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Where we come from?

o Study single closed coronal magnetic structures

* 1D loop hydrodynamic modeling



Coronal loop and magnetic fie

plasma confined in closed magnetic tubes
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The basic physics is non-linear:

Time-dependent 1D hydrodynamic loop modeling and
numerical simulations
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Concept of 1D HD modeling

* |solate structures and effects

* Detailed comparison w/ observations
 Time-dependent agreement not easy
 [wo examples:

 Modulated light curves of hot interacting loops as the footpoints of IRIS
SilV hot spots (Testa et al. 2019)

* |mpulsive light curves and spectral lines of microflaring interacting loops
(Testa & Reale 2020)
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Impulsive Coronal Heating from Large-scale Magnetic Rearrangements: From IRIS to
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Large-amplitude Quasiperiodic Pulsations as Evidence of Impulsive Heating in Hot
Transient Loop Systems Detected in the EUV with SDO/AIA

100 : ............... :
80

60

Y [arcsec]

40

20 VA N S :
1000 1500 2000

0 500 1000 1500 2000 0 500 1000 1500 2000
Time [s] Time [S]

Quasi-periodic pulsations are detected in loop legs of this loop system



Count rate [DN/s]

—
&)

o O
(@) (00
I I I | I I I | I I I | I I I | I I I

=
~

O
N

O
o

—l
o

O
o

O
»

o
N

Footpoint heat pulse

Count rate [DN/s]

O
N

0.0

o

500

1000
Time [S]

Y [arcsec]

1500

100

(0]
o

()]
o

AN
o

N
o

0 20 40

2000

60 80
X [arcsec]

Coronal heat pulse

0

100

120

140

1000 1500 200C

1D heat-pulsed loop model

reproduces the light curves
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Velocity [km s7]

T [10” K], Density [2 10" cm™]
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Investigating triggering mechanisms

Plasma-magnetic field interaction

« MHD required

« PLUTO code (Mignone et al. 2007 and follow-ups) set up for loop modeling
(Guarrasi+ 2014, Reale+ 2016, Antolin+ 2020)

e Possible observables with MUSE

« MHD kink avalanches (Cozzo et al., 2023, in prep)

* Nanojets from magnetic reconnection (Antolin et al. 2020, De Pontieu et al.
2022, Pagano et al., 2023, in prep)
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Ongoing work: MHD avalanches
(Cozzo, Hood, et al. 2023, in prep)

e |ocalised instability leading to a large heating event
(Tam et al 2015, Hood et al 2016, Reid et al 2018,
2020);

o Stratified atmosphere (chromosphere + TR + corona),
magnetic field tapering, thermal conduction, radiative
cooling, anomalous diffusivity, gravity in curved loop;

* Kink Instability can trigger an MHD avalanche.

Unstable loop v.s.
nearby stable loop
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MHD avalanches: onset of the instability

Corona

- Instability trigger: twisting by localised foot-point

rotation; N
- During instability onset: formation of current sheets, I j Chromosphere

plasma heating;
- After instability onset: heat diffusion, chromospheric T

evaporation 10K = 106K I= 104K
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MUSE observables - time: 0 s
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MUSE observables - time: 0 s

Fe IX Fe XV
(171 A) (284 A)
Emission [DN cm™! s~ pix~1] A Emission [DN cm™ 57! pix~!]
- 1500
0.5
- 1000
0.0
500 -0.5
0 —2
Doppler Shifts [km s~] Doppler Shifts [km s*]
0.5 A 0.5 A
0.0 - 0.0 -
—0.5 - —0.5 A
-2 -1 0 1 2 -2 -1 0 1 2

wWidth [km s~1] width [km s~1]

-2 -1 0 1
X [1.e9 cm]

N
I
N

X [1.e9 cm]

12.

— 1500

- 1000

ot | 0 1 2

500

100

50

-50

—100

100
80
- 60
- 40

20

Emission [DN cm~! s~ pix~1]

Doppler Shifts [km s*]

Fe XIX
(108 A)

- 1.00

- 0.75

0.5 -

0.0 -

_05 -

-2

Width [km s~1]

0
—-100
—-200

0.5 -

0.0 -

_0.5 -

l—200

0.50

0.25

0.00

200

100

- 150

- 100

X [1.e9 cm]

- From the top POV,

- Helical patterns above TR:
smoking gun of the kink
instabillity;

- Doppler shifts as evidence
of chromospheric
evaporation.



Nancﬂares and nan0jets (Anto||n+ 2020, Pagano+ 2023, in prep)
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* [ntensity bursts

e \Very short lived (<10s-15s)
e V ~ 100-200 km/s

e 1000-2000 km in length
 ~500 km in width



Numerical model
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Numerical model
Reconnection and jets
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Numerical model
Reconnection and jets
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MUSE observables

Line intensity
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