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Mira AB

- Mira A is an AGB star
- 107 parsecs from Earth
- 1.7 M but 600x the       

size of the sun
- has a pulsation period of

~332 days 
- undergoes mass loss
- binary star system
- Mira B is a white dwarf
- A and B separated by 

~65 AU 

x-ray illustration

Presenter
Presentation Notes
Asymptotic Giant Branch- end of star’s lifetime, leaves main sequence, has degenerate C and O core, burns helium and hydrogenSecond ascent of the red giant branch65 AU is about 2x the ave distance from the sun to plutoMass loss, visual pulsationMasers frequently seen in Mira-type variable starsFocus is on Mira AAGBs are cool, red giants, 10,000x as luminous as the sunTemp 2000-3000 KMira B about the size of EarthToo far away for Roche lobe overflow



Masing Regions

Presenter
Presentation Notes
Masers are the radio-wavelength equivalent to lasers, naturally occurring in the circumstellar envelope surrounding MiraObservations of circumstellar masers give information on the physical conditions surrounding the star, as well as give possible indication of shock propagation, which is a theory of how mass loss worksvery rare for all three bands to be looked at in the same observation epoch, and that is what we're doing



The Masers of Mira A
- Motivation for this project was 
an unprecedented x-ray burst 
from Mira A detected in 2003 
by Karovska et al. It is the first 
time x-rays have been observed 

coming from an AGB star.

- Data were taken by the VLA in
three frequency bands for the 
detection of SiO (43 GHz), H2O (22 GHz), and OH (1665 
MHz) masers. Observations were made during six epochs, 
and in multiple VLA configurations.

- Masers are the radio-wavelength equivalent to lasers, 
naturally occurring in the circumstellar envelope surrounding 
Mira.
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Presentation Notes
x-rays are from Mira A, first x-rays to be known to originate from AGB star and not the companionreason we're looking at these masers- to see if there is any correlation to the x-ray activityWant to see if the masers are enhanced or destroyed by the presence of x-ray activity in the AGB star



AIPS and Calibration
- Two calibrator sources were used to set the absolute flux scale and complex 
gains of the maser emission, correcting for amplitude and phase inaccuracies 
caused by atmospheric and instrumental effects.
- Self-calibration on the maser emission was used to further improve the 
amplitude and phase of the image.

before self-calibration

after self-calibration
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• To do this I used a software package called AIPS- Astronomical Image Processing System**** The result of self cal is a series of images that make up a 3D data cube Pictures from epoch 02/01/05 Q - hybrid configuration



The Data Cube
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Presentation Notes
A 3D data set, made up of 2D spatial images, and the third dimension is the frequency channels (often expressed as a velocity)This way, we view images at the systemic velocity of the star, but also emission that has been red shifted or blue shiftedWater maser hollow sphere similar to right picture, forms a ring around star



SiO 12/08/04 

200 mas 
= 21.4 AU 
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Presentation Notes
Spacing between channels is ~0.3 km/s and it spans velocities from 39.4 to 49.4 km/sPeak is 124 Jy (brightest contour)



Channel Maps and Contour Plots
SiO 10/19/04
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Contours tell you how the flux is distributed, and it shows the individual maser features present along the different frequency channelsTop is blue shifted, bottom red shifted, systemic velocity 46.7 km/s



SiO 10/19/04 Spot Map
35 mas = 3.75 AU = 5.5 x 108 km 

systematic velocity
blue shifted
red shifted

Presenter
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Diameter of about 7.5 AUShows where all the individual maser features are in relation to the star- some of these points may be the represent the same featurePossible mass loss moving at at ~15-20 km/s, calculated from two epochs - high proper motion calculated by movement seen between this and another spot mapInteresting that this material may be headed in the direction of the companion, although the companion is much farther away. Material traveling to companion, possible the xrays followed the same path 



Epoch 10/19/04
SiO H2O
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The next thing we did was combine all the channels of each maser together into a total intensity map (next)



10/19/04 - H2O and SiO

100 mas = 10.7 AU = 1.6 x 109 km 

Presenter
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Explain moment map - total intensityFirst time simultaneous observations of the two masers were imaged on the same mapWe also made rough measurements of the diameters of these regions- from the spot map we know that the SIO region is ~7.5 AU. The H2O region was estimated at 21.4 AU



12/08/04 - H2O and SiO

100 mas = 10.7 AU = 1.6 x 109 km 

Presenter
Presentation Notes
Not the same scale, diameters for this epoch were measured to be the same.



Mira’s Light Curve

Visual magnitude
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2004 - 2007. Mira has a pulsation period of about 332 days, as you can see, the amplitude of these fluctuations is fairly regular. The blank spots are where Mira is visible during the day and so can’t have luminosity recorded by variable star observers.



Mira’s Light Curve

Visual magnitude
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Light curve during observing time. 



Masers and the Light Curve
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Integrated flux density over all the epochs of observationSiO maser appears to have a periodicity that closely follows the optical period of mira. This is a result that was also found by other independent observers.



Masers and the Light Curve
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H2O appears to be brightest around period .35, and this agrees with findings from other sources of Mira observationsThere has been evidence that links the H2O maser to the light cycle of the star. It is possible that the maser flaring is part of a mass loss burst that happens around maxima, and doesn’t get to the H2O masing region until .4 of a cycle later. Mass would have to be traveling at 93 km/s. This velocity estimate is higher than expected, but with a more accurate estimate of the masing region diameters, the result would be lower.



SiO Spectral Data
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Systemic velocity, blue shift, red shift



H2O Spectral Data
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Presentation Notes
Although our H2O data peak at about the same time in the light curve that other sources have seen, our data for two of these epochs have flux densities that match the highest recorded peaks in the literature. This in turn may be related to the x-ray burst that fueled this project. A big mass ejection might have traveled out from the star and made it to the H2O emitting region for this epoch. Or it may simply be a natural maser strength that hasn’t been recorded thus far. 



What about the OH maser?
- The OH maser was not seen in any of the observing 
epochs. 

- This is consistent with other independent 
observations- the OH maser was absent during a 
roughly 10 year period that included our observing time.

- Since OH masers are in the outer part of the 
circumstellar envelope, they may be affected by Mira B.

- Mira’s OH masers were detected by Etoka et al. in 
2009, and emission was seen at about 3 Jy.

(Etoka et al. 2010)
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Presentation Notes
We would easily have detected a 3 Jy peak with our noise level, but we didn’t see it



Conclusions
•   SiO and H2O masers were detected at every observing epoch.   
H2O masers were not always previously detected in Mira.

•   H2O peak maser emission consistently occurs at about 0.4 the 
period of Mira’s light curve.

•   For the first time, the diameters of the SiO and H2O maser 
emitting regions were simultaneously measured. SiO region 
diameter was found to be 7.5 AU, and the H2O region diameter was 
21.4 AU.

•   H2O maser  emission was found to be the strongest yet recorded 
in the literature- 12.5 Jy as opposed the average peaks of 5 Jy.

•   A high proper motion feature in the SiO maser region could be 
the result of outflow from Mira

•  It cannot really be determined if any of our maser activity was 
correlated to the x-ray burst in 2003, but the simultaneous 
measurements of SiO and H2O masers can be used to test and 
constrain theoretical models of maser emission.



Special thanks to my mentor, Lynn Matthews
and to MIT Haystack Observatory

Thank you!
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