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Chapter 7: Moddling Granulation

7.1: A Bassfor Modédling Granulation

When considering modelling of the solar granulation, two goals sould be kept
in mind: a succesgul model describing the behaviour of granules in terms of well-
known physics, and a succesful model describing the effect of granules on the solar
gpedrum. Although the ided model will achieve both of these ams, it will not
necessrily be possble to develop such a model. Modéelling the dfed of granulation
on the anergent spedrum is the main am of this work; if the model requires making
use of the gross charaderistics of the granulation rather than the model predicting
these fedures, thisis the price that must be paid for insufficiently well-developed fluid
dynamics and incomplete knowledge of the conditionsbereah the photosphere.

For the model to be considered “corred”, it must satisfy some basic conditions.
The model must be physicaly reasonable!, and the model must match observations of
granular behaviour and observations of the energent spedrum. ldedly, the spedrum
predicted by the model will be the same & the observed spedrum. At this point, some
difficulties will i ntrude; namely, that there ae too many gaps in our knowledge of the
photosphere to claim that al of the difference between the cdculated and observed
spedra ae due to the granular model. To bypassthis, many modellers havenot aimed
to dupicate the spedrum, but have been content to predict spedral line bisedors®
rather than profiles. A similar approad isto use equivalent widths of lines rather than
profiles. Both of these tedhniques give some independence from line broadening

processes.

Although this may seem a rather obvious point, some suggested models in the literature are overtly
unrealistic physically. For example, the velocity field is sometimes asaumed to be symmeric.

“The bisedor of a spedral line is the line drawn half-way between points of equal intensity. The
bisedor of a symmetric line would be straight; as gedral lines in the sun are asymmetric, the
bisedorstypically are of adistinctive “C” shape.
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7.1.1: A Parametric Granular Modd

In order to relate observed and cdculated spedra, a model should be
sufficiently smple so that it is feasible to compute spedra. This is difficult with dired
numericd simulation of granulation, from which spedracan kefound (esentially usng
a Monte-Carlo tedhnique) by finding a space ad time aerage of instantaneous
emergent spedra. This, unfortunately, takes a grea ded of time, even on fast
computers.

To easly compute spedra, a smple parametric model is desirable. The
granulation can be described in terms of a small number of parameters, where the
parameters reflea the basic properties of the granulation. The physicad properties
represented in such a parametric model must include the flow velocities, the small -scde
turbulent velocities, the size of upflows and downflows, and the temperature variation.

In order to make the model as Smple as possble, theonly effed of tenperature
variations to be mnsidered will be the intensity difference between the upflow and
downflow continua.

In generdl, it is desirable to have & few free parameters as possble in such a
model. With morefree @mrameters, it becomes eaer tofind mutiple sts of vaduesfor
these parameters that give a good fit between theory and observations, so fewer
reliable results can be determined.

There ae threemain ams to be aldressd in the @nstruction of such a model.
Firstly, it should allow the caise of asymmetry in solar spedral line profiles to be
reliably determined. Secoondly, it will alow the model parameters affeding the line
profile to be more acarately determined. Lastly, it will alow solar line profiles to be
realily reproduced theoreticdly, allowing parameters unrelated to the granulation such

as damping constants and abundances to be more acairatey determined.
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7.2: The Effect of Granulation on the Solar Spectrum

7.2.1: TheEffect of Vertical Mass Flows on the Solar Spectrum

As @ in chapter 6, the verticd massflows produce blue-shifts of average line
profiles. While, in any case, granular motions would ad to broaden spedral lines, the
asymmetry of the granular velocities (as the downward velocities are greaer than the
verticd velocities) will produce aymmetries in spedral lines;, asymmetric Doppler
shiftswill result in asymmetric lines.

The large scde granular velocity field is due to the fairly uniform upward flow
of the granular centre, and the more rapid downward flow at the alges. The type of
effed thiswill producewill be acombination of a dightly blueshiftedspedral line and a
(smaller due to the smaller area involved in the downflow and lower continuum

intensity) more strongly redshifted line (seefigure 7-1).
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Figure 7-1: Effed of Granule on Spedrd Line

As the granular flow velocities are small, their effed should be mainly visble in the
core of the spedral line. It is encouraging to note that spedral line cres diow the

expeded shape (seefigure 7-2).
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Figure 7-2: Spedrd Line Cores. Coreof Fel at 52953064

As the granular flow does not merely consist of a uniform upflow and a
uniform downflow, the red case will not be quite this smple. This uniformity will be
absent in the red photosphere, so a mwmplete solution would require a ontinuum of
small regions to be alded together in order to reproduce an exad result. A similar,
sufficiently acarate result should also be obtained from adding together a reasonable
number of contributions from sufficiently uniform regions of the photosphere.

It should, therefore, be sufficient to congder anumber of plare-parallel regions
of the photosphere, eat with its own verticd flow velocity (which can depend on
height). This is highly desirable, considering the relative smplicity of plane-parallel
spedral synthess.

7.2.2. TheEffect of Small Scale Granular Motionson the Solar Spectrum

The variation in the small scde turbulent field will also affed spedral line
profiles. The smdl scale turbulencewill ad to broaden the @ntribution to the gectal
line aising from a particular region of the photosphere. As the small scde velocity
field is not uniform, contributions to the spedrum from different regions within the
granule will have differing amounts of Doppler broadening as well as differing red and
blue Doppler shifts.
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7.2.3. TheEffect of Horizontal M ass Flows on the Solar Spectrum

The horizontal mass flow velocity will have no effed on spedra observed at
disk centre. 1t will, howewer, affea spedrafrom nea thelimb. Asthehorizontd flow
velocity field is symmetric, it should not contribute to the asymmetry of the line, but
will only ad to broaden it instead. The line will also not be shifted by the horizonta
flows.

It should also be noted that if horizontal motions were to be taken into acmunt
(such as for spedral line formation away from disk centre), the problem of trying to
represent the granulation by a smdl number of plare-parallel regions becomes difficult.
This will grealy complicae the cdculation of theoreticd spedra avay from disk
centre, except at disk positions very close to the limb, where the verticd motions can
be ignored instead.

7.2.3. Pressureand Temperature Variations

If the temperature and velocity are known throughout the granular cdl, the
presaure and its fluctuations can be determined from these. The presaure variations
can, and should be, taken into acount if the temperature variations and the flow
velocity of the granular cdl are well known, otherwise, as they have relatively little
effed on the spedrum, they can be negleded. Therefore, the presaure variations will
be ignored in thiswork.

The temperature variations cannot be ignored. Their most obvious effed is on
the continuum intensity from the regions of different temperature & the base of the
photosphere. This can ke amply taken into ac®unt by adjusting the contribution from
a portion of the solar surfaceby the brightnessas well asitsarea As the temperature
variation falls rapidly with increasing height, temperature variations will be smaller in
the regions where spedral lines are formed. This smple treament of temperature
variations should then be a adequatefirst approximation.

To fully acount for the different temperatures, a diff erent model atmosphereis

required for ead region of different temperature structure. This gives a much greder
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number of parameters that can be aljusted in order to produce afit between cdculated
and observed line profiles, and gredaly increass thelikeihood of a spuriousfit.

7.3: Moddling the Effect of Granulation on the Spectrum

7.3.1: Microturbulence and M acrotur bulence

The smplest model of velocity fields in the photosphere is the traditional
microturbulence-maaoturbulence model. Both the microturbulent and maaoturbulent
velocity fields are assumed to be Gaussan in distribution. They are distingushed from
ead other by their effed on the spedrum; maaoturbulent motions do not affed the
equivalent width of a spedra line, while microturbulent motions do affed the
equivalent width. Both affed the line shape. As a smple method to cdculate
emergent spedra, it is reasonably succesdul, although it predicts symmetric spedral
line shapes.

The microturbulence is usually physicdly identified as the small-scde turbulent
motions in the photosphere. Due to the very high Reynold's numbers for flows in the
photosphere, the flow must be highly turbulent, so this identificaion seems quite
reasonable. If the turbulent velocity field was in equilibrium, it would possess a
uniform almost exadly Gaussan distribution aaossthe entire photosphere.

Many model atmospheres assume depth dependent microturbulence, but as the
variation of microturbulence acoss the heights at which spedral lines form is not
overly large in such models, uniform microturbulence is often assumed. As the
atmosphere is assuumed to be plane-paralel, the microturbulence is assumed to be
horizontally uniform.

The maaoturbulenceis identified with large scde flows. Thes ae assimed to
be symmetric and Gauss an in the standard microturbulence-maaoturbulence model.

The smplistic treament of large scde flows, and the assumed horizontal

uniformity of microturbulence are not physcaly redistic.
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7.3.2: Beyond the Standard Microturbulence-M acroturbulence M odel

The major defeds in the standard model are reaily identifiable. They candso
be reaily correded with a smple parametric model of granulation. This requires
acounting for the horizontal variation of microturbulence, and repladng
maaoturbulencewith amore physicdly representative model.

The starting point for the representation of the verticd mass flow must be
observations of granulation (see tapter 6). The resultant model can then ke fine-
tuned to match observed and computed spedra.

The horizontal variation of microturbulence must also be grounded in
observations. Good quantitative results for the variation of small-scde motions is
scace Qualitative results indicating where microturbulence is gredest and least are
more reliablee.  We can aso take into acount that the average photospheric

microturbulence of 0.845kms™ isfairly well determined.®

7.4: Structure of the Parametric M odd

7.4.1: Modd Parameters

In order to sufficiently describe aregion of the photosphere, information on the
temperature structure and both the large and small scde velocity fields (i.e. the large
scde flow field and the microturbulence) must be included. If al types of regions
contributing to the mean spedrum are described in this manner, the expeded mean
spedrum can be cdculated, and if necessary, the values chosen for the parameters can
be modified so as to produce better agreement between observed and computed

spedra.

3See Blackwell, D.E., Lynas-Gray, A.E. and Smith, G. “On the Determination of the Solar Iron
Abundanceusing Fel Lines’ Astronomy and Astrophysics 296, pg 217232(1995.
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7.4.2. Plane-Parallel Regions

Ead region must be sufficiently uniform so as to alow its treament as plane-
parallel. While this could be readily achieved by smply dividing the photosphereinto a
large number of small regions, this would be computationally inefficient, and, by the
large number of resultant parameters, would virtually guarantee non-unique sets of
parameters producing a match between observed and computed spedra.

Thusit is desirable to use & few regions as possble. As the greaest variation
within the granule is of the large scde flow velocity, this will be the main determining

fador in choosing appropriate regions.

7.4.3: Area

As granules vary significantly in sze and shape, a suitable dimensionless
parameter charaderising the aeaoccupied by a region should be used. The natural
choice is the fradion of the total areaoccupied by the region. The fradiona areaA
will be normalised so that

al regions
i

7.4.4: Brightness

If temperature fluctuations are assumed to be small except at grea depth, the
temperature structure in the line formation region is adequately described by a standard
plane-paralel atmosphere. The temperature & depth can be described by a brightness

parameter B, where the cntinuum intensity emergent from the region is BI ,, where

I, is asuitable mean continuum intensity. The cntribution of the region to the mean
spedrum is proportional to both its area ad the brightness parameter. With the

fradion of the total area of the solar surface under consideration occupied by the
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region in question represented by an areaparameter A, the mean intensity at a given

wavelength will be

l,= D> ABI, (7-2)
al re_gions
if B isnormalised so that
> AB =1 (7-3)
al re_giors

The brightness parameter will vary with wavelength. The @ntinuous intensity

can be represented by the Planck radiation function assuming a suitable mean

temperature.
. 2h¢® 1
l}\ - B}\ - 2 ehquT -1 (7‘4)
The intensity variation with temperature is then
di 1 1
4T " AKTE 1= e B ()

or, in terms of a mean intengity, ignoring the exponential term which can be negleded

for any low order approximation at photospheric temperatures and visible wavelengths,

Al Al
=2 ﬁ_ol (7-6)
I, A,

The brightness parameter at various wavelengths can thus be found from the
brightnessparameter at a particular wavelength. A convenient wavelength to chooseis

50008. We can note that, from the aeanormalisation (equation (Z1) ),
> A(B -1=0. (7-7)

al regions
i

The brightnessparameter B for a particular region atany wawelengthis then
5000
B= 1+T(Bsooo _1) (7-8)

where the wavelength A isin Angstroms.
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7.4.5. Vertical MassFlow Veocity

Suitable regions can be dhosen so that the large scde flow is smply described
for the region. As discus=d in sedion 6.3, there ae three mgor regions within a
granular cdl - the granule centre, which rises with a roughly uniform velocity, the
descending intergranular space and the transition region where the upflow meds the
downflow.

The verticd massflow velocity in the upflowing granular centre can be reaily
described by a velocity V,, which will be dependent on the height within the
photosphere, but can be asumed to be mnstant otherwise within the upwards moving
region. Likewise, the downflow can be dharaderised by a velocity V.. The downflow
velocity is expeded to be lessuniform than the upflow velocity, a fad which will need
to be taken into acount when deding with non-uniformities of chosen parameters.
The flow velocity in the trangtion region will vary from the upflow velocity V, to the
downflow velocity V,, depending on the horizontal position within the region. To
smplify the variation of velocity, it can be aumed that the velocity varies linealy
with distancefrom the edges of the trangtion region.

The upflow and downflow velocities are related by the aeaparameters A (A,
for the granular centre, A, for the intergranular space and A: for the transition region

between them). From conservation of massflow,

V, +V,
AVL + AV, + A T =0 (7-9)
and
2
V, = —2:—/:?2% (7-10)

if the trangition region is assumed to be small enough so that thelinea distancesadong

the borders with the upflow and downflow are approximatdy the same, or
AN, + AN, +(3 A +3 A, =1 ATF A A Vo -V, )+ AV, =0
(7-12)

if the granule is assumed to have a drcular shape, alowing for a broader transition

region, which gives the downflow velocity
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A-(EA+1A -1 AT AA) A

v, =- V. (7-12)

A+(3A 1A, -3 AT+ A A

The large A: circular case reduces to equation (7-10) for small A.. The aror due to

shapes of red granules (which tend to be somewhat irregular) can be estimated from

the difference between these two cases (cdculated with A, = 3A.), which is $rown in

figure 7-3.
Velocity ratio Error in ratio (%)
3 8
T
7,
6,
2.5 AN

5

\ L
v A 4

A\
AN 3
2 N
N 2
AN
AN 1
N
1.5 . . . . 0 | . . .
0 0.1 0.2 0.3 0.4 0.5 0 0.1 0.2 0.3 0.4 0.5
Ar Ar

Figure 7-3: Downward to Upward Ve ocity Ratio

The aror should be accetably small, as even if the transition region is large,
the difference between these two cases is lessthan 8%. As the downward velocities
are greder than the upwards velocities by a significant margin (estimates vary from 2
times greaer to 3 times greaer”) it is clea that the transition region cannot be overly
large. If the transition region is large, the contributions to the upflow and downflow
from the trangition region become large, and tend to reduce the downflow to upflow
velocity ratio (as predicted by equations (7-10) and (7-12) ). Thiseffectcan ke e in
figure 7-3, where the ratio falls as the transition region arearises.

The velocity distribution within the transition region will be flat in the former
case, and will rise linealy towards the outer edge of the trangtion region in the latter

(seefigure 7-4).

*Roudier, Th. and Muller, R. “Structure of the Solar Granulation” Solar Physics 107, pg 1126
(1986.



168 Solar Line Asymmetries
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Figure 7-4: How Velocity within the Transition Region

For any small trangition region, the flat distribution will be sufficiently corred,
and it can be approximated as such.

The horizontal variation of the verticd flow velocities thus depends on the
granule geometry (as represented by the aea parameters A for the regions) and a
single velocity parameter. The most convenient choice is to use the upwards flow
spedl V, as the velocity parameter, from which the flow velocities in other regions can
be determined.

The verticd variation of the flow velocities can, for a particularly smple
treament, be ignored, or the flow velocities can be described as smple functions of
height. The particular functiona form of the variation should be determined from
available data, but we can note that the mass flow speals are expeded to deaease
with increasing height, and that as the flow results from the penetration of convedive
flows into a omnvedive stable region, the deaease in speadsis likely to be exponential,
in common with numerous disgpative processes. Sedion 7.5.1 investigates the height

variation.
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7.4.6: Microturbulence

The microturbulence is observed to vary with horizontal position. This can be
seen in high spatial resolution spedra where the width of lines emergent from
downflows and the transition regions between downflows and ugdlows is greaer than
that of lines emergent from the upflows.> The dargein width must be due to differing
small-scde velocities. (Temperature differences can be reaily ruled out, since if the
difference was caused by differing temperatures, lines emergent from upflows gould
be broader.)

Such differences in turbulent velocities are expeded from the nature of the
granular flow. The other expecied variationis that turbulent velacities should deaease
with increasing height. This is taken into acount in a number of plane-parallel model
atmospheres which use depth-dependent microturbulence. Itisnot possble to observe
the depth dependencediredly, and it isliable to be difficult to determine.

The turbulent velocities for different regions of the granulation are not inter-
related in the same manner as the flow velocities. Separate turbulent velocities &, &,
and &, will be needed to represent the turbulence in the granular cdl. The turbulent
velocities in the transition region and the downflow should be smilar, while that in the
upflow will be substantially smaller.

In the dsence of further information regarding the height variation of turbulent
velocities, the turbulent velocities can either be assumed to be independent of height,
or can be asumed to vary with height in the same manner as the flow velocity. The

differences between these approaches will beinvestigated in chapter 8.

°See Kisdman, D. “High-Spatial-Resolution Solar Observations of Spedral Lines Used for
Abundance Analysis’ Astronomy and Astrophysics Supplement Series 104, pg 2377 (19949.
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7.4.7: TheGranular Modd

The granule is therefore represented by a small number of parameters. The
parameters describing the temperature variation at depth and the geometry of the
granule depend only on the region. The granule is divided into three regions - the
upflow, the downflow, and the trangition region between them, so ead of these
parameters will have a different value for these regions. As these parameters are
suitably normalised, only two from ead set of three ca be fredy chosen. These
depth-independent region-dependent parameters are listed in table 7-1.

Table 7-1: Depth-Independent Region-Dependent Parameters

Parameter Upflow | Downflow Trangtion region
AreaA A A A=1-A-A
BrightnessB B, Bo B =(1-AB, - ABy)/A:

The large scde flow velocity can be dharaderised by a single depth dependent
parameter V, which can be identified with the upwards flow velocity in the granular
centre. The height variation can be described by representing V, as afunction of height
and depth independent velocity parameters. These depth independent velocity
parameters will be determined by the functional form of the height dependence In
general, unlessV, is constant, at least two such parameters will be needed (one giving
V, a some reference depth, and at least one other parameter to describe the rate of
change with resped to height).

Separate turbulent velocities &,, &, and &, are used to represent the smdl -scde
turbulent velocities. The treament of the turbulent velocities will yield two separate
granular cdl models. The first of these will assume that the turbulent velocities are
independent of depth. The second will assume that they vary with the same scde
height as the flow velocities. All other parameters have identicd forms for these two

models (although predse values may differ).
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7.4.8. Modelling Variation between Granules

So far, the representation of a “typicd” granule has been consdered. As
granules are not uniform, the variation between granules must be represented in the
model. Most of the granule model parameters can be replacel by suitable averages
over a number of granules. The aea brightness and turbulence parameters will be so
replacedl.

The flow velocities, however, resist such smple treament. Variation of flow
velocities between granules will cause broadening, whereas the flow velocity of a
single granule region only causes a wavelength shift. It is therefore necessary to
asume asmultaneous shift and broadening for the region. Thiswill be very smilarin
formulation to maaoturbulence as used in the plane-parallel model.

A Gaussan variation will be ssumed. To represent this, a further parameter
must be introduced into the model. The parameter used will be the rmsvariation AV of
the velocity in the region.

The rmsvariations for the upflow and downflow will bedifferent. The ratiosof
the rmsvariation in the flow velocity to the mean velocity will be more similar, but may
gtill be different in the different regions. Itis possble to estimatethe“maaoturbulent”
variations for the various regions from high resolution velocity measurements.

It should be noted that this treament is not strictly corred, as it assumes that
the velocity gradients remain the same between granules. Unlessthe variations prove
to be large, this $ould be asufficiently acarate assumption, and will grealy smplify
cdculation of spedra. If differences in velocity gradients were to be taken into
acount, different regions would need to be used to represent the \ariations.

If the observed data is broadened by any other mecdhanism, such asinstrumental
broadening, and such broadening does not affed the equivalent width of the line, such
broadening will be identicd to this “maaoturbulent” velocity variation, and will

therefore be indistinguishable from it.
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7.5: Determining the M odel Parameters

It is useful to determine the values of the parameters as well as possble from
diread measurements before resorting to fitting the computed spedrum to the observed
spedrum. This will grealy reduce the likelihood of spurious fits, thus increasing the

confidencein the parameter values produced through fits.

7.5.1: Vertical MassFlow Veocity

The wavelength of a spatially average spedral line should be very close to the
wavelength of the spedra line in the upflow a the height which most strongly
contributes to the formation of the line (see sedion 6.3.5). This can be used to
determine the depth dependence of the velocity parameter V,. This depth dependence
is expeded to constitute an exponential decrea® with increaang height.

The wavelength shifts of solar Fe | lines measured by Dravins et a.° can be

plotted against the Feights of formation of thelined (seefigure 7-5).2

®Dravins, D., Lindegren, L. and Nordlund, A. “Solar Convedion: Influence of Convedion on
Spedral Line Asymmetries and Wavelength Shifts’ Astronomy and Astrophysics 96, pg 345364
(1981).

"The heights of formation used here are from Stathopoulou, M. and Alissandrakis, C.E. “A Study of
the Asymmetry of Fel Linesin the Solar Spedrum” 274, pg 555562 (1993.

8Seetable C-5in Appendix C for thevalues. All linesin commonbetween the two works are used.
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Blueshifts of solar lines
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Figure 7-5: Wawelength Shifts

The wavelength shifts, as expeded, fal off exponentialy with increasing
height. A least squares fit can then be performed to an exponential function of the

form

h

V, =V,e * (7-13)
where V; is the velocity scae height, and V; is the upflow velocity at height h = 0 (i.e.

at Tsooo=1). Theresultsof such afit are shown in figure 7-6.
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Figure 7-6: Vdocity Parameter Height Dependernce
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Thefit to the datais rather poor. As ©me of the points lie far from the others,
these points are probably in error. Removing the four furthest outliers, the fit to the

datais much improved. The results are summarised in table 7-2.

Table 7-2: Vdocity Parameter Height Dependernce

Velocity Parameter All data Outliersremoved

Vo 0.373kms* 0.577kms*
Scde height V. 726km 368km

As the fit to the data obtained with the outlying points removed seems much
closer, the values obtained from this fit are probably much closer to the true values. It
can be seen that theflow veocity variessignificantly in the rarge of heights respongble
for the formation of these lines, so it is likely to prove inadequate to approximate the
velocity as being depth independent.

As the flow velocity varies by a large anount, the velocity gradient also varies.
Any measurement of velocity gradients which assumes that the gradient is independent
of height (i.e. alinea fit) will produce aresult dependent on the height for which the
data was obtained. Not surprisingly, there has been disagreement between velocity
gradient measurements in the past, with scde heights of 80 km to about 2000km beng
obtained.’

These values obtained here for the flow velocity parameters provide asuitable

starting place further refinement isinvestigated in chapter 8.

°Keil and Yackovich compare velocity gradient measurements in Keil, SL. and Yackovich, F.H.
“Photospheric Line Asymmetry and Granular Velocity Models” Solar Physics 69, pg 213221 (1981).
Some of the disagreement undoubtedly results from using rather different techniques to determine the
velocity gradient, such as ssme measurements using line shifts (as here) and others using line
asymmetries. The use is liable to ke quite inaccurate, due to the numerous factors influencing the
asymmetry, unless very good spatial resolution is obtained, and only the spedrum emergent from a

uniform upflow isused, strongly restricting the other factors which influence asymmetry.
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7.5.2: Area

Estimates of the aeas occupied by upflows and downflows vary due to the
difficulty in identifying and measuring such flows acarrately. A typicd vaue of 45%
of the area teing occupied by the upflows will be used.™

From the ratio of the downflow velocity to the upflow velocity, it can be
estimated that downflows occupy 15% of the area

The initial adopted values for the aeaparameters are then A, = 0.45, A: = 0.4
and A, = 0.15.

7.5.3: Brightness

Intensity measurements of granular regions are strongly affeded by
instrumental broadening. Thus, there is wide variation among observed results. As an
average brightness for a region compared to the mean for al regions is desired, a
suitable value can be chosen, based on diservations (see haper 6).

As variations of 10% above and below the mean seem to be usua, this
variation can be used to find initial values for the brightness parameters, which after
suitable normalisation, become B, = 1.07, B, = 0.97 and B, = 0.87. The respedive
contributions to the emergent spedrum are then AB, = 0.48, AB; = 0.39 and AB; =
0.13.

7.5.4: Microturbulence

Exad values of microturbulence ae difficult to determine. At the depth where
the bulk of the lines examined fall, the mean microturbulence should be g proximately
equal to the plane-paralel microturbulence of 0.845 kms™. As an initia

approximation, it can also be assumed that the microturbulencein the trangtion region

Seepg 15in Roudier, Th. and Muller, R. “Structure of the Solar Granulation” Solar Physics 107, pg
11-26 (1986.
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is the same & in the downflow. The difference between the upflow and downflow
turbulenceislarge, as seen from the width of high-spatia resolution lines.

The values adopted here for depth-independent turbulent vel ocitiesare &, = 0.3
kms®, & =1.35kms™ and & = 1.35kms™. These values give the correct mean.

The depth-dependent values (given at height h = 0) will be greaer. From the
data used to determine the scde height for flow velocities, the scde height V. was
found to be 368 km, while the mean height of formation was 424 kn. This gives
velocitiesat h=0of & =0.95kms™, & =4.27kms™* and &, = 4.27kms™.

7.5.5;. Intergranular Variation

From measurements by Bumba and Klvana,'* the variation in flow velocities
cen be estimated. The \ariation in the upward fl ow is about 0.1 kms™ and the variation
in the downward flow is about 0.2 kms®. These vaues are likely to be a
underestimate of the ad¢ual variation, due to resolution limits in the observations from
which the velocity variations were determined.

In the asence of more reliable data, the intergranular variation can also be
estimated from the plane-parallel maaoturbulence and the flow velocity difference
between the upflow and downflow. Asthe mean flow velocity differenceis about 0.9
kms™, the variation should be such that the total broadening is roughly the same &
that given by plane-parallel maaoturbulence This indicaes that the value obtained
from the measurements made by Bumba and Klvarais too low.

Values of AV, = 0.25 kms™ and AV, = 0.50 kms™ were chosen asinitial vaues,
and from a weighted mean of these, AV, = .30 kms™. As these parameters are quite
uncertain, they are alikely candidate for improvement by fitting computed spedra to
the observed spedrum.

“Bumba, V. and Klvana, M. “Doppler Veocity Measurements Made with a Scanning Photoeledric
Magnetograph” Solar Physics 160, pg 245275(1995.
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7.6: Use of the Granular M odel

The initial values chosen for the granular model parameters are liable to be
inacarate. By fitting the profiles of cdculated and observed spedral lines, more
reliable values can be obtained. This procedure is examined in chapter 8. More
acarate knowledge of the statisticd behaviour of granules, as predicted by this model,
can thus be obtained. This can have two important results. Firstly, results from
theoreticd cdculations of granulation can be mmpared to those determined from the
spedrum. Secondly, if the results from the parameterised model do not match reliable
observations, the differences can give information on why the smple mode is
inadequate, and indicae what further details must be consdered when modelling
granulation.

With a smple parametric model of granulation that reproduces line profiles
well (for lines with well determined line parameters), the line parameters for other lines
can be redily determined. Inthisway, theoreticd and observed damping constants or
line strengths can be compared.

In addition, once the verticd flow parameters and area parameters are
determined, the horizontal flow can be found.

These areinvestigatedin chepter 8.
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