NOTICE

THIS DOCUMENT HAS BEEN REPRODUCED FROM
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED
IN THE INTEREST OF MAKING AVAILABLE AS MUCH
INFORMATION AS POSSIBLE



(NASA-CR-164141) CONTINUED ANALYSIS OF N81-21991

050-8 AND KITT PEAK DATA ON SCLAR FRCULAE
Final Technical Report, 1 Jun. 1978 - 30
Unclas

Nov. 1979 (Califorania State Univ.,
Northridge.) 125 p HC AQ6/MF AD1 CSCL 03B G3/92 41829

FINAL TECHNICAL REPORT
NASA Grent No. NSG-7456

Continued Analysis of 0S0-8 and Kitt Peak
Data on Solar Faculae

repared by A, Chapman
E«Jzﬁ . E;Z~§ﬁ; Ui
csu, Northridge, Foundation
18111 Novdhoff St.
Northridge, CA 91330

Title:

Performing Period 6/01/78 to 11/30/79

April 1981

Gary A.(ﬁhapman
Principal Investigator

/\(ﬁ‘d/wx ﬂ.(’ﬂ.m‘auwm




ok ’i' *

Final Technical Report for NASA Grant No, NSG-7456

I. Intyoduction

The purpose of this rescarch was to study the magnetic, velezity, and
brightness structure of volar faoculae in conjunctiop with the LPSP - team of
the 080-8 satellite, The reseavch involved improved facular wmodels and analysis
of spacceraft and groundbased data, As part of this rescarch, a trip was made
to Yrance by the PI for the purpose of continuing the data analysis at the Ob-
servatoire dg Paris, Meudon. The rescarch under this grant has proceeded along
two directions:

(a) the improvement of semi-empirical models of faculae to determine the

strength and shape of the magnetic field and
(k) the development of an improved data base, including space-and ground-

based data, to impruve facular models,

II. VYacular Models

An improved facular model is presented as Appendix A, 'This model is based
primarily on spectral data using mostly weak (20 - 65 wmA Eq. W.) Fraunhofer lines.
The model, 7B14/USRASP; shows a large temperature excess in the upper layers,
near the height of the limb, of 800K and a magnetic field strength of 411 gauss.
The temperature in the facular flux tube bec:mes less than that in the photo-
shere at a depth of -100km and this temperature deficit increases with depth to
about -Z800K at a depth of 100km below T5000 1 in the quiet sun, The c¢ross-—
sectional area of the flux tube increases with height., The diameter given in
Table 3 of Appentiix A was determined from pressure balance, AP = B2/87, and neglect
of the change in angle of the field lines as they diverge upwards, Subsequent
calculations, not yet completed, show that only the geometry in the highest

layers ave affected (and then not too greatly) when allowance is wmade for the

curvature of the magnetic field lines. The effect of including the angle of

‘:;’ -

A U , A
ICPRNG. TS R
s -




R -

divergence of the field lines is that the flux tube wmust remain of smaller ¢ross—
section and thus not diverge so rapidly compared to the case of simple B*/8n
pressure balance. In other words, the effects of magnetic tension are such that
the flux tube must be made moxe wniform with height in order to insure pressurc
equilibrium. For exawple, for the model 7B14/HSRASP, the radius of the flux
tube without regard for tension forces is about 450km at a height of 600km.
Corrccting this radius for tension forces causes the radius to decrease to about
300km at the same height., At a height of 200km the change is only about 10km

in a radius of 120km or about an 8% decrecase.

A cross-scction of this model is shown in Figure 1. The solid line is the
regult of ignoring tension forces and is given by B8y = cht - Pint’ where Pext
and Pint are the external and intexnal gas pressures, vespectively. The smaller
cross~section with the long dashes is the result of 10 itcrations on the magnetic
f1lux dengity, including tension forces. We assume that BZ # f(r) and Br « %% .
At cach iteration the shape of the flux tube was {itted to a polynomial and for
a chosen flux the equations of Dicke (eq. 22, 1970) were used to modify the mag-

netic field to zchieve a flux tube shape more ncarly in pressure equilibrium,

The relation used was

b e (BBz)>

"_)>=_.,_...‘<2
<ol B, + vz

1
8
The brackets indicate averages over the cross scction of the flux tube. Since
these tubes deviate only slowly from right circular cylinders, the material density
was obtained from hydrostatic equilibrium,

Appendix B shows the scction of the cowputer program that implements the above
procedure. The future pursuit of this problem should make use of possible non~

hydrostatic models, provided further constraints or boundary conditions can be

found from obscrvations.
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ITI, 0S80-8 Data Reduction

This part of the project has not been completed, We ave waiting for fuxpther
data reduction of 0S0-8 data from the LDPSP experiment. A paper has been prepared
based on the pround-based magnetograms obtained at Kitt Peak Nationa) Obscrvatory
(Appendix B). A small but uscable set of spacecraft data was identified during
my 1978 visit to France, but funding and personnel problems have hindered the
completion of data reduction,

It is hoped that at some peint in the future the analysis of the selected
050-8 data can be completed. We will attempt to obtain quantitative corrélations
between the intensity at various wavelengths in the MgIT h and k and Calf

H and K lines with magnetic f£flux from the KPRO data.

IV, Ground~based data on Paculae

We also need information on continuum radiation lesses. For this we have
used dat; from an LExtrome Limb Photometer at the San Fernando Observatory. This
data was Zimited to large angles from the vertical so we do not have complete
coverage of the continuum radiation field, In order to separate out the effects
of sunspots these were studied near the center of the disk and the data presented
by sunspot area, The preliminary results have been published as changes in the
solar congtant in Ap, J. 242, It was found that faculaec necar the limb produced
an excess brightness of 3-4 x 10 % averaged over the plage area and sunspots
produced a decrease of 62% over the sunspot area. This data can be used later

to compare with the magnetic flux of the corresponding active region to look

for a coxrclation with magnetic flux,
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ABSTRACT
A new semiempirieal model of photospherie faculae is presented in tabular form, In an sarlier

paper (Chapmuan) a preliminars version of this model was used to vonstrnet line profiles that were
compared with observations. The nuge tie lield is estunated from hatizontil pressure equilibrium

.

without tension forees, The peometry of the flux tube i determined {rom this estimated magnetic
field and an assumed ux of b = 107 gauss em®, The medel iy diseussed in relation to recent

observations.

Subject headings: Sunt atmosphere «- Sun. fueulae == Sun: magnetic fields

L INTRODUCTION

A number of semiempirical models of solar faculae
have been constructad which incorporite certain ini-
provements over earker modeds (Chapman 1970). Yor
eximple, the model fram the 1970 paper did not
include the eleets of a magnetie field in the herizantal
pressure  balwee, whereas newer models have a
vertically varying magnetic field to achivve pressure
balapee,

There is considerable evidence that the magnetic
field has a horizontal seale comparable to the filigree
and is probably cospatial with the thermpl perturbas
tion. Much of this evidence was reviewed by Harvey
(1977). In their recent analysis, Tarbell and Title (1977)
indicated that filigree and the smallsseale magnetic
ficld are cospatial to within less than 1”. Speetra
presented by Koutehmy and Stellmacher (1978) sup-
port this corvelation, although the authors argue that
the brightness magnetic fickd vorrelation may not be
good at the sub-arcsee levels

Packer (1976) demonstrated that only a cooling of
the gas in the Tux tube ean result in confinement of the

field 1o the currently aceepled value of about 15 kilo- |

pauss (150 mT). This woaling coukl come about by
blocking of heat transport avross magnetic field lines
as argued by Spruit (1977) or by generation of MHD
waves as proposed by Parker (1974), The use of
von Zeipel's theorem by Dicke (1970) led him to a
formalism in which there is o strong relation between
the temperature excess (or delicit) and the topology of
the magnetic field,

The model presented here is a refinement and
extension of the one used in Chapman (1977) and
labeled ZBIIAISRA, This model was based on line
profile measurements to o much greater extent than
the carlicr 1970 madel. In addition, the eflect of a
strong magoetic field and its vaviation with height were
used in calculating line profiles, Tn this paper we wish
to discuss this model in mare detail and to paint owt
possible improvements. In § 11 we present the madels
and some of the assumptions used in them, In § 11l

9

3

we discuss limitations in and possible improvements (o
the model 7BLHSRASPE,

1L PRESENTATION OF RLSULTS

Facular models are developed from a photospheric
madel, The photospheric model used here is an exten-
sion of the HSRA (Gingerich ¢r ali 1971) made by
matching the convection-zone madel off Spruit (1974
at the rgp0a < 2 levels We require a photospheric
model that pows beyond the depth of the HISRA model
because of the downward shifts of the facular megdi
with respeet to the photosphere required for pressure
balaneing, This extended maodel, which pgoes 10
Thoon < M0 (2 < 285 km), is referred to as the
HSRASP, That part which differs from the HSRA is
given in Table 1,

Facular models are defined by a A7' versus raopoel
rulﬂtion' \\'hCl‘C AT = 2‘(ntn]|\1- i 7;'“0!(\“!’\0\‘0* '“ﬁS rela-
tion must be determined by trial and error since the
details of cnergy transport are unknown. Figure | pives
the 7*versus = relation for the HSRA, Spruit's convee-
tion zoue, and several facular models, Also shown are
two crude intergranulir lane models made without
regard to Kinenatics, Table 2 gives the actunl values
of temperature used in constructing facular model
TBIIHSRASP,

Given a 7 versus » relation, o facular mode! is
formed by integrating the equation of hydrostatic
equilibrium  downward  from  regoea *= 1078, The
opacity is due to H and atomic hydrogen as given
by the computer cades of Carbon and Gingerich
(1969). The equation of state is given by computer
codes from Mihalas (1967) and made available hy
Dr, J. Heasley, Belore integrating. the facular model,
the fa~ular and photospherie models are interpolated
onto & scale uniform in 0,08 log = so that ench modet
will have 155 levels, This degree of fineness helps in
later ray-tracing.

After the facular model is generated on a r-scale in
common with that of the photosphere, we must change
the basis from optical depth te geometrical depth and

o st <2k
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Novt.~ The units used arc eps with = (optical depth) at S000 X, 7 (temperature), P (pressure), PE (electron pressure), p {mass

density), and Z (geonietrical depth),

shift the facular modiel downward 1o obtain hor, atal
pressure balance. Tae minimum shift is introdueed so
as to keep the facular pas pressure at each depth less
than the corresponding photospheris gas pressure, The
pressure difference gives a preliminary estimate of the
magnetic ficld through

B = [8n(Po — PP,

The temperature difference, AT(Z) > TZ) — Ty (Z),
on a depth seale is also determined. The shape of the
flux tube is defined by the assumed magnetic flux ¢ and

_ ¢

This relation nepleets the spreading with height of the
magnetic flux tube. Except for the upper levels, the
crror in tube radius caused by this last assumption is

quite small, We have adopted ¢ = 4.4 x 10¥7 gauss
em® (Mehltretter 1974),

For most models investigated, vertical shifts of
about 150 km downward at ry5,, = | are required to
have the internal gas pressure fess thin the external,
This shift corresponds to a Wilson depression in sun-
spot models and is present in the models of Spruit
(1976). The magnetic field strength at 7 == 0 (g 6" = 1)
is typically near 1500 panss,

Table 3 presents the Tucular model 7BI4/HSRASP,
which is essentially the same as facular model 7813/
HSRA given in Chapman (1977) but extended to
greater geometric depth, ,

We have experimented with otlier models for the
photosphere 1o determine the effect on deduced
magnetic field strength, An extreme variant on the
photosphere might be an intergranular lane, We have
generated a facular model from an intergranular

TABLE 2
T VERSUS 1OR 10 Tsoooy 10 STEFS Prr DEcADE For FAC MOD 7BI4;TISRASP
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=20, 00 i0aes 5453 5419 53485 5351 3317 5307 332 3336 5150 5364
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Fia. L=-Temperature yersus optical depth at 5000 A, The convee
the combined photospheric model is ealled HSRASP (see Table 1),
scale with the HSRASP and the depth scales shifted reliative to cach

region model called INGRAN 2 which has a contrast,
with respect to the HSRA, of 107, at disk center
falling to zero contrast for p = cos ¢ & 0.3,

The magnetic field and temperature excess for
facular model 7BLGINGRAN 2 are less than for the
models of Table 3 derived frony the HSRA, Yor
example, the magnetic field strength at Z =0 is
1340 pauss and the temperature excess at z & —315
km, the approximate *“height of the Jimb,"” is about
709 K compared to 1511 gauss and 760 K, respectively,
for facular model 7TB14/HSRASP,

We confirm the importance of the *“hot wall” effect
described by Spruit (1976) to the continuum contrast
of faculac, This cflect aseribes the excuss brightiiess of
faculae near the fimb to the enhanced visibility of the
decper (hence hotter) layers of the photosphere seen
through the optically thin flux tubes. The flux tubes
are optically thin because of the lower mass density
which is required by horizontal pressure balance,
However, the *hot wall™ at the edge of the flux tube
cannot be scen very near the limb because of geomet-
rical foreshortening, Hence continuum limb darkening
evidence for the existence of a temperature enhance-
ment in the upper levels of faculne may depend
critically on the contrast in the region 0.2 < p < 0,

1. DISCUSSION

These facular models have the genera! characteristics
deseribed by Parker (1976) and by Spruit (1976),
namely, that the magnetic field is confined by a deficit
in the pas pressure which is itself caused by a tempera-
ture deficit in the deeper layers. An understanding of
how this condition is brought aboat is not yet within
our grasp. Two alternate explanations are cooling by
wave gencration (Parker 1976; Roberts 1976) and
blocking of heat flow (Spruit 1977), We need more
daty in order to test these two hypothescs,

tion-zone model of Spruit is joined at r = 2 to the HSRA and
he Macular model 7614 is eventually placed on a common depth
other (see Table 3).

The temperature deficit in the deeper layers should
be observuble as darker-than-average features at 1.64
pm. Worden (1975) has reported evidence for a
50-500 K temperature deficit in facular structures in
observation. at this wavelength, The temperature
range indicates the uncertainty in corrections caused
by low spatial resolution.

It has been supgested (Chapman 1974) that for
sufficiently large flux, about 4 x 10'® to 6 x 10'®
gauss cm?, the magnetic structure begins to behave
more like a pore than a facula, Below this flux bousd-
ary, facular structure may not depend strongly on
magpetic flux, This behavior is supported by obser-
vations of Frazicr (1978) which show that the excess
brightness flux in the core of the 5250.2 A line is
lincarly related to the measured magnetic flux up to
magnetic flux levels of 40 G\Wb (4 x 10'® maxwells),

On the other hand, Spruit (1977) has presented
evidence which suggests that faculae vary in structure
according to their size (used as a measure of flux),
Better observations arc necded which can accurately
measure the magnetic flux of individual flux tubes,

These facular models are not structurally self-
consistent because magnetic tension forces have not
been included, We are attempting to determine the
influcnce for simple flux-tube configurations, The
formalism is adapted from Dicke (1970), who shows
from von Zeipel's theorem that magnetic and velocity
stresses in the photosphere will lead to perturbations
in the pressure, density, and temperature. We will
include the eftect of steady Nlows such as that given by
Giovancelli and Slaughter (1978), However, we will
require much better knowledge of boundary conditions
before we can hope to obtain the teue shape of the
ficld in a sclf-consistent model,

There has been some discussion of the need for two-
dimensional radiative transfer in calculating emergent
intensitivs. Stenholm and Stenflo (1977) have shown

treangat ot v e e
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JBE-03,0e0iviies 53214403 ABIE403 B8.93L-01 2,260E~02 141E~08 =~2.56E+07 + 594 5400 3.,22L4-07
JGE~03,.v 000 GIIEH03 JI9E4-0) 944101 2.40E~02 LSBE~08 ~242E+07 + 558 5725 J0IE40Q7
4.235=03....,.00. SIIE403 0OSE03 1LO2E400 259E~02 1.78E~08 =~22784-07 4 519 6174 J.0IE407
490E~03, ..ouvivv. S32E403 679E4+03 LIJEH00 2.84E-02 199E~08 ~213E407 -+ 480 6599 2.91E+407
5801503, . ., 000v.e SIIEH0) T.62E403  12SE400 JI0E=02 223508 ~]98E+07 + 436 7053 2.82E+407
6IOE~03,10vvsnyy  SJAE403 8STE403 13BE+00 J39E~02 2.S0E~08 = 1.84E+07 + 392 7534 2735407
838L~03,,..0000hy SISEAH03 9645403 LSIEAH00 372E~02 281E~08 «169E+07 + 343 8043 2.64134-07
101E~02,, .. 4000y S3GE+03 1.09E4-04 1,69V4-00 4,08E~02 3.16E-~08 —154E+07 4 285 8584 2.55E4.07
12E~02, 00,0000, S3BE403 1,23E4-04 188E-+00 448E~02 3,55E~08 ~L39E+407 + 217 9155 247E+07

how, for certain non-LTE situations, one can produce
an intensity enhancement in the cores of weak lines
for flux-tube models having no temperature enhance-
ment, For their intermediate cases about one-fourth
to onc-third of the observed weak-line contrast was
produced. Their results imply that some temperature
cnhancement is still required to produce observed line
weakenings, In any case observations in the wing of
the K line (Heasley, Kneer, and Chapman 1977), in the
CN bandhead at A = 3883 A, and in the far-infrared
(Hudson 1975) strongly support a temperature
enhancement for faculac,

Furthermore, Mihalas, Auer, and Mihalas (1978)
have shown that horizontal radiative transfer will
probably not lead to intensity enhancements for an
embedded flux tube, but rather the atmosphere will
achieve some xind of radiative average. The emerpgent
intensity will then be composed of contributions from
cach part of the atmosphiere, depending on the
geometry of the flux tube and the line of sight,

We have assumed that the briphtaess and magnetic
field of a faculn arce cospatial, A spectrum of a fucula

(Fig. 12 of Koutchmy and Stellmacher 1978) showed
that, although the intensity variation and magnetic
field strength were not exactly correlated within the
facula, their boundaries correlated quite well. The
similarity between the intensity and magnetie contours
is more impressive than the difference, This spectrum
also showed no evidence for a veloeity in the facula,
although considerable evidence exists for velocities in
some faculac {Harvey 1977),

We believe that faculac and filipree are basically the
same phenomenon but scen at different parts of the
disk. This vicw is supported by observations from
Sacramento Peak Observitory (1977 August), which
show the spatial similarity near the limb between
filigree and faculac. We believe that the morphological
differences between filigree far from the limb and
faculae near the limb, discussed by Muller (1975,1977),
are due simply to gcometry,

The facular model presented here is intended as a
tool to help in understanding small-scale magnetic
fields. 1t may be a guide in the search for a proper
physical treatment of (lux tubes, but it is not meant to
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Noie. 'rhc same units as Table 1, \\hcn. T TP is the faculap-photosphere temperature dillerence at ¢qual geometric depth,
Magfield is the magnetic ficld strength in gauss, and Diameter js the flux-tube dinmeter,

be a substitute for a proper physical model, It is not
intended that the present model be used above a height
of 200 km (7 & =200 km).

Considerable uncertainty exists concerning the
spreading of the magnetic field in the upper layers, The
size of the flux tube in these layers will depend on the
magnitude of the Wilsan depression and the inclusion
of tension forces. lhgh resofution filtergrams in the K
line and in the LUK, together with magnetic field data
for the region of the temperature minimum, could be
very helpful in extending facular modely toward the
chromosphere, Balloon-based  observatjons  (Hersé
1977; Hirayama 1978) ean help in stiddying the time-

dependent behavior by obtaining long periods of
undistorted cinematography, Finally, more work is
needed on the energy flow both radiative and non-
radiative before satisfactory models Qi‘ faculae can be
construeted,

Theauthorappreciates the contributions of T, Becker,
M. Bzennan, and M. Guates of the Acrospace Corpora-
tion, forpmv ding programming assistance. Dr, James
llc.tslcy provided some of the computer codes, Support
for this work came from the Aerospace Corporation
and from NASA grant NSG-7456,
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VARIATIONS IN Tl SOLAR CONSTANT DUE TO SOLAR ACTIVE REGIONS

G, AL Cuaraan
San Fernando Obscrvatory and Departinent of Phystes and Sstronomy, California State University, Northefdge
Receiced 100N Jndy 283 wecepted 1930 Lugust 1

ABSTRACYT

Solar activity is expected to affeet the solar constant at some level, Recent observations and daty
amalysis show the mmaat of variation to be expectad from active regions, fiaculie, and sunspots
on the apparent solwr brightness. 10 s coneluded that the masimum effeet is about 20 times
greater for suus%m(s than Tor faculite per unit area, Because facular areas are 25-30 times those for

stngpots, the ef

eel on the solar constant of faculie and swospots s approvimately equal and op-

posite, heing typically in the neighborhood of 40- 100 parts per millinn (ppm?}, but on aceasion able
to reach over 200 ppm. ‘The issue of energy balance is not discussed here, for it requires further data
analysis as well ag information on the facular and sunspot Hmb darkening,

Subjecls headings: Sunt activity == Sun: faculae == Sun: sunspots

L INTRODUCTION

Sunspots and faculae are the most easily seen effects
of solar active regions, Sunspots are best seen in the
central regions of the solar disk, whereas Tnculite are
best seen near the solar Himb, Because their intensities
are different functions of viewing angle, sunspots and
faculae could caw e small changes in the solar constant,
even if the solar luminesity is constant. Abbot (1038)
claimed to have detected a 29¢ decrease in the solar
constant coinciding within a few days of the central
disk passage of n large sunspot, Such o large eflect
secems unlikely, as was pointed out by Smith and
Gottlich  (1971). The analysis of Smithsonian and
Mariner 6 and 7 data by Foukal, Mack, and Vernazza
(1977) showed that, down to a level of 3 X 104, sun-
spots should have an imperceptible effect on the solur
constant, ‘Uhey also found that faculae should cause an
increase in the solar constant at a level of approxi-
mately 7 X 104, although this result was not sratis-
tically signilicant at the 2 o level, More recently, Foukal
and Vernaan (1979) found in correlation unalysis 2
clear indication of solar activity in the Smithsonian
data at a level of about 3 X 10~4 due to the presence of
faculne and sunspots.

There have been very few observations of the
spatially integrated excess brightness of sunspots and
faculac. Recently, Livingston (1978q) has inferred o
possible increase in the sular brightness due to faculae
of ubout 3 X 10-¥AT" = -4 K), This increase was in-
ferred from seeing two peaks, in his spectrabline
monitor program, separated by about b4 days, ‘These
peaks were correlated with faculae at opposite limbs,
Nowever, with inereased solar activity, from 1975
through 1977 there appearad to be a global cooling
trend, 3578 = =5 X 10°% Livingston (19786) reports
that with increasing activity the facular modulation
has become less clear, To determine more elenrly the
effects of faculie and sunspots on the solar brightness
one needs diveet measurements of these features re-
solved against the solar disk,

L4S

The data presented here have bheen converted into
solar constant variations by assuming that the bright-
ness variations associited with sungpots and faculae
are not vompensated by changes in the evergy output
of the quiet Sun. Several possibilities exist for the e
distribution (cansed by solar activity) of the flow of
heat. First, there could be a steady state flow in which
the fluy blocked by sunspots is instead radinted pway
hy facuive, Because of their dilferent center-to-limb
contrast behavior, one would espeet to see o change in
the solur constant even though the solar luminosity
was constant, Second, the convection zone gould be n
reservoir for storing heat blocked by sunspots or releas-
ing heat for radiation by faculae, In this case the solar
constant would change, and some of that change
(though not necessarily all) would correspond to
change in luminosity. Finally, the energy blocked by
sunspots could reappear “prowptly” as increased radi-
tion from the surrounding photesphere, In the case of
faculue this prompt readjustment in the heat flux from
the quict Sun would result in a change in the solar con-
stant since faculne will redistribute the direction of
their radiation,

In this Leltier we specifically assume the first proposi-
tion, Under the other possibilities there should be varia-
tions in the solar constant due to solar activity, but
their quantitative determination by areal photometry
Lecomes considerably more ditficult,

1L, 'ITE OBSERVATIONS
a) Instrumental Technignes

The LExtreme Limb Photometer (ELP) has heen
described elsewhere (Chapman 1975), but we will re-
view the description, Observations are obtained of
faculae and sunspots by sweeping across them with a
rotiry seanner whose 37 X 387 slits are aligned along
radii, The data are normalized by the central intensity
of the solar disk. Measurements in 1975 were often ob-
tained in five eolors, 043, 0.52, (.66, 0.79, and 1,01 am,
and the color dependence of faculae was deseribed by

I T R e s e T



146 CHAPMAN

Chapuan and McGuire (1977). Most measurements
from 1974 and 1978 were oltained in the green (A =

0,52 pm) with a handpass of Q.03 o In § T we dis-

cuss bolometrie correetions 1o the monochromatic
changes in brightoess reported here,

When wn aetive region was at or near the Jimb, the
ELE was centered on the solar disk so that the aper-
tures seanned the imb, For active regions away from
the limb, the ELY was moved so that one aperture
mapped out the active region as seen on el time
readouts  The sensitivity of the photometer Lo 2
localized brightoess chinge when the photometer wis
Sun centered was about 13 10 % as a fraction of the
mean disk brightness, The smadlest vidue observed for
o localized niehiness change, at N e 082 om, was
6 3 10 P averaped only over the ebserved faculir aren,

by The Dala

A number of sunspots and facular regions were ob-
served during 1071 and 1975, A selection from that
data set s collected here. “The photometer signal is a
portion of an azimuthal sean which containg 2018 steps
for 360° of rotation. The simplest signal to analyze is
that for Sun-centered opetation when the apertures are
made to sean the estreme solar limb, The integrated
intensity excess or deficit is given by

Bl S0 L0 = gD = 7, (1)

&#«1

0]
where 7 is the funer edpe of an apertire, r, is the outer
edge or the solar limb, and {I) is the mean value of the
brightness of the guict Sun (no active region), The
integration is performed only over the active region,
Since I(g) is digital, we approsimate the integral by
the sum

AL %I.ge.:iﬁ (2)
{ay T eIy

where Al == I — {I), The factor 2r/2048 converts the
result into radian measure. The fractional change in the
solar Drightuess AB/B is approximately given, neglect-
ing (8/R)?, by
AB I ) Al
BTSRRI @)

where J is the mean brightness of the solar disk (Allen
1973), & = r, — ry, Dis the aperture length, and R is
the solar radius, We can express a change in solar
brightness in terms of an apparent solar obliteness in-
duced by faculae. Apparent oblateness was given in
Figure 5 of Chapman (1973) in units of quadrants, To
express these values in terms of solar brightness changes
We MS¢

-Gy I @

A typical value of the quantity in brackets for the 1974
observing season was (.53, ‘The largest brighiness
chunge from 1971 was approximately 6 X 105,

T e O R B T eI s o
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To map out all of an aetive region, away from the
limb, requires moving the telescope between sets of
seans by the length of the scanning aperture 387,
Several active vepions were mapped by sets of seans
during 1075, but the analysis has not been completed
henee most of the data diseyssed are from Sun centered
observations. Seans containing sunspots hiave boen only
partially analyzed.

A typical example of a sunspot scan will be diseussed,
A larpe single sunspot, Mount Wilson 19418, was
sesued on 1974 Augaat 9, This sunspot had anarea of
310 4 of a hemisphere, according to the Solar Geo-
physieal Dato and was not far from the center of the
solar disk, We meastred amean contrast of =0.221 over
an interval of 20 steps of the ELDP, Converting this
contrast to an apparent chapge in brightness of the
solar disk, we have

ABN Al , () o, dewr .
B) Sy XX e ©
The quantity ()T = W LUT), where (I, =
0975 and L/ T = 170.800 at X = .55 g (Mien 1973),
The area encompassed by 20 steps near disk center is
z‘gl),],p = 1,19 X 10 em? We thus have from egquation

(A]? m =212 X 1074, (6)

An estimate of AB/B based on typical sunspot hright-
ness and the above-mentioned aren of 31074 gives
ABIB == =11 % 1074, a factor of 2 less than that of
equation (6).

Table 1 presents the apparent change in the solar
brightness at N = 0.52 um due to the presence of

TABLYE |
SOLAR BRIGHINESS CHANGES DUE T0 ACTIVE

KEGIONS NEAR THE Linu 1N 1973
AB/B McMath No,  MeMath
Date (107 (13000+) Arear
e —
14,,... 3.0 766, 767 2000, 500
15..... 28,8 766, 750 3000, 2000
Augist k

9,.... 27.4 796 700
10..... 88.7 796, 186 1500, 1800
... 289 786 2000
3..... 1.2 790 4500
... 0632 790 4800

Soeaee A 790
16..... 18,8 808, 790 8OO0, 1000
28.,... 4.2 820 900
26..... 28,6 820 . 2500
2.0 134 820 2000
28..... 28,2 820 800
20,.... 451 8§20, 818 Vs
I R

820, 815 cee

* In millionths of u hemisphere,

b o
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faculae at the limb, ‘The variations are all positive, even
though sunspats are sometimes present, beeatse af (he
limb faculae e usially more visible than sunpots,
Phe results are the sum of the two ELP apertures
and on some days are the combination of two active
regions #t opposite limbs, The outer aperture covered
from the sky to 10" inside the linb, and the oty cov.
eted the disk from 107 (o 517 fpside the himb, The
Lirprest brightness change s on 1978 August 30, with o
clanpe of 9.5 X 10 2 "The mean brighthess escess for
the 18 days indicated B Pable Lis (0.8 4 0.0 X 1076,
Table 2 gives apparent brightness changes expoeted
from a sunspot observed on three suceessive days, 1975
July 18, 19,50 20, The sunspot wis Mount Wilson 589,
which was embedded in the active region MeMath
13700, For the three successive davs, the mean bright-
ness clange wis == (1100 4 L7 X 106 where the
uncertainty is the standard deviation of the mean. The
aren for these same three days was 2,204 (Solar (feo-
physical Data 1975), 1t s interesting that on July 20
the brightness change was independent of the area
scanned, This observittion needs to he conlirmed, but
it may permit one to set limits on the redistribution of
energy in the quiet phatosphere tround the sunspot,

I, IISCUSSION

The changes in apparent solar brightness are for o
wavelength band eentered at 0.52 g, We would like
to know the elfects of this brightness change on bolo-
metric measurements of the solar output, For this purs
pose we have ealeulated the range of possible corree-
tions to the monochromatic brightness changes by cons
sidering the bolometric and monochromatic contrast
of representative blackbodies at 4000 K and at 6400 K
with respect to S800 K, which represents the quict Sun,
The temperature of 0100 K yepresents an extreme maodel
for a facular region, whereas 4000 K represents a sun-
spot (these temperatures are illustrative only). The
results are swnmarized in Table 3. For these temperas
ture ratios, the monochromatic contrast must be de-
creased by about 11945 to give the bolometric contrast,
Considering other sourr 2s of uncertainty, we consider
the uncertainty in these corrections to be of small im-
portance. If the temperatures of faculne or sungpots are
closer to the quiet Sun than assumed here, then the

TABLE 2

BRIGNTRESS CHANGES DUR 10 A SUNSPOT NEAR
sk Cunter (Mount Wilson 589)

———

Ditte File FLY

AB/D
1978 Number  Steps 050 (1079 Aread
July 8...... 12 32 0,95  —1,39 250
17 30 1,42
Ny ... 13 18 098  —1d6 170
19 18 ~ 144
July 20, ..., 10 40 0.97 - 1.30 250
Spotonlyb.,, 10 13 0.97 - 1,37 e

* Solar Geophysical Jata in millionths of a hemisphere,
b 38" X 387 square nrep including spot,
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TABLE 3

MoROCHROMATIC AND BorouMbiTrie CONPRANTS
REIATIVE 10 A BEACKBODY AP S8 K

P - e g [P ———

RPN

Corr,

TRY LD, Katéha Faetor®
Ol ... JO.87L 0483 0.846

A0 L —0.881 0.876

=077

G AT e SRS SLTE e pats

» Not a standard holemetrie correction,

B R r TR

bulometric corrections will also be smaller than as.
sumed here, Thus in the absenee of any compensating
effeet, the variations i the solar constant should he
approximately 86C¢ of the values of ABSB given in
Tables 1 and 2,

We have referred to ehanges in solar brightness
rather than luminosity in order to avoid implying that
the actual solar output chanpges with time, “The ehange
in solar luminosity must be inferred from knowledge of
the radiative energy balince between sunspots and
faculac. T there were energy balinee between simspots
and Teulae, we would still expeet to see changes in the
solar brightness becanse of their diffcrent center-to-
limb contrasts,

In order for there to be no brightness change due to
active regions would require the quiet Sun to redis-
tribute the energy blocked by sunspots with no time
delay. ‘This energy would have to be emitted with the
same angular dependence as that of the quiet photo-
sphere and could not look like faculae,

I'rom a statistical analysis of the Smithsonian data
on the solar constant, Foukal and Vernazza (1979) have
found a variation due to faculae at a level of about 3 X
10 4, They also found a possible time lag of about 1 day
between the decrease in the solar constant and the
appearance of a sunspot, and they discussed the im-
plications of the time fag on the depth of the convection
zone,

Thus, from the Abbot-Smithsonian data analyzed by
Foukal and Vernazza (1979), it scems likely that there
are solar brightness changes. Assuming no change in
the quiet Sun, we find that sunspots produce a change
in solar brightness of

%:L = 6,2 X 1074, )]

where A, ia the spot area in fractions of a hemisphere.
This relation implies that for spot areas of 2 X 1073 one
would expect a brightness delieit of about 1,2 X 1073,
ignoring the effects of faculue, This value is within the
limits set by the Nimbus data quoted by Foukal and
Vernazza (1979),
Fuculae cause o solar brightness excess of

—-%’-’- = (3.04.0) X 10 A y10go (8)
where e is the plage area in fractions of the hemis
sphere, The maximum change to be expeeted, based on
Lurge plage areas, is about 1 X 10 for facular regions

!
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near the limh. For facular vegione near disk center, the
brightness escess will e about 10 tines fess (Chapin
and Klabunde 1981 Shumanich, Smythe, and Frasdee
1078). The uncertainty in equation (8) is due to incom.
plete coverage of the latger facular segions, This un
certainty can by mvrowed by an analysis of photo-
graphs of the active regions

Considering that Taculae and sunspots have opposite
effeets on the salar brightness, one woukl estimate thiat
the average effeet from botly woukl be about one hadf
of the extreme, orshout 4 § or 0 X 10 4 This value is
in pood agreement with the results of Foukal and
Vermizan's (1979 study of the Abbot Smithsonian
dati,

The question of flux balanee will be discussed in o
forthcoming paper after further dati analysis, Pres-
ently, it appears that the fux deficit due to sunspots
sy be balanced by the fuy exeess of faculae, 11 true,
one still expeets to see the brightiess  variations
deseribed here,

The active eavity radiometer on the Selar Maxinum
Mission spaceeradt has detected vawdations in the solar
constant of appronimately 4.3 X 10 4 (Willson 1980),
These vitdiations are in the range to be expected from
solar activity, and it will he desivable to compare such
observations with changes caused by faculae and sun.
spots.

One might ask at whal positions on the solar disk do
sunspots and faculie make their greatest contributions
to brighiness changes? 'The nmanimum contrast of sun-
spots s at the disk center (Zwaan 1975 and the mand-
mim contrast of faculae is near the imb. "T'he coniribu-
tion of an active region depends on this contrist hut
also on the projected area and the nearby quiet.Sun
brightness (ef. eqs. [3] and [8]), The area of an active
region depends on g, and the quiet: Sunbrightness varies
crudely like g, We sugizest that while sunspots have their
maximum contribution at g = 1, the position where face
ulae make their maximum contribution is not yet cer-

tain, Adapting equation (8), we examine the possible
variation of

?I[)‘ '<?“ A )

A preliminary espression for the first fraction is

?]I)ﬂ bt aa), 080<! (10)
((‘lmpnmln :(\ml Klabunde 1980), Phe second term is
componed v

[ORE (11)

L. I’
where (7)1, is approximately equal to g over much of

the solar disk. Finally, Jpre s proportional o g, so
that equation (9) is propartional to

bt = a) (12)

If a == 0, then faculae contribute most when at disk
center (u = 1) I a = 1, then faculae contribute muost
at o= 3, which oveurs ~1 days of rotation from disk
center, In sapport of a = 1, we find that faculae are
not cleary seen at disk center with the BLP, and sun-
spots give a large negative contrast, At the limb, the
yositive fanevlar contrast is seldom equalled or exceeded
oy the negative sunspot contrast, e, facular regions
at the limb containing large sunspots usually have a
nel positive contrast. Based on data obtained in 1979,
we suggest preliminary vidues for o and & of Land 004,
respectively,
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). Introduction

The solar magnetic fleld (B) is usually studied by observation of the value
of the line-of-sight component (Bu), (Havvey, 1977). In the prosent note we give
preliminary vesults of another approach ;3 the study of the flux of the line~ of=~
sight component (¢) of magnetic structvres. Our study is statistical,

2. Data

To carry out this investigation, we used vbservations taken with the Kitt Peak
magnetograph (Pecker et al., 1977). Mape (512" x 450") of B, were obtaipned with
the Fel X 808,80 um line and with an obscrving aperture of 1" x 1", Toe spatial
resolution wis about 1,5 to 2", 5. We measured the flux (8) of the mignetice structures
limited by the lsogauss 25, where

¢ = [ B, ds for By » 25 pauss
S

The surtace (8) ol the structures is botween 6 and 2000 " x " The experimental
error is less thap 10 gauss for the given aperture,

3. Results
For cach mapgnetic structure, we measured the flux (¢) through the surface (8)
and obtained an empirical relation of the forme

log ¢ =c +d log § (1)

The figure shows an example for the center of the solar disk. Two conclusions

may be drawn : i) there is no basic differvcnce between the magnetic field in faculae
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and jp plages, and i1) a very stroug relationship exists between the [lux of By
and the occupied surface,

In our study, we do not take into account sunspats and pores, or peculiar
regions such as bright X points, cte.

The relation (1) remaing valid over tha vhole solar disk, only thae constants
changing

.k au N c d H v

| 1 »0.97 83 b, 406 F.221 0.%92 0.072
0.7} 0.88-0.37 79 1.42) 1.275 0,984 0.082
0.60 0.71=0,48 45 1,529 bo139 0,990 0,063

In the table, N represents the number of measured struectures, r is the corrclation
coefficiont and 6 is the standard deviation,
Two corrections ean be applied to the volation (1) ; the firsr {5 a correction
for the secing influchee and the second 1s for the influence of chofce of the
boundary of the structure, i, ., By 3 25 pauss, instead of the fsepauss curve iy » O,
The eoffect of the fmage quality is studied in two successive obscrvations of
the same vegion, pue with geod secing and the ether with bad secing. The results

show a "ti1i" of the logarithmic relationship hetween f and S, when the seeing is
bad

I} N 4 d r o
pood 63 1.3949 1,228 0.997 0.0061
bitd 90 1.397 1.317 0,987 0.087

.

From the relatjon (1) and an examination of the choice of contours, we gec an
important change in the value of the ¢ constant: The relation (J) becomus

.
’

log ¢, = 0.34 + 1.44 log § (2)

This is the true relationship between 4 and S for the center of the solar disk.
From the relation (2) we can eompute the flux through a surface of 5" x 5" as done

~ 123~
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by Wiche (1979) for the Fe 1 A 525,02 wa lina. In the present study, we obtainud a
valug of 1.2 IO'B Mr, which is half of tha valus ohtained by Widhre This discyeponey
enn be explained by the fact that the twe sets of obscrvations wery performed for
different lines.

wWe would alsw point out that the Meudon ohservations give the sane relation (1)
oy Bame constanth, even when the technique of observation and the spectrel) lines

used are entively gifferent,
Bavvey, J. ! 1977, Highlights in Astronomy, Vel. 4, Part 1I, 23.
Peeckor, J,Cv, Dumont, §., Mouradian %,, Chapman, G.A, : 1977, Proceeding of the

November 7+10, 1977 050-Q Workshop, Univ. of Colovade, 172,
Wiehr, L. t 1979, Astron, Astrophys. 73, L19,
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