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Alfvén waves…

18th April 2024

Why study brown dwarfs in radio?

• Charges moving in magnetic fields emit in radio wave

⟹Excellent probe of magnetospheric acceleration mechanism!

Credit: ASTRON1. Magnetic field strength of brown dwarfs
2. Magnetic field geometry
3. “Star”-planet interactions

• Allow us to study magnetospheres of brown dwarfs and gas-giant planets
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Check out my poster 
in the library!

Credit: NASA

“cuz it’s cool.”



History of radio brown dwarf

• First radio brown dwarf discovered by Berger+ 2001

• Jupiter-like radio pulses (Hallinan+ 2007, 2008, 2015; Route & Wolszczan
2012, 2016; Williams+ 2017)

• kG-field in brown dwarfs (Kao+ 2016, 2018)

• Coldest (T8) radio brown dwarf to date (Rose+ 2023)

• I hope I can be on here someday…
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What is J1019? Fact sheet
• Full name: WISEP J101905.63+652984.2

• Brown dwarf binary

• Both T dwarfs (T5.5 and T7.0)

• Not too far away: ~23pc

• Second LOFAR-detected brown dwarf, with the first being elegast

18th April 2024 Timothy Yiu - RS2024, Westford 4

Credit: Carnegie Science

Vedantham+ 2020, 2023
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• Strongly circularly polarised (V/I~100%)! Also repeating at ~3h.

Original paper: Vedantham+2023



What makes J1019 
special?
• Untargeted radio sky survey ⇒ unbiased!

• Binary ⇒ mass constraints!

• Highly circularly polarised ⇒ ECME

• ECME cuts off at 

• Cutoff ⇒ B-field strength ⇒ Validating 
full-convective dynamo models!
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Zarka 1998

~40 MHz



Big ideas!
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• Dynamo models (Baraffe+ 2003, Christensen+ 2009) predict a cutoff at L-band (1-2 GHz): VLA!

• Spectral cutoff: GMRT+LOFAR (near-)simultaneous observation

• Pulse tracking: Additional LOFAR observations 

Spectral cutoff & Pulse tracking
Marques+ 2017

Me back then:



Data, data, and more data

• Original LoTSS DR2 epoch: 2017-03-08

• Now, we have 10 LOFAR follow-up observations (mainly between 
December 2022 – March 2023)

• Two of which has GMRT observing (near-)simultaneously
• Band-4 (550 – 850 MHz) on 2023-01-24
• Band-3 (250 – 500 MHz) on 2023-03-08

• VLA epoch: 2023-04-22
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Before results: recap
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Results: analysing every epoch
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Yiu+ in prep. × 13“This is fun.”

I will spare you the pain.



Non-detections galore
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• No pulse as strong as the original 4-mJy pulse in all 10 
LOFAR follow-up observations.

• Same with GMRT and VLA: no detections.

• Period signature not strong enough to be confident (FAR 
too high)

• “What’s the deal with all these non-detections?”Cross-epoch analysis



Cross-epoch analysis
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Besides the original 3h period, a new 0.8h period appeared!



Phasefolded light curve
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The unexpected virtue of non-detections
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How “special” is J1019 really?

• There are 106 brown dwarfs within 25pc in LoTSS DR2 footprint (Best+ 2024)

• Beaming ⇒Only ~10% of them are ever visible to us (Zarka+ 2004)

• Only 1 brown dwarf (J1019) detected from LoTSS DR2 



The unexpected virtue of non-detections
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Poisson:

<latexit sha1_base64="s7BjF7L8wpllYLKQyyJfdGIdvV0=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgKiRSqhuhKIjLKvYBTSiTyaQdOnkwMxFK6daNv+LGhSJu/QN3/o3TNoK2Hhg4nHMud+7xU86ksu0vo7C0vLK6VlwvbWxube+Yu3tNmWSC0AZJeCLaPpaUs5g2FFOctlNBceRz2vIHlxO/dU+FZEl8p4Yp9SLci1nICFZa6prI5TocYHSOHNuqIlexiEp09UNuu2bZtuwp0CJxclKGHPWu+ekGCckiGivCsZQdx06VN8JCMcLpuORmkqaYDHCPdjSNsV7jjaaXjNGRVgIUJkK/WKGp+ntihCMph5GvkxFWfTnvTcT/vE6mwjNvxOI0UzQms0VhxpFK0KQWFDBBieJDTTARTP8VkT4WmChdXkmX4MyfvEiaJ5ZTtSo3lXLtIq+jCAdwCMfgwCnU4Brq0AACD/AEL/BqPBrPxpvxPosWjHxmH/7A+PgGCLqYBw==</latexit>

� = 10.6⇥ F ⇥R

𝐹 = Fraction of radio-loud brown dwarfs  
𝑅 = Duty ratio of a brown dwarf

= not detected

= detected

𝐹 = “Specialness”
𝑅 = “Activeness”



The unexpected virtue of non-detections
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• From LoTSS DR2: 

• 10 LOFAR follow-ups all yield non-detections
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P (F,R) =
�ke��

k!
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� = 10.6⇥ F ⇥R

High F, low R 
⟹ J1019 is not special  
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k = 1



The unexpected virtue of non-detections
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Binomial:

𝑅 = Duty ratio of a brown dwarf
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P (R) =

✓
n

x

◆
Rx(1�R)n�x

Our target can either be detected or not detected in these 11 observations:

Observer:

= not detected

= detected
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• From LoTSS DR2: 

• From follow-up observations: 
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� = 10.6⇥ F ⇥R

<latexit sha1_base64="cHaK3SB6iQbJrUVLuFuxpKxhUgY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1ItQ9OKxov2ANpTNdtIu3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3U791hMqzWP5aMYJ+hEdSB5yRo2VHkbXXq9ccavuDGSZeDmpQI56r/zV7ccsjVAaJqjWHc9NjJ9RZTgTOCl1U40JZSM6wI6lkkao/Wx26oScWKVPwljZkobM1N8TGY20HkeB7YyoGepFbyr+53VSE175GZdJalCy+aIwFcTEZPo36XOFzIixJZQpbm8lbEgVZcamU7IheIsvL5PmWdW7qJ7fn1dqN3kcRTiCYzgFDy6hBndQhwYwGMAzvMKbI5wX5935mLcWnHzmEP7A+fwBxxeNeg==</latexit>

k = 1

<latexit sha1_base64="Tp+eTLEom8Fi+aWlb50xrVqKJS0=">AAACDHicbVDNTgIxGOz6i/iHevTSSEzgANk1RL2YEL14RCI/CSykW7rQ0O1u2q6BbPYBvPgqXjxojFcfwJtvYxf2oOAkbSYz86X9xgkYlco0v42V1bX1jc3MVnZ7Z3dvP3dw2JR+KDBpYJ/5ou0gSRjlpKGoYqQdCII8h5GWM75J/NYDEZL6/F5NA2J7aMipSzFSWurn8rVCvXjVdSj3vYjH0SSG9V5yF6xSvdiLeGkS65RZNmeAy8RKSR6kqPVzX92Bj0OPcIUZkrJjmYGyIyQUxYzE2W4oSYDwGA1JR1OOPCLtaLZMDE+1MoCuL/ThCs7U3xMR8qSceo5OekiN5KKXiP95nVC5l3ZEeRAqwvH8ITdkUPkwaQYOqCBYsakmCAuq/wrxCAmEle4vq0uwFldeJs2zsnVertxV8tXrtI4MOAYnoAAscAGq4BbUQANg8AiewSt4M56MF+Pd+JhHV4x05gj8gfH5A/s4mlM=</latexit>

P (R) =

✓
n

x

◆
Rx(1�R)n�x

<latexit sha1_base64="bgZ62Gu8sEzh9HMmN9cFMwrBefU=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBg5RdKeqlUPTisYL9kHYp2TTbhibZJcmKZemv8OJBEa/+HG/+G9N2D9r6YODx3gwz84KYM21c99vJrayurW/kNwtb2zu7e8X9g6aOEkVog0Q8Uu0Aa8qZpA3DDKftWFEsAk5bwehm6rceqdIskvdmHFNf4IFkISPYWOlBVj3vDD1VvV6x5JbdGdAy8TJSggz1XvGr249IIqg0hGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKrGg2k9nB0/QiVX6KIyULWnQTP09kWKh9VgEtlNgM9SL3lT8z+skJrzyUybjxFBJ5ovChCMToen3qM8UJYaPLcFEMXsrIkOsMDE2o4INwVt8eZk0z8veRblyVynVrrM48nAEx3AKHlxCDW6hDg0gIOAZXuHNUc6L8+58zFtzTjZzCH/gfP4Ay8qPHA==</latexit>

n = 11, x = 1

With these, we can constrain 
𝐹 and 𝑅 quite well! 
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Only Poisson Poisson × Binomial 

Yiu+ in prep.
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We can reject F < 0.14 and R > 0.33 with 95% confidence! 

𝐹 = Fraction of radio-loud brown dwarfs  𝑅 = Duty ratio of a brown dwarf

Yiu+ in prep.

𝐹 = “Specialness” 𝑅 = “Activeness”



Conclusion
• Each follow-up observation of J1019 by itself: non-detection 
⟹❌ Search for spectral cutoff or track pulses 

• Combining all epochs revealed a new 0.8h period! 
⟹ Reaching the rotational break-up limit (Tannock+ 2021)

• The non-detections allow us to constrain 𝐹 and 𝑅
⟹ High value of 𝐹 implies J1019 is most likely not too “special”

18th April 2024 Timothy Yiu - RS2024, Westford 21

Credits: NASA/JPL-Caltech

Who’s ready for clam bake?




