Precision Astronomical
Visibility Observations
(PAVO)

Jeremy Jones, CHARA Data Scientist
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The PAVO Instrument




The PAVO Instrument
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PAVO Specitications

Telescopes 2
Wavelength Range 630-900 nm
I.3e§t. Perform:imce R~8 mag
Limiting Magnitude
Spectral Resolution R=30

0.2 mas on S1-E1 (331 m)

Spatial Resolution 0.4 mas on $2-W2 (177 m)




PAVO Science Results
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PAVO Science Results

Exoplanet Host Stars
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PAVO Science Results

Metal Poor Stars
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PAVO Science Results
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PAVO Science Results
Stellar Ages

Jones et al. 2015
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Before Observing
Plan Your Observing with Aspro?2

O Information Warning

CHARA - PAVO_2T - 52 E2 + PoP4 PoP3
Day: 2020-01-22 - Moon =
CHARA - PAVO [0.640 ym - 0.940 pm)] - S2-E2
Day: 2020-01-23 - Source: HD 31295

VIS2DATA

SPATIAL_FREQ (MA)

Warning o | Sk = sts: @ Information

CHARA - PAVO_2T - 2 E2 + PoP4 PoP3
Day: 2020-01-22 - Source: HD 31295 CHARA - PAVO [0.640 ym - 0.940 ym) - S2-E2
Day: 2020-01-23 - Source: HD 110411

U (m) - North
0 -5 s0

0-100 50 0 00 150 200

VIS2DATA

. 210
SPATIAL_F

REQ (MA)




Before Observing

Plan Your Observing with chara plan2

CHARA_PLAN
UT Year : UT Month :

SLEW TO WHEN FIND IRC

NUM IRC
CLEAR

SLEW TO OBJECT WHEN FIND IRC
NUM 49700 IRC HR
CLEAR RA: 04 54 53.7288

SLEW TO CAL 2 WHEN FIND IRC

NUM IRC
CLEAR
SLEW TO

CHECK FIND IRC

WHEN

NUM 152114 IRC

CLEAR
Reference Cart 52
JOB QUEUE: 0

START |OB QUEUE STOP |OB QUEUE

R
Do Mothing.
Funning job UNLINK PLOT DATA.
Searching for CHECK in data base.
CHECK: HD_110411:
CHARA 152114 HR_4828 HD_110411 SAD_100211.
RA: 12 41 53.0566 DEC: +10 14 08.255 Wmag: 4.88 Kmag: 4.68 Type: A0Va_IB
Searching for CHECK in data base.
CHECK: HD_110411:
CHARA 152114 HR_4328 HD_110411 SAO 100211.
RA: 12 41 53.0566 DEC: +10 14 08.255 Wmag: 4.88 Kmag: 4.68 Type: AOVa_|B
Data file created.
Data file plotted.
HD_110411 Above 20 degrees from 7:42 to 14:30
ransit or highest elevation at 12:31 at elevation 65.9 degrees.
wilight from UT 01 40 00.000 to 14 30 00.000.
Delay possible 8:19 to 14:30
Whenstar calculation complete.
Running job DO NOTHING.
Do Mothing.
Funning job UNLINK PLOT DATA.

BEST POPS

DEC: +10 09 02.995

WHENSTAR PLOT

UT Day :
NOT SET

HD 31205
1570 HD 31295

Vmag: 4.63 RiMdg: .42 ype. AUVd_ID

NOT SET

4828 HD 110411

RA: 12 41 53.0566 DEC: 410 14 08.255

CLEAR JOB QUEUE PI:

WHENSTAR PLOT

HILA04E. HI 110411 200:03




IDL Code
Installed on:

* PAVO Machine

e Remote DR Machine
pavo_ptsrc,’star’,dist
Find Bright Cor. Mag.
Avoid:

* Variables

* Binaries

e Rotation > 150 km/s
Useful for:

* Finding Fringes

* Alignment

Before Observing
Find a Fringe Finder with pavo_ptsrc

IDL> pavo ptsrc, 'HD 31295',10

Target:

NAME
HD
31331
34989
31373
29589
26793
28217
34203
35149
28078
35770
36822
36881
36267
32549
27820
31237
31283
30210
30836
29479
26012
31205
36861
30739
28527
20488
29388
20140
28319

O

HD 31295

NAME
HIP
22840
25041
22913
21735
19799
20804
24555
25142
21295
25555
26176
26215
25813
23607
20522
22797
22833
22157
22549
21673
19860
22845
26207
22509
21029
21683
21589
21402
20894

RA

=
=
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55

914086
362100
930599
667616
243400
457992
267817
380556
568966
462668
580344
587010
513069
076149
397732
904193
913030
767139
853435
652555
258902
914918
585633
843534
509325
654570
635945
594232
477688

Hipparcos Sources sorted by predicted

DEC
dd mm

15.
12.
10.
11.
11.

15.

10.

15

11.
11.

15.

10.

16.
15.
12.
10.
15.

55
467178
428564
040306
197641
011438
FAVEEY]
341370
544448
568635
874104
489586
2401062
048218
404181
460983
440672
425974
705608
605102
BODO34
.892410
151145
.934163
900253
194075
918024
510874
160917
B70947
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EL
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Correlated V
Correlated Flux = Flux x Vis

mag

AT+/-0.
19+/-0.
19+/-0.
L214/-0.
30+/-0.
L224/-0.
24+/-0.
27+/-0.
24+/-0.
L2547 -0,
L334/-0.
29+/-0.
37+/-0.
33+/-0.
L33+/-0.
ad4+/-0,
34+/-0.
L3T+/-0,
A6+, -0,
3T+ -0,
48+/ -0,
L41+/-0.
L534/-0,
424/ -0,
454/ -0,
L4547 -0,
L514/-0.
50+/-0.
.B6+/-0.
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]
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Plx Dist
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EL]
27

1Type  Binary/Var

V(B),ROT=195.0
V(0),ROT=46.2

V{8),ROT=83.8

V(8),ROT=70.8

V(8),ROT=319.3

v(8),B(1, 0.6,2.0),RO0T=70.0
V(8),ROT=66.7

V(8),B(1,31.4,2.2) ,ROT=250.0
v(8),ROT=20.8

V(8),ROT=266.7

V(B),B(1, 0.1,N/A)},SB(1,N/A},ROT=26.7
V(8),B(1, 2.9,3.4),5B(1,N/A},ROT=22.5
V(8),ROT=162.7

V(1),R0T=34.3

V(8),ROT=77.8
V(1},SB(1,N/A),ROT=90.0

v(8),B(1, 0.3,N/A),ROT=160.0
v(8),B(2,38.9,7.8) ,ROT=56.6
V(B},SB{1,N/A),ROT=36.2
V(B),SB(1,N/A),ROT=56.5

V(8),ROT=85.8
V(B),B(2,%*** 4.2) ROT=115.7
V(8),ROT=68.3

V(8),R0T=214.0

V(B),B(1,****,1,9) ROT=75.2
V(B),B(1,**** 0.4),ROT=122.8



Observing with PAVO

The PAVO Server
@ observeGpavor- ______ |_ox

File Edit View Terminal Tabs Help

Local Tm: 0:12 Detector T:pEGERERWStatus:

EM Gain: ey gE¥E 459 6.45e+05 [ZBGlsblelel 1x4 Exp Time (ms): 8.0
Error: Debug : RSN Late: 1 SEPA-MS12x128 (Weligeed 776, 775/ 800
SEVBINE ON [SSRETINNNE 128106 =HOPEN/OFF (Sl Na 4.9 +/- 27.9

chlfied=lgd OFPEN A -0.56 O.0SNGRawdsliN 1.2 1.8 HABGiSH 0.83

Bline GD S/N Tint Cnt V72 V~2C Rat Disp Tel State Pos Vel TL S
W2E2 0.0 1.2 0.0 775 0.010-0.024-2.393 -1.0 N2 OFF 0 0.0 0.0
E2S2 0.0 25.1 139 775 0.534 0.165 0.308 0.0 EZ FIX 0 0.0 0.0 D
w252 7.4 1.0 0.0 775 0.007-0.023-3.196 -4.0 S2 AON 6519 -0.0 22

PAVO 1.0 Get help

Run the auto list
Current menu : Background control menu
Previous menu : Socket control menu
Menu Depth : Standard Control menu
Utilities Menu
<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




Observing with PAVO
The PAVO Server

@ ===  observe@pave:~ =090 9 |_OX

File Edit View Terminal Tabs

Bline GD S/N Tint Cnt V72
W2E2 0.0 1.2
E2S2 6.0 25.1
w252 7.4

Current menu : MAIN
Previous menu : None
Menu Depth : ©

<?> Help
<BACKSPACE> Previous menu
<> MAIN menu

0.0 775 0.010-0.024-2.393 -1.0 N2 OFF 0
139 775 0.534 0.165 0.308 0.0 E2 FIX 0
1.0 0.0 775 0.007-0,023-3.196 -4.0 52 AON 6519 -0.0 22

Help

-68.9A RN
8.0
776, 775/ 800
4.9 +/- 27.9

1.8 MABRISH 0.83

Tel State Pos Vel TL S
0.0 0.0
0.0 0.0 []

CCISNOoT /0N : e
V~2C Rat Disp

Get help

Run the auto 1list
Background control menu
Socket control menu
Standard Control menu
Utilities Menu

Quit system

Local Time



Observing with PAVO

The PAVO Server
@ observeGpavor- ______ |_ox

File Edit View Terminal Tabs Help

Detector Temperature

d -0.56 O.0RNaawdshiH 1.2 1.8 MABGISH 0.83
Bline GD S/N Tint Cnt V72 V~2C Rat Disp Tel State Pos
W2E2 0.0 1.2 0.0 775 0.010-0.024-2.393 -1.0 N2 OFF
E2S2 0.0 25.1 139 775 0.534 0.165 0.308 0.0 E2 FIX 0
w252 7.4 1.0 0.0 775 0.007-0.023-3.196 -4.0 S2 AON 6519

PAVO 1.0 Get help

Run the auto 1list
Current menu : MAIN Background control menu
Previous menu : None Socket control menu
Menu Depth : O Standard Control menu
Utilities Menu
<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




Observing with PAVO

The PAVO Server
@ observeGpavor- ______ |_ox

File Edit View Terminal Tabs Help
s - — - Lo B A |

776, 775/ 800
4.9 +/- 27.9
d -0.56 O.0RNaawdshiH 1.2 1.8 MABGISH 0.83
Bline GD S/N Tint Cnt V72 V~2C Rat Disp Tel State Pos Vel TL S
W2E2 0.0 1.2 0.0 775 0.010-0.024-2.393 -1.0 N2 OFF 0 0.0 0.0
E2S2 0.0 25.1 139 775 0.534 0.165 0.308 0.0 E2 FIX 0 0.0 0.0 D
w252 7.4 1.0 0.0 775 0.007-0.023-3.196 -4.0 S2 AON 6519 -0.0 22

PAVO 1.0 Get help

Run the auto 1list
Current menu : MAIN Background control menu
Previous menu : None Socket control menu
Menu Depth : O Standard Control menu
Utilities Menu
<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu

Flux




Observing with PAVO
The PAVO Server

@ ===  observe@pave:~ =00 |-DOX

File Edit View Terminal Tabs Help

-68.9A SR
Exp Time (ms): 8.0
776, 775/ 800

2y N

1.2 1.8 BECEH 0.83 Current Saved

V2 V~2C Rat Disp Tel State Pos Vel TL S Flle Number
W2E2 : . 0.010-0.024-2.393 -1.0 N2 OFF 0 0.0 0.0
E2S2 . : 139 775 0.534 0.165 0.308 0.0 E2 FIX (6] 0.0 0.0 D
w252 . . 0.0 775 0.007-0.023-3.196 -4.0 S2 AON 6519 -0.0 22

Get help
Run the auto 1list
Current menu : MAIN Background control menu
Previous menu : None Socket control menu
Menu Depth : © Standard Control menu
Utilities Menu
<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




Observing with PAVO
The PAVO Server

3 observe@pavo:~ Baselines
File Edit View Terminal Tabs Help

. B . : Telescopes and
it V*2C Rat Disp POS _\alastP™S their Carts’ States

wzez y: 0.0 775 0.010-0.024-2.393 -1.0 .0 0.
[ ] -—
£252 B¢ .1 139 775 0.534 0.165 0.308 0.0 .0 0. OFF - Cart off

w2s2 W7. .0 0.0 775 0.007-0.023-3.196 -4.0 AON 519 : * AOFF - Searching, Not locked
* AON - Locked!

PAVO 1.0 Get help

Run the auto list * FIX - Reference Cart

Current menu : MAIN Background control menu
Previous menu : None Socket control menu
Menu Depth : © Standard Control menu
Utilities Menu

<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




Observing with PAVO

The PAVO Server
@ observeGpavor- ______ |_ox

File Edit View Terminal Tabs Help

8.0
776, 775/ 800 L
Cart Positions

Bline GD S/N Tint Cnt V°2 V~2C Rat Disp L Pos Vel ffL 3/ and Velocities
W2E2 0.0 1.2 0.0 775 0.010-08.024-2.393 -1.0 o 0.00.0

E252 0.0 25.1 139 775 0.534 0.165 0.308 0.0 FIX o 0.00.0]
W252 7.4 1.0 0.0 775 0.007-0.023-3.196 -4.0 aoN fles19  -0.0 fl22

PAVO 1.0 Get help

Run the auto 1list
Current menu : MAIN Background control menu
Previous menu : None Socket control menu
Menu Depth : O Standard Control menu
Utilities Menu
<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




Observing with PAVO
The PAVO Server

@ ===  observe@pave:~ =00 |-DOX

File Edit View Terminal Tabs Help

-68.9A RN
8.0
776, 775/ 800
27.9

V*2C Rat Disp Tel State Pos Vel TL S
W2E2 0 : f .010-0.024-2.393 -1.0 N2 OFF 0 0.0 0.0
E2S2 0O : bt 165 0.308 0.0 E2 FIX 0 0.0 0.0 D
w252 7M : - .007-0.,023-3.19c-9"% S2 AON 6519 -0.0 22

Get help Current Signal

Run the auto 1list .
Current menu : Background control menu to Noise Value
Previous menu : None Socket control menu
Menu Depth : © Standard Control menu
Utilities Menu
<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




3
File Edit View Terminal Tabs Help

W2E2 080
E2S2 080
w252 7M

Current menu
Previous menu
Menu Depth

<?> Help
<BACKSPACE> Previous menu
<" MAIN menu

Observing with PAVO
The PAVO Server

observe@pavo:~

4 -68.9A a1
4 N - 8.0

776, 775/ 800

Vel TL S
.010-0.024-2.393 -1.0 0
i l65 0.308 0.0 FIX 0
.007-0.023-3.190-9"%

0.0 0.0 []
AON 6519 -0.0 22

Get help
Run the auto list
Background control menu
None Socket control menu
0 Standard Control menu
Utilities Menu
Quit system

Stop Tracking
at this S/N

Start Tracking
at this S/N

Current Signal
to Noise Value



Observing with PAVO

The PAVO Server
@ observeGpavor- ______ |_ox

File Edit View Terminal Tabs Help

-68.9A eI
8.0
776, 775/ 800
4.9 +/- 27.9
d -0.56 O.0RNaawdshiH 1.2 1.8 MABGISH 0.83
Bline GD S/N Tint Cnt V72 V*2C Rat Disp Tel State Pos Vel TL S
0.010-0.024-2.393 -1.0 DS 0 0.0 0.0
|E252 0.0 25.10 WaalZS 0.534 0.165 0.308 0.0 E2 FIX 0 0.0 0.0 D
Weo2 o oguutU™ 0.0 775 0. 00'mi,023-3.196 -4.0 S2 AONp C99§, -0.0 22

PAVO 1.0 Get nevy
PAVO 1.0
Run the auto 11s% Fringes on E2-S2 with

Current menu : MAIN Background control menu

Previous menu : None Socket control menu EZ as Reference

Menu Depth : © Standard Control menu
Utilities Menu

<?7> Help Quit system
<BACKSPACE> Previous menu
<> MAIN menu




@ ===  observe@pave:~ =00 |-DOX

File Edit View Terminal Tabs

Bline GD S/N Tint Cnt V72

Current menu : MAIN
Previous menu : None
Menu Depth : ©

<?> Help
<BACKSPACE> Previous menu
<> MAIN menu

Rat Disp

W2E2 0.0 1.2 0.0 775 0.010-0.024-2.393 -1.0 N2 OFF

E2S2 0.0 25.1 139 775 0.534 0.165 0.308 0.0 E2 FIX

w252 7.4 1.0 0.0 775 0.007-0.023-3.196 -4.0 S2 AON 6519

Observing with PAVO
The PAVO Server

Get help

Run the auto 1list
Background control menu
Socket control menu
Standard Control menu
Utilities Menu

Quit system

New Version has
Countdown Until
Sequence End



Observing with PAVO
The PAVO GUI

SAVE

__GO/STOP__
7 SEARCH LINEAR SHUTTER
VIDEO ACQUIRE
j FORE
MOVE B1-M1
| up | BIGGER
LEFT H RIGHT l step size: 100

| DOWN | SMALLER
X1[10]= -9060 X2[10]= -9060

Y1[ 9]= -26618  Y2[ 9]= -26618

g1 || | 83

TARGETS || LP02-568
DISPLAY NO DISPLAY

Gain 0 Average: |10

IMAGE || LENSLET PUPIL
ENG MASK OUT |
STATUS || DELAY || PLOTS

REOPEN




Observing with PAVO
The PAVO GUI

_GorsTor ||| <t Starts and Stops the
onNEAR SHUTTER PAVO Ca mera

ACQUIRE
FORE

MOVE B1-M1

| up | BIGGER

LEFT H RIGHT] step size: 100

| DOWN | SMALLER
X1[10]= -9060 X2[10]= -9060
Y1[ 9]= -26618  Y2[ 9]= -26618

| (ISR |

TARGETS || LP02-568

DISPLAY NO DISPLAY
Gain 0 Average: |10
IMAGE || LENSLET || PUPL

ENG ~ MASK OUT

STATUS || _DELAY || PLOTS |

REOPEN QUIT




Observing with PAVO
The PAVO GUI

SEARCH LINEAR SHU I TER

VIDEO ACQUIRE

\VELGTEIWAYE
FORE ) .
T ——— It’s green when saving
MOVE B1-M1

| up | BIGGER

LEFT H RIGHT] step size: 100

| DOWN | SMALLER
X1[10]= -9060 X2[10]= -9060
Y1[ 9]= -26618  Y2[ 9]= -26618

| (ISR |

TARGETS || LP02-568

DISPLAY NO DISPLAY
Gain 0 Average: |10
IMAGE || LENSLET || PUPL

ENG ~ MASK OUT

STATUS || _DELAY || PLOTS |

REOPEN QUIT




Observing with PAVO
The PAVO GUI

_GO/STOP || SAVE

SEARCH LINEAR S

VIDEO ACQUIRE

FORE

MOVE B1-M1

_we | BIGGER Autosave

SR Y stcp size: 100 Starts saving when fringes locked
 DOWN | SMALLER

X1[10]= -9060 X2[10]= -9060
Y1[ 9]= -26618  Y2[ 9]= -26618
| (ISR |
TARGETS || LP02-568
DISPLAY NO DISPLAY
Gain 0 Average: |10
IMAGE || LENSLET PUPIL
ENG ~ MASK OUT
STATUS || _DELAY || PLOTS |

REOPEN QUIT




Observing with PAVO
The PAVO GUI

_GO/sToP || sAavE ||
SEARCH LINEAR SHUTTER
VIDEO ACQUIRE
7 FORE
MOVE: | B1-M1 Shutters — Green when open
_up | BIGGER
DiErT [RiGHTY  step size: 100
}E@NJ SMALLER

X1[10]= -9060 X2[10]= -9060

—

I1ARGE |S | LFUZ-2005

DISPLAY NO DISPLAY
Gain 0 Average: |10
IMAGE LENSLET PUPIL
ENG MASK OUT
STATUS || DELAY || PLOTS |

REOPEN QUIT




Observing with PAVO

The PAVO GUI
O] ravo ERERRRENINNRN (7] (z] XIET Toggles the Display Window

_coistor || save |[as |

PAVO Image/Pupil Display

_SEARCH || LINEAR || SHUTTER
_ VIDEO ACQUIRE
BACK i FORE
MOVE: | B1-M1

| up | BIGGER

JLEFY: “ RIGHT | step size: 100

| DOWN | SMALLER
X1[10]= -9060 X2[10]= -9060
Y1[ 9]= -26618  Y2[ 9]= -26618
JIL 82 || =3

Lenslet View

TAD/CTC | DND E£O

DISPLAY NO DISPLAY

IMAGE LENSLET PUPIL
ENG | MASK OUT

STATUS || DELAY || PLOTS

REOPEN QUIT




| GO/STOP || SAVE | As

SEARCH LINEAR SHUTTER

VIDEO ACQUIRE
MOVE B1-M1

- up | BIGGER

LEFT H RIGHT] step size: 100

 DOWN | SMALLER

X1[10]= -9060 X2[10]= -9060
Y1[ 9]= -26618

Bl
TAD/CTC

Y2[ 9]= -26618

|

B2
| DN EEO

B3

.

DISPLAY NO DISPLAY

B B

IMAGE LENSLET PUPIL

ENG MASK OUT
STATUS

REOPEN QUIT

|| DELAY || PLOTS |

Observing with PAVO

The PAVO GUI
Toggles the Display Window

‘ PAVO Image/Pupll Display _

e

| :
‘ Image View

Mask Out




Observing with PAVO

The PAVO GUI
Toggles the Display Window

_PAVO Image/Pupll Display

‘AS,

SEARCH LINEAR SHUTTER

VIDEO ACQUIRE

MOVE: | B1-M1
- up | BIGGER

LEFT H RIGHT] step size: 100

| DOWN | SMALLER

X1[10]= -9060 X2[10]= -9060
Y1[ 9]= -26618  Y2[ 9]= -26618

Ema s age

Image View
Mask In

TAD/CTC | DND E£O

DISPLAY NO DISPLAY
oo J g
IMAGE LENSLET PUPIL

ENG 7 MASK OUT

STATUS || DELAY || PLOTS |

REOPEN QUIT




Observing with PAVO
ATyplcaI Night

* Log onto Remote Machine

SIS WiReRie Wi




Observing with PAVO
A Typical Night

* Log onto Remote Machine = Sheerv<ipave —
_ _ [ observegpave-  |_
¢ S|gn OntO PAVO maCh|ne File Edit View Terminal Tabs Help

e Run PAVO Server

8.0
776, 775/ 800
27.9
0.83
V~2C Rat Disp State Pos Vel TL S
W2E2 : . 0.0 775 0.010-0.024-2.393 -1.0 OFF 0 0.0 0.0
E2S2 . : 139 775 0.534 0.165 0.308 0.0 FIX 0 0.0 0.0 D
w252 : . 0.0 775 0.007-0.023-3.196 -4.0 AON 6519 -0.0 22

PAVO 1.0 Get help

Run the auto list
Current menu : MAIN Background control menu
Previous menu : None Socket control menu
Menu Depth : © Standard Control menu
Utilities Menu
<?> Help Quit system
<BACKSPACE> Previous menu
<"> MAIN menu




Log onto Remote Machine
Sign onto PAVO machine
Run PAVO Server

Run PAVO GUI

Observing with PAVO

 coisToP || save ||
SEARCH LINEAR SHUTTER

VIDEO ACQUIRE

MOVE B1-M1

. up | BIGGER

LEFT H RIGHTl step size: 100

| DOWN | SMALLER
X1[10]= -9060 X2[10]= -9060
Y1l[ 9]= -26618 Y2[ 9]= -26618
i (i e |l ad
TARGETS || LP02-568 .
DISPLAY NO DISPLAY
Gain: |0 Average: |10

IMAGE LENSLET PUPIL

ENG MASK OUT

STATUS || DELAY || PLOTS |

REOPEN




Log onto Remote Machine
Sign onto PAVO machine
Run PAVO Server

Run PAVO GUI

Get On Sky!

Observing with PAVO
A Typical Night

ACQ ( O0L ON
[ FIND coo|_ ON FIND (¢
77¥7VEXP Up

GAIN up .

EXP DOWN

_ GAIN Down

ACQ:OFF, 22.4c/006 £l
. 22.4¢/ i
GAIN: 305 cac. O Expmsiigzg | |

JOL OFF | M

- GAIN |:
1-GAIN (e OFFE

-/ ALIGN [ Focus

[ TT ON/OFF | |

I\FLATEN |



Observing with PAVO
A Typical Night

Log onto Remote Machine
Sign onto PAVO machine

————— mo:m!"' e/Pupll lmsplq*

Run PAVO Server

Run PAVO GUI

Get On Sky!

Do On Sky Alignments




Observing with PAVO
An ldeal Night

Log onto Remote Machine

Sign onto PAVO machine
Run PAVO Server

Run PAVO GUI

Get On Sky!

Do On Sky Alignments
Find Fringes!




Observing with PAVO
An ldeal Night

Log onto Remote Machine

Sign onto PAVO machine
Run PAVO Server
Run PAVO GUI
Get On Sky!
Do On Sky Alignments
Find Fringes!
Toggle LDCs
* Fringes Disappear
* Fringes Reappear!




Log onto Remote Machine
Sign onto PAVO machine
Run PAVO Server
Run PAVO GUI
Get On Sky!
Do On Sky Alignments
Find Fringes!
Toggle LDCs

* Fringes Disappear

* Fringes Reappear!
Check Dispersion

* Good if 0-1

Observing with PAVO

-3

File

W2E2
E2S2
w252

Cu

Previous menu :
Menu Depth : ©

<7>

<BACKSPACE=>

~
- >

An ldeal Night

observe@pavo:~

Edit View Terminal Tabs

H -68.9A SRS run
H 459 [@EE 6.45e+05 EEalsbllel 1x4 Exp Time (ms): 8.0
CREeN Late: 1 SRS 12x128 ([Weliyed 776, 775/ 800
128100 =HOPEN/OFF 4.9 +/- 27.9

4 -0.56 CHEISNoT /o0
V~2

0.010-0.024-2.39%
©.534 0.165 0.30§

0.007-0,023-3.19%

Help

1 2

Cnt

-1.0
0.0
-4.0

FIX
AON 6519

139 775
0.0 775

Get help

Run the auto list
Background control menu
Socket control menu
Standard Control menu
Utilities Menu

Quit system

: MAIN
None

rrent menu

Help
Previous menu
MAIN menu




Log onto Remote Machine
Sign onto PAVO machine
Run PAVO Server
Run PAVO GUI
Get On Sky!
Do On Sky Alignments
Find Fringes!
Toggle LDCs
* Fringes Disappear
* Fringes Reappear!
Check Dispersion
 Goodif 0-1
Save Data!

Observing with PAVO
Anldea

(@] Pavo

__GO/STOP |||
SEARCH

VIDEO

MOVE

| up |

LINEAR

| Night

SAVE AS |
SHUTTER

ACQUIRE

B1-M1

BIGGER

LEFT H RIGHTl step size: 100

| DOWN |
X1[10]= -9060
Y1[ 9]= -26618
B1 ||
TARGETS
DISPLAY
Gain: |0
IMAGE
ENG

STATUS

REOPEN

LENSLET

SMALLER
X2[10]= -9060
Y2[ 9]= -26618

a2 ||l 83 |
| LP02-568 :
NO DISPLAY
Average: |10
PUPIL

MASK OUT

| DELAY || PLOTS |




Reducing PAVO Data
Find Your Data

lerminal labs Help
find pavo target HD 154494
10 154494 found 1in:

/fdbstorage/PAV0/2011/110530/headstrip.txt
fdbstorage/PAVO/2018/180226/headstrip. txt

Jdbstorage/PAVO/2018/180411/headstrip.txt
jones@Chara-Reduction:~3%




Reducing PAVO Data
The headstrip file

UT — UT time of the first file

headstrip.txt |

FNUM—Star‘Ung f||e number JUT  FNUM HD M GN EXPTM AX1  Cl 2 C3 Bl B2 B3
2/03:10 00600  HD_27309 000 1 3 170 8.0 128 0 0 6414 W2 S2 E2

3/03:14 00596  HD_27309 011 1 3170 8.0 128 -1500 0 9450 W2 S2 E2

HD — HD number of the ta rget 403:15 00623  HD_27309 101 1 3 170 8.0 128 -1500 0 9450 W2 S2 E2
03:15 00650  HD_27309 110 1 3 170 8.0 128 -1500 @ 9450 W2 S2 E2

603:15 00677  HD_27309 111 1 3170 8.0 128 -1500 0 9450 W2 S2 E2

SHT — Sh utter status Of 3 beams 7/63:45 06836  HD_27459 000 1 3 170 8.0 128 0 0 6641 W2 S2 E2
5/03:50 01510  HD_27459 011 1 3 170 8.0 128 -1500 0 9701 W2 S2 E2

* B1,B2,and B3 0350 01564 K759 1013170 8012 1500 0 9701 We 52 E2
11/03:50 01590  HD_27459 111 1 3 170 8.0 128 -1500 0 9701 W2 S2 E2

e ()— open 12/03:51 01650  HD_27778 111 1 3 170 8.0 128 -1500 0 9701 W2 S2 E2
13/03:58 01752  HD_27778 000 1 3 170 8.0 128 0 0 6406 W2 S2 E2

14/04:04 02547  HD_27778 011 1 3 170 8.0 128 -1500 @ 9435 W2 S2 E2

* 1 — CIOsed 04:04 02573 HD 27778 101 1 3 170 8.0 128 -1500 O 9435 W2 S2 E2
16/04:04 02600  HD_27778 116 1 3 170 8.0 128 -1500 0 9435 W2 S2 E2

: : 17/04:04 02627  HD_27778 111 1 3170 8.0 128 -1500 0 9435 W2 S2 E2

GN — Gain Settlng Of the dEtECtOr 18/04:05 02696  HD_27459 111 1 3 170 8.0 128 -1500 0 9435 W2 S2 E2
15/04:07 02787  HD_27450 000 1 3 170 8.0 128 0 0 6438 W2 S2 E2

— i 04:12 03450  HD_27459 611 1 3170 8.0 128 -1500 @ 9716 W2 S2 E2

EXPTM EXPOSU re time Of the deteCtor 21/04:12 03476  HD_27459 101 1 3 170 8.0 128 -1500 @ 9716 W2 S2 E2
22/04:12 03503 ~ HD_27459 110 1 3 170 8.0 128 -1500 0 9716 W2 S2 E2

— ff f 23/04:12 03530  HD_27450 111 1 3170 8.0 128 -1500 0 G716 W2 S2 E2

CX — Oftset of OPLE cart X 24/04:13 03559  HD_27778 111 1 3 170 8.0 128 -1500 @ 9716 W2 S2 E2
. 04:14 03689  HD 27778 000 1 3 170 8.0 128 -1500 @ 9716 W2 S2 E2

e Ca rts are moved durlng Shutter Sequence 26|04:21 04442 HD_27778 611 1 3 170 8.0 128 -1500 0 9443 W2 S2 E2
27/04:21 04469  HD_27778 101 1 3170 8.0 128 -1500 0 0443 W2 S2 E2

. 28/04:22 04495  HD_27778 1101 3 170 8.0 128 -1500 0 9443 W2 S2 E2

¢ EXpECt to see a d|fference then 29/04:22 04522  HD_27778 111 1 3170 8.0 128 -1500 0 9443 W2 S2 E2
0422 04603 WO 2730911113170 80128 1500 0 9M3IN2 2 E2

BX — Identifies the telescope on each beam



Reducing PAVO Data
Start IDL

jones@Charapiedygction:~5fpavo 1id

IDL 'l.fer5inn|:linu:-: xoggeeme® . (c) 2013, Exelis Visual Information Solutions, Inc.
Installatio Mber: 245326-1.

Licensed for use by: Georgia 5tate University




Reducing PAVO Data

Run processv?2

Obs Date Beams File Range  Output Filename Data Directory Options

processv2,’180226’,[0,1,1],34773,48052, 'Baseline S2E2_ 20180226.txt’,root_dir=’/dbstorage/PAV0/2018/’, /plot, /individual

# Applications s IDLO J€ jEdit - sampl... [ Task Manager @ S2W2-File.. B [Software Up... [ Terminal - jo... &3 Terminal -jo...

00:13 % [ty Jeremy

@ Applications i IDLO J€ jEdit- sampl... [ Task Manager @ PAVO_Tutoria. [Software Up... ] Terminal - jo... [ Terminal - jo... 0935 § JEy Jeremy | | | |I

Wavelength calibration
T T

Oy O uce/Tut Den
INFO: Processing frame 19/255 14

calculating visbilities for individual frame...

INFO: Processing frame 20/2:

calculating visbilities for individual frame...

INFO: Processing frame 21/255 1)

calculating visbilities for individual frame...

INFO: Processing frame 22/2

ealeutating vishilities for irdfridusl frame..

INFO: Processing frame 23/25

calculating visbilities for Sndividuol frane...

INFO: Processing frame 24/255

calculating visbilities for individual frame...

INFO: Processing frame 25/255

calculating visbilities for individual frame...

JjonesaChara-Reduction:~/Reduce,/Tutorial /Demo$ pavo_id

DL Version 8.3 (Linux x86_64 m6d). (c) 2013, Exelis Visuat Information solutions, Inc.
Installation nunber: 245326-1

Licensed for use by: Georgia State University

I0L with Asto and PAVO packages loaded.

IDL> processv2, '189226',[0,1,1],34773,48052, 'Baseline S2E2_20180226.txt', root dir-
% Compiled modile: PROCESSV2.

% LOACT: Loading table STD GAMA-1T

using foreground type:

Using paraneter file: /git | repns/pavo//pavo default_params_690710

% Compiled module: GETPAVOPAI

% Conpiled module: FIND 0BS STatis.

% Conpiled module: HEADFITS.

/dbstorage/PAV0/2018/" , /plo

Imersa lanslat
Wavsiength channel

% Compiled module: FXPOSIT. 7 INFO: Processing frame 26/255

% Compiled module: MRD HREAD. | calculating visbilities for individual frame...

% Compiled module: SXPAR. INFO: Processing frame 27/2!

% Compiled module: GETTOK. — calculating visbilities for individual frame...
i INFO: Processing frame 28/255

gzip: calculating visbilities for individual frame...

gzip: - INFO: Processing frame 29,2

gzip: stdout: Broken pipe

% Compiled module: GETSTARCOLORS .

% Compiled module: FIND ROT OFFSET.

% Conpiled module: READFITS

% Conpiled module: VALTD_NUM.

% Complled nodula: AP | EMDIAN INPLACE.
% Compiled module:

caleulating visbilities for individual frame...
INFO: Processing frame 30/255

calculating visbilities for individual frame...
INFO: Processing frame 31/255

calculating visbilities fnr individual frame...
INFO: Processing frame 3

calculating visbilities Tor individual frane...
INFO: Processing frame 33/255

calculating visbilities for individual frame...
INFO: Processing frame 34/25

calculating visbilities for individual frame...
INFO: Processing frame 35/255

calculating visbilities for individual frame...
INFO: Processing frame 36/255

calculating vishilities for individual frame...
INFO: Processing frame 37/2:

calculating visbilities for individual frame...
INFO: Processing frame 38/255 I
calculating visbilities for individual frame...

INFO: Processing frame 39/25

calculating visbilities for individual frame...

INFO: Processing frame 46/255

calculating visbilities for individual frame...

INFO: Processing frame 41/255

calculating visbilities for individual frame...

INFO: Processing frame 42/255

calculating visbilities for individual frame...

INFO: Processing frame 43/255

INFO: Processing frame d44/255

ealeulting vishilities for drdividusl frme. ..
INFO: Processing frame 45/25

calculating visbilities for Sndividuet frane...
INFO: Processing frame 46/2

caleulating visbilities for individual frame...
INFO: Processing frame 47255

calculating visbilities for individual frame...
INFO: Processing frame 48/255

(al(ula(mg visbilities for individual frame...

= “mGe NN T - ©. e
Note: processv2 cannot process multiple baselines at once

I 1 I I
070 075 0.0 085 [

% Compiled module: SLICEDICE.
% Cmm.led module: INTERPOL.
offsef -2.7610445

100 150
Spatial frequency

oo 150
Spatial frequency

rotatton: 2.60000 lambda (mum)
4 Conpiled module: SAVEIMAGE.

% Combiled nodute: WRITE GIF

% Loaded DLH:

eated - Baseine S22 20180226, txt vavecal.gif in GIF fornat




Reducing PAVO Data

|0 |1 gui.pro — Preparation

Level O Data — Raw Visibilities
Output from processv2

Level 1 Data — Reduced Visibilities
Uncalibrated

Level 2 Data — Reduced Visibilities
Calibrated



Reducing PAVO Data
|0 |1 gui.pro — Preparation

HD_154494.list
~/Reduce/Tutorial

Open - <

Save -

Level O Data —

Level 1 Data —

Level 2 Data —

Raw Visibilities

Output from processv2

Reduced Visibilities

Uncalibrated

Reduced Visibilities

Calibrated

File Edit View Search Tools Documents Help

180226
180226
180226
180226
180226
180226
180226
180226
180226
180226
180226
180226
180226
180226

ain Text -

o L B D

Co =l

(=]

10
11
12
13
14
15

HD
HD
HD
HD
HD
HD
HD
HD
HD
HD
HD
HD
HD
HD

Tab Width: 8 -

154228.
154494
151862.
154494.
154228.
154494,
151862.
154228.

154494

151862.
154494,
154228.
154494,
151862.

pav
pav
pav
pav
pav
pav
pav
pav
.pav
pav
pav
pav
pav
pav

Ln 14, Col 24



Reducing PAVO Data
|0 11 gui.pro — Startup

PAVO LO_L1

MEXT FILE GET W2 OUTRUT W2 | Ouit

Call With: 10_11_gui

Load the List File




Reducing PAVO Data
0 11 gui.pro

PAVO LO_L1

Outlier Rejection:

¢ Signal—to—Noise Ratio (SN) SN CUTS: B ! 15 SIGLIHIT |#.0

* Seconds after lost fringe lock (NSEC) i

e Deviation from the mean in sigma
(SIGLIMIT)

B L
—0.02 —
—0.04 [— =

12.684 12.85 12.86 12.87
Time (UT)

20 ' ' ' ' -

. [8/N cut j

15— | ; —

= | -
Ty 1 | ‘ -
wl l‘ | . F ‘ T I ‘ g | ]

\ i/ J \
5 i" 1 | b ! g . h |

12.84 12.85 12.86 12.87%
Time {UT)




Reducing PAVO Data
|0 _[1 gui.pro

PAVO LO_L1

LOAD NEXT FILE GET W2 | OUTPUT ¥2 | ui

Outlier Rejection:

 Signal-to-Noise Ratio (SN)
e Seconds after lost fringe lock (NSEC) S
* Deviation from the mean in sigma Flat in batte
(SIGLIMIT)
Baseline ? (sz_Ez.
Open White Squares:
Rejected (by NSEC in this case)

Filled Green Squares:
Accepted

Tt F.,..|IIII|IIII

II|IIII|"I_|'I




Reducing PAVO Data
0 _[1 gui.pro

PAVO LO L1

Group dela

4.75

Lambda {mum)

—0.02

—0.04




UT RANGE

Flot in bot

Reducing PAVO Data
0 11 gui.pro

PAVO LO L1

Plotting Time:

Howl | 7 L

.75

Lambda [mmum)

Time {UT)



Calibrating PAVO Data

|1 |2 gui.pro — Preparation

calibrators_diam...

Open = || + Reduce

File Edit View Search Tools Documents Help
HD 151862 0.221 0.022
Level O Data — Raw Visibilities altf Bz il Lol Loleee:

Output from processv2

Level 1 Data — Reduced Visibilities
Uncalibrated

lambda_:
initial g

D H & =

w

5.

jbracket 1 (fi ine: Target scans; second line: Calibrator

Level 2 Data — Reduced Visibilities .
Ca||brated ] ¥ : 4 : HD_151862.pav




Calibrating PAVO Data
11 12 gui.pro — Startup

PAVO L1 L2

|0 _|1_gui results file: blah_|0l1.res == == - [ o] o

Calibrator diameters file ——————— o L
Co nﬁgu ration f||e — hone/ jan . M CALIBRATE RUN HC

iy
BETETET




Calibrating PAVO Data
11 12 _gui.pro

PAVO L1 L2

QOUTPUT FI _HL_] l m 1 n
min

4 min

| min

CAL DIAMETERS

3.4x10°
Spatial Freque




Calibrating PAVO Data
11 12 _gui.pro

PAVO L1 L2

OUTRUT FI

min
min
1 min
min
CA 1TAM =5
CAL DIAMETER ding to

4x10° : 0.40 0.42 0.44
Spatial Frequency (rad™) Angular diameter (r




Calibrating PAVO Data
11 12 gui.pro — Results

PAVO L1 L2

INFUT FILE | IEf’home.f’,jones/Reduce/Tutor'ial.f’H RESET DISPLAY  OUTPUT FILES | \u1t|
CALIBRATE | Squ

CAL ]]IIQMETERSl home jones/Reduce/Tutor  LAMBDA RANGE IQ.EE I}I).SO Calibrating multiple brackets according to config File
diameter: 0,43094764+/-0, 0010757730

‘ 00 Cor | d Coherent | I Exp | 4 Linwt | i FS ‘ F7 CHI*2  SET SUSI TELS I Fitbed diansters 0,43094764
Running HC zimulation with 5041 iterations
nean & standard deviation: 0,42845301 +/- 0,011441837

(7)r 180226_9_HD_154228.pav 58,3 min  AZ: 124,3 EL: 58,4 HRy 192140 Dia: 0,215+/-0
(8): 180226_10_HD_154494,pav B5.1 min AZ: 1270 EL: 58,5 HR: 192545 Dia: 0,405+/-
(9): 180226_11_HD_151862,pav 70,6 min  AZy 134,4 EL: 62,3 HR; 188893 Dia: 0,221+/-
(100: 180226_12_HD_154434,pav 76,5 min AZy 131,1 EL: 60,4 HR: 192545 Dia: 0,405+/
(11): 180226_13_HD_154228,pav 83,2 min  AZ: 133,3 EL3 62,3 HRy 192140 Dia: 0,215+
(12): 180226_14_HD_1544%4,pav 89.1 min  AZ: 136,2 EL3 62,3 HRy 192545 Dia: 0,405+
(12): 180226_15_HD_151862,.pav 95.2 min AZ: 145,9 EL: E5,6 HR: 188892 Dia: 0,221+/

HD 154494.out

‘THRGETS: IE oALS: |§
~[Reduce/Tutorial

Open v | +

file Edit View Search Tools Documents Help
#B/lambda|v2|sigma‘V2|U{meter5)|V{meter5)
3.1216229846537519E+08 0.3650367593299020

0.0200301418379996 -1.4420171715340555E+02  -2.0139896494553477E+02

LOADl COMFIG FILE Yhome jones/Reduce/Tutarial /H

CALIERATE || RN HC I

3.2x108 3.4x10® 3.6x10°

Spatial Frequency (rad™)

median & credible { B2,0¥) regions; 0,42835435 + 0,0L0E17739 - O,011532481

=4

Eelative frequency

Angular diameter {(mas)

0.42

0.44

3.1526127508244264E+08
3.1842239855029589E+08
3.2143885781504697E+08
3.2451301432238334E+08
3.2747327317857641E+08
3.3044394854892629E+08
3.3346901431377913E+08
3.3654997803298259E+08
3.3968840350010312E+08
3.4293338478786540E+08
3.4599913931034386E+08
3.4912020272343224E+08
3.5209777374879199E+08
3.5502477258459967E+08
3.3805239299259210E+08
3.6107985981361220E+08
3.6405171051186830E+08
3.6696412419596320E+08
3.6986827509672272E+08
3.7207488157801473E+08

0 04 0 0

0.3507122765500103
0.3448872722565354
0.3376139813915572
0.3030838133648920
0.2680874955030628
0.3031276484163419
0.2787030410917881
0.2929519748447164
0.3034720643630747
0.3206174573358216
0.3046423266350891
0.2754501669607446
0.2930498249451070
0.2609437529064093
0.2837286517545103
0.2615914122633504
0.2379494077137772
0.2484871247761987
0.2295490341410229
0.2258245677009491

0.0283098875447656
0.0421613783362009
0.0297866843014034
0.0247627862002748
0.0306299173922027
0.0374263330631207
0.0268407913373671
0.0350465325063725
0.0372731560881543
0.0209612479263168
0.0224016930815246
0.0253287853843978
0.0316878905542793
0.0426719560160373
0.0328547009778362
0.0224896738540664
0.0196706284015237
0.0252814134840233
0.0348586294380761
0.0516596225260224

-1.4420171715340555E+402
-1.4420171715340555E+402
-1.4420171715340555E+402
-1.4420171715340355E+02
-1.4420171715340555E 402
-1.4420171715340553E+02
-1.4420171715340555E402
-1.4420171715340555E402
-1.4420171715340555E+402
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Convert to OIFITS!
pavo2T to oifits.py

File Edit Sea s Help

= OIFITS
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Reducing PAVO Data
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