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Radio Observations of Brown Dwarfs

Brown dwarfs are substellar bodies that are intermediate in size between gas giant planets such as Jupiter, and the smallest star (75Jupiter masses). They were fist proposed in1963 by University of Virginia astronomer Shiv Kumar. In 1995, Gliese 229B was the first low mass “stellar body” to be unquestionably identified as a brown dwarf(Figure 1).  Over the past nine years, many more brown dwarfs have been identified and studied.  In 2001, a number of NRAO summer students stumbled upon radio emission emanating from LP944-20, a known brown dwarf. This discovery was unexpected at that time as it was believed that there was no form of activity present in these cool, substellar bodies. Many questions have since been raised regarding the nature, commonality, and the causal mechanisms of such activity in brown dwarfs.  

Research Motive

The discovery of radio emission from LP944-20 in 2001 led many in the stellar community to wonder if the majority of brown dwarfs, like LP944-20, exhibited such behavior.  Normal stellar bodies were known to commonly exhibit magnetic activity and various forms of emission.  As a result of the aforementioned discovery, many stellar astronomers were interested in finding out whether or not the presence of magnetic activity in normal stellar bodies was a characteristic that could be extended to these substellar masses.

What did this one detection of radio emission from LP944-20 signify?  Did it perhaps mean that brown dwarfs, like stars had magnetic fields, flares, non thermal particles, and non thermal radio emission?

Since radio emission is a common sign of magnetic activity, studying brown dwarfs for its presence would help to answer some of these questions. 

Additionally, papers by Burger et al (2001) and Burger (2000), confirmed the presence of  persistent radio emission and magnetic activity in TVLM513-46546, 2MASSJ0031659+182110, and in BRI0021-0214. It was also documented that radio emission from the observed Brown Dwarfs increased from spectral type M3 to spectral type L3.5. Burger also suggested that there existed a linear relationship between the ratio of radio to bolometric luminosity of cool stellar and substellar bodies and spectral type, beginning at M8 type stars and continuing down to T6 dwarfs.  

On the other hand, a paper by Krishnamurthi et al (1999) documented that there were no detections of radio emission or any type of magnetic activity from brown dwarfs p Oph GY31 and Kelu 1.  These observations were taken at 3.6cm(X band), and both sources were within 12pc of the sun.  

Accordingly, another question that I hoped to answer with my research was why the results of the Krishnamurthi and Burger papers differed. 

Brown Dwarfs vs. Stellar Bodies

Stellar bodies, or stars, are celestial bodies with masses that are on the order of 75 Jupiter masses and up. They have a core temperature of at least 3 million K and a surface temperature of no less than 1800 K. Within their cores, whose temperatures rise with gravitational pressure, they fuse hydrogen to helium.

On the other hand, brown dwarfs, are substellar bodies that are intermediate in size between the biggest gas giant planet, and the smallest star. In other words, they are bigger than a planet like Jupiter, but are smaller than the smallest star (Figure 2).  Brown dwarfs have surface temperatures that are less than 1800K and also have  fully convective cores. 

Brown dwarfs never reach a temperature within their cores that would allow them to sustain the burning of hydrogen or lithium.  However, they can be distinguished from gas giant planets by their ability to burn deuterium.

Brown Dwarf Detection

The Lithium Test is often used to distinguish these substellar bodies from low mass stars.  Below 60 Jupiter masses, a brown dwarf cannot fuse lithium in its core.  Moreover, in stars, lithium fusion occurs at much lower temperatures than hydrogen fusion.  Therefore, brown dwarfs contain a substantial amount of lithium ,while there is an absence of lithium in stars very early on. As a result, the presence of lithium is a clear indicator that a body of low mass is in fact a brown dwarf and not just a very small star.

Astronomers also use the Methane Test as another method of detection for brown dwarfs.  Methane is a common atmospherical gas in gas giant planets.  However, stellar temperatures are much too hot to allow for its formation.  Accordingly, its presence is further evidence that a brown dwarf candidate is assuredly not a star.

Many brown dwarfs have also been recently detected via the Two Micron-All Sky Survey(2MASS), and the Sloan Digital Sky Survey(SDSS).

Research

My research this summer involved the study and analysis of  2MASS and SDSS objects that had previously been observed with the VLA, at 3.6 cm, or X band, with data reduction and calibration done via AIPS and IDL.  

Using the Astronomical Imaging Processing System (AIPS), the data from these observations was calibrated and imaged, enabling us to detect various sources of radio emission in the field of each brown dwarf.  The positions of the radio emitting sources were compared to the known positions of the brown dwarfs, and if their was a positional match between a radio emitting source and a brown dwarf, the intensity of the emission from the brown dwarf was determined. 

I reduced, imaged, and interpreted data for nine brown dwarfs, eight of which were 2MASS sources and one of which was a SDSS source that was calibrated and imaged twice. This enabled us to study the possibility of variable emission from the object.  I also calculated the ratio of radio to bolometric luminosity for each source.  All of the sources, five of which were L dwarfs and four of which were T dwarfs, were within a distance of 13.6 pc or less.  

Results

Of the nine sources that I studied, I found radio emission for three brown dwarfs and upper limits on radio emission for the remaining six.

The radio emission that was observed came from three of the 2MASS objects.  2M0652+472, with a distance of 11.1pc and a spectral type of L4.5 exhibited emission with an intensity of 1.2978x10 – 4  ± 2.98 x10¯5 Jy;  2M0559-1404 which had a spectral type of T5 and was a distance of 10.24 pc away, exhibited emission with an intensity of 1.9049x10 ¯5 ± 4.53x10 ¯ 6 Jy; and 2M0857+5708 that was a distance of 11pc from us,  had a spectral type of L8 and exhibited radio emission with an intensity of 2.8145x10 ¯ 5  ± 5.70x10 ¯ 6 Jy.  The ratios of radio to bolometric luminosity for the aforementioned brown dwarfs were 7.51x10 ¯17, 1.21x10 -16, and  4.11x10 ¯ 17 , respectively.  Hence, the ratio of the radio to the bolometric luminosity was found to be the greatest for the brown dwarf of the T5 spectral type, and the least for the brown dwarf of the L8 spectral type, as proposed by the Burger paper (2002).  Table 1 lists a more detailed summary of my findings.

Discussion

As stated, I found radio emission for three out of the nine brown dwarfs that I studied, or, approximately one third.  I believe therefore that my findings support those documented in Burger et al (2001) and Burger (2002).  My research this summer further confirms that radio emission is present in a number of brown dwarfs, with the intensity of radio emission from my sample being the greatest for the two L dwarfs. 

Of the nine brown dwarfs that were studied, it is possible that the detections of radio emission from 2M0652+472,  2M0559-1404, and 2M0857+5708, were signs that they  possessed magnetic fields, flares, non thermal particles, and non thermal radio emission.  However, these objects would have to be studied and analyzed more in the future in order to determine if this is the case.

It is reasonable to believe that the two-thirds of the brown dwarfs from the sample that appeared to exhibit no radio emission at X band, may still exhibit radio emission, just at different frequencies.  It is also possible that they may have variable emission.  This may also explain why no emission was detected from p Oph GY 31 and Kelu 1 from the Krishnamurthi paper.  Therefore, in the future, it may be necessary to conduct multi- frequency analysis of those brown dwarfs, as well as to observe them for longer periods of time, which would be more effective in detecting variable radio emission.

Concluding Remarks

This summer, I learned so much about radio astronomy in general.  More specifically, I learned a great deal  through not only my summer project, but also through the summer projects of the other NRAO summer students.  I would like to offer a special thanks to my advisor, Dr. Rachel Osten, for patiently instructing me this summer.  I would also like to thank Dr. John Hibbard for making it possible for me to have this research experience.
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Figure 1
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Figure 2

This figure illustrates the size and temperature of brown dwarfs relative

to the sun and to gas giant planets.  

Here, brown dwarfs Teide 1, and Gliese 229B and the planet Jupiter are used as frames of reference.

Source
Spectral Type
Distance(pc)
Intensity(mJy)
Lrad / Lbol

2M0045+1634
L3.5 V
11
< 0.043749
1.89 x10-17

2M0652+472**
L4.5
11.1 ± 1.2
0.12978 ± 0.0298
7.51 x10-17

2M0141+1804
L4.5
12.6 ± 2.7
< 0.033393
2.48 x10-17

2M0144-073
L5    V
13.4 ± 1.5
< 0.063612
6.16 x10-17

2M0857+5708**
L8    V
11
0.028145 ± 0.0057
4.11 x10-17

2M0559-1404**
T5    
10.24 ± 0.13
0.019049 ± 0.00453
1.21x10-16

2M1534-2952
T5.5 V
13.6
< 0.0681
7.62 x10-16

2M0937+2931
T6
6
< 0.0083982
1.83 x10-16

SDSS 1624+0029
T6 V
11
< 0.065781
4.82 x10-16

SDSS1624+0029
T6 V
11
< 0.069615
5.1 x10-16

***   Radio Emission Detected  ***
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