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Key points

ALMA will
- provide precise temperature estimates at high cadence
- benefit from the support from other instruments (Ha, HMI, ...)

ALMA can help to answer important open questions about prominences and filaments
« What is their thermal structure?

o What is their spatial fine-structure?

. Can we constrain the magnetic field structure?
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Prominence 101

« Range of scales

« Respond to heating
processes

. Magnetic field

= . Eruptions, flares, CMEs

= | . Cool, dense plasma at

. chromospheric temperatures

Fig. 3 Examples of solar prominences at the limb in different wavelengths: (a) Ca II H HINODE/SOT
image from November 9, 2006 (from Okamoto & al. 2007); (b) BBSO Ha image from 1970; (¢) Call H
HINODE/SOT image (courtesy of T. Berger)

Above figure from Mackay et al (2010)
See also Labrosse et al (2010), Parenti (2014), Vial & Engvold (2015)
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Some questions to be addressed by ALMA

The thermal structure of solar prominences at millimetre wavelenqgths

« What is the fine-scale thermal structure of solar prominences and filaments at high
spatial resolution in their main body and in the prominence-corona transition region?

« How does the prominence plasma react to various heating processes?

« How is the dynamics of the plasma related on small scales and on large scales to the
structure in temperature of solar prominences?

The spatial structure of solar prominences at millimetre wavelengths
« How is the fine-scale structure of prominences shaped by the magnetic field?
« How do Active Region and Quiet Sun prominences differ in millimetre wavelengths?

Observables provided by ALMA

- height dependence of thermal emission - distribution and sizes of the fine structures
- wave power versus period - dynamics and temporal evolution of the fine
- flow magnitudes structures

- timescale / range of temperature changes - filling factor, corresponding to the fraction

- onset of prominence activation occupied by the fine structures
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How is the fine-scale structure of filaments
shaped and what is their role in erupting
filaments?

18 Oct 2010 19 Oct 2010 20 Oct 2010

500

Observational study by Su et al.
(2014) and simulations by
Wedemeyer-Bohm et al. (2012)
showed magnetized “tornado”
structures at the basis of
filament formation. Those
structures are assumed to play a
role in the eruption of a
filament.
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IRIS/HInode observations

Hinode/SOT (Call, 10,000 K)

10°K e

200 s
Motion of prominence plasma crossing the slit

[s/w] Sidl

Hinode/SOT (JAXA/NAOJ)
wou} A1100]8A 1ajddoq

Displacement [km]

0 100 200 300 400
Time [sec]

- Ubiquitous transverse MHD waves
. ~ S # . - Heating: Fading in cool line (10% K),
_ o e S subsequent appearance in hot line (10° K)
IRIS/SJI (Si IV, 00’00) . Out-of-phase POS motion & LOS velocity
(Okamoto+2015, - Thread-like structure

Antolin+2015)

IRIS (NASA)

8



Numerical model = = s —

Prom@wence thread

Hinode field-
of-view

magnetic field B
lines = — /TSNS IR

o -
B» 0)f :"Lnjﬁ-"'—-

\
|
??
4
i
5;32
%
/
WJINE

Sun S ¥ -

¥
Yy
SxaN {qug} -



Numerical simulations
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Prominence Observational

t?%lz signatures
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45° LOS plane

Mg Il k (~ 104 K) Observable with ALMA

thread-like 4

2000 km

Displacement

K) Heating of
chromospheric v
plasma

Si IV (~ 105

Small-scale

vortices \

Turbulent
v

® I spectrum
g =N Line /'
5 s broadening
Time — 99
(Antolin+2015,
Okamoto+2015)



Background temperature fluctuations
slow MHD waves

effect on propagation of
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Ballester et al, A&A, accepted

Prominence studies with ALMA — Nicolas Labrosse
ALMA / IRIS / DKIST Workshop — 2016/03/15



Temperature fluctuations Raa

Observations of prominences suggest that they are vry dynamic
plasma structures whose physical properties (temperature, density,
pressure, etc.) could be changing with time (Berger et al. 2008)

A variable background temperature could give place to time amplified
or damped oscillations (Molowny-Horas et al. 1999; Terradas et al.
2002; Lin, 2004) produced by slow waves while, at the same time, the
oscillatory period increases or decreases, respectively

When the background temperature increases with time the velocity
and density perturbations decrease with time while, on the contrary,
pressure and temperature perturbations increase with time

Therefore, while Doppler velocity information would suggest attenua-
tion of the oscillations, spectral line parameters such as intensity, line
width, etc., which could be related to pressure or temperature pertur-
bations (Heinzel et al. 2014), would give the opposite information

All this could happen, simultaneously, in different places of the same
prominence. Difficulty in the interpretation of prominence oscillations

Prominence studies with ALMA — Nicolas Labrosse
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Filaments on the disc

1.0 - quiet Sun level

KANZELHOEHE SOLAR OBSERVATORY (Austria)

Ha 1993-05-27T07:50:26Z

Metsahovi
A=8mm

27 May 1993
HTRs, Tb > TQSL
LTRs, Tb < TQSL

EAST w (LS}

Brajsa et al., 2007, Sol.Pys. 245, 167
BrajSa et al., 2009, AA 493, 613

)Sse

vl J.5



Filaments on the disc

ALMA 230 GHz

From Phillips et al (2015)
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What will ALMA see?

See Wedemeyer et al (2015), Heinzel et al (2015)

For prominence plasma, radiation at ALMA wavelengths has its origins in free-free
continuum emission
« LTE can be assumed, so source function is Planck function

L.=ffln'u{.":'"_h:_““||:I.tl. =fi;u|:_““d.i.’, n =k, 8, di, =&, dl,

. Radio wavelengths: Rayleigh-Jeans approximation

; E'uzi:T B 2vik
(U -I:-'E b b= -E-'E

« Hence brightness temperature is

H:f]"l:"" ds, =le:"'“xud.i.'

. We take the absorption coefficient as in Dulk (1995) and get for &
L

—3
9.78 = 10 ET=75

Y ZMm x (1794 T —v) [em™']

NB: All population densities may depart from their LTE values
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Prominence Fine Structures

Heinzel et al (2015)
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Brightness temp. maps of fine structures
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Visualization of the 3D Whole-
Prominence Fine Structure (WPFS)
model developed by Gunar & Mackay
(2015a,b) viewed from the side as a
prominence above the solar limb.
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Erightness Temperature (K)

Brightness Temperature (K)

mﬂ%rightnﬂa temperature for Isothermal model at T = 8000K
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1D prominence model
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1D contribution functions

Plasma optically thick for A>2.2mm
= observing in bands 3 and 6 is key (Cycle 4)
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Suggested observing sequence for ALMA

Only band 3 (84 - 116 GHz, 3.6-2.6mm) and band 6 (211 - 275 GHz, 1.4-1.1mm) will be
available. Hence, depending on scientific objective:

« Large mosaic, with 150 pointings, at low cadence, in two bands — suitable for large-
scale studies of thermal structure and spatial structure

« Small mosaic, with <40 pointings, at moderate cadence — suitable for small-scale
studies of dynamical changes in thermal structure and spatial structure (incl.
“tornadoes”)

« High-cadence, single point sit-and-stare, with ~2s per map, only one band — suitable for
oscillation studies

Support from other GBOs (e.g. Ha, D3, Ca Il) and from space valuable

« Complementary data, probing different layers

. IHOP campaigns, 1 or 2 weeks long, particularly useful for prominences
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Solar Science with the Atacama Large
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S. Wedemeyer, T. Bastian,
R. Brajsa, H. Hudson, G. Fleishman,

M. Loukitcheva, B. Fleck, E. P. Kontar,
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Key points

ALMA will
- provide precise temperature estimates at high cadence
- benefit from the support from other instruments (Ha, HMI, ...)

ALMA can help to answer important open questions about prominences and filaments
« What is their thermal structure?

o What is their spatial fine-structure?

. Can we constrain the magnetic field structure?

Challenges

« When observing at the limb: side lobes of PSF could swamp out off-limb signal with
large contributions from solar disk

« Calibration and continuous observing

. Small field-of-view of ALMA requires mosaicking, implying lower cadence

Prominence studies with ALMA — Nicolas Labrosse
ALMA / IRIS / DKIST Workshop — 2016/03/15



