Submillimeter radiation as the thermal
component
of the Neupert Effect

C. Guillermo Giménez de Castro
guigue@craam.mackenzie.br

Centro de Rédio Astronomia e Astrofisica Mackenzie ®
Sao Paulo

60% Reunién de la Asociacién Argentina de Astronomia,
Malargiie, Septiembre 2017


guigue@craam.mackenzie.br

Submillimeter radiation as the thermal component
of the Neupert Effect

Jorge F. Valle Silva,
C. Guillermo Giménez de Castro,
Paulo J. A. Simoes,
Jean-Pierre Raulin.

Submitted to Astron & Astrophys



What is the Neupert Effect?

The Neupert effect is the empirical observation that the time
evolution of non-thermal emission (e.g. hard X-rays) is
proportional to the time derivative of the thermal emission flux
(soft X-rays), or, vice versa, that time integrated non-thermal
flux is proportional to thermal flux.
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A tale of two fluzes
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Although...
> 2.695 GHz is not only
non-thermal emission
(It may have coherent
radiation as well)
» UV lines emission is not
purely thermal



A tale of two fluzes
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Neupert effect explained (/¢)
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The Chromospheric Evaporation Model
Dennis, B.R., and Schwartz, R.A.,(1989) Solar Phys. 121, 75.



The Neupert effect in the Literature

» Hudson & Ohki (1972) present the chromospheric
evaporation model, which is the base of the Neupert effect.

» Hudson (1991) presents the first results using HXR and
SXR and baptizes the effect.

» Lee et al. (1995) argue that electrons alone cannot be
responsible for the chromospheric evaporation.

» Veronig et al (2002) present an statistical analysis: in 50%
of all flares there is no Neupert effect (vice versa, in 50%
the effect is present).

» Veronig et al. (2005) confirm Lee et al. (1995): fast
electrons cannot be the only source of energy for the
chromospheric evaporation.

» Trottet et al (2000) show that Ha has a fast (direct) and
slow (accumulative) relationship with HXR.



Origin of the submillimeter emission

» Flare observations at v > 100 Ghz started in 2000
» The emission mechanism is usually attributed to either

» Synchrotron of relativistic electrons.
» Thermal bremstrahlung.
» A mixture of both.



Origin of the submillimeter emission

W m?]

[counts s7]

[10% W m* Hz']

1074}
1050

1078]

3105}
2105
14105}

o[
6000

3000

800+

400

200
100

SST 212 GHz

T T T T
GOES 1.5-12 keV

RF15-115-30 keV |

RF15-1 120-240 keV

RSTN 15.4 GHz 1

LY

18:20 18:40 19:00 19:20 19:40 20:0

Wm?]

[sfu]

GOES 1-8 A

1.415 GHz

210 GHz (red)
212 GHz (black)
230 GHz (blue)

12:30 12:40 12:50 13:00
ut



Chivo [

EMISION GIROSINCROTRONICA DE FUENTES BIPOLARES
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Resumen
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 distribuciones dipolares do campo magnético

Método ]

L enisicn girosinerotrénica que se produce en un plasma ambiente con las caracterfsticas de la
cotona solar, depende de miltiples pardmetzos. Incluso cuando se considera la emision de una

fuente homos

ca s necesario cspecificar unia serie do pardmetros que influyen e ol moeanisuo

de emisicn  de transferencia radiativa. Por un lado tenemos los parmetros propios del medio
en el que se produce In emisién, intensidad de campo magnético, densidad del plasma ambiente,
volumen, drea efectiva. de emisidn, orientacidn tespecto de Ia linea de vision, temperatura, etc
Por otro, tenemos pardmetros que caracterizan el haz de particulas aceleradas responsables de

I emision, a saber, densidad, distribucion energgtica, dngulo de paso, ete. En el caso de una
fuentc no homogénea. ya no se fendrin pardmetzos que caracterizan Ia fuente, s 1o que se tenddn
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General Characteristics of SOL2011-02-14T'17:25

» GOES class M2.2, the weakest flare detected by SST.
» AR 11158 at Heliographic Coordinates S20W04.

» Suffered a rapid grow becomming in a few days a big AR
with tens of spots and extended over 10°.

» SST tracked the AR since the day before. On Feb 14
atmospheric conditions were not good: 1912 ~ 0.8 and
T405 = 4.5

» SST detected the flare with the multibeam system allowing
correct flux determination and source localization.



el origen de los eventos eruptivos de febrero de 2011:
lucion del campo fotosférico y estructura magnética de
la baja corona

Los eventos analizados
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Flux Time evolution
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Radio spectra
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HXR spectrum

N » Thermal component:

% ] T =13 MK,

5wt ] EM = 56 x 10* cm 2.

£ ol | » Thick target :
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The Neupert effect on the submillimeter data

» Black curves represent
0 fluence [ Fyxg dt.
oy » Red curve is 212 Ghz
flux density.
» HXR fluence and 212
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The Neupert effect on the submillimeter data
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The Neupert effect on the SXR
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The Neupert effect on the SXR
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Origin of 212 GHz emission



First ever image of a 212 Ghz flare?

SOL20170906T1153_212GHz
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