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The PAVO Instrument



The PAVO Instrument

Ireland et al. 2008



PAVO Specifications

Telescopes 2

Wavelength Range 630-900 nm

Typical Limiting 
Magnitude

R~7 mag

Best Performance 
Limiting Magnitude

R~8 mag

Spectral Resolution R=30

Spatial Resolution
0.2 mas on S1-E1 (331 m)
0.4 mas on S2-W2 (177 m)



PAVO Science Results
Asteroseismic Scaling Relations

Huber et al. 2012

White et al.
2013

Bazot et al.
2011



PAVO Science Results
Exoplanet Host Stars

Boyajian et al. 2015

Fulton et al. 2016

White et al. 2018



PAVO Science Results

Karovicova et al. 2013

Metal Poor Stars

Gordon et al. 2018, 2019

Massive O & B Stars



PAVO Science Results
Early Type Stars

Jones et al. 2016

Maestro et al. 2013



PAVO Science Results
Stellar Ages

Jones et al. 2015 Wood et al. 2019

Baines et al. 2012



Before Observing
Plan Your Observing with Aspro2



Before Observing
Plan Your Observing with chara_plan2



Before Observing
Find a Fringe Finder with pavo_ptsrc

• IDL Code
• Installed on:

• PAVO Machine
• Remote DR Machine

• pavo_ptsrc,’star’,dist
• Find Bright Cor. Mag.
• Avoid:

• Variables
• Binaries
• Rotation > 150 km/s

• Useful for:
• Finding Fringes
• Alignment Correlated Vmag = Vmag – 2.5 x log(Vis)

Correlated Flux = Flux x Vis



Observing with PAVO
The PAVO Server
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The PAVO Server

Local Time



Observing with PAVO
The PAVO Server

Detector Temperature



Observing with PAVO
The PAVO Server

Flux



Observing with PAVO
The PAVO Server

Current Saved
File Number



Observing with PAVO
The PAVO Server

Baselines

Telescopes and 
their Carts’ States

• OFF – Cart off
• AOFF – Searching, Not locked
• AON – Locked!
• FIX – Reference Cart



Observing with PAVO
The PAVO Server

Cart Positions
and Velocities



Observing with PAVO
The PAVO Server

Current Signal 
to Noise Value



Observing with PAVO
The PAVO Server

Current Signal 
to Noise Value

Stop Tracking
at this S/N

Start Tracking
at this S/N



Observing with PAVO
The PAVO Server

Fringes on E2-S2 with 
E2 as Reference



Observing with PAVO
The PAVO Server

New Version has 
Countdown Until 

Sequence End



Observing with PAVO
The PAVO GUI



Observing with PAVO
The PAVO GUI

Starts and Stops the 
PAVO Camera



Observing with PAVO
The PAVO GUI

Manually Save
It’s green when saving



Observing with PAVO
The PAVO GUI

Autosave
Starts saving when fringes locked



Observing with PAVO
The PAVO GUI

Shutters – Green when open



Observing with PAVO
The PAVO GUI

Toggles the Display Window

Lenslet View



Observing with PAVO
The PAVO GUI

Toggles the Display Window

Image View
Mask Out



Observing with PAVO
The PAVO GUI

Toggles the Display Window

Image View
Mask In



Observing with PAVO
A Typical Night

• Log onto Remote Machine
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Observing with PAVO
An Ideal 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!

• Check Dispersion
• Good if 0-1

• Save Data!



Reducing PAVO Data
Find Your Data



Reducing PAVO Data
The headstrip file

• UT – UT time of the first file
• FNUM – Starting file number
• HD – HD number of the target
• SHT – Shutter status of 3 beams

• B1, B2, and B3
• 0 – open
• 1 – closed

• GN – Gain setting of the detector
• EXPTM – Exposure time of the detector
• CX – Offset of OPLE cart X

• Carts are moved during shutter sequence
• Expect to see a difference then

• BX – Identifies the telescope on each beam



Reducing PAVO Data
Start IDL



Obs Date     Beams   File Range       Output Filename                 Data Directory                         Options

Reducing PAVO Data
Run processv2

processv2,’180226’,[0,1,1],34773,48052,’Baseline_S2E2_20180226.txt’,root_dir=’/dbstorage/PAVO/2018/’,/plot,/individual

Wavelength Calibration Power Spectra

Note: processv2 cannot process multiple baselines at once



Reducing PAVO Data
l0_l1_gui.pro – Preparation

Level 0 Data – Raw Visibilities
Output from processv2

Level 1 Data – Reduced Visibilities
Uncalibrated

Level 2 Data – Reduced Visibilities
Calibrated



Reducing PAVO Data
l0_l1_gui.pro – Preparation

Level 0 Data – Raw Visibilities
Output from processv2

Level 1 Data – Reduced Visibilities
Uncalibrated

Level 2 Data – Reduced Visibilities
Calibrated



Reducing PAVO Data
l0_l1_gui.pro – Startup

Load the List File

Call With: l0_l1_gui



Reducing PAVO Data
l0_l1_gui.pro

Outlier Rejection:
• Signal-to-Noise Ratio (SN)
• Seconds after lost fringe lock (NSEC)
• Deviation from the mean in sigma 

(SIGLIMIT)



Reducing PAVO Data
l0_l1_gui.pro

Outlier Rejection:
• Signal-to-Noise Ratio (SN)
• Seconds after lost fringe lock (NSEC)
• Deviation from the mean in sigma 

(SIGLIMIT)

Open White Squares:
Rejected (by NSEC in this case)

Filled Green Squares:
Accepted



Reducing PAVO Data
l0_l1_gui.pro



Reducing PAVO Data
l0_l1_gui.pro



Calibrating PAVO Data
l1_l2_gui.pro – Preparation

Level 0 Data – Raw Visibilities
Output from processv2

Level 1 Data – Reduced Visibilities
Uncalibrated

Level 2 Data – Reduced Visibilities
Calibrated



Calibrating PAVO Data
l1_l2_gui.pro – Startup

l0_l1_gui results file:  blah_l0l1.res

Calibrator diameters file

Configuration file



Calibrating PAVO Data
l1_l2_gui.pro



Calibrating PAVO Data
l1_l2_gui.pro



Calibrating PAVO Data
l1_l2_gui.pro – Results



Convert to OIFITS!
pavo2T_to_oifits.py

pavo2T_to_oifits.py



Summary



Bonus Slides



Reducing PAVO Data
l0_l1_gui.pro – Bad Data

High dispersion causes 
wavelength on visibilities
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