Solar flares at submm wavelengths
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Simple context for acceleration during flares
Observations below and above 100 GHz
Thermal emission

(gyro)synchrotron emission from e- and e*
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Radio Observations

Before 2000: observations below 100 GHz

Gyrosynchrotron radiation from flare accelerated electrons to mildly-
relativistic energies

Thermal emission

Since 2000: observations in the 200-400 GHz range

Solar Submillimeter Telescope (SST) 212 & 405 GHz at El Leoncito,
Argentina (Kaufmann et al. 2000): multi-beam system at 212 GHz:
information on the location and size of the emitting region

Koln Observatory for Submillimer and Millimeter Astronomy: 230 & 345
GHz (Luthi et al. 2004a)

BErnese Multibeam RAdiometer for Kosma: multibeam at 210 GHz
(Lathi et al. 2004b)



Synchrotron emission at A <1 mm (SST > 2000)

X & cm-A: typical of mw
Impulsive burst

212 GHz (SST):

high frequency part of
synchrotron spectrum,;

high energy part of e
spectrum
YL2 = V/Vce =

higher observing
frequency <greater

energy of radiating e

Giménez de Castro, Trottet, Kaufmann et

al. 2009 « Radio diagnostics of
relativistic e more
sensitive than current
X/y diagnostics
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12.04.2001: First Observation of a Solar Flare

in the Submm-range with KOSMA

Astronomy & Astrophysics, 415, 1123-1132,

March 2004
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Silva, Share, Murphy et al. 2007
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Modeling of the sub-THz spectrum

*Optically thick free-free emission
(thermal)

*Synchrotron emission from
electrons (non-thermal)

*Synchrotron emission from
positrons (non-thermal)

Other mechanisms: See Eduard



Observations

Liithi et al. 2004 | Silva et al. 2007 ;?;érg:”” et ;?;érgg‘”” et
212/210
GHz flux 104 4.5 103 104 3.8 103
density (sfu)
405 GHz
flux density 7 104 2 104 7 103
(sfu)
Tinax ™ 25 26 > 32 25
(x108 °K)
EMimax 81 35 > 82 30

(x1049 cm-3)

"From GOES: EM <107 cm=3, T ~ 2-3 10" K




Free-free thermal emission

Ambient medium
* Electronic density: N,
*Temperature: T

Radio emitting region
* Projected source diameter: D (") or d,(cm)
*Source size along the line of sight: H (%) or h (cm)
*Flux density at a few frequencies: S (sfu)
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Summary:

Free-free emission only from
rather large sources (D, > 407).
This is the case for the
extended phase of the 28 Oct
2003 event
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T. Liithiet al., A&A, 420, 361-370, 2004

Thick free-free at 345 GHz: N_2m° > 10" cm-3, Tamb~ 0.2 MK,
Trottet et al. 2008
E content > 1030 erg << total int. irradiance (6+3)103? erg
Kopp et al. 2005



Synchrotron during C

- Similar index for electrons derived from > 0.7 MeV GR
and from the slope of the optically thin radio spectrum ~ 3.2

-< 2% HXR/GR from Corona N, 4, 10" cn3 (from RHESSI thermal) =
N.(> 1TMeV) < 1033
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Interval B

Optically thick free-free at 210 GHz
requires:

e T~3.510" K ~ T from GOES

« EM>>8 10% cm= >> EM from GOES
(10> cm3)
° Neamb ~ >SS 2 1013 Cm-3



Synchrotron

Ambient medium

Radiating particles
Nature (electrons, positrons)
Energy spectrum
Pitch angle distribution
Radio emitting region
D, (ds), Hq (hy), S as a function of v

obs



Razin suppression
for electrons
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+ free-free for positrons

Flux density [sfu]
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Flux density [sfu]

Free-free absorption
for electrons
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Summary on synchrotron Positrons (green)
emission Too large numbers of > 200
MeV protons
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Sub-THz emission process ?

Summary of discussions at an ISS| workshop held in Bern (Nov 2009)

S. Krucker et al.

fast time variations

free-free known mechanism Not viable for compact sources
rising spectrum Fast time variations (?)
Electron known mechanism ‘extreme’ parameters needed to
synchrotron rising spectrum (razin or absorption) | reproduce observations
fast time variations
Positron time and space coincidence with v- not enough positrons (as derived
synchrotron ray observations from gamma-ray observations)

Vavilov-Cherenkov

rising spectrum
large fluxes
rapid variations

dielectric properties of
chromosphere not known (i.e.
refractive index could be smaller)

Bunching

association with GHz emission

THz emission attributed to electron
synchrotron (see above)

setup of bunching is unclear

coronal microwave sources difficult
to explain

Plasma emission

correlation with y-rays
low number of particles needed

needs high densities and collisions
should therefore be important
not otherwise observed above 8§
GHz

Diffusive radiation

Rising spectrum

Origin of high levels of long-
wavelength Langmuir waves

Thermal
Gyrosynchrotron

Rising spectrum

Extreme parameters
Associated thermal hard X-ray
emission not observed

Synchrotron Maser

Low number of particles needed

Inverse Compton

association with GHz emission

not enough primary photons




SST, KOSMA
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