Detection and interpretation of fine structures
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Introduction -

Five-hundred meter
Aperture

Spherical radio
Telescope

Guizhou province (China

[1000—1500] MHz
Full polarization

5t = 196.608 ps
5f = 0.49 MHz

The FAST radio-telescope
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Observations of AD Leonis
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“Slow” drifting features
(~ minutes)
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“Fast” drifting features
(~ milliseconds)
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Observations of AD Leonis

Not the first observations of AD Leo, but never with such resolution

Emissions are:
- Bursty
- Right-Handed (RH) Circularly polarized ~100%

—> Cyclotron Maser Instability Mechanism
- same as Earth, Jupiter and Saturn auroral radio emissions
= femission ~ fce <« B

- drift « electron energy

1450
I -
21400
>

g

= 1350 {48
) =5
i

1300

(d)

1450 Jaimrgri e e wis S IR e Bt S | | ; At |

¥
£ 1400
>
) % o SIEN
2 1350 {4 = 8 S g | : 3 \ e 3 :
Q - 7-:~“ \- = . ".r' x . -:‘ e - ) ; . ST ‘ 25 {0 - >3 '.’_” ' _.»‘ - - ¢z _"--'_ . : .":'. .
Zhang et al., 2023, APJ 1300 R B U R SN E RS R SRR AT e P e O e T D e SRS

Time [s] since 2021-12-02 20:51:08.407861 UT

=
0
0
X
2
)




Comparison AD Leonis / Jupiter
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Comparison AD Leonis / Jupiter
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AD Leonis

W

- M3.5Vstar .
I\/Iass 0.45 Msun I\/Iorln et al: (2008)
Radius: 0.44 Rsun Mann et al. (2015)
Distance: 4.965 PC Gaia Collaboration L —

_ Period: 223 iOOO1 dayS'Fouqué et al. (2023) ‘
.

- Zeeman Doppler Imaglng measure

Dipolarity: 70% .

Bwvax: 460 G " Bellotti et al. (2023)

Obliquity:. 59°

Potential .exopl'anet i'n Orbit (debated) (Radial Velocity) Tuomi et al. (2018), Carleo et al. (2020), Kossakowski ét al. (2022)
| ok . | . | ]



EXPRES simulations

1st observation 2"d observation
AD Leonis Magnetic field model

Sources every 1° - L Shell 2
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Mechanism:;
- Cyclotron Maser Instability
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Electron distribution function:
- Loss cone / shell type

—
o

o O
O O
Polarization

1 1
- O .
o o

Electron energy Ee-: Sources every 1° - L Shell 10
- 5,10, 20, 100, 200, 500 keV

J

L e e

. . o 01 O

o O
Polarization

| I |
- O -

Position:
- Lshell 2, 5,10, 20, 40 _ Sources every 1~ L Shell 20
- Olongitude: 1° :
- co-rotating w/ AD Leo

—
o

o O
O O,
Polarization

Frequency

| I |
- o - .

Sources every 1° - L Shell 40

Wave propagation mode:
- Left-Ordinary (LO)
- Right-eXtraordinary (RX

Frequency
o o

o O
o O
Polarization

00:00 06:00 12:00 18:00 00:00
2021-12-03 2021-12-04

/



AD Leonis Magnetic field model
Mechanism:

Electron distribution function:

— /

Electron energy Ee-:
- , 100, 200, 500 keV

Position:

= , 5,10, 20, 40
- Olongitude: 1°

- co-rotating w/ AD Leo

Wave propagation mode:

- Right-eXtraordinary (RX

EXPRES simulations

LC 5 keV

LC 10 keV

LC 20 keV

LC 100 keV

LC 200 keV

LC 500 keV

Shell 90°

2021/12/02-03 (RH emission)

LO North LO South RX North RX South
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Shell not excluded but no information on Ee-
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Conclusions & Perspectives

- Coherent results between the two approaches, on:
- “slow” drifting features (EXPRES simulations)
- “fast” drifting features (Bursts)
—> - CMI
- Ee-=[10-20] keV
- Position: small L-shell (2-5 RapLeo)

- EXPRES simulations could give constrains on:
- Electron distribution function type (Loss cone vs. Shell)
- Wave propagation mode

—> More observations needed

—> Should be observable with NenuFAR
- 418 hours of observations (over 4 years)
- Pipeline to analyse “slow” and “fast” drifting features in development
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2nd type of radio emissions

Solar observations
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