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Nanojets

Prominence-coronal rain hybrid eruption

plasmoids

Cluster of nanojets

Antolin et al. (2021) N1

IRIS 1400 UT147;40:31

e Intensity bursts ~ 1002

nanoflare = 102> erg 3 1000
e Jet-like, transverse to 3 zzz
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e Widths: ~500 km 994
e Single or clustered

occurrence - :ggz
e Multi-thermal g 998
e Plasmoids for largest ) zzi N

la]
82 80 78 76 74 72 70, ago

y [arcsec] 85 80 75 70 85 80 75
y [aresec) y [aresec]

e Uni-directional

IRIS 1400 (diff

Prominence

Loop with coronal rain

photosphere

T

plasma clump

v
RV

nanojet

v

nanojet

82 a4 88 a8
AlA 171

—

70

Patrick Antolin - Deciphering the Nanojet Phenomenon 4

RoCMI 2023



N2
a b
IRIS 1,400 A 19:38:19UT IRIS 1,400 A 19:38:19UT IRIS 1,400 A Diff IRIS SJI 1400 A

(@)

Ssll

50"

Nanojets
Blowout jet

Sukarmadji+ (2022)

45"

Distance (arcsec)

Distance along cut (")
O = N W & U OO N

AlA 304 A 19:38:19UT AlA 304 A Diff AIA 304 A Time-Dist

v
u

55"

Soll

Distance (arcsec)
w
o
Distance (arcsec)

S
v

45"

IRIS 1,400 A 19:36:07UT IRIS 1,400 A 19:36:07UT
60"

Distance along cut ()
O = N W s U O NN

60" AIA 171 A 19:38:23UT AIA 171 A Diff AIA 171 A Time-Dist

50" s

40" >0

Distance (arcsec)
(9, ]
o
Distance (arcsec)

45" 45"

30"

Distance along cut (")
O = N W s U O N

Distance (arcsec)
Distance (arcsec)

IRIS 1,400 A 19:38:26UT AIA 193 A 19:38:18UT

20" gty -
-I & . 40" : ‘ " 55"
10|| |
" " 50"
OII L
OII 10" 20" 30" 40" 50II 6OII 4OII 50II . . . 45"
Distance (arcsec) Distance (arcsec)

FIow direction

AIA 193 A Time-Dist

w
w

Distance (arcsec)
w,
o
Distance (arcsec)

F N
wm

Distance along cut (")
O = N W & U OO N @

MSF' ;U

e RS Reconnection (+)

Field motion (=>)/ /‘

Resulting jet N2

Misalignment 6

Kelvin-Helmholtz instability Li et al. (2018) between B, and B,

Patrick Antolin - Deciphering the Nanojet Phenomenon 5 RoCMI 2023



Nanojets
Loops with coronal rain

Sukarmadji+ (2022)
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Nanojets

Other events

Coronal / chromospheric structures Mini-jets in tornadoes |Chen, H.+ (2020)

Chitta+ (2022)
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Nanojets

Flaring loops

IRIS 1,400 A 10:04:01UT

Sukarmadji et al. (in prep.) 180.0°
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Statistics

Nanojet Lengths

Nanojets

Temperature Distribution

Kinetic Energy

Sukarmadji+ (2022)
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N a n oj ets Fast LOS flows
Global response  Newt

Antolin et al. (2021)
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Nanojets

Global response  MNenoe
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Discussion

What is the nanojet?

b
Antolin et al. (2021) Small-angle
} magnetic
3 (1) reconnection

plasma clump

C
Heating of plasma &
advection transverse
/' to loop

nanojet

e Nanojet = heating + advection of Prominence

reconnected field lines transverse to

the loop

Loop-like structure in the
corona

e Different from usual jets: no major
field-aligned flow involved

= signature of small-angle magnetic
reconnection photosphere

\

d -

N\ Final configuration
Are nanojets a general feature of small-angle magnetic reconnection? |

nanojet
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Discussion

How common are nanojets and in what scenarios can we find them?

1. Loops with coronal rain
2. Blowout jets

3. Eruptions and flaring

[s the cool material (rain) playing an important role?

- Observational bias?

- Thermal instability can facilitate reconnection (e.g. Sen & Keppens 2022)

I Patrick Antolin - Deciphering the Nanojet Phenomenon 13 RoCMI 2023



Discussion

Nanojet number vs Total enerqgy release

¢ West Limb Case (<T> ~ 105 K): 1 nanojets
e East Limb Case (<T> ~ 105 K): 4 nanojets
e Blowout Jet (<T> ~ 106> K): 15 nanojets

¢ Prominence/Coronal Rain structure (<T> ~ 1067 K): ~ 150 nanojets

e (C (Class flare: ~ hundreds

[s there a correlation between the number of nanojets with the total energy released?

I Patrick Antolin - Deciphering the Nanojet Phenomenon 14 RoCMI 2023



Normalised total intensity

Drivers of the reconnection

Braiding and shear flows

Antolin et al. (2021)
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MHD
avalanche?

e First clusters are the most energetic

e Numbers and clustering associated with energy release
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Drivers of the reconnection

Braiding and shear flows

Sukarmadji+ (2022)

* Blowout jet:
® 45-60°
e Velocity shear of 294 km s-!
e KHI reported by Li et al. 2018
e East and west limb rain events:
¢ 5-15°
e Velocity shear: 147 km s and 68 km s
* Dynamic instabilities?

Kelvin-Helmholtz Rayleigh-Taylor
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Drivers of the reconnection
Prominence stability loss & dynamic instabilities

Kelvin-Helmholtz instability ¢/

General feature of reconnection at small angle,
independent of reconnection driver?

Antolin+ (2021)

Front View Side View

plasma clump ¢ 4 z Sukarmadji+ (2022)

) Rayleigh-Taylor instability ?
POS

photosphere photosphere photosphere
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PLUTO code

Numerical simulations

of nanojets

a b c
. .« (o Bz fl t = 0.00s Bz flux t =180.00s
e 2 flux tubes in stratified atmosphere TaaNaa \aa of W s
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(Lionello+ 2009) N . o
e MHD + thermal conduction & radiation + anomalous £ £ £,
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Numerical simulations of nanojets
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Numerical simulations of nanojets

t = 400s
.o . current density z-vorticity
Sukarmadji et al. (in prep.) _
Vinax = 20 km/s - 30
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Numerical simulations of nanojets

Origin of the reconnection
Time: 420 sec

Sukarmadji et al. (in prep.)
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Numerical simulations of nanojets
Forward modelling for MUSE

ime: De Pontieu et al. Ap] (2022) .
fime: 420sec ., | P ® Nanojet features can be clearly
o T Wit Al . . o
m o identified at 0.3” and 10 s cadence
100 i y (arcsec) y (arcsec) y (arcsec) in the Fe XV 284 line of MUSE
B ‘ 5 & =
0 g o
om0 | | . . ® Increase in intensity all along
i - O_ 7 - N N
N _150 " = SF - .y strands
-2.0e+02 51 IE? - gé | E é E §
Z (Mm) of ﬁ N 5 o 5 S :
\ 0 LB ol | ool [ ® Transverse separation of strands
5] L1 el = b ol ~ . . .
oF - ] 3 (in imaging & Doppler)
10 E"" ‘ ‘ e P V..
© 5 o ¢ Enhanced non-thermal line
; . broadening at reconnection
‘ .
R o By P. Pagano location
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Discussion

Why unidirectional nanojets? Curvature & braiding?

Pagano, Antolin & Petralia (2021)

mlcrOJet d

1.2} | 6 =0 i re/ri = inward /outward magnetic tension
10 : Loan(r./e) | e Inward / Outward ~ 100
l - HEE - = The curvature (& braiding) of the
081 - CEE loop is important!
~o.6f . o 10
0.4 e _ S W S By .
0.2 ! - o | Inward directed magnetic tension >>
: - 0.05 0.10 0.15 0.2 outward directed magnetic tension
0.0 .. . . . A I £
0.0 O 2 O 4 O 6 O 8 1.0 1.2 £ ~retracting length of reconnected

X field lines from reconnection site
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Conclusions

Nanojet properties

e Small (lengths~1500 km), dynamic (>100 km/s), short-
lived (~<20 s), multi-thermal, nanoflare energies

e Unidirectional nature (no clear bidirectional jet)
e Global response suggestive of MHD avalanche
* Accompanied by transverse displacement of strands
* Reconnection driver:
* Linked to prominence eruptions & flares

e Braiding (incl. roles of Alfvén waves)
e Dynamic instabilities (KHI, RTT)

3D MHD numerical modelling

* Nanojets: small-angle magnetic reconnection: transverse
advection of field lines accelerated by magnetic tension

Effects

e Heating to coronal temperatures

e Correlation between energy release and nanojet
numbers?

e Transverse MHD oscillations can be a signature
of braiding-induced reconnection -> see talk by
Ramada Sukarmadji

Still unknown:

e How much do nanojets contribute to coronal heating?

e How common are nanojets?
= Solar Orbiter/EUI, DKIST, EUVST, MUSE

e What is the dominant driver for small-angle
reconnection?

e Wha
e Wha

1s the ro]

e of cool plasma?

is the ro)

e of waves in reconnection?

* Why unidirectional?
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