PR | 5 107° ¥ 2 _200-
-200— g- v
Pl -300-
-300-| ] | | | | | ! I ! | . ! . . | 1 |
0 25 50 75 100 125 150 175 200 60 80 100 120 140 160 180 200
3b0 200 1|00 6 160 200 360
51 , 151
1.0
4
0.8 101
3 g I ¢ 7
: - 5«
£ > 52 § =z 5
n . wn
g 0.4 ry R : e s 5
w 1 S . * 0 G
° § ;o 2 3 g &
0.2 3 o0 3 - gl 3
0 1] . 0 _5‘ s Fl
o i 0
0.0 -1 . <
X -101
RA (mas) -21 : o o
-3 : , : : : * , , 15l : ; , : ; : ;
o 25 50 75 100 125 150 175 200 60 80 100 120 140 160 180 200
AZ Cyg (SQUEEZE) 2011 Baseline (MA) Baseline (MA)
AZ Cyg 2011 Squared Visibilities AZ Cyg 2011 Closure Phases
Norris et al. 2021

$»

GeorglaStatt‘

vatoire LESIA
versity. d

e Paris UNIVERSITY OF
MICHIGAN

P % meosvesyor | o Australian KYOTO UNIVERSITY OF
Qa) Chsgtvatolre i SYUDNSESO{ == National SANGYO EXETER 13
| %]

=7 University UNIVERSITY




The CHARA Science Meeting 2023

Starspots - Snapshot Imaging
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Squared Visibility Amplitude Data
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The benefit of long baselines
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A Journey Through the Process
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. Let’s start by using SQUEEZE
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A Journey Through the Process
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A Journey Through the Process
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A Journey Through the Process

. Let’s try Total Variation . Let’s try the “uniform disk”

— Hyperparameter 15000 regU|arizer
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. Let’stryinincreasing 10
resolution to 0.3 on 64x64
and 6000 elements 0.8

— Hyperparameter 2500
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. Okay, let’s get a model to

start with

Model - diameter = 3.82%3-38

A
OO R

Model - diameter
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UNIVERSITY OF
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Squared Visibility Amplitudes - Model vs data plot
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4.25 mas uniform disk

1.0
— Starting image but not constrained
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. Initial image matters . 6 mas disk

— 3 mas disk
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. Using just prior image (no
starting, tries to match
input)
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. Initial image and

total variation (over Lo
regularized) 0 y
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A Journey Through the Process

. Initial image and

total variation (over Lo
regularized) 0 y
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DEC (mas)

Choosing the Best Regularizer(s)

Make a simulated observation ReCOOSTrU.CT for a VOrieTY of
using existing data and a combinations of regularizers

source image and hyperparameters
(https://github.com/fabienbaron/OITOOLS.jl)
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Choosing the Best Regularizer(s)

Gomes et al. 2017 found
the |, -norm to be the best
metric for assessing quality

v
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Compare the stack of reconstructions to the
source image convolved to reconstruction
resolution using some metric
and find best fitting reconstruction
. o q MR i aie s D e B sypiey = Aokona” Sivevo ‘EXETER

University University




EC-rrras)

—

1.5

1.0

05

0.0

-0.5

-1.0

-15

-1.5 -1.0 -0.5 0.0 0.5 1.0 1.5
RA (mas)

Reconstruct with the

same parameters as
your image and

compare
$»

GeorgiaState
gastate
University.

The CHARA Science Meeting 2023

Veritying Features

Make a simulated
observation using
existing data and
a source image

of alimb

darkened disk
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Veritying Features

Use more than one type of
Image reconstruction

method and/or tool!

Squared Visibility Amplitudes - Model vs data plot
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Veritying Features
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