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Using the GR model
Some important remarks
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produce peczf ic spectral

| lines.. - | .
T his means that we can study speczf ic denszty

| regwns in the plasma sur'roundmg the studted

AR ob]ect
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. we need to study with the proposed | model many

denszty regwns that produce spectral lines of _.
dtfferent ionization potenttal meaning different
temperature and thus dszerent distance from the g

» studied ob]ect
e .
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The Geometry of the model . "




. -
"AS we can see the line functlon of theQ}R model has the
form ) R

'We have already seen that the.calculatlon.of the functlon
- - - of the absorbing.or

| emlttlng 1ndependent dens1ty reglons of matter

By deciding on adifferent geometry we conclude go a
different analytical form of L., and thus to a different
shape of.the profile of the spectral hne, which presents
$ACs. - T | |
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- The spectral line proﬁle is reproduced m the best way when ‘we

_' eons1der S) ) for the mdependent dens1ty :
regions. .- . hot |
Such symmetry has been proposed hy many " reseaichers
(Lamers: et al.=1982, Bates & Gilheany 1990, Gilheany et al.

1990, *Waidron et al. 1992 Rivinius et al."1997,%Cidale 1998, .
. Markova 2000). = - A ins) o i

However, he pendel yer natter, Where a spectral lme
and its SACs are ern, ould 1te either a : | , In whleh -
case spherical symmetry is ]ustlﬁed '

pirom - Where the spherleal symmetry can not be Justlﬁed

-
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-1 Independent ‘den51ty reglons of matter |

i‘hatlle round #

. We cons1der the ex1stence of a .
. | \

- Density region -
producing SACs |,




' [ - -. .
2 Independent dens1ty reglons of matter ﬁlat 11e \
‘ere: We consider the exi§tence of -
- independent density reglons such as’ , which cover all or
" a substantial fractiom of the stellar disk. These regions, do-
Mot present spherical symmetry around the star, but they
. may present s
- and they form spectral line proﬂles which are 1dent1cal with

those deriving from a spherically symmetric structure. So,
-.even if the « :0lons are not spherically syinmetric,

'through thelr effects on the line proﬁles, they

i

observer ™

~ Density reglon
+ producing SAC




Geometry

2. The star ejects mass with a specific radial velocity.

[
2 B 2

such as corrotating
interaction regions (CIRs), structures due to magnetic fields or
spiral streams as a result of the stellar rotation (Underhill & Fahey
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

Some parts of
these streams cut off and form the observed high density regions
(shells, blobs, puffs, spiral streams).
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Tuathill, P., Monnier, J. ‘
& Danchi, W. (1999




An important notice
,
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The proposed line function (Ik) can be used for any number of
absorblng or emlttlng regions. This meais that it can also be
~used in the 'simple case that i=1 and j=0 or §=0 and =i
meaning when we deal with simple, classical -absorptlon or
emission spectral lines, respectively. This means that we can
chlculate all the important physical parameters, such as the
rotatlonal the Tadial ‘and the random velocities, the optical
depth, the column density and ' the - absorbed or emitted
gnergy, for all the simple and class1cal spectral lines in all the
spectral range R ._-'




The case of many absorption
or emission components.

i .

In the GR hne functlon

the ﬁn‘al 'pl‘oﬁle that is produced by a group, ‘of
absorption lines is given by the product of - the: llne
flnctlons of each SAC |

On the other hand the final proﬁle that is produced'f)y a
ill‘oup of emission lines is given by the addition of the lme

nctions of eth SAC. e : .
L LR
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different than the muktlphcatlon of functlons
The spectral line profile ‘that results from the addltlon of .
@group of functions - .the with the profile

. __that results .& compo ‘of the same _functio-ns. i

On the contrary, the product ‘of a group of functlons is.

. ; qfthe same
.' fu-nction.s._ | | L e L

- As a result we can use the comp0s1t10n ‘of functions for.
the emlssmn—hnes, but not for . a group of absorptwn |
components. This means that in such a case -we can not -

- refer to the -lgw of reversion of the spectral lines. -

- . g -




reproduce the spectral line
ensity region (p"e ile of
ponent)

In the case of.the GR dlstrlbutlon functlon L. is given by:

A=ty I
o2

-
rott’

and ¢;; we'have a dlfferent proﬁle

So, for each quadruplet of the parameters V Vad ,,,V'

rand

Thls results t(“he
UI




Fitting Criteria

what is. glven by thetquadruplet ( S T Y g) of

“all®the. calculated SACs, we must adhere to all the
: phys1cal crlterla and technlque\s

- Asaﬁrststep
353 | S

'--It"is neeeSSary '.tO' 'haVe the : or
Stai of the same spectral type and
lumanS1ty class, in order to




The resonance spectral lines

‘The resonance linesy as well as those that 'i’orm in
regions that are closg to each other (small difference in
“ioMization potential), must have the same number of
'SACs and the same values for V.4, V5,0 and V.
" Besides, in the cases of | resonance lines and of lines of
- the same 10n.and the same multlplet the ratio of the
values. of. & must be the same as the ratio of the 1

. resnectlve 1ntenS1t1es

T R The final crlterlon |

The ﬁnal crlterlon t0 accept or reject a best ﬁt is tha’t'

the calculated values of the phys1cal parameters should |

‘ot g g0 agamjthe classical phys1cal theory
... e .
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The method to ﬁt a spectral line
.

In order’ to conclude to the group of the parameters'
which give us the best fit, we use the model by the .
followmg two methods: - § - - - '

1. In the first method we consider that the main reason
of the line broadening of the main line and the satellite
components is the rotation of the region which creates
the components of the observed feature and a
secondary reason is the thermal Doppler broadening.
This means that we start fitting the line using the
maximum V. . Then we include Doppler broadening,

rot®

' in order to accomplish the best fit (Rotation case). ‘




opposite. This means that in this case the
main reason of the line broadening of the
main line and the satellite components is
supposed to be the thermal Doppler
broadening and the secondary reason is the

rotation of the region which creates the
components of the observed feature. This
means that we start fitting the line using the
maximum Doppler broadening. Then we
include V_,, in order to accomplish the best

fit (Doppler case). |
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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 L

: We try to fit Wlth one component We add another one only' :
when we sée that we cannot fit with only one component We
keep addlng components until we &ccomplish the best fit.

Fmally, we fit usmg the number of the components.that give the
best difference graph between the fit and the real spectral ll,ne- |
- (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.




we still could obtain information about the
llmlts of V. . and o.

rot

If the F- Test glves 51m11ar Values, then the
a deﬁnes the max1mal V. and the ,

rot

minimal ¢ and the | ef Cas defines the

and the maxlmal C.
..

yminimal V,

‘




"The profiles of every main spectral line and its
SACs are.ﬁtted by.the 'function, in the case.
“offan absorption component or RISl in t

| case of an emission component

These functlons produce S)’mmetrlcal llne proﬁles
" Howeyer, ‘we know that most of the spectral llnes i
. that we have to reproduce are asymmetrle

‘ : | .




In order to approximate those asymmetric profiles we have

chosen a classical method

.
This is the separatlon of the reglon, which produces the

. as‘mmetrlc profiles of ‘the spectral line, in a.small number ‘of
~ sub-regions, each of Wthh is treated as an 1ndependent :
absorbing shell i . ' -

\All the above must be tiken into account durlng the evaluation

of our: results and one- should. not consider that the evaluaged -
parameters of those sub-regions correspond to - 1ndependent.
regions eof matter; which form the main - spectral line or. its

' SACs. -

i .
.
]
. ;
3 8 .
. . , i
. . . o




.' dJ‘tnbutmn

| physrcal parameters

'

1n this Case we could use asymme#iric distriblutions
(eg Maxwell). This means that we could *it the

observed profile Wlth -an asymmetrlc mathematical
LE _ , '

| However, until now we do nqt have an expression of

the distribution functlon L th.at would co,rrespond 1o a

Maxwell dlstrlbutlon and which Would include
- - )

U As a result, even if we could fit the observe profile

with a mathematical asymmetric distribution, we
would not be able to calculate any physical parameter.

In order to be able teo calculate some phys1cal ]
parameters Qve use the zg)ove mentioned d' way. :

.
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Thus, the blue wing of g:ach SAC glves the
: apparent-potatlonal velocity of the dens1ty shell o
oo R | whlch it forms. '

ThlS means that in order to have measurements
with physical meaning, we should not calculate
the width of the blue wing of the observed
spectral feature but the width of the blue wing of
each SAC.




Some spectral lines fittings with
auss- otational model :







dy-of HD 93521 [V spectriin (Antoniou et al. 2006) e
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The UV-Mg 11 resonarce lines’ fillting (Lyratzi et-al. 2007) k-
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From the ﬁttmg Wlth GR model WOealculated‘ the

statlstlcal conclusmns.

mentloned phys1cal parameters and we took §0me .
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Spe ctral subtype

{' Statistical Stl:?’

70,

of Si. TV resonance lines in the UV spectrum of
stars (Lyra@ et al. 2004 17th ICSLS)
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Rotational velocities

a' component {b' component | ¢' component] d' conmponent] e' component
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Spectral subtype

Statlstlcal study of Mg II resonance lineg in the UV spéctrum of 64 Be stars
= . (Lyratzj et al. 2007 PASJ)

Rotational velocities of the density regions
in the chromosphere

a component b commponent ¢ component jd component je component
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Spectral subtype

- Statistical s’dy of Ha line in. the UV spectrum of 120 Be stars
. (Lyratzi é#alL 2005 MSAIS) =




.- From the calculation of the abogle parameters .
. we can study the relations between theth
C IV Region | N V Region

Rotational Velocities (Vrot) - Random Rotational Velocities (Vrot) - Random
Velocities (Vrand) Velocities (Vrand)
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' Thé ran_d(ini Véldci(ies of the CIV and NV deﬁsi_t'y regions; as a-

function of the"apparent rotational velocities, in a sample ofe20
" Qestars: |
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C IV Region N V Region
Rotational Velocities (Vrot) - Radial Rotational Velocities (Vrot) - Radial
Velocities (Vrad) Velocities (Vrad)
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g The radial velocities of the CTV and NV density regions, as a
function of apparent i‘ot'at_i_on_al velocities, in a sample of 20.0e stars.







Study of C IV/Si IV resonance lines in the sperum of PG 0946+301
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Stydy of C IV/Si IV re:sohance liles in the spectrum of PG %2544—04'7 -
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In the open laboratory we will try to fit some
spectral lines, following the criteria and

methods that we have just seen.
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