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A first important remarkA first important remarkpp



We point out that with the proposed modelWe point out that with the proposed model 
we can study and reproduce specific spectral 

lineslines.
This means that we can study specific density 
regions in the plasma surrounding the studied 

object.j
In order to construct a general modelIn order to construct a general model

we need to study with the proposed model manywe need to study with the proposed model many 
density regions that produce spectral lines of 

different ionization potential meaning differentdifferent ionization potential, meaning different 
temperature and thus different distance from the 

studied object.



The Geometry of the modelThe Geometry of the modelyy



GeometryGeometry

As we can see the line function of the GR model has the
form:
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We have already seen that the calculation of the function
ΙΙλλ doesdoes notnot dependdepend onon thethe geometrygeometry of the absorbing orΙΙλλ doesdoes notnot dependdepend onon thethe geometrygeometry of the absorbing or
emitting independent density regions of matter.
TheThe decisiondecision onon thethe geometrygeometry isis essentialessential forfor thetheTheThe decisiondecision onon thethe geometrygeometry isis essentialessential forfor thethe
calculationcalculation ofof thethe distributiondistribution functionsfunctions LLii..
By deciding on a different geometry we conclude to aBy deciding on a different geometry we conclude to a
different analytical form of Li, and thus to a different
shape of the profile of the spectral line, which presentsp p p , p
SACs.



In order to decide on the appropriate geometry we took into

GeometryGeometry

In order to decide on the appropriate geometry we took into
consideration the following important facts:

The spectral line profile is reproduced in the best way when we
consider sphericalspherical symmetrysymmetry for the independent density

iregions.
Such symmetry has been proposed by many researchers
(Lamers et al. 1982, Bates & Gilheany 1990, Gilheany et al.(Lamers et al. 1982, Bates & Gilheany 1990, Gilheany et al.
1990, Waldron et al. 1992, Rivinius et al. 1997, Cidale 1998,
Markova 2000).

However, thethe independentindependent layerslayers ofof mattermatter, where a spectral line
and its SACs are born couldcould lielie eithereither aroundaround thethe starstar in whichand its SACs are born, couldcould lielie eithereither aroundaround thethe starstar, in which
case spherical symmetry is justified, oror atat aa greatergreater distancedistance
fromfrom thethe starstar,, where the spherical symmetry can not be justified.fromfrom thethe starstar,, where the spherical symmetry can not be justified.



GeometryGeometry

1. Independent density regions of matter
that lie aroundaround thethe starstar::that lie aroundaround thethe starstar::
We consider the existence of a classicalclassical
sphericalspherical symmetrysymmetry

star Classical spherical symmetryClassical spherical symmetryDensity region 
d i SACproducing SACs



2. Independent density regions of matter that lie atat aa greatergreater

GeometryGeometry

distancedistance fromfrom thethe photospherephotosphere:: We consider the existence of
independent density regions such as blobsblobs, which cover all or
a substantial fraction of the stellar disk These regions doa substantial fraction of the stellar disk. These regions, do
not present spherical symmetry around the star, but they
may present locallocal sphericalspherical symmetrysymmetry aroundaround themselvesthemselves

d th f t l li fil hi h id ti l ithand they form spectral line profiles which are identical with
those deriving from a spherically symmetric structure. So,
even if thethe densitydensity regionsregions are not spherically symmetric,yy gg p y y ,
through their effects on the line profiles, they appearappear asas
sphericallyspherically symmetricsymmetric structuresstructures toto thethe observerobserver..

ApparentApparent or local spherical symmetryor local spherical symmetry

star
D i i

observer

Density region 
producing SAC



2. Τhe star ejects mass with a specific radial velocity. TheThe streamstream ofof
mattermatter isis twistedtwisted formingforming densitydensity regionsregions such as corrotating

GeometryGeometry

mattermatter isis twisted,twisted, formingforming densitydensity regionsregions such as corrotating
interaction regions (CIRs), structures due to magnetic fields or
spiralspiral streamsstreams as a result of the stellar rotation (Underhill & Fahey
1984, Mullan 1984a,b 1986, Prinja & Howarth 1988, Cranmer &1984, Mullan 1984a,b 1986, Prinja & Howarth 1988, Cranmer &
Owocki 1996, Fullerton et al. 1997, Kaper et al. 1996, 1997, 1999,
Cranmer et al. 2000)). This means that hydrodynamic and magnetic
forces take effect as centripetal forces, resulting toto thethe outwardoutwardp , g
movingmoving mattermatter twistingtwisting andand movingmoving aroundaround thethe starstar.. SomeSome partsparts ofof
thesethese streamsstreams cutcut offoff andand formform thethe observedobserved highhigh densitydensity regionsregions
(shells,(shells, blobs,blobs, puffs,puffs, spiralspiral streams)streams)..

Density regions producing SACsDensity regions producing SACs

Tuthill, P., Monnier, J.Tuthill, P., Monnier, J.
& Danchi, W. (& Danchi, W. (19991999)



An important noticeAn important noticepo o cepo o ce
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The proposed line function (Iλ) can be used for any number of
absorbing or emitting regions. This means that it can also be
used in the simple case that i=1 and j=0 or i=0 and j=1,
meaning when we deal with simple, classical absorption or

i i i i iemission spectral lines, respectively. This means that we can
calculate all the important physical parameters, such as the
rotational the radial and the random elocities the opticalrotational, the radial and the random velocities, the optical
depth, the column density and the absorbed or emitted
energy for all the simple and classical spectral lines in all theenergy, for all the simple and classical spectral lines in all the
spectral ranges.



The case of many absorption The case of many absorption 
or emission componentsor emission components.

In the GR line function
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the final profile that is produced by a group of
absorption lines is given by the product of the lineabsorption lines is given by the product of the line
functions of each SAC.

On the other hand, the final profile that is produced by a
group of emission lines is given by the addition of the line
functions of each SAC.



The addition of a group of functions is completelyThe addition of a group of functions is completely
different than the multiplication of functions.
The spectral line profile that results from the addition ofp p
a group of functions is exactly the same with the profile
that results from a composition of the same functions.

On the contrary, the product of a group of functions is
completely different from the composition of the same
functions.

As a result, we can use the composition of functions for
the emission lines but not for a group of absorptionthe emission lines, but not for a group of absorption
components. This means that in such a case we can not
refer to the low of reversion of the spectral lines.refer to the low of reversion of the spectral lines.



The function reproduces the spectral line
profile formed by the i density region (profile of one
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profile formed by the i density region (profile of one 

component). 
In the case of the GR distribution function L is given by:In the case of the GR distribution function, Li is given by:
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So,   for each quadruplet of the parameters Vrot i, Vrad i, Vrand 
i and ξi, we have a different profile. 

Thi lt t th i t f l d l t bl ti t f l d l t bl tThis results to the existence of only one quadruplet able to existence of only one quadruplet able to 
give the best fit of the i componentgive the best fit of the i component. 



Fitting CriteriaFitting Criteria

InIn orderorder toto acceptaccept asas bestbest fitfit ofof thethe observedobserved spectralspectral lineline,,
whatwhat isis givengiven byby thethe quadrupletquadruplet (V(V VV VV ξξ )) ofofwhatwhat isis givengiven byby thethe quadrupletquadruplet (V(Vrotrot ii,, VVradrad ii,, VVrandrand ii,, ξξii)) ofof
allall thethe calculatedcalculated SACs,SACs, wewe mustmust adhereadhere toto allall thethe
physicalphysical criteriacriteria andand techniquestechniques..

As a first step

physicalphysical criteriacriteria andand techniquestechniques..

ItIt isis necessarynecessary toto havehave thethe superpositionsuperposition ofof thethe

p

ItIt isis necessarynecessary toto havehave thethe superpositionsuperposition ofof thethe
spectralspectral regionregion thatthat wewe studystudy withwith thethe samesame regionregion ofof
aa classicalclassical starstar ofof thethe samesame spectralspectral typetype andandpp ypyp
luminosityluminosity class,class, inin orderorder toto identifyidentify thethe existenceexistence ofof
spectralspectral lineslines thatthat blendblend withwith thethe studiedstudied onesones andand
thethe existenceexistence ofof SACsSACs ..



The resonance spectral linesThe resonance spectral lines

The resonance lines, as well as those that form in
regions that are close to each other (small difference ing (
ionization potential), must have thethe samesame numbernumber ofof
SACsSACs andand thethe samesame valuesvalues forfor VVradrad,, VVrandrand andand VVrotrot..radrad,, randrand rotrot
Besides, in the cases of resonance lines and of lines of
the same ion and the same multiplet, thethe ratioratio ofof thethep ,
valuesvalues ofof ξξ mustmust bebe thethe samesame asas thethe ratioratio ofof thethe
respectiverespective intensitiesintensities..pp

Τhe final criterion

Τhe final criterion to accept or reject a best fit is that
the calculated values of the physical parameters should the calculated values of the physical parameters should 
not go against the classical physical theory.not go against the classical physical theory.



The method to fit a spectral lineThe method to fit a spectral linepp

ΙΙnn orderorder toto concludeconclude toto thethe groupgroup ofof thethe parametersparametersΙΙnn orderorder toto concludeconclude toto thethe groupgroup ofof thethe parametersparameters
whichwhich givegive usus thethe bestbest fit,fit, wewe useuse thethe modelmodel byby thethe
followingfollowing twotwo methodsmethods::followingfollowing twotwo methodsmethods::

11.. InIn thethe firstfirst methodmethod wewe considerconsider thatthat thethe mainmain reasonreason11.. InIn thethe firstfirst methodmethod wewe considerconsider thatthat thethe mainmain reasonreason
ofof thethe lineline broadeningbroadening ofof thethe mainmain lineline andand thethe satellitesatellite
componentscomponents isis thethe rotationrotation ofof thethe regionregion whichwhich createscreatescomponentscomponents isis thethe rotationrotation ofof thethe regionregion whichwhich createscreates
thethe componentscomponents ofof thethe observedobserved featurefeature andand aa
secondarysecondary reasonreason isis thethe thermalthermal DopplerDoppler broadeningbroadening..secondarysecondary reasonreason isis thethe thermalthermal DopplerDoppler broadeningbroadening..
ThisThis meansmeans thatthat wewe startstart fittingfitting thethe lineline usingusing thethe
maximummaximum VV tt.. ThenThen wewe includeinclude DopplerDoppler broadening,broadening,maximummaximum VVrotrot.. ThenThen wewe includeinclude DopplerDoppler broadening,broadening,
inin orderorder toto accomplishaccomplish thethe bestbest fitfit (Rotation(Rotation case)case)..



2 InIn thethe secondsecond methodmethod wewe considerconsider thethe2. InIn thethe secondsecond method,method, wewe considerconsider thethe
oppositeopposite.. ThisThis meansmeans thatthat inin thisthis casecase thethe

ii ff thth lili b d ib d i ff ththmainmain reasonreason ofof thethe lineline broadeningbroadening ofof thethe
mainmain lineline andand thethe satellitesatellite componentscomponents isis
supposedsupposed toto bebe thethe thermalthermal DopplerDoppler
broadeningbroadening andand thethe secondarysecondary reasonreason isis thethegg yy
rotationrotation ofof thethe regionregion whichwhich createscreates thethe
componentscomponents ofof thethe observedobserved featurefeature ThisThiscomponentscomponents ofof thethe observedobserved featurefeature.. ThisThis
meansmeans thatthat wewe startstart fittingfitting thethe lineline usingusing thethe
ma im mma im m DopplerDoppler broadeningbroadening ThenThen eemaximummaximum DopplerDoppler broadeningbroadening.. ThenThen wewe
includeinclude VVrotrot,, inin orderorder toto accomplishaccomplish thethe bestbest
fitfit (Doppler(Doppler case)case)..



In both of the above cases (Rotation case and Doppler case):In both of the above cases (Rotation case and Doppler case):

We check the correct number of satellite components that
construct the whole line profile.
At first
We try to fit with one component. We add another one only
when we see that we cannot fit with only one component. We
keep adding components until we accomplish the best fit.
Finally, we fit using the number of the components that give the
best difference graph between the fit and the real spectral line
(step by step component by component)(step by step, component by component).

Then we fit using one component less than in the previous fit.

The F-test between them allows us to take the correct 
number of satellite components that construct in the 

best way the whole line profile.



TheThe FF TestTest betweenbetween thesethese twotwo casescases indicatesindicatesTheThe FF--TestTest betweenbetween thesethese twotwo casescases indicatesindicates
thethe bestbest wayway toto fitfit thethe spectralspectral lineslines..

WhenWhen thethe FF--TestTest cannotcannot givegive definitedefinite conclusionconclusion
onon whichwhich casecase wewe shouldshould useuseonon whichwhich casecase wewe shouldshould use,use,

we still could obtain information about the we still could obtain information about the 
limits of limits of VVrotrot and and σσ. . 

If the F-Test gives similar values, then the
Rotation Case defines the maximal Vrot and therot
minimal σ and the Doppler Case defines the
minimal V and the maximal σminimal Vrot and the maximal σ.



TheThe profilesprofiles ofof everyevery mainmain spectralspectral lineline andand itsits
SACsSACs areare fittedfitted byby thethe function,function, inin thethe casecaseiiLe ξ−yy ,,
ofof anan absorptionabsorption componentcomponent oror ,, inin thethe
casecase ofof anan emissionemission componentcomponent..
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casecase ofof anan emissionemission componentcomponent..

TheseThese functionsfunctions produceproduce symmetricalsymmetrical lineline profilesprofiles..
However,However, wewe knowknow thatthat mostmost ofof thethe spectralspectral lineslines
thatthat wewe havehave toto reproducereproduce areare asymmetricasymmetric.

ThisThis factfact isis interpretedinterpreted asas aa systematicalsystematical variationvariation
ff thth tt di ldi l l itil iti ff thth d itd itofof thethe apparentapparent radialradial velocitiesvelocities ofof thethe densitydensity

regionsregions wherewhere thethe mainmain spectralspectral lineline andand itsits SACsSACs
ddareare createdcreated..



In order to approximate those asymmetric profiles we have In order to approximate those asymmetric profiles we have 
hh l i ll i l th dth dchosen chosen a classicala classical methodmethod. . 

ThisThis isis thethe separationseparation ofof thethe region,region, whichwhich producesproduces thethe
asymmetricasymmetric profilesprofiles ofof thethe spectralspectral line,line, inin aa smallsmall numbernumber ofof
subsub--regions,regions, eacheach ofof whichwhich isis treatedtreated asas anan independentindependent
absorbingabsorbing shellshellabsorbingabsorbing shellshell..

InIn thisthis wayway wewe cancan studystudy thethe variationvariation ofof thethe density,density, thethe radialradial
hifthift dd thth tt t tit ti f tif ti ff thth d thd th iishiftshift andand thethe apparentapparent rotationrotation asas aa functionfunction ofof thethe depthdepth inin

everyevery regionregion whichwhich producesproduces aa spectralspectral lineline withwith anan asymmetricasymmetric
profileprofile..profileprofile..

AllAll thethe aboveabove mustmust bebe takentaken intointo accountaccount duringduring thethe evaluationevaluation
ofof ourour resultsresults andand oneone shouldshould notnot considerconsider thatthat thethe evaluatedevaluatedofof ourour resultsresults andand oneone shouldshould notnot considerconsider thatthat thethe evaluatedevaluated
parametersparameters ofof thosethose subsub--regionsregions correspondcorrespond toto independentindependent
regionsregions ofof matter,matter, whichwhich formform thethe mainmain spectralspectral lineline oorr itsitsgg ,, pp
SACsSACs..



In this case we could use asymmetric distributions
( M ll) Thi h ld fi h(e.g. Maxwell). This means that we could fit the
observed profile with an asymmetric mathematical
di ib idistribution.

However, until now we do not have an expression ofHowever, until now we do not have an expression of
the distribution function L that would correspond to a
Maxwell distribution and which would includeMaxwell distribution and which would include
physical parameters.

AA ltlt ifif ldld fitfit thth b db d filfilAsAs aa result,result, eveneven ifif wewe couldcould fitfit thethe observedobserved profileprofile
withwith aa mathematicalmathematical asymmetricasymmetric distribution,distribution, wewe

ldld tt bb blbl tt l l tl l t h i lh i l ttwouldwould notnot bebe ableable toto calculatecalculate anyany physicalphysical parameterparameter.

In order to be able to calculate some physicalp y
parameters, we use the above mentioned way.



The spectral line widthThe spectral line width

We suggest that the width of the blue wing is the We suggest that the width of the blue wing is the 
l f h i f h fil f h il f h i f h fil f h iresult of the merging of the profiles of the main result of the merging of the profiles of the main 

spectral line and its SACs. spectral line and its SACs. 

Thus, the blue wing of each SAC gives the 
apparent rotational velocity of the density shell,apparent rotational velocity of the density shell, 

in which it forms. 

ThiThi th tth t ii dd tt hh ttThisThis meansmeans that,that, inin orderorder toto havehave measurementsmeasurements
withwith physicalphysical meaning,meaning, wewe shouldshould notnot calculatecalculate
thth idthidth ff thth blbl ii ff thth b db dthethe widthwidth ofof thethe blueblue wingwing ofof thethe observedobserved
spectralspectral featurefeature butbut thethe widthwidth ofof thethe blueblue wingwing ofof

hh SACSACeacheach SACSAC..



Some spectral lines fittings withSome spectral lines fittings with 
GGauss-RRotational model



Study of stellar spectra with GR modelStudy of stellar spectra with GR model



A study of HD 93521 UV spectrum (Antoniou et al. 2006)

C IV: 5 components
Ν IV: 1 component

C IV: 5 components

Ν V: 1 component
Si IV 3 t

Ν V: 1 συνιστώσα
Si IV: 3 components



The UV Mg II resonance lines’ fitting (Lyratzi et al. 2007)



From the fitting with GR model we calculated the From the fitting with GR model we calculated the 
mentioned physical parameters and we took some mentioned physical parameters and we took some 

statistical conclusions.statistical conclusions.

St ti ti l t d f Si IV li i th UV t fStatistical study of Si IV resonance lines in the UV spectrum of
70 Be stars (Lyratzi et al. 2004, 17th ICSLS)



Statistical study of Mg II resonance lines in the UV spectrum of 64 Be stars 
(Lyratzi et al. 2007 PASJ)( y at et a . 007 SJ)

Statistical study of Ηα line in the UV spectrum of 120 Be stars
(Lyratzi et al. 2005 MSAIS)



From the calculation of the above parameters From the calculation of the above parameters 
t d th l ti b t tht d th l ti b t thwe can study the relations between themwe can study the relations between them
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Study of AGNs spectra with GR modelStudy of AGNs spectra with GR model



Study of C IV/Si IV resonance lines in the spectrum of PG 0946+301
(L i l 2008 19(L i l 2008 19thth ICSLSICSLS ))(Lyratzi et al. 2008 19(Lyratzi et al. 2008 19thth ICSLSICSLS--poster paper)poster paper)



Study of C IV/Si IV resonance lines in the spectrum of PG 1254+047
(Lyratzi et al. (Lyratzi et al. 2008 192008 19thth ICSLSICSLS--poster paper)poster paper)



In the open laboratory we will try to fit someIn the open laboratory we will try to fit someIn the open laboratory we will try to fit some In the open laboratory we will try to fit some 
spectral lines, following the criteria and spectral lines, following the criteria and 

th d th t h j tth d th t h j tmethods that we have just seen.methods that we have just seen.



Thank you very much for your attentionThank you very much for your attention


