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Abstract. Since 1981, several attempts to build series of semiempirical models designed to represent, in addition to the quiet
Sun, the various types of magnetic regions across the solar disk (network, faculae and sunspots), have followed one another.
Here we test the capability of those calculated by Fontenla et al. (1999) to reproéliecendiexperimental data, comparing

the computed spectra with the observations made by the PSPT of the Rome Observatory. In particular, we study the average
center-limb variation of the network and facular contrast. In this way, we are able to single out the models best reproducing
the diferent photospheric structures operationally identified byP8ET observations and data analysis. We show also that it
would be possible, with slight modifications of the models, to further improve the agreement with the experimental data.
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1. Introduction parameterizations of independently measured proxies of

maé;netic variability sources, specifically dark sunspots and

Spac::‘hbasetq measutremen_lt_sto;‘ tShel sollar drgdlatlor_:_ér:teﬁr%% bright faculae and network. However, until recently, the
OF]/er '?h etn_tlre §pe(l;runt1) ( tooalo/oar ;La |f11nce, ) ha %derstanding of the mechanisms governing TSI variations
shown that it varies by about ©.%70 over the ZL-year magnelify e, relationship to the solar magnetic field has been

cycle in phase with activity indicators, like the spot numbe?ﬁndamentally limited by a lack of spatially resolved, precise

?r thr% rzdl?/ f:u>;]. \r{[arr'?itr'gns ofla fi‘;\' rt:]el;ths ?f a F\)/errc??; at lar photometry, together with the absence of contemporary
ecorded over shorte € scales, from days to several MOomiis, ¢ res of all the solar global parameters. In fact, early work

(Frohlich 2000). These short-term variations are related to {1€. ;4 |ow-resolution full-disk white lightimages and mean data

evolution of active magnetic regions, via thg combinée e archived principally by the NOAA World Data Center to get
of the appearance of dark (sunspots) and bright (faculae) M¥ormation about areas, locations and contrasts of sunspots

netic features over the solar disk (Hudson et al. 1982; Chap . - : - i
1987). On the other hand, the understanding of the mechanis(m ti which to quantitatively determine the net irradiance re

Ztion on a daily basis (Hudson et al. 1982; Sofia et al. 1982;
governing the long term modulation of the TSI by the 11-ye h M 1 Th | ' h i '
activity cycle is less clear and still debated (e.g. Unruh et 3 apman & Meyer 1986). The analogous approach applied

2000; Li & Sofia 2001). r the estimation of facular and network brightenindfsted

) . L . rom great uncertainties in observational determinations of the
A major portion of the long term TSI variation is attribute

: _— _ rea, locations and contrasts of these bright magnetic features.
to the changing emission of bright faculae and of the magnefi

fiese uncertainties were much larger for bright regions than
network (Foukal & Lean 1988; Foukal et al. 1991). Howevef,, gark sunspots, so proxies of the facular and network

it has been shown that adjustments of the solarinteriorinducbqgghtening contribution to the TSI were necessarily used
by variations of internal magnetic fields (Kuhn et al. 1998; L hese proxies (for example integrated Call K flux, Mgll index,

& Sofia 2001), photospheric temperature changes (Kuhn etaﬁy

. . - 10.7 cm radio flux, He 1083 nm equivalent width), based
1988? 1998) and radius changes (_Soﬂa 199_8)_may also suit the observed close correlation between photospheric and
contribute to these long term irradiance variations.

Si he bedinni f 1980 irical dels h chromospheric bright features in faculae and the network, were
b mcde t Ie ((ajgmnmg 0 > emlp|r|cg r:;_o €ls fa\é%nverted to bolometric brightening, by a careful regression
een developed to reconstruct solar lIrradiance rO£ﬁainst the observed irradiance adjusted for sunspot darkening
Send gprint requests toV. Penza, (Willson & Hudson 1991; Harvey& Livingston 1994; élich
e-mail:penza@roma2.infn.it 1994; De Toma et al. 1997; éhlich & Lean 1998). Such
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FAL models

empirical models could account for a large part of the variance 160" :

in the TSI record (more than 80%), thus suggesting that solar
magnetism is the primary cause of TSI variability during the .
solar cycle. However, none of these models has yet reproduced L ! i
the entire amplitude and detailed temporal structure of the L
observed solar irradiance variation. So the identification of the PR S A .
causes of residual TSI variability, which is not explained by IR
these models as affect of magnetic regions, is still necessary.

T (K}

Recently, using proxies of facular and network brighten- o 3 ‘-\/m}:mﬂ J
ing was made unnecessary by the availability of new full-disk | N 5 molP j
photometric observations, daily gathered by a few improved el BRSNS / o
ground-based programs (Johannesson et al. 1998; Chapman mdcﬁ/h"'\'ﬁ;:‘f;;_ . f
et al. 1996; Coulter et al. 1996; Ermolli et al. 1998), as well 00 - mf NS P

as by MDJSOHO (Scherrer et al. 1995).
Parallel, semiempirical atmospheric models representing - | | |

the various types of active regions across the solar disk have /00 -0 (1000 100 -0 0 3w

been built and continually improved (Vernazza et al. 1981; H )

Fontenla et al. 1991, 1993, 1999). The combined use m@j. 1. Temperature structures vs height for siffefient feature mod-

these models with the experimental data about the active &k; which, in order of increasing UV emission, correspond to a faint

gions and their coverage factors permits a more consistent eglt(A), an average cell (C), an average network (E), a bright network

proach with respect to proxies analysis for the understandingpof faint plage (F), an average plage (H) and a bright one (P).

the TSI variations. Actually, some attempts to model tfiec

of magnetic features on bolometric and spectral variations of

the TSI, by using measurements of magnetic region propert@@ometrical depth, given in km) for theffiirent features (ex-

through the solar activity cycle have been already presenfe&Pt the sunspot model, because of itSedent scale), as in

(e.g. Unruh et al. 2000; Krivova et al. 2003; Caccin & PenZzPntenla et al. (1999).
2003). Fontenla et al. stress that these models do not have an abso:

lute height reference, because the height scale for each model
is measured independently of the others.
2. The RISE models The authors used fierent sets of measurements for the
The latest available series of semiempirical models that tryggnstruction of the dierent models and for fierent parts
reproduce the termodynamic structure of the various solar @é-them. The photospheric layers are derived from the ob-
gions (from quiet Sun to faculae, passing through the netwosgrved continuain the visible and IR spectrum between 310 nm
and to sunspots) is that calculated by Fontenla et al. (1998®)d 10um; the facular models (P and H models) are based in
They are primarily characterized by their temperature structupgrt on the results from Shine & Linsky (1974) and Lemaire
determined in such a way as to reproduce particular sets of @bal. (1981) and the temperature structure in their deep lay-
servations. The procedure used is the following: for a givedis have been modified relative to quiet Sun models in order
temperature structure they have solved the equations of statisreproduce the center-to-limb variation and facular contrast
tical equilibrium, radiative transfer for lines and continua anebserved at 1.am by Foukal et al. (1990) and the measure-
the hydrostatic equilibrium to find the ionization and excitanents by Topka et al. (1992, 1997) and Wang et al. (1998).
tion conditions for each atomic constituent and have calculatéde FAL models have chromospheric layers and a temperature
the emergent spectrum. By trial and error, they have adjustége, occuring after a temperature minimum, which for all mod-
the temperature structure so that the emergent spectrum wagl$nexcept the sunspot model, is located near 500 km above the
best agreement with the observed one (in particular they useabo = 1 layer. The authorsfrm that the determination of
the HarvadSkylabEUV observations). this part of the models is less certain of the lower ones, but note
Each of the components is treated separately as a pldifi@t the contribution of these layers to the TSI is less than 5%.
parallel one-dimensional atmosphere. Neglecting horizontal frinally, the original models also providgh) for the lower and
teraction between theftierent components corresponds to cor#pper transition regions, where many UV and EUV lines are
sidering only surface structures having horizontal dimensiopgduced, but their contribute to TSl is negligible.
that are larger than the vertical extent of the formation region In Fig. 2 there is a comparison between the A and C models
of the lines and continua studied. (representative of a faint and an average supergranule cell) with
These models were developed with the aim to provid@irucz’s model of the Sun (Kurucz 1994).
predictions about the behavior of the solar irradiance of the We want to emphasize that these models are not defini-
various components of quiet and active regions, also (atik, because they were constructed to reproduce observations
mainly) in those spectral ranges that are not observed with diiiiat are far from being complete and are continously updated
ficient spectral or temporal resolution, and so to permit a betad improved; moreover, as remarked also by Fontenla et al.
ter understanding of the variability of the Sun'’s radiative ouf1999), there are not yet physically consistent models that can
put. In Fig. 1 the temperature structures are reported (vs. teproducell the spectral features observed.
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0 at Call K (393.3+ 0.25 nm) and in the Blue (409:20.25 nm)

and Red continua (6074.0.5 nm). These results and the new
high-quality measurements of both the photospheric contrast
and disk coverage of bright regions on the solar disk since
the last solar minimum are presented and discussed by Ermolli
i et al. (2003a, 2003b).

All the images analyzed were carefully calibrated for instru-
mental éfects (i.e. dark and flat-field corrections), resized in
- order to get the same disk size, then corrected for the center-to-
limb variation of the quiet sun. The latter correction was done
by computing the average radial profile of the intensity over
4000 — Kumez | the solar disk, excluding active regions from this computation
- modd through an intensity threshold criterion.

| | | | | | | All the images analyzed were acquired near simultane-
T T S T ) B | 1 2 ously, so no co-alignment among triplet of images is needed.
logtad) Facular and network regions were identified on Call K
Fig. 2. Comparison of the temperature structuFeog (r)) among the images by applying automated methods, based on intensity
models for a faint cell (modA), an averange cell (modC) and Kuruczbresholds of contiguous bright regions, described in detail
model. in the paper already cited. We assume the relationship exist-
ing between Call K intensity and magnetic field (Skumanich

Different models are present in the literature, according@bal. 1975) to identify the solar features under study on the
the use intended. For example, Unruh et al. (1999, 2000) gdar disk. It is under this assumption that, in this paper, we
models without the temperature rise, taking for the quiet SGaMpare measured and synthesized proprieties of “magnetic”
the Kurucz solar model, for the sunspot a model witfiea bright features. We then assume that continuum and Call K
of 5150 K interpolated from the Kurucz grids and for the faddentified features have essentially identical extent, while we
ulae a P model (Fontenla 1993), truncated at about the tegfiould take into account that corresponding photospheric and
perature minimum and extrapolated down to lower tempegromospheric magnetic features occur dfedent heights in
tures, with a trend similar to Kurucz's. The purpose, in thi§e solar atmosphere, being cospatial but with a finer structure
case, was to mimic, roughly, the behavior of the excitation terfi- the photosphere than their relatively coarse structure in the
perature of most lines in the high photosphere and in the I&kromosphere (Chapman & Sheeley 1968).
chromosphere. We defined the feature contrast at each heliocentric position
on the disk by the ratidxeature/ | quiet, Wherelteawureis the photo-
spheric average intensity of the Call K pixels identified by the
automated methods at each heliocentric position gngis the
3.1. Observations photospheric average intensity of the whole Call K quiet sun

area at the correspondipgposition. The discussion of both

The PSPT is a small (15 cm) refracting telescope Opt'm'zﬁ‘ije identification methods used and the results obtained with

to pro_\nde hlgh_-premspn ph(_)tpnje_trlc observat|o_ns by meaﬂ%pect to the previous results presented in the literature can be
of a simple optical design minimizing scattered light contangs - 4'in Ermolli et al (2003a, 2003b)
ination, an active mirror to reduce tracking errors and a higﬂ ' ' '

dynamic range 2048 2048 pixel camera. The PSPT has been
developed and constructed by the National Solar Observat
Sacramento Peak in the framework of the NSF-promoted RI?
(Radiative Inputs of the Sun to Earth) program, devoted '
deepen the understanding of the the 11-yr solar irradiarft
variations.
Since Rome Observatory joined the program, the firgt2, Spectrum synthesis
PSPT was installed at Rome in February 1996. The PSPT
concept and prototype are described in Coulter & KuHgy using the FAL models, we are in a position to calculate the
(1994) and Ermolli et al. (1998), respectively. The cuemergentintensity for any spectral range in the various active
rent instrument operation is briefly described by Ermollegionsand, in particular, the network and facular contrasts and
et al. (2001), with more complete descriptions available Heir variation with the heliocentric angle. The comparison of
http://www.mporzio.astro.it/solare/index.html. the theoretical results with the experimental data gives us an
The results used in this work were obtained by analyzirgdication of the capability of these models to reproduce the
the archive of daily observations carried out with the PSPT @hergent spectrum and its characteristics.
the Rome Observatory. For the synthesis, we used the SPECTRUM program, writ-
In brief, the analyzed images correspond to the obsertan by Gray (2001). It is a stellar spectral synthesis program,
tions acquired each day at the three PSPT band-pass centesdttien in the C language and distributed with an atomic and

7000
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3000

3. Spectrum synthesis and photometric data

Note that, in the framework of the study presented here,
reful analyses of the quality of the images were used, as well
tests of the PSPT telescope characteristics and image calibra-
n accuracy. The main results of these analyses are available

élttp ://www.mporzio.astro.it/solare/index.html.
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Fig. 3. Left panel: comparison between computed limb darkenipg, for 2 = 401.970 nmA = 541.760 nm, and = 610.975 nm, and the
corresponding polynomial representation by Pierce & Slaughter (1977). Right top panel: the percent errors between the reference and com
trend. Right bottom panel: the percenffdrences between the computed limb darkening from a FAL model with temperature rise (by assumin
LTE) relative to that from same model without temperature rise.

molecular line list for the optical spectral region from 300 nrour capability to reproduce it theoretically, by using, as com-
to 680 nm. It uses as input the run of the temperature structpagison, an atlas spectrum of the quiet sun (Kurucz et al. 1985).
and the electronic density, computing by itself the pressure dndrig. 5 we show the result for the blue PSPT band; as it is
the density of the more important species, namely, hydrogenjdent, this zone of the spectrum is very rich in lines and,
helium, carbon, nitrogen, oxygen, their ions and the follownoreover, it is situated close to the blue wing of thelide.
ing diatomic molecules: CH, NH, OH, MgH, SiH, CaH, SiOThat makes the theoretical signal reproduction mofgcdilt,
C2, CN, CO and TiO. Note that SPECTRUM computes sybecause the synthesis will strongly depend on line parameters
thetic spectra under the LTE assumption and treats each like microturbulence and on the precise wavelength position
as a pure absorption line (source function equal to the Plarafithe band. On the contrary, as shown in Fig. 4, the red band
function). This certainly introduces an error, since the existenisemuch less sensitive to suclfects and can be considered
of a temperature rise would require a NLTE treatment; the LT& true” continuum band.
approach, however, does ndtext very much the results in the It is interesting to notice that the width of the bands and
visible range, but only in the UV and EUV. In order to have athe presence of lines carries in itself information about photo-
idea of the &ects of the temperature rise in the LTE approxspheric layers dierent from those that contribute to the contin-
mation, we remade our calculations using models in which tham formation, as evident from Fig. 6, where we have reported
chromospheric temperature increase was replaced by a lindbartemperature Response Functions (Caccin et al. 18F),
extrapolation of the photospheric relation 1d9 (vs. log ) at constant electronic density for the PSPT bands.
or log (T) vs. log @), in analogy with Unruh et al. (2000). As  The interpretation of the shape Rf+ is the following: the
a test, we calculated the limb darkening for the monochrmaximum at logt) ~ 0 corresponds to the continuum forma-
matic intensity of the average model at some wavelengths aiah, that at logt) ~ —1.5 takes into account the formation of
we compared it with the empirical polynomial representatiomise lines that increase their intensity with increasing tempera-
obtained by Pierce & Slaughter (1977). In Fig.1@:), for ture, while the negative part &F is due to the lines of de-
A = 401970 nm,4 = 541760 nm andl = 610975 nm, is creasing intensity with increasing temperature. This is clearer if
reported together with the corresponding errors and the dife analyze the red band, where there are not many lines. In par-
ferences between the twofiirent approaches (with or with-ticular, only two lines contribute to theFr: Fel 606.548 nm
out temperature increase), that at these wavelengths do arud Til 606.463, whos®Fy are shown in Fig. 7. The reason
exceed 0.5%. for the diterent behavior of the Fe | and Til lines derives from
the diferent weight of the derivate of line opacity,. In fact:

4. Results oxL _ 9o & ot
Y ¢ KT @
wheree_ is the excitation energy of the lower level atids

Before calculating the intensities for theffdrent models, we the ratio of the neutral atom number with respect to the to-
analyzed the spectral range in which the PSPT works, testiag one, i.e.l = 1/(1 + f), where f is given by the Saha

4.1. The PSPT bands
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Fig.4. The PSPT red spectral range: comparison between the theoretically synthesized and that in the Kurut28&) &ufet Sun atlas;
superimposed the PSPT red band transmission profiles (nominal is for that provided by the filter manufacturer, true is that obtained by the most
recent filter calibration).
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Fig.5. The PSPT blue spectral range: comparison between the theoretically synthesized and that in the Kuruc28&f) &dujet Sun atlas;
superimposed the PSPT blue band transmission profiles (nominal is for that provided by the filter manifactfiezeat fiiter’s tilt respect to
the optical beam, true is that obtained by the most recent filter calibration).

relation: f ~ (kT)*2exp(-¢/KT), & being the ionization po- 4.2. The network and facular contrast

tential. Then, we have _ )
In order to show how much the blue contrastis a very “delicate”

Sy _(i N §) b T Lot observable, we report in Fig. 8 thefidirent computed con-
. \kT "2J1+fT kT T trasts between modE (representative of the network) and modC
1+ e —fg 1 6T (used as representative of the quiet Sun) obtained witareéint
1+ f KT pass-bands (for simplicity sake we used Gaussians of the form

G(1) = exp@ — 1p)?/c?), with values ofo between 0.05 and
For the Ti line, this term (negative in both cases) is much large25 nm andiy equal, in turn, to 409.60 nm and 409.38 nm)
than for the Fe one and determines the sigRBf. and in Fig. 9 those for dtierent microturbulence parameters.
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Fig. 6. Temperature Response FunctionsNatonstant) versus log) (z is the contiuum optical depth at 500 nm) for the blue (left) and the
red (right) band, obtained usingfiiirent telescope transmission filters. Superimposed there are those calculated for the only continuum.
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Fig. 7. Temperature Response FunctionNatconstant) versus log)
(r is the continuum optical depth at 500 nm) for the two line
Fel 606.548 nm and Til 606.463 nm. The units are arbitral.

within the “nominal” range, provided by the PSPT construc-
tors (Figs. 5 and 4); therefore a detailed instrumental calibra-
tion was needed. The results presented in the following are ob-
tained by using the carefully recalibrated trasmission profile of
the filters used at the Rome PSPT (Centrone et al. 2002).

In Figs. 10 and 11 the comparison between theoretical re-
sults and experimental PSPT data for the network (theoretically
represented by modE) and for the faculae (theoretically repre-
sented by modF and modH) contrast is shown, while the nu-
merical data of the computed intensities for all of the models
are reported in Tables 1 and 2 (for the blue band we report
only those providing a better agreement with the experimental
data, i.e. withég, & andéy = 1.4 km st). We have calculated
these values both with the “original” FAL models and with the
models without chromospheric temperature rise, obtaining no
substantial dference.

Figure 10 shows that a very good agreement is reached for
the network contrast, provided that we take into account the
?ollowing geometrical ffect: because the network is a very thin
feature, its measurement can be “polluted” by the quiet Sun
in a way that depends on the sight line direction (i.e. on the

We have made an analogous check for the modH (represksliocentric angle). We can do the following two-dimensional
tative of average faculae) contrast, which, however, seemsetiimate: suppose that the network contribution to the emergent
be less fiected by the variation of these parameters (passimgensity is assimilable to a Dirac delta:

from &4 = 1 to &y = 1.4 the contrast changes only by 0'2%)f )
moreover, because the facular contrast is higher than the net-

al1 = 6(X)] + 1n6(x) 2

work one, this éect results less important. We stress that thigherelq andl, are quiet and network intensity at “infinite res-
microturbulence parameter that we enter in the spectral spfidtion”. This intensity must be, first of all, convolved with a
thesis should be consistent with the microturbulence of thgormalized) instrumental profile (that takes into account both

model (varying from 0.3 to 2 knT8); indeed, the magnitude ofthe finite instrumental resolution and the seeifig&s)$(x)

the microturbulencefiects the line opacity, whichfiects the and then averaged over an intersad
structure of the stellar atmosphere. However, minor departuresAt the disk center, we have:
from the model microturbulence do not represent a severe in- +oo
consistency (for instance Kurucz, in his grids (Kurucz 1994y = la + (I = 'q)f P(X)5(X — X)dx’
uses 1.0 km¥ in the computation of the synthetic spectrum _°°= lg + (In = 19)B(X)
of the Sun, even though his solar model was computed with a ) arino
microturbulent velocity of 1.5 km3). and, by averaging:

The sensitivity of the blue contrast to the pass-band pa- 1 AX

rameters derived from our calculations were quite significalntv =lg+(h=la)5 ¢(gdx ~ I,
2AX J_ayx

®3)



V. Penza et al.: Comparison of model calculations and observations 1121

T T T T T T T T
& — g =005 nm s —  g=0.05 nm
, wux g=0.1 nm : #xx ag=0.1 nm
oz N +++ 0=02 nm— R +++ o=02 nmr
*® & soe g=0.25 nm sea ag=0.26 nm
o) ' o 101 -
EI 1015 gl
2 3
g 1m _ 2
B 1005 ]
1.005 — .. —
—e— —
1 l ] ] ] 1 ] ] l l
04 06 ns 1 0.4 0a 0g 1
cogitheta) cositheta)

Fig. 8. The contrast between ModE and ModC foffdient pass-bands, taken as Gaussians centered atffer@ali wavelengths (lefily =
40960 nm, right:1, = 40938) and with Gaussian variances)(between 0.05 and 0.25 nm. For all cases, the microturbulence is fixed
até =1kms?.

! coo b= klmts Table 1. The emergent intensity integrated over the red PSPT band,

e E= 1B kmls calculated with the six dierent FAL models. The intensity unit is
1015 ek £= 18 ks 10° ergstcm2sri,

cosf) ModA ModC ModE ModF ModH ModP

1 9.696 9.705 9.713 9.729 9.698 9.642
_ 0.9 9.262 9.272 9.282 9.301 9.330 9.334
0.8 8.772 8.784 8.796 8.820 8.916 9.007
0.7 8.304 8.292 8.305 8.334 8.496 8.651
0.6 7.771 7.784 7.800 7.835 8.063 8.258
0.5 7.189 7.208 7.227 7.272 7.570 7.837
0.4 6.535 6.574 6.596 6.655 7.025 7.360
0.3 5.824 5856 5.880 5.978 6.411 6.805

1005 -

| | | i Table 2. The emergent intensity integrated over the blue PSPT
band, calculated with the six FAL models. The intensity unit is
10° ergstcm2sri,

=
=
=
o
=
o

cos(theta)

Fig.9. The contrast between ModE and ModC foffeient micro-
turbulence parameters)( with a Gaussian pass-band centered at cos¢) ModA ModC ModE ModF ModH ModP

Ao = 40960 nm and witho = 0.25 nm. 1 5.066 5.092 5.099 5151 5132 5.059
0.9 4.734 4.761 4768 4821 4.844 4.816
0.8 4.382 4410 4.417 4473 4.538 4.557
0.7 4.008 4.016 4.025 4.103 4.213 4.279

Instead, fou # 1, the first éfect will be a stretching af(x):

ro , / 0.6 3610 3.640 3.650 3.710 3.866 3.981
I'=1lq+(In— 'q)f (X /)o(X — X)dx 0.5 3187 3.217 3.230 3.293 3.493 3.658
- 04 2735 2778 2784 2851 3.091 3.303

= lg+ (In = lg)o(X/p).

0.3 2253 2291 2312 2384 2658 2.908

Then alsaAx will suffer the same phenomenon:

1 AX/u for modH (only in the red band). This behavior does not have an
IaV: |q+(|n—|q)mf qﬁ(X/,u)dX ( y )

A/ experimental verification in the PSPT data and is due to the par-
ticular photospheric temperature structure of the P and H mod-
els, that is colder than the average Sun. Fontenla et al. (1999)
This dilution efect does notféect very much the facular con-affirm to have intentionally modified such models in this way in
trast, the faculae being more extensive structures than netwanider to reproduce the center-to-limb variation and facular con-
Figure 11 shows the good agreement between modF synth&sist measured at 1:6n (Foukal et al. 1990; Topka et al. 1992;
and the experimental data. Wang et al. 1998), that shows a negative contrast. Actually, as
However, a careful analysis of Fig. 11 and of Tables discussed by Foukal & Moran (1994), Sobotka et al. (2000)
and 2 reveals the presence of a negative contrast at the ceatel Sanchez et al. (2002), faculae and pores seem to share
of the disk for modP (both in the red and in the blue band) atite same physical mechanism (lateral heating and inhibition of

~ lg(1—p) + plp.
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Fig. 10. The network contrast (modiEodC), with microturbulencge = 1.4 km s, calculated in the calibrated PSPT pass-bands, comparated
with the results of PSPT data analysis (Right: blue contrast, left: red contrast).
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Fig. 11.Comparison between the synthetized facular contrast (modF and modH over modC), calculated in the calibrated PSPT pass-band
the results of PSPT data analysis (Right: blue contrast, left: red contrast).

convection), which simply changes its contribution as a fuctidh Conclusions
of the size of the structure. So structures presenting negative
contrast both at 1.6m and in the visible range should be dewe have tested the capability of the FAL models to reproduce
fined, more correctly, as a pore. experimental data that werefi@irent from those on which these
We have reason to believe that, above all in the blue baisg¢miempirical models were based. The final goal is that of pro-
the phenomenon of the dark faculae, obtained in our synthyéding average models that can be used to evaluate the contri-
sis, is the not desired consequence of an excessive cooling@ion to solar irradiance variations offidirent bright features.
the modH and modP photospheres. Our study has the aim§tgarticular, we have compared “theoretical” results, derived
provide indications about the modelstifght structures in or- by the spectral synthesis of these semiempirical models, with
der to use them, subsequently, in the reconstruction of the irRSPT photometric data corresponding to the center-limb trend
diance variations. of network and facular contrast. Through this comparison, we

We show that it is possible to slightly modify these model§,°u'd determine that modE is the model best reproducing the

increasing the slope of the temperature structure in the phdtghavior of the network (the filerence between the experimen-

spheric zone by an amountfEaient to make the contrast pos_tal contrast and computed one is less than 0.05% untiD.3).

itive in the visible, but negative at 1,6n, near the disk center, !t Was necessary, however, to consider a dilutifiect of the

at least for modP. The modifications brought to the temperatf@Work with the quiet photosphere, due to thinness of the first
structures are shown in Fig. 12. one and to geometricaffects.

We must recall, hovewer, that we cannot test the real good- The facular contrast, instead, is well identified by modF
ness of the H and P models (modifed or not), because Yweth an error less than 1%). We have noted that the net-
have already seen that they are too bright to be representigk blue contrast is very sensitive both to the parameters of
of an average behavior, as that provided by the PSPT data uexdband-pass and to the microturbulence. This sensitivity, in-
in this study. stead, does not play an important role in the facular contrast



V. Penza et al.: Comparison of model calculations and observations 1123

000 T T T T T 5000 = T T T T T
&000

- =000

7000 = oo

“Titan
Titan)

6000 = 6000 —
.

5000 |- - 5000

e
deCI/

-4 ] -2 -1 0 L -4 -3 2 -1 0 1
long( tant) Ing(tanr)

4000 1 4000 | 1 1 1 1

Fig. 12. Left panel: temperature structures of modH and modP with respect to that of modC; right panel: the modH and modP modified in their
photospheric zone (indicated with modP2 and modH2).

computation or in the red band (where a very minor numberBfukal, P., & Moran, T. 1994, in Infrared Solar Physics, ed. D. Rabin,
lines are present with respect to the blue band). J. T. Jdferies, & C. Lindsey, IAU Symp., 154, 23

Finally, we have shown that it is possible to slightly modifyrohlich, C. 1994, in The Sun as a Variable Star, ed. J. M. Pap, C.
the models in order to optimize some details of the comparison Frélich, H. S. Hudson, & S. K. Solanki, IAU Symp., 143, 28
(e.g. to obtain a positive contrast at the disk center). We ndighlich. C., & Lean, J. 1998, Geophys. Res. Lett., 25, 4377
however, that the correspondence between models and st@%ﬁl'(g"g'zzo%olo' Space Sci. Rev., 94, 15
tures, and the necessity of suitable modifications, depends upory’ .~ '

. .. . ttp://www.phys.appstate.edu/spectrum/spectrum.html

t_he details _of the data a_cq_msmon and elaboration, tha_tt OPe5BRannesson, A., Marquette, W. H., & Zirin, H. 1998, Sol. Phys., 177,
tionally define the proprieties of the observed magnetic struc- g5
tures. Where other data (or other methods) were used, othgfvey, J. W., & Livingston, W. C. 1994, in Infrared Solar Physics,
modifications or other models could be required. ed. D. Rabin, J. T. Jeries, & C. Lindsey, IAU Symp., 154, 59
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