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SUM UP

2 . Currently doing:
HEATING OF CORONA

• CO5BOLD 

(“COnservative COde for the COmputation of COmpressible COnvection in a BOx of L Dimensions with l=2,3”)
How changes in the grid affect output physical parameters in the code. 
Calculation of the energy flux of gravity waves. (Straus et al, 2008)

• IRIS:  Interface Region Imaging spectropgraph. Data reduction. (Launched september 
2013).

Questions or starting points:

-Find structures that relate cromosphere to corona.
-Look for cool loops in the data (C. Sasso et al. 2012)
-Study the CaII-K flashes (Carlsson et al, 2009)

1. Previous work:
Generalization of the stability to convection in non homogeneous solar models.

Solar abundance problem:

• Effects of termohaline convection in solar models (SM) with non-homogenic 
composition. Hypothesis of accretion episodes. (Serenelli, 2011)
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Parameters Grevesse
GSS98

Asplund
AGSS09 Solar

(Z/X)s 0.0229 0.0178 0.0229/0.0178

Zs 0.0169 0.0134 0.169/0.134

Ys 0.2429 0.2319
0.2485±0.0035

Basu & Antia (1997).

Rcz 0.7124 0.7231
0.713.±0.001

Basu & Antia (2004).

<dc/c> 0.0009 0.0037 --

Parameters’ comparison between  
 GSS98’s and AGSS09’s 

abundances.

Semi-empirical models:
Temperature structure 
obtained by observations
Holweger-Müller (1974).

SOLAR ABUNDANCE PROBLEM1. Previous work:

Serenelli, 2011
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HYPOTHESIS OF ACCRETION

With accretion:
An inversion of the 
molecular gradient 
appears.

Chemical evolution of molecular 
weight without termohaline 

convection.

With that inversion...

Conditions for termohaline 
convection appear:
need to change stability criteria.

-Two different diffusive macroscopic processes 
(T, µ) at different velocity.

Stability criteria against convection is affected by the deposition of material 
in the base of the convection zone.

1. Previous work:
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Stability criteria to convection in a Sun 
with homogenic composition is given by:

 Schwarzschild stability criteria:
∇rad  = ∇ad

If ∇rad > ∇ad there will be convection.

Evolution of molecular 
weight in the Sun with Asplund abundances

in a model with late accretion:

Termohaline convection is efficient when mixing
accreted material.

1. Previous work:
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Schwarzschild

Ledoux

Stable zones to 
Schwarzschild criterion but

unstable to Ledoux criterion

Rosenblum, 2011

1. Previous work:
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CONCLUSIONS:

SOLAR ABUNDANCE PROBLEM NOT SOLVED

Model Rcz Ysup Φ (pp) Φ (pep) Φ (7Be) Φ (8B)

Accretion -20% 1.08% 1.82% 3.29% -30.68% -50.35% 

Termohaline mixing+ 
accretion -6% 1.54% 0.33%  0.07% -14.06% -22.82%

IF THERE IS ACCRETION
TERMOHALINE CONVECTION NEEDS TO BE 

CONSIDERED
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CO5BOLD HEATING OF CORONA

Stein, 1968

“The efficacy of the acoustic energy flux from the solar convective zone in heating 
the corona and cromosphere depends on the properties of wave propagation ” . 

First attempts tried to explain this heating 
with the flux and shocks of acoustic waves.

The flux of acoustic waves is not sufficient, “they cannot constitute 
the dominant heating mechanism of the solar chromosphere”

Fossum & Mats Carlsson, Nature (2005)

The flux due to internal gravity waves 
in the photosphere is comparable 

to the radiative losses of the entire chromosphere 
(Straus et al., 2008)

2. Currently doing
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MODELLING PARAMETERS

Two different calculations of the energy flux of gravity waves have been done:

Differences: higher resolution, non-grey 
atmosphere, more points in the box.

2. Currently doing
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RECENT INVESTIGATIONS AND STARTING POINT
New model:

Flux carried out by 
internal gravity waves is 

lower.
Flux carried out by 

acoustic waves is bigger 
than the observed.

Whereas the old 
model:

Has the inverse behaviour.

Both cannot 
reproduce the Sun

simultaneously!
Thomas Straus

(*)Observation: simulation of the line profile to do a real observation.

How does the model change with the grid?
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2. Currently doing
IRIS:  Interface Region Imaging spectropgraph

-Find structures that relate cromosphere to corona.

-Cool loops simulations have been done (C.Sasso et al. 2012)

Stable solutions of the HD equations for cool loops have been computed. 
Finding a structure in that physical conditions in the observations could give the experimental 
evidence to that theoretycal prediction.  

-Study the CaII-K flashes (Carlsson, 2009)

J. de la Cruz Rodríguez,2012 

Ca II λ8542 Å line. 
NLTE inversions provide realistic estimates of 
physical quantities from synthetic observations.
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COOL LOOPS (C.Sasso et al. 2013)- THEORETYCAL PREDICTION

“We aim to investigate the increase of the differential emission measure (DEM) towards the 
chromosphere. “ (C. Sasso et al. 2013)

C. Sasso et al., 2013

J.F Dowdy et al., 2013

Quasi-static cool loops 

v <1 km s−1 

Stable over hours or more 

Can be obtained under different and more 

realistic assumptions on the radiative loss 

function with respect to previous works. 

Nearly constant pressure requirement implies that
these loops can exist only if they are limited to low
heights above the chromosphere (a fraction of Mm). 

2. Currently doing

Small and cool magnetic loops 

Height < ~8 Mm, 

T< ~105 K) 

Have been proposed as an explanation.
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Analysis of contributions of cool loops to the TR 
(Transition Region) DEM, show that the emission 
of these kind of loops can account for the observed 
DEM at T < 105 K, if they were uniformly distributed.

A mixture of the DEMs of these cool loops plus 
intermediate loops with temperatures between 
105 and 106 K can reproduce the observed emission 
of the lower transition region at the critical turnup 
temperature point (T ∼ 2 × 105 K) and below T = 105 K.

COOL LOOPS (C.Sasso et al. 2013)- THEORETYCAL PREDICTION

DEM = n2
e

R
�h

dh
dT

2. Currently doing
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DEM = n2
e

R
�h

dh
dT

THEORETYCAL 
PREDICTION:

OBSERVATIONS 
WITH IRIS

I(�ij) =
R
�h

C(T,�ij,Ne)Ab(X)NeNHDEMdh

C(T,�ij,Ne) =
h⌫ij

4⇡
Aji

Ne

Nj(X
+m)

N(X+m)
N(X+m)
N(X)

2. Currently doing
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SUM UP

2 . Currently doing:

HEATING OF CORONA

CO5BOLD 
(“COnservative COde for the COmputation of COmpressible COnvection in a BOx of L Dimensions with l=2,3”)

-How changes in the grid affect (or not) output physical parameters in the code. 
Calculus of the energy flux of gravity waves. (Straus et al, 2008)

IRIS:  Interface Region Imaging spectropgraph. Data reduction. (Launched september 2013)
Questions or starting points:

-Find structures that relate cromosphere to corona.
-Look for cool loops in the data (C. Sasso et al. 2012)
-Study the CaII-K flashes (Carlsson et al, 2009)
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Thank you for your attention
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