
Astron.Astrophys.345,221–232(1999) ASTRONOMY
AND

ASTROPHYSICS

Interfer ometric observationsof R Leonis in the K band
�

First dir ectdetectionof the photosphericpulsation
and� study of the atmosphericintensity distrib ution

G.
�
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Abstract.
�

The
�

Mira-type starR Leoniswas observed at two
dif
�

ferentepochsin theK bandwith theFLUORbeamcombiner
on� the IOTA interferometer. A variationof diameteris clearly
detected
�

for thevery first time at this wavelengthrevealingan
apparent� pulsationof atmosphericlayersverycloseto thestellar
photosphere.� We discussthe excessof visibility measuredat
high
�

spatialfrequenciesandshow that they very likely reveal
smaller� diametersof the photosphere(22–24mas)than those
deduced
�

on the basisof shorterfrequency components.This
smaller� diametermakesR Leonisa fundamentalpulsator. Mira
modelsare comparedto our data and a disagreementwith
spatial� intensitydistributionanddynamicalbehaviour is found.
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�
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1. Intr oduction

Among
�

all classesof variablestars,Mira-typestarsmaybedis-
tinguished
�

asthey play an importantrole in theenrichmentof
the
�

interstellarmediumwith dustandgasthrougha massloss
process� occuringon the AsymptoticGiant Branch.Pulsations
of� thecentralcoreinducelargevariationsof brightnessof Mira
v� ariablesin thevisibleandsmallermodulationsof infraredmag-
nitudes.� OurSunwill entertheMira phaseat thetwilight of its
life. Becausethey are very luminous,cool and embeddedin
a� dustshell that extendsover several hundredsof solar radii,
these
�

starsarewell suitedto bestudiedwith highangularreso-
lution techniquesat infraredwavelengths.Theadvantageof the
K
 

bandfor theseobservationsis that it is closeto thepeakof
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ple$ Observatory, MountHopkins,Arizona.

flux
%

emittedby thestarandthattheopacityof theshellis lower
than
�

in thevisible,allowing usto seedeeperinto thestar.
One
&

of theclosestandmostluminousMiras,R Leonishas
been
'

studiedby many othergroupsusingdiversehigh angu-
lar
(

resolutiontechniquesin the visible and nearinfrared do-
mains.Speckleinterferometricimagingin thevisibleshoweda
dependence
�

of size with wavelength(Labeyrie etal. (1977)).
The angular diameter of R Leonis has been determined
at� 2.16) m* by Di Giacomoetal. (1991) using the lunar oc-
cultation+ technique.Geometrydependencewith wavelength
w, as confirmedby multi-apertureobservations in the visible
(T
-

uthill et al. (1994),Haniff et al. (1995)).Usinglongbaseline
interferometryat11.15. m,Danchietal. (1994)haveobserved
the
�

dustaroundR Leonis.Recently, Lattanzietal. (1997)have
studied� R Leoniswith theFineGuidanceSensorof theHubble
Space
/

Telescopeasa visible interferometerandclaim a detec-
tion
�

of a 20% relative differencein sizeof the staralongtwo
orthogonal� axes.TheCOAST interferometerhasmonitoredthe
diameter
�

of thestaratvisiblewavelengthsduringthreeconsec-
uti0 ve photosphericcyclesandhugeperiodicvariationsof the
diameter
�

of somelayersin theatmospherehave beendetected
(Burns
-

etal. (1998)).
W
1

e present,in this paper, somenew observationsof the
Mira-type starR Leonisin K at two differentepochsin 1996
and� 1997.Thesenew data,complementaryto thoselisted be-
fore, presentevidenceof time-dependentgeometricalproper-
ties
�

of the photosphereof the star. In Sect.2, observationsat
the
�

IOTA interferometerwith theFLUOR beamcombinerthat
have producedthesedataare presented.In Sect.3, we study
the
�

intensityprofileof R Leonisanddiametersfor thedifferent
periods� arederived.We establishanddiscussthe variationof
the
�

diameterof the photospherewith visible phasein Sect.4
and� thecorrespondingeffective temperaturesarederived.The
results2 in K on variability arecomparedto otherevidence.In
Sect.
/

5 we discussthe implicationsof thehigh frequency visi-
bilities
'

obtainedin 1997on themodelingof R Leonis.Finally,
considerations+ for futureobservationsaregiven in Sect.6.
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Table1. Theobserveddata

Date meanJD Visual Projected Azimuth Spatialfrequency Visibility
(d/m/y)
3 4

2450000 phase baseline(m) ( 5 ) (arcsec687 )9 (%)

17/04/96 190 0.24 15.38 60.7 34.70 :<;>= ?A@CBEDGF HAI
17/04/96 190 0.24 14.26 80.3 32.18 JAKGL MANCOEPGQ R<S
17/04/96 190 0.24 14.13 86.9 31.88 TAUGV WAXCYEZG[ \A]
17/04/96 190 0.24 14.13 92.5 31.88 ^A_G`badcCeEfGg hAi
18/04/96 191 0.25 15.01 65.4 33.85 jAkGl mAnCoEpGq rAr
03/03/97
s

510 0.27 32.37 63.10 73.02 tAuGv wAxCyEzG{ |A}
04/03/97
s

511 0.28 10.76 68.50 24.28 ~��G� �A�C�E�G� �A�
04/03/97
s

511 0.28 10.30 86.00 23.24 ���G� �A�C�E�G� �<�
05/03/97
s

512 0.28 15.25 62.50 34.40 ���G� �<���E�G� �<�
06/03/97
s

513 0.28 15.19 63.20 34.27 �� G¡ ¢A£C¤E¥G¦ §A¨
06/03/97
s

513 0.28 14.67 70.90 33.10 ©�ªG« ¬<­�®E¯G° ±A²
06/03/97
s

513 0.28 14.38 77.00 32.43 ³�´Gµ ¶A·C¸E¹Gº »A¼
10/03/97 517 0.29 20.89 58.50 47.13 ½�½>¾ ¿A¿CÀEÁGÂ ÃAÄ
10/03/97 517 0.29 19.57 71.20 44.15 Å�ÆGÇ ÈAÈCÉEÊGË ÌAÍ

2.
Î

Observations

R Leonis was observed in 1996 and 1997 with the IOTA1

interferometerlocatedat the SmithsonianInstitution’s Whip-
ple� Observatory on Mount Hopkins in Arizona. IOTA is
a� two element interferometer(a third telescopeis under
construction)+ operatedboth at visible and infrared wave-
lengths(Carletonetal. (1994),Traub(1998)).Wehaveusedthe
FLUOR
Ï 2

Ð
beam
'

combinerto samplethespatialcoherenceof the
sources.� ProgressreportsonFLUORhavebeenpresentedatsev-
eralÑ conferences(seePerrinetal. (1996a),Perrinetal. (1996b),
Coud
Ò

éÑ du Forestoetal. (1998))andit will bedescribedin more
details
�

in aforthcomingpaper. Therecombinationisachieved in
the
�

photometricK bandwith single-modefluorideglassfibers.
Thefibersfilter out thewavefrontswhicharecorrugatedby at-
mospheric* turbulenceandtradephasefluctuationsagainstpho-
tometric
�

fluctuationswhich aremonitored.It is thenpossible
to
�

directly calibrateand correct for the non-stationaryatmo-
spheric� transferfunction,alleviatingsevereinaccuraciesin vis-
ibility
Ó

calibrationswhich plagueclassical(multi-mode)beam
combiners.+ The currentaccuracy on final visibility estimates
with, FLUORis 1%for mostsourcesandis asgoodas0.3%on
v� erybright sources.

The dataare acquiredwith FLUOR/IOTA in a scanning
mode.* A short-strokedelaylinesweepsthroughthezerooptical
path� differencepositionataspeedwhichkeepstheopticalpath
dif
�

ferenceratealmostconstantandyieldsafringefrequency of
about� 300Hz.Thelengthof eachscanisof theorderof 100Ô m.
Dark
Õ

currentsequencesarerecordedafter eachsequenceand
are� usedduringthedatareductionprocessfor noiseandsignal
calibration.+ Sequencesareacquiredevery four secondsin reg-
ular0 turbulenceconditionsanda whole batchof observations
comprises+ 100sequencesspreadingover a few minutes.

W
1

e have usedthemethoddevelopedby Coud́eÑ du Foresto
etÑ al. (1997)to reducethedataandto derive theinstantaneous

1 Infrared-OpticalTelescopeArray
2
Ö

FiberLinkedUnit for OpticalRecombination

contrast+ of the fringe packets from eachbatchof observation
of� R Leonisaswell asfor its calibrators.The“instantaneous”
transfer
�

functionof theinstrumentis computedfrom thefringe
contrast+ measuredon thecalibrators.Thiscomputationandthe
computation+ of thefinalvisibility estimateshavebeenpresented
in
Ó

Perrinetal. (1998).
Thedatahavebeencollectedusingdifferentbaselines.The

efÑ fective wavelengthof the instrumentis 2.15× m.* The 1996
observ� ationsweremadewith asingle16mbaseline.In 1997,the
11m,16m,21mand38mbaselineswereused.Azimuthsof the
spatial� frequenciescommonto the1996and1997observations
are� thesameto within ØÚÙAÛ . Therangeof azimuthscoveredby
the
�

1997observationsis smallerthan ÜÞÝAß because
'

of thequasi
North-South
à

orientationof theL-shapedIOTA array. Thedata
collected+ onR Leonisat IOTA duringthetwo periodsarelisted
in Table1.

3.
á

Diameter and intensity profile

3.1.
â

Uniform disk diameter of R Leonis

The
�

dataof Table1 areplottedon Fig.1. Although the exact
geometryã of thestellardisk is aä priori unkno0 wn, modelsbased
on� radiative transfercomputationsfor theseextendedobjects
are� proposedin the literature(seeSect.3.2).This sectiononly
deals
�

with the simplestmodelof a stellardisk whosesurface
brightness
'

distribution is uniform.
This model,althoughquite simple, is a good representa-

tion
�

of thegeometryof thestarat low spatialfrequencies.As
a� matterof fact,for spatialscaleslargerthanonestellarradius,
smaller� detailson thesurfaceof starsarenotvisible.Spotsand
limb variationshave a negligeablecontribution to the general
geometryã . As a consequence,the amplitudeof the spatialfre-
quencieså of the stellar imageareaccuratelydescribedby the
uniform0 disk visibility functionfor frequencieswithin thefirst
null� of this function.

Datapointswith spatialfrequencieslessthan40cyclesper
arcsecond� havebeenfittedby auniformdiskmodelfor thetwo
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Fig
-

. 1. Fit
.

of the1996and1997databy
uniform/ disk models.Full circles:1996
data.
0

Opencircles:1997data.
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Fig. 2. Fit of the 1997 data by the
X3000
I

Mira model. Continuousline:
X3000/min
I

model.Dashedline:X3000/
max model.Dotted line: uniform disk
model.J

phases.� Theonlyparameterof thismodelis theapparentangular
diameter
�

of thestar. For thetwo periods,thediametersyielding
the
�

smallestresidualsof thefits are:

K
UD,1996
L MONQPQRTSQU4VXWQYTZQ[ mas (1)\
UD,1997
L ]O^Q_Q`TaQb4cXdQeTfQg mas* h

These
�

two estimatesof the diameterof R Leonis in the K
band
'

can be comparedwith previous results obtainedwith
dif
�

ferent techniquesand/or at different wavelengths.No K
band
'

diameterof R Leonis has beenpublishedas of today.
Di Giacomoetal. (1991)have measuredthestar’s diameterat
phase� 0.2 in theBr i line

(
of atomichydrogenat 2.16j m* with

the
�

lunaroccultationtechnique.They havefoundthattheoccul-
tation
�

eventis compatiblewith adisk kQk�lnmQoqp mas* in diameter.
Despitethe differencein bandwidth,this result is confirmed
by
'

our own findingssincethewholeK bandmeasurementis a
goodã approximationof thediameterof thephotosphereof the
star� (seeScholz& Takeda(1987),hereafterST)andSect.3.2).
Some
/

othermeasurementsweremadeat visible wavelengths
(see
-

Sect.1 for references)with interferometrictechniquesbut
are� difficult to link to our resultssincethe starappearslarger
because
'

of light scatteringandabsorptionbydustandmolecules
in
Ó

higherlayers.Nevertheless,theorderof magnitudeof pho-
tospheric
�

diameterscanbederived with thehelpof modelsand
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Fig
-

. 3. Fit of the1997databy theX3500
Mira model. Continuousline: X3500/
minJ model. Dashedline: X3500/max
model.Dottedline:uniformdiskmodel.
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Fig
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. 4. Fit of the 1997 data by the P
76200
w

Mira model.

rangesbetween37and61mas(Haniff et al. (1995)).Although
the
�

lower valueis compatiblewith our result,thehighervalue
is almosttwice as large. The photosphericdiametersof 26.3
and� 19.8masderived from observationsat minimum phaseat
11.15x m (Danchietal. (1994))wereobtainedby modelingthe
dust
�

emissionand are thereforealso model-dependent.They
remaincompatiblewith theK uniformdiskdiameters.

3.2.
â

Limb darkened diameter

As
�

Fig.1 shows, high frequency visibility dataare not com-
patible� with uniform disk models.Photosphericradii derived
from this modelmaynot beanaccurateapproximationof the

real radii. Thenotionof photosphericradiusis difficult to de-
fine
y

for starswith an extendedatmosphere.Following several
authors� (seeHaniff et al. (1995)),thephotosphereis definedas
the
�

layeratwhich theRosselandmeanopticaldepthis equalto
one.� Measurementsof non-Mira M type giantsin the K band
yieldz limb-darkeneddiameters2or 3%largerthanuniformdisk
diameters
�

(Perrinetal. (1998)).
W
1

e have comparedour datapointsfor thetwo epochsfirst
with, themodelspublishedby STandthenwith themorerecent
modelsby Hofmannetal. (1998)(hereafterHSW).

T
�
wo of theST modelsarerelevant in our case:theX3000

and� X3500 modelswhere the numberafter X is the effec-
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Fig. 5.Visibilitiesmeasuredon ¡ Bootis
in
¢

1996 and 1997.Full cirlces are the
1996datapoints.Opensquaresarethe
1997datapoints.Thecontinuousline is
a£ uniformdiskmodelfit of the1996data.
The1997datapointsarefully consistent
with¤ the1996modelandnovariationof
diameter
0

is detectedfor this reference
star¥ .
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Fig. 6. Fit of the 1997 data by CO
and£ H ¬ O intensity profiles of the
X3000/maxmodel.

T
­

able2.Fits
.

of photosphericdiametersmy Mira models.UD is theuniformdiskmodel.TheX series
are£ from Scholz& Takeda(1987)andtheP 76200modelis from Hofmannetal. (1998).

Model 1996Diameter ® points ¯,°²±´³�µH¶¸·º¹ 1997Diameter » points$ ¼,½²¾´¿�ÀÂÁÄÃºÅ
UD
Æ ÇAÈÊÉÌËºÍÏÎ�ÐÊÑ ÒAÓ

5 7.59 ÔAÕÊÖ ×ÙØÏÚÜÛÊÝ ÞAß 6
à

40.9
X 3500/max áAâÊã äAåÏæÜçéè êAë 5 3.92 ìDí�î ïAðCñÜòÊó ôAõ 6

à
9.87

X 3500/min öA÷Êø ùAúÏûÜüéý þAÿ 5 1.74 ����� �����
	�� ��
 6
à

4.63
X
I

3000/max ����� �����
��� ��� 5 2.54 ����� ���! 
"�# $�% 6
à

82.2
X 3000/min &�'�( )�*,+
-�. /�0 5 1.12 1�243 5�6�7
8�9 :�; 6

à
16.4

P 76200 <�=�> ?�@�A
B�C D�E 5 1.01 F�G�H I�J!K
L�M N�O 6
à

23.8
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ti
�
ve temperatureof theparentstaticmodelof thephotosphere

(Bessell
-

etal. (1989)).Intensityprofilesarepublishedin nine
narro� w bandsatminimumandmaximumluminosities.Thepho-
tometric
�

K bandcontainsthreeof themcenteredon 2.00,2.28
and� 2.36P m* and corresponding,respectively, to H Q O& bands,
the
�

continuum,CO andH R O& bands.We have mixed the three
profiles� by computingacompositemeanweightedby a typical
Mira-likespectrumandthesupposedFLUORspectraltransmis-
sion.� ThecompositeprofilesareFouriertransformed,assuming
circular+ symmetry, to getcompositevisibility models.Wehave
then
�

fittedourdatawith thesemodels.Onceagain,thefitstodata
with, frequencieshigher than 40cycles/arcsecondare of poor
qualityå . Examplesof fitsof the1997dataaregiven inFigs.2and
3,
S

correspondingto theX3000andX3500modelsrespectively.
Pointswith frequenciessmallerthan40cycles/arcsecondonly
ha
�

ve beentakeninto account.On eachfigure,we have plotted
the
�

bestfits atminimumandmaximumluminosity(continuous
and� dashedlinesrespectively). Thedottedline is thebestfit by
a� uniform disk model.The numericalresultsof thesefits are
giã ven in Table2. Thediametersof theminimumlight models
ha
�

ve beenproperlyscaledusingtheratiosbetweenRosseland
radii for minimumandmaximumlight modelsgiven in Table3
of� ST. ThereducedTVU of� thefits (Columns3 and7) show that
the
�

fits with theMira modelsgenerallyyield betterresultsthan
the
�

fits by a uniform disk model.This is particularly true for
the
�

1997data.Visibilities have beenmeasuredat two different
baselines
'

andthefits arethereforesensitiveto thecurvatureand
to
�

theslopeof themodelswhichareconstrained,in firstapprox-
imation,
Ó

by theattenuationof theluminosityprofileat thelimb.
The
�

betterqualityof thefits by theX3500models(atminimum
and� maximumlight) is difficult to interpretsincetheeffective
temperature
�

of the star is of the orderof 2500K at phase0.2
(Di
-

Giacomoetal. (1991)),whichis betterbracketedby theef-
fecti
W

vetemperaturesof theX3000/maxandX3000/minmodels
(3060
-

and2280K, respectively). This maybeindicative of the
w, ork tobeaccomplishedby theoreticiansin thisfield toaccount
for Mira surfaceluminosityprofiles.

The
�

sameanalysishasbeenaccomplishedwith the HSW
models.Six seriesof modelshave beencomputedwith molec-
ular0 opacitiesupdatedcomparedto thoseof ST. Pulsationsare
generatedã eitherby applyinga pistonto theupperatmospheric
layersor moredirectlywith self-pulsatingatmospheremodels.
HSW
X

havepublishedanew setof conversionfactorsfrom uni-
form disk diametersto Rosselanddiameters.We have selected
those
�

computedfor phasesclosestto our observations.Most
modelsdisplayanaverage5%differencebetweenuniformdisk
and� Rosselanddiameters.TheseRosselanddiametersarecom-
patible� with theresultsof thefits by theSTmodels.Amongthe
six� series,someof themodelsfrom thePseriesleadto smaller
radii2 by anamountthatcanbeaslargeas25%.We have fitted
our� datawith oneof the luminosityprofilesthatarepresented
in
Ó

thepaperwith strongwing-like features(theP76200model
from theP seriesat phase0.5).Theresultsof thefits arelisted
in
Ó

Table4 andthe bestfitting curve for the 1997datais dis-
played� on Fig.4. Thesmallerdiametersarethedirectresultof
the
�

wing-like structureof thestellaratmosphere.Yet,although

Table3. Recentlypublishedlinearradii for R Leonis.

R/RY Reference
Z�[�\�]
^�_

Tuthill et al. (1994)`�`�`�a
b�c
Haniff et al. (1995)d�e�f�g
h�i

van Leeuwenetal. (1997)j�kml�n
o�p
thiswork, 1996q�r�q�s
t�u
thiswork, 1997

the
�

wings leadto highervisibilities at thehighestfrequencies,
there
�

still remainsomediscrepanciesbetweenthis modeland
the
�

data.In Sect.5, wewill suggestanddiscusssomehypothe-
ses� on the origin of this difference.Besides,a closerlook at
the
�

uniform disk to Rosselanddiameterratiosfor theentireset
of� the P modelsshow that all ratios but two lie in the range
0.97–1.07
v

andthattheseratiosarecycle dependent.For exam-
ple� the 0.74 ratio occursat phase2+0 (using the notationof
HSW)while it is 1.07atphase1+0,1.06atphase3+0and0.99
at� phase4+0.Thiscycle-to-cycledependencebeingimpossible
to
�

connectto our observationsit maybeinappropriateto infer
a� smallerradiusfor thephotosphereof R Leonisonthebasisof
the
�

P 76200model.But in any case,thewing-like structureof
the
�

luminosityprofile needsto begiven sufficient highlight in
future
W

studiesto accountfor observations,aswill bediscussed
in Sect.5.

T
�
o remainconsistentwith thefew linesbefore,andbecause

the
�

phaseswhenR Leonishasbeenobservedareintermediate
between
'

minimumandmaximumlight, wehavechosento keep
the
�

resultsof all fitswith theSTmodelstocomputetheestimate
of� theRosselanddiameterin 1996and1997.Thefinaldiameters
are� the meansof the four diametersof Table2 at eachepoch
with, error barsequalto the maximumerrorsquotedfor each
epoch.Ñ Thisyields:
w

Ross,1996
x y{z}|}~��}�����}���}� mas (2)�
Ross,1997 �{�}�}���}�����}���}� mas�

3.3.
â

Linear radius and pulsation mode

Gi
�

ventheaboveangulardiameters,linearstellarradiicanbede-
ri2 ved from parallaxdata.Theparallaxof R Leonishasbeende-
termined
�

bytheHipparcosmissiontobe� hip ���}���}���¡ }¢¤£}¥ mas
(ESA
-

(1997)).The linear radiusof R Leonis in units of solar
radii is thenfor thetwo periods:
¦

1996 §�¨}©}ª�«­¬¯®±°V² (3)
-

³
1997 ´�µ¯¶�µ�·­¸}¹»ºV¼

Thenatureof thepulsationof Miras is controversial.From
their
�

difficulty to producerealisticmodelsof Miraspulsatingin
the
�

firstovertone,Bessellet al. (1996)concludethatlongperiod
Miras
½

shouldpulsatein the fundamentalmode.Dependingon
the
�

massof thecentralcore,relationslinking theperiodandthe
linear
(

radiusof Miras canbe established(Wood(1990)).For
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Table 4. Statisticalanalysisof resultson uniform disk diameters.The
last two columnsarethereduced¾À¿ of thefits obtainedby assuming
that
Á

the 1996and1997dataarefitted by a singlediameterandtwo
dif
0

ferentdiameters,respectively.

Star
Â Ã

UD,1996
L Ä

UD,1997
L ÅÀÆÇÉÈ�Ê

rË ÌÀÍÎÉÏ�Ð rË
Ñ Boo Ò�Ó�Ô Õ�Ö�×
Ø�Ù Ú�Û ÜmÝ�Þ ß�ß�à
á�âäã�ã 0.24 0.48
R
�

Leo å�æ�ç¤èmé�ê
ë�ì í�î ï�ð�ñ ò�ó�ô
õ�ö ÷�ø 13.26 5.38

a� typical massof the centralcorebetween1M ù and� 1.5M ú
(Feast
-

& Whitelock(1987)),theserelationspredictthata fun-
damental
�

pulsatorshouldhavearadiusbetween220and270Rû
and� that theradiusof a first overtonepulsatorshouldbein the
range2 340–450Rü . Our linear radii aresmallerthanthoseof
pre� viousstudies(seeTable3). In particular, the1996radiusis
clearly+ compatiblewith thetwotypesof pulsators.Thisispartly
due
�

to thelargeerrorbarontheparallaxestimate.Wetherefore
conclude,+ onthebasisof thediametersof Sect.3.2,thatthecase
of� R Leonisis edgyandthatnoclearconclusiononits pulsation
mode* canbe drawn basedon the stellarradiuscriterion.But,
we, will show in Sect.5 that including thehigh frequency data
in thediametercomputationmaychangethisconclusion.

4. Variation with phase

R
ý

Leoniswasobservedduringtworunsin 1996and1997.Itsav-
erageÑ photometricperiodis312.57days(Kukarkinetal., 1971).
V
þ

isual phaseshave been determined from AAVSO data
(Mattei
-

(1998)).They aregiven in Table1. More exactly, the
phases� of the short frequency visibilities usedto computethe
diameters
�

are0.24in 1996and0.28in 1997.

4.1.
ÿ

Variation of the photospheric diameter with phase

Themain resultof Sect.3 is that two differentdiametershave
been
'

measuredfor R Leonisin 1996and1997.Theaimof this
section� is to establishthe reality of the changeof diameterof
the
�

photosphereof R Leonisduringtheperiod.Wearegoingto
sho� w that,first, thischangeis notageometricalartifactdueto a
possible� asymmetricshapeof thesourceandthat,second,this
change+ isnotduetoavariationof theresponseof theinstrument.

Theuniformdiskdiameterof R Leonishasbeencomputed
from
W

visibilities measuredat spatialfrequenciessmallerthan
40cycles/arcsec.Theseobservationswerecarriedoutusingthe
11mand16mbaselinesof IOTA, thelatterbaselinebeingcom-
monto the two runs.Azimuthsof the16m frequency compo-
nents� are the sameto within ����� . The variation of diameter
cannot+ thereforebe attributedto a confusionwith the relative
dif
�

ferencein sizeof 20% alongtwo orthogonalaxesdetected
by
'

Lattanzietal. (1997)with HST in thevisible.
W
1

ehaveobservedtheK giantstar � Bootisduringthesame
runs2 in 1996and1997.Thisstarisslightlyvariableandthevari-
ations� maybeexplainedby apulsationprocess.Radialvelocity
measurements* by Hatzes& Cochran(1994)revealpossiblera-

Table 5. Photometric observations of R Leonis from
Whitelocketal. (1998). Errors on J, H and K are ���
	 �
� .� Error
on L is ���
� �
� . Thelastcolumnis thecomputedbolometricflux.

meanJD J H K L Fbol
�� 2450000 ���������! W c
"

m #%$'&
180 ( 1.47 ) 2.48 * 2.92 + 3.35

, -
.
/!0�13254
6 7
8
503
9 :

1.30 ; 2.34 < 2.80 = 3.27
, >�?
@ A
B3C5D
E F
G

dial
�

pulsations.A simplecalculationshowsthatthosepulsations
maychangethediameterof thestarby lessthan0.06%whichis
not detectablewith FLUOR. H Bootiscanthereforebeusedas
a� referencein thisstudy. Theuniformdiskdiametersof thetwo
stars� aregiven in Table4 for thetwo epochsandthevisibilities
of�JI Bootis

K
areplottedonFig.5.Thetwo diametersof L Bootis

K
measuredin 1996and1997arenot significantlydifferent.To
perform� a moreprecisestudy, we have analysedthedatawith
tw
�

o differentsimplemodels.In thefirst model,thediameteris
constant+ with time whereasthesecondmodelusestwo differ-
entÑ diametersfor thetwo epochs.Thedataarefittedwith these
tw
�

o modelsanda reducedMON is computedfor eachmodel.It
is
Ó

the residualof the fit divided by the numberof datapoints
minusthenumberof degreesof freedomof themodel.Model1
has
�

onedegreeof freedomandModel 2 hastwo. ThereducedPOQ are� given in Table4. If the reducedRTS is smallerfor the
tw
�

o diametermodelthentheuniformdiskdiametervariationis
declared
�

statisticallysignificantbetweenthe two epochs.The
results2 show thatavariationis detectedfor R Leonisandthatno
significant� variationis detectedfor thereferencestar U Bootis.
This
�

statisticalanalysisshows that theFLUOR measurements
lead
(

to stablediameterestimatesfor thenonpulsatingstarand
that
�

thevariationdetectedonR Leonisis a realfact.

4.2. Effective temperature variation with phase

The
�

effective temperatureof a star dependsupon its angular
diameter
�

and its bolometricflux ascanbe deducedfrom the
Stef
/

an-Boltzmannlaw for black-bodyradiation.Accordingto
ST
/

, thediameterhasto bedefinedastheRosselanddiameterto
getã anaccurateestimateof thetemperature.In convenientunits,
the
�

relationbetweeneffective temperature,bolometricflux and
angular� diametercanbewritten:

TefÑ f VXWZY\[�[ ] F
Ï

bol
'^�_a`cbed
Wcm
1 fcgihkj'l'monqp mas*r

Rosssut�v�w K (4)

Quasi
x

simultaneousphotometricobservationshave beencar-
ried2 out at theSouthAfrican AstronomicalObservatory in the
J,
y

H, K and L bands,wheremost of the stellar flux is emit-
ted
�

(Whitelocketal. (1998)).Theseobservationsarereported
in
Ó

Table5. Thebolometricflux canbeestimatedfrom thesein-
fraredmagnitudesby integratingtheflux undertheblackbody
distrib
�

ution which bestfits the data.We have usedthe value
of� the extinction in the V bandby Robertson& Feast(1981)
(A(V)=0.16)
-

andwehavederived theextinctionsin J,H, K and
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L fromthecurvesof Mathis(1990)wherewehaveassumedthat
reddeningis producedby interstellardiffusematter. Thevalues
of� thebolometricfluxesaregiven in thelastcolumnof Table5.

Applying Eq.4,wederivetheeffectivetemperaturesfor the
tw
�

o phases:z
ef{ f,1996 |X}�~���������� K (5)�
ef{ f,1997 �X������������� K

 

The
�

temperaturedifferencebetweenthe two phasesis 214K,
which, is marginally significant comparedto the error bars.
W
1

e can neverthelesssay that a decreasein effective tem-
perature� from phase0.24 to phase0.28 has beendetected.
The star cools down as it grows and releasesenergy. This
decrease
�

is compatible with theoretical studies (see e.g.
Bessellet al. (1996)) and with other studiesbasedon photo-
metric* data(Lockwood& Wing (1971))or on interferometric
data
�

(vanBelleetal. (1996)).

4.3.
�

Other evidence of variability

W
1

e have shown that a geometricalchangeof R Leonis in the
re2 gion of the photospherehasbeendetected.We aregoing to
see� how this comparesto someother evidenceof variability
detected
�

eitherwith highangularresolutiontechniquesor with
spectroscopic� observations.

The
�

most recent observations of geometricalvariability
have beenreportedby Burnsetal. (1998).Thesearebasedon
measurements* madewith theCOAST interferometerat visible
w, avelengths.Thesemeasurementsareall themorecomplemen-
tary
�

sincesomeof themwereperformedatalmostthesamedates
as� oursto within acoupleof weeksatmost.
Burnsetal. (1998)

find
y

anaverageincreaseof uniformdiskdiameterof theor-
der
�

of 2%fromphase0.24tophase0.28.Theabsoluteamplitude
of� the changemay be indicative, but what is interestingfrom
their
�

cycle-to-cycle coverageof thephotometricphasesis that
the
�

strongestvariationof diameteroccursat thosephasesclose
to
�

0.2.Merging theconclusionsof thetwo studies,wefind that
the
�

diameterof R Leonisincreasesafterphase0.2 in K andin
visible� bandpassescontaminatedby TiO absorptionbands.The
Bessellet al. (1996)modelspredict that the Rosselandradius
should� decreasein thisphaseinterval. In strongTiO absorption
bands,
'

thestarradiusmaynot repeatregularly with phasebe-
cause+ it tracesthe motion of propagatingshocks.For weaker
and� mediumabsorptionbands,it shouldrepeatmoreregularly
and� alsodecreaseafterphase0.2.Wethereforefindastrongdis-
agreement� with modelpredictions.Burnsetal. (1998)invokea
possible� strengtheningof theTiObandsduringthephotospheric
c+ ycles,but thiscannotexplain theK behaviour. Aswill beseen
in thenext section,absorptionsmaybelarger thanwhat is ex-
pected� in the K bandbut it is doubtful that, for this rangeof
w, avelengths,thedynamicbehaviour of thestellarradiuscanbe
changed+ by higherlayerswhoseopacitiesaremuchlower than
in thevisible.Becausethephasecoverageof theK observations
is
Ó

low, it is impossibletoguesswhetherthestrongdisagreement

with, themodelswouldhappenateveryphotosphericcycle,but
it
Ó

is probablysignificantof amodelingdifficulty.
Other
&

observations collected on Mira itself in the vis-
ible have revealed temporal variations of the stellar size.
Quirrenbach
x

etal. (1992) found that their dataset is compat-
ible with a two componentmodelwith layersat differentalti-
tudes.
�

Tuthill et al. (1995)foundsomelargediametervariations
(as
-

largeas85%)with no correlationwith photometricphase.
These
�

two observationsshow that the behaviour of Mira may
be
'

muchdifferentfrom thatof R Leonisandthatit is probably
impossible
Ó

to draw a directcomparisonbetweenthe two stars
eÑ xceptthatof diametervariations.

Thelastevidenceof variationthatcanbeeasilyconnectedto
our� observationsis from spectroscopicobservations.Assuming
that
�

the variation of linear radiuscan be convertedinto mo-
tion
�

of thephotospherebetweenphase0.24andphase0.28we
deri
�

veaspeedof ������� kms��� (taking
-

into accounttheuncer-
tainty
�

on parallaxanddiameters).Becauseof the small phase
dif
�

ference,this speedmustbe understoodasan instantaneous
one� ratherthananaverageone.Comparedto thespeedinferred
by
'

Hinkle (1978)from CO lines in theK band,our derivation
yieldsz aspeedtwicetoolarge.Thisdiscrepancy maycomefrom
the
�

factthattheoccurenceof themaximumof R Leonishasan
uncertainty0 of aboutten dayscorrespondingto an uncertainty
on� phasesof 0.03.Given this uncertaintyandthesmalldiffer-
enceÑ in phasesbetweenour two observations,we mayhave an
uncertainty0 of a factorof two on thespeedof thephotosphere
(yielding
-

a speedsmallerby a factor of two). In this frame,
our� value is compatiblewith the spectroscopicobservations,
although� ratherinaccurate.

5.
�

High fr equencydata

As
�

wehaveseenin theprevioussections,generalmodelsof Mira
photospheres� fail to reproducethe high frequency visibilities
that
�

wehavemeasuredwith FLUOR.Thedifferenceisgenerally
lar
(

ger than 10%. This is much larger than the uncertaintyof
the
�

measurementsand this is thereforeindicative of an extra
structure� which is not taken into accountby the models.We
havelistedsometentativephysicalphenomenathatarelikely to
occur� in Mirasandwhichmayexplain theexcessof visibility:

1. limb brightening;
2. convectivecells,spots;
3.
S

diffusion.

5.1.
�

Limb brightening

Thespectrumof Mira starscomprisesabsorptionbut alsoemis-
sion� linesthatareproducedbyashockheatingprocessgenerated
by
'

the pulsationsof the centralcore(Fox etal. (1984)).Most
of� theselinesbelongto theBalmerseriesin thevisible partof
the
�

spectrum.Emissionlinesalsoappearin theK bandregion
of� the spectrum.Spectrareportedby Hinkle & Barnes(1979)
sho� w Brackett-� emissionÑ startingat phase0.9 anddisappear-
ing aftermaximumluminosityat phase0.1.Someothermech-
anisms� can make somelines appearlike emissionlines (see
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lastparagraphof this section).For example,linesin theatmo-
sphere� of cool starscanbe optically thick at the limb andap-
pear� in emission.Sasselov & Karovska(1994) have modeled
this
�

phenomenonto correctand interpret the diametermea-
surements� of limb-brightenedCepheidstarsby interferomet-
ric techniques,or to interpretmicrolensingeventsby Cepheids
(Loeb
-

& Sasselov (1995)).In their models,the center-to-limb
distrib
�

utionacrossthestellardiskin thecontinuumis classicaly
limb-dark
(

ened,whereasin the Ca II � 8498
�

emissionline, the
intensityis weakandflat acrossthediskandpeaksat thelimb.

In orderto testthehypothesisof limb-brightening,wehave
made* asimplemodelof anannularbrightringsuperimposedon
a� uniformlybrightdisk.Wehaveneglectedbothlimb-darkening
of� theparentdiskandweakflat intensityinsidethebright ring.
Thenumberof parametersof themodelis thusreducedto four
(diameter
-

of the uniform disk ( ��� ),  internalradiusof the ring
(
-�¡

),
 

thicknessof thering ( ¢ )  andratio of theintegratedsurface
brightness
'

betweenthediskandthering (£¥¤�¦¨§ ringË ))
 

whichis not
too
�

largeanumberif comparedto thenumberof availabledata
points� in 1997.Theparametersof thebestadjustmentare:©%ª�«­¬�®°¯�±�²�³°´

mas (6)
-µ·¶­¸Z¹\º¼»�½�¾�¿¼À

masÁÂÄÃ­Å�Æ°Ç�È�É�Ê°Ë
masÌ¥Í�ÎZÏ

ringË Ð­Ñ�Ò°Ó�Ó�Ô�Õ�Ö¼×
The interpretationof the radii valuesby the limb-brightening
model* leadsto theconclusionthatthesediametersarethering
diameter
�

and that the diameterof the photosphereis overes-
timated
�

by factorof three.Becausethis modelmay to be too
simple� to bevalid andsinceit is probablymorephysicalto set
better
'

boundaryconditions,wehaverunanotherfit byconstrain-
ing
Ó

thediameterof thephotosphereandof theinneredgeof the
ring to becoincident.Thismodelhastheadvantageof reducing
the
�

numberof parametersto three(photosphericdiameter, mean
bright
'

ring diameterandratioof intensity).But it leadsto abest
solution� for whichthering appearsslightly darkenedcompared
to
�

thephotosphere,thediameterof thering being23.3mas.In
those
�

conditions,themodelwith adetachedringaccountsbetter
for
W

thelimb brighteningassumption.
Coming
Ò

backto the resultof the first model,detecteddi-
ameter� changesof Sect.4 couldthenbeinterpretedasring ex-
tension
�

changesdue to the propagationof the shockfront in
the
�

envelopeof theMira, thevariationof thephotospherebeing
probably� smaller. Yet,in ordertobevalid,thishypothesiswould
require2 somesupportfrom spectroscopicobservationsbringing
eÑ videnceof strongemissionin theK band.We have not found
an� y reportof anemissionof the level requiredby the Ø¥Ù�ÚZÛ ringË
ratio in the literature.We concludethat the physicalbasisof
the
�

limb-brighteningmodelis not solid enoughto explain the
visibility� excessathighspatialfrequency.

5.2.
�

Convection

A moreclassicalexplanationfor highfrequency visibility excess
is
Ó

thepresence,at thesurfaceof theMira, of convectioncells.

Thesemayappearashot spotswhoseindividual sizeis a large
fraction
W

of the stellardisk. A few spots(not morethanthree)
havebeendetectedatthesurfaceof afew late-typesupergiantsin
the
�

visible by Tuthill et al. (1997)andby Wilsonetal. (1997).
Theorderof magnitudeof thesizeof theseconvectiveelements
(hence
-

their number)was predictedby Schwarzschild(1975).
Based
K

on theseobservationsandon theprediction,we can
assume� thatasmallnumberof convectioncellsmaybepresent
at� thesurfaceof R Leonisandproduceour observedvisibility
eÑ xcess.Tokeepthenumberof parametersreasonable(4)relative
to
�

thenumberof datapoints,we have comparedour 1997data
to
�

amodelwith oneunresolvedbrightspotwhosepositionand
relati2 ve brightnessareto bedetermined.Thepositionhasbeen
constrained+ to be on the stellardisk. We canassumethat it is
notresolvedby theinstrumentsinceit is afractionof thestellar
disk
�

in size.When comparedto this model,our datalead to
the
�

following bestparametersfor the starandthe bright spot
position� andintensity:Ü%Ý�Þ­ß�à�á¼â�ãqä�å¼æ

mas (7)
-ç�èêé�ë�ì�í¼î�ï3ð�ñ�ò¼ó
ôõ÷ö­ø�ù�ú¼û�üqý�þ¼ÿ

mas�
spot
�������	��

���������
���

Thespotis foundtobeexactlyontheedgeof thestellardisk.
Because
�

of thelargespacingbetweenour datapointsandtheir
small� number, thefitting algorithmtendstoadjustthefrequency
of� the wavy Fourier transformof the imageof the unresolved
spot� (i.e. the distanceof the spot to the centerof the star) to
minimize thecontribution of thespotat low frequency andto
maximize� it at higherfrequencies.This is a purenumericalef-
fect. Theonly reliableconclusionthatwe maydraw from this
calculation� is,firstly, thatweneedabetterdensityof datapoints
and,� secondly, that,assumingthatspotsarepresentat thesur-
f
�
ace,morespotsarenecessarytobuild amodelcompatiblewith

the
�

data.

5.3.
�

Diffusion

At
�

visible wavelengths, long-period variable high resolu-
tion
�

visibilities are well fitted by gaussianmodels(seee.g.
Haniff et al. (1995)).Thegaussianmodelaccountswell for the
flattening
 

of the visibilities at high spatialfrequenciesdueto
light scatteringby theenvelope.Haniff et al. (1995)find a bet-
ter
�

agreementbetweentheir dataandthegaussianmodelthan
with! Mira atmospheremodels,which they interpretto signify
the
�

difficulty of modelingthe opacitiesof strongbandheads.
Thismaybeinvoked in K for theCOandH " O# bands,although
with! weakeropacitiesandlessscattering.

Let us assumethat the H $ O# and/orCO opacitiesare un-
derestimated
%

in Mira models.Then,thecontinuumluminosity
profile& differsfromtheonecomputedbyST. Multiple scattering
of� thecontinuumphotonsby theCO andH ' O# envelopein the
nearby( molecularbandswill make the continuumluminosity
profile& look like, in first approximation,the luminosityprofile
of� thescatteringmedium.We have plottedthe1997datawith
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the
�

bestfitting luminosity profiles in molecularbandsof the
X3000/maxmodelin Fig.6. Becauseof thesmoothextension
of� theenvelope,visibilities areflattenedanddropdown to zero
moregradually. TheRosselanddiametersfor theCO andH ) O#
profiles& arefoundto be:

*
CO
+ ,.-�/1032�4�5�6�738�9 mas (8)

:
;

H< O=?>.@�A�B3C�D�E�F�G3H�I masÁ
The
J

K bandluminosityprofilewouldbeablendof thetwo pro-
files
K

with ameanRosselanddiameterof theorderof 22mas.This
luminosityprofilebetteraccountsfor theobservationsthanthe
X3000
L

modelfromSTandtheP76200modelfromHSW. Inthis
ad-hoc� compositemodel,thescatteringCOandH M O# molecules
w! ouldbelocatedin ashell30maslarge,thecharacteristicsize
of� thestarasdeterminedwith auniformdiskmodel.

In
N

orderto give somesupportto this hypothesis,somein-
dependent
%

evidenceof strongscatteringby molecularspeciesis
required.O Thevery deepmolecularCO and(at times)H P O# ab-
sorption� seenin theK bandof R Leoareprobablyindicativeof
scattering� opacity, sincethelinesaremuchdeeperthancanbe
readilyO accountedfor with athermalsourcefunction.Thedepth
of� thelinescontributingto thestronglineblanketingthroughout
this
�

regionis difficult to estimate,dueto uncertaintiesaboutthe
continuum� level, evenathighspectralresolution.In sum,it ap-
pears& thatscatteringopacitythroughouttheK bandis possible,
b
Q
ut the spectroscopicevidenceis merelysuggestive. Spectral

studies� of CO andH R O# linesof R Leonishave beenpublished
in the lateseventies(Hinkle (1978),Hinkle & Barnes(1979)).
It
N

was shown that the linesoriginatefrom two components.A
w! armcomponentwhichiscloseto thestellarphotosphereanda
cooler� componentlocatedat theinneredgeof thecircumstellar
shell� with anexcitationtemperatureof theorderof 1000K. The
cool� componentdominatesthemolecularlines in theK band.
Some
S

of theCOlinesdisplaydeepabsorptionexceedingthehalf
continuum� level at phase0.2.For H T O,

#
nosuchstrongabsorp-

tion
�

is reported,yet it is underlinedthatcontinuumplacement
is aproblemespeciallynearmaximumlight.

As
�

a consequence,thehypothesisof scatteringby molecu-
lar
U

speciesin the K bandmay at leastpartly explain the high
frequency pointsthatwehavemeasured.Thissimpleapproach
remainsO afirstattempttoexplainourobservations.Somefurther
modelingis necessaryto provideamorecompleteexplanation,
the
�

above rationalebeingafirst stepin theinvestigation.

5.4.
�

Discussion

It turns out from the above analysisthat any inclusion of an
eV xtra featurein themodelingof R Leonistendsto decreasethe
stellar� diameterbyalargeamount(of theorderof 25%).Among
the
�

threescenariossuggested,thescatteringhypothesisseems
to
�

be the mostencouraging.The limb brighteninghypothesis
maybetheleastprobablesinceit requiresstrongemissionlines
that
�

havenever beendetectedin theK band.Besides,imposing
boundary
Q

conditionstothesimplemodelleadstolimb darkening
and� to thenegationof theassumption.

In reality R Leonisis probablya blendof limb darkening,
scattering� andspotsindicatingthattheRosselanddiametermay
be
Q

smallerthanwhatcanbeguessedfrom usualmodels.There-
fore,
�

the angulardiameterof the photospheremay have been
closer� to 24masin 1997thanto 31.59mas.Applying thisscal-
ing factorto the1996diameterleadsto a22 masdiameter.

This
J

would of coursehave implicationson the fundamen-
tal
�

parametersof this Mira-type star. The meanphotosphere
linear
U

radiuswould be of the order of 250 solar radii and R
Leoniswould thereforepulsatein thefundamentalmodeasof-
ten
�

claimedby theoreticians,thus clarifying the conclusions
of� Sect.3.3. The other consequenceis that the effective stel-
lar
U

temperaturewould be larger with TefV f W 3300
X

K in 1996
and� TefV f Y 3070

X
K in 1997.Thespectraltypeof R Leonisde-

termined
�

by Lockwood& Wing (1971)for thesamephasesis
M
Z

7.0–7.5which,for non-Miragiants,correspondsto effective
temperatures
�

of theorderof 3100K (Perrinetal. (1998)).The
reO visedtemperaturesarethusmoreconsistentwith thespectral
type
�

of lessluminousgiants.

5.5.
�

Enhanced scale height

In
N

an extendedatmospheresuchas exists in R Leo, the so-
called� limb darkeningeffect consistsof two parts.Onepart is
the
�

conventionallimb darkening,observed for examplein the
sun,� wherebythesurfacebrightnessof thestardecreasesat the
limb dueto thedecreaseof temperaturewith heightin thestellar
atmosphere,� andwhichoccursevenin anatmosphereof negligi-
ble
Q

thickness,whenthestellardiameteris virtualy independent
of� wavelength.Thesecondpartarisesdueto thefactthatatdif-
ferentwavelengths,agreatlyextendedatmospheredoesin fact
ha
[

ve a wavelengthdependentshapeanddiameter. This com-
ponent& of thebrightnessdistributiondependssensitively onthe
scale� height in the model,andhenceon the detailedphysics
of� thepulsationcomputations.Any effectswhich increasethe
actual� scaleheightover themodelscaleheightwouldsimilarly
tend
�

to extendthebrightnessprofile dropover a larger radius,
efV fectively smearingthelimb profile.

This
J

alsosuggeststhattheangulardiameterobservedin high
eV xcitationlineswill becharacteristicof adeep,hightemperature
layer
U

, andtheangulardiameterobservedin low excitationlines
will! becharacteristicof a low excitation layer. Distinguishing
between
Q

theseobservationallywill givedirectaccesstothescale
height,
[

aparameternototherwiseaccessible.Thoughlessdirect,
the
�

smearingof thestellarlimb profileobservedalreadybegins
to
�

constrainthe model, thoughcurrently throughthe hazeof
other� issuesmentionedabove.

It
N

would be reasonableto expecttheeffective temperature
computed� fromarepresentativeangulardiametertobeinterme-
diate
%

betweenthetemperatureextremesobservedspectroscopi-
cally� . Theextremesin thephotosphericregion,from COexcita-
tion
�

in thepulsatinglayer, are3000and4500with atemperature
of� about3300 K at phases0.24and0.28(Hinkle etal. (1984)).
The deducedTeff of 3000–3300satisfiesthis criterion of rea-
sonableness.�
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6.
]

Futur eobservations

It
N

is clearfrom whathasbeendiscussedsofar thatsomeother
observ� ationsarenecessaryandthatthesenew dataraiseasmore
questions^ thanthey cananswer. Basedon our conclusions,we
therefore
�

recommendsomecomplementaryobservationsthat
mayhelpsolvesomeof thesenew questions.

First,
_

awidersampleof observationsarenecessaryto cover
a� full cycleof photometricvariability andto studypossiblenon
periodic& effects.Theprecisionof our datawould allow an ac-
curate� diameterto phasevariationdeterminationalongwith the
eV volution of theeffective temperatureof theobject.Second,a
better
Q

coverageof theplaneof spatialfrequencies(especiallyin
azimuth)� wouldgiveaccessto possibleasymmetriesandwould
allo� w abetterdiagnosticof thepresenceof featuresatthesurface
of� thestar. Third, increasingthespectralresolutionof theinter-
ferometric
�

observationswouldcertainlyhelpbuild connections
between
Q

thestructuresidentifiedin theimageandsomeof the
species� synthesizedby thestar. Theeasiestactionwould beto
use` narrowerfilters to separatethecontinuumfrom theabsorp-
tion
�

bands.Eventually, bothaspectroscopicandaphotometric
follo
�

w-upof theinterferometricobservationswill allow abetter
understanding` of theobservations,whichatthisstageismanda-
tory
�

to achievearealisticmodelingof thesourcesandreachan
understanding` of thephysicalphenomenathey represent.

7. Conclusion

W
a

ehavereportedthefirst directdetectionof thevariationof the
size� of thephotosphereof R Leonisfrom phase0.24to phase
0.28
b

generatedby thepulsationof thestar. Comparisonwith a
uniform` disk modelyields a photosphericradiusintermediate
between
Q

thatof fundamentalandfirst overtonepulsators.High
spatial� frequency dataacquiredin 1997displayanexcessof vis-
ibility that we interpretasthe possiblesignatureof scattering
by
Q

molecularspeciesin theatmosphere.A directeffectof scat-
tering
�

on modelsis to yield lower valuesfor thephotospheric
radiusO to 22 and24maswhich make R Leonisa fundamental
pulsator& . We have founda disagreementwith dynamicalmod-
elsV of Miraswhichpredictthatthediameterof thephotosphere
should� decreaseafterphase0.2.Thesamedisagreementholds
for recentmeasurementswith theCOAST interferometerin the
visible.c

Some
S

more observations are required in the future and
should� combinehighangularresolutionwith spectroscopy and
photometry& . Thesenew resultsshow how importantcalibration
issues
d

arein astronomicalinterferometrytopermitvaluabletests
of� models.Thenew generationinstrumentswill certainlybene-
fit
K

from accuratebeamcombinersandwill bringnew andbetter
understanding` to thephysicsof Mira variables,and,of course,
many othertypesof sources.

The
J

authorswould like to salutethe memoryof their friend
and� colleagueJean-MarieMariotti who died tragically in July
1998.Hewastheinitiatorof thefiberinterferometerandactively
contrib� utedtoitsrealizationandsuccess.Thispaperisdedicated
to
�

him.
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