university of faculty of mathematics kapteyn astronomical
groningen and natural sciences institute

Search ~ spectral cutoff
periodic signal
brown dwarf binary

or (the unexpected virtue of non-detections)
Timothy Wing Hei Yiu

Supervisors: Harish Vedantham, Joe Callingham, Léon Koopmans

Radio Stars 2024, Westford

ASTRON

Netherlands Institute for Radio Astronomy

18th April 2024



Why study brown dwarfs in radio?

“cuz it’s cool.”

Check out my poster
in the library!

* Charges moving in magnetic fields emit in radio wave

—Excellent probe of magnetospheric acceleration mechanig

* Allow us to study magnetospheres of brown dwarfs and gas-giant plang

1. Magnetic field strength of brown dwarfs
2. Magnetic field geometry
3. “Star”-planet interactions
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History of radio brown dwarf

Flux (uJy)
MR
i

* First radio brown dwarf discovered by Berger+ 2001 @’D DIG .
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 Jupiter-like radio pulses (Hallinan+ 2007, 2008, 2015; Route &Wolszczan
2012, 2016; Williams+ 2017) -

Flux (mJy)

* kG-field in brown dwarfs (Kao+ 2016, 2018)
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» Coldest (T8) radio brown dwarf to date (Rose+2023) % .
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What is J1019? Fact sheet W

e Full name: WISEP J101905.63+652984.2

* Brown dwarf binary

e Both T dwarfs (T5.5 and T7.0)

* Not too far away: ~23pc
KAREL

ende

» Second LOFAR-detected brown dwarf, with the first being ELECAST
7y

Vedantham+ 2020, 2023

ST({ N 18th April 2024 Timothy Yiu - RS2024, Westford )

Netherlands Institute for Radio Astronomy




Orlglnal paper: Vedantham+2023

WISEPAJ101905 63+652954 2 P156+65
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 Strongly circularly polarised (V/I~100%)! Also repeating at ~3h.
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What makes J1019
special? .

Untargeted radio sky survey = unbiased!

[ ]
10-19

Binary = mass constraints!

Highly circularly polarised = ECME

102!

(AKR/TKR)

ECME cuts offat fz = 2.8 B,,, MHz

. NePTUNE
—_— (NKR) URANUS {UKR)

Flux Density at 1 A.U. Wm2Hz")

103

Cutoff = B-field strength = Validating |

full-convective dynamo models! 100 1000 10000
Frequency (kHz) 7arka 1998
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Occurrence Probability (%)

non lo—D
T T T T

€ 5 101520253035
Occurrence Probability (%)

Marques+ 2017

B - -
Spectral cutoff &

* 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
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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

“This is fun.” Yiu+in prep. X 13
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Time since start of observation (hour)

| will spare you the pain.
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Non-detections galore

* No pulse as strong as the original 4-mJy pulse in all 10
LOFAR follow-up observations.

e« Same with GMRT and VLA: no detections.

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

e “What’s the deal
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Cross-epoch analysis

All LOFAR follow-up epochs LoTSS DR2 epoch + All LOFAR follow-up epochs
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Besides the original 3h period, a new 0.8h period appeared!
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Phasefolded light curve

Period=2.8475 hours Period=0.7710 hours
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The unexpected virtue of non-detections

* 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

How “special” is J1019 really?
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Dec (ICRS)

The unexpected virtue of non-detections
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= detected

= not detected

Poisson:

A=A
k!

AN=10.60 x FF x R

P(F,R) =

N
\\

16"00™M00° 12"00™M00°

RA (ICRS)

’,‘ ;- F = f8$paiairafssddio-loud brown dwarfs
ﬁj\ =} R = tAdijweniessf a brown dwarf

k?
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The unexpected virtue of non-detections
Ake—A

!
A=10.6 x Fx R

e FromLoTSSDR2: kK =1 P(F7 R) —

* 10 LOFAR follow-ups all yield non-detections

High F, low R

— J1019 is not special
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The unexpected virtue of non-detections

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

Observer:

P(R)=(R*(1 - R)"®

X
4 ‘ ' \ .
w= / R = Duty ratio of a brown dwarf
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The unexpected virtue of non-detections
Ake—A

!
A=10.6 x Fx R

e FromLoTSSDR2: kK =1 P(F7 R) —

* From follow-up observations: n = 11,z = 1

pr) -

g

)Rm _ R

X

With these, we can constrain
°® F and R quite well!
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With only DR2 With both DR2 and follow-ups
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F = “Specialness” R = “Activeness”

F = Fraction of radio-loud brown dwarfs R = Duty ratio of a brown dwarf
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F Yiu+ in prep.

We can reject F < 0.14 and R > 0.33 with 95% confidence!
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Conclusion

 Each follow-up observation of J1019 by itself: non-detection ®
— X Search for spectral cutoff or track pulses ® ® ®

Brown Dwarf
2MASS J0348-6022

* Combining all epochs revealed a new 0.8h period! ©
—> Reaching the rotational break-up limit (Tannock+ 2021)

1.7 hour rotation 9.8 hour rotation

* The non-detections allow us to constrain F and R A3x Jupiter's mass 1 Jupiter's mass

— High value of F implies J1019 is most likely not too “special”

Who's ready for clam bake?

o
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