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EEENRAER AT e R S
e We point out that with the proposed mogdel
. we cqn study-an¥ reproduce speczf Ic spectral

% lines. - | r
T, his means thut we can study speczf ic denszty
' reglons in the plasma sur‘roundmg the. studled
. ob]ect ' ‘
.. /,/' o // 12 ”*)-( onstruct a seneral mbvdel

- we need to study with the proposed model many
\ densuy reglons that produce. spectral lines of ..
‘different ionization potentlul meaning different
temperuture und thus dlfferent distance from the s

2, e » studied object. . S g
. o i RN,



The Geometry of the model .
. |




Geometry - Rl s :
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| AS we can see the line fu_nctlon of theq}R model has the
form : o T | , g

‘'We have already seen that the'.calcﬁla_tion'.ef ‘the function
. I,: does not de smend . on: the geometry of the absorbing.or

/

- emlttlng 1ndependent dens1ty reglons of matter.

The decision .on m > . geome try IS <:;,x,m||\ Jor. the

alculation of the dis Hll)llIlU[l fune Ill)ll, _l',-l,

%! oy
By deciding on a-different geometry we conclude .];0 a

different analytical form of L., and thus to a ditferent
 shape of .the profile of the spectral hne, 'which presents
$ACs. - T : .

. : - .‘ - L : '-: : . ‘ - .
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| #In order -to decide on the approprlate geometry we took mto _
cons1deratlon the followipg 1mportant facts: ¢

- The spectral line proﬁle is reproduced in the best way When ‘we

. consider .sphe rical symmetry - for the 1ndependent denslty :
regions. .- . . : |
Such symmetry has been proposed [ 1)% many “reseaichers
(Lamers ‘et al.=1982, Bates & Gilheany 1990, Gilheany et al.
1990, *Waldron et al. 1992 Rivinius et al."1997,'Cidale 1998

. Markova 2000) i A .. 1 .

"IOWGVQI‘, [he |m| ene ndeift s yers of JJJ;J['!*;J‘,IWhel_'e a s'pectr-al limre
and its SACs are barn, could lie either around the star, in wisich -
case spherlcal symmetry is Justlﬁed, or at a greater distance.

‘..u om the star. ‘where the spherical symmetry can not be Justlﬁed

- | - '
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(seometry - N L ' i : s .
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1. Independent ‘den81ty reglons of matter |

‘hatlle |r()||ml Prl ,ru

We cons1der the ex1stence of a . classic al-

l)llxrl al symmetry : i
3 , . v : .

‘ . ] Density region producing :
‘SAGs w-—




Geometry - e o :
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| 2 Independent dens1ty regions of matterQrat 11e at a greater

distance from the phgtosphere: We consider the ex1§tence 1

1ndependent density r!glons such as blobs, 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 local spherical symmetry around themselves
- and they form spectral llne proﬂles Wthh are identical with

those deriving from a spherically symmetric structuré. So,

-even if the wensity regions are not spherically symmetrl.c,
through their effects on the line profiles, thely appear s
. spherically symmetriec structures to the obseiver., .
. -\-“. v . b .
obser\-re1j -
‘ ------ D-en-s;t_}; _r_e;g_len _p—r_c;ducmg .
e SAG b




2. The star ejects mass with a specific radial velocity. The stream of
matter is twisted, forming density regions 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 to the outward
moving matter twisting and moving around the star. Some parts of
these streams cut off and form the observed high density regions
(shells, blobs, puffs, spiral streams).

Density regions producing SACs
e
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"+ . Animportant notice

'The proposed line functlon (Ix) can be used for any number of
absorblng 1) § emlttlng regions. This means that it can also be
used in the ‘simple case that. =1 and j=0 or §=0 and j=1,
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 Fadial :and the random velocities, _the optical
depth, the  column density and “the - absorbed or emitted
- gnergy, for all the simple an'd' classical spectral lines in all the

speetralrange ane NS,



L]
. .

. Ve : o | ' — . Sy
-~ The case of many absorption ' -
or emission components.

»
In the GR hne functlon

_ . it
the ﬁn'al 'pl‘oﬁle that is produced by a group, of
absorptlon lines is given by the product of - the: line
functlons Of each SAC - |

On the other hand the final profile that i is produced‘By a

ifoup of emission lines is given by the addition of the llne

nctions of e.h SAC. . - %3 .
B, A -



- The addition of a- group of functions is completely
dlfferent than the muklpllcatlon of functions.
The spectral line prafile that results from the addltlon of .
- aMgroup of functions actly .the with the profile

- that results @& ! ‘of the same _functions.

On the contrary, the product of a group of functlons is.
' | | , qf the same
_ fu_ncti.on_s'. | B | A S
\As 2 result we can use the compos1tlon of functions faor.
the emission=lines, . but not for. a group of absorptum
components. This means that in such a case-we can not .
| refer to the low of revers1on of the spectral lines.

- S .
. '.I.‘ .



‘Fhe'funet-ion I = e 'reproduce&the spectral line

o profile formed by the i density region (profileof one .
y tomponent)

In the case ef the GR !llstrlbutlon functlon, L;is glven )%

. f jof - ej —erf(

rot 19 rand

and S;s We have a different _proﬁle

| ThlS results t('he ENCce off pnly one quadruplet able to

olye the j)‘, it ol the 1 (;l’)_l_l_l;)u_u_u;_l_li- AT

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



& TRRE Fitting Criteria ‘Y
in order.-jo accept as 'F')‘ st. fit of the observed spectral J?JJ‘:,
what is given by thetquadruplet Voo Vosdts Voo &) of

-alPthe calculated SACs, we must adhere to all the

: physlcal erlterla and techmqugs

- As a first step ; . g
| - ) K ' i

It s necessary to have the supe r‘uug]l]urn of the
‘,Umlr 2 rx”lr)ll lll at wye ,III(|\ \,\,Illl (e same I ”I()[l m

- classical gtai- ‘of the same spectral type and
luminesity class, in order to identify the existence’ of

240

spectral - lines that blend. with the-studied ones and’

 thie existend@®Of SACs . - - X . |

J .
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. . . N
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.

. -



ok

The resonance linesy as well as those that '}orl_n in
regions that are closg to e-ac'hj_ot-ner (small ditference in
“iofization' potential), must have the same nuniber of _
"SACs and the same values for V4, V.. and V.
" Besides, in the cases of i 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 :

¢ respectlve 1ntens1t1es

-y The final crlterlon |

The ﬁnal crlterlon t0 accept or reject a best ﬁt 1S tha’t’
the calculated values of the physical parameters should |

not go agam'the classncal physmal theory .




The method to ﬁt a spectral line
s . e
In order to conclude to the group of the parameters

whieh 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).




i 2. In the second method, we consider the ¥
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

rot

fit (Doppler case).




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

*We check the correct number of satellite componéhts that
. . ° ‘ : i -
construct the whole line profile. -

. We try to fit W1th one component We add another one only :
when we see that we cannot fit with .only one component We
keep addmg 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.
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The F-Test between these two cases mdlcates
the best way to ﬁt the speetral hnes.

\?rn N m J"!J-F:';I cannot U-]'\,'tf-,le_l_l_r_l_l[a conclusion .

-

on which case weé should use,

we still could obtain information about the

llmlts of V.. and o.

rot

If the F- Test gives similar values, then the

| a defines the max1mal V., and the
minimal ¢ and the ! ef Cas defines the
yminimal ¥ and the maximal c.

’. = .
s - = )
— L _— - B
. . . a .



The proﬁles of every main spectral line and i€s
SACs are fitted by.the & function, in the case
“offan absorption component Nl S (1—e ™
' case of an emission componqnt

These functlons produce S)’mmetrlcal llne proﬁles.
However, "we know that most of the spectral llnes ¢
" ,that we have to reproduce are asymmetne.

0 hiS fact is I[H erpreted as a systems HH al variation
of * thie luu Trent ‘radial: Iu.(,_l[_l, .0f the demwity
regions where the main ,p,,[_u_l Ime .and its SACS

Vare createdss TR - -
- . - .



In order to approximate those asymmetric profiles we have

chosen a classical method

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

- asgmmetric’ profiles of ‘the spectral line, in a.small number -of
sub-regions, each of whlch is treated as an 1ndependent

absorbing she]l o e
In this way.we can study the varidtion of the dénsity, the radial
.,,,_ il . — B : A 1 . @ . iy ’_"l . &
skt and .the apparent rotation as a function ol tl_'l_w depth 1n
.. , - 2 o B , A N,B e
every region which produces a spectral line with an asymmetric.

- profile. :
\All the above must, be tiken into account durmg the evaluatlon
of our results and one should. not consider that the evaluased
parameters of those sub-regions correspond to - mdependent.
regions of matter; which form the main - spectral line or-its

4 SACs. -

. -
. .
. .
. . .
. . . - .
.
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ln th1s Tase we could use asymmetle d1str1b'ut10ns
(eg Maxwell). This means that we could *it the
observed profile Wlﬁ‘l .an asymmetnc mathemat1cal_

. dgtrlbutmn v

" However, until now we do nqt have an. expressmn of
the distribution functlon L that would co,rrespond to a
Maxwell dlstrlbutlon and which WOllld include
physrcal parameters | | '

U As a result, even if we could fit the observed profile
with a mathematical asymmetric distribution, we

would not be able to calculate any physical parameter.

In order to be able to calculate some phys1cal _'

parameters Qve use the ﬂ)ove mentloned d' way. .
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We suiggest that tile width of the blue wing |, the
» result of the merging ol the profiles m e main
spectrs ol Iifl ancl 'ni" f;,\(';,
)

Thus, the blue wing of gach SAC glves the
apparent-r—otatmnal velocity of the density shell o
* - - . inwhich it forms. '

a2 .

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
(Jauss- (“otational model







A ggudy-of HD 93521 [V spectrtlin (Antoniou etal. 2006) o -
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The UV- Mg 11 resqnalice'.lines’_ibting _(Lyratz

.

i et-al. 2007)

.
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From The ﬁttlng with GR model wocalculated‘the

mentmned physncz\l arameters and we took Some
' statlstlcal conclusmns.

-.‘.

Radial velocities
i i ] i
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{* Statistical Stl:?’ of Si IV resonance lines in the UV spectrum of
| 70.Be stars (Lyratgi et al. 2004, 17" ICSLS)
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Rotational velocities

a' component {b' component ¢’ component] d' component e’ component

'Egi
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Spe ctral subtype

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

Rotational velocities of the density regions
in the chwomosphere

a component b component ¢ componemnt jd component je component

A
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Spectral subtype

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




: Frdin the calculation of the abasle parameters .
. we can study‘th'e relations between theth
| ‘ IV Region | . N V Region

Rotational Velocities (Vrot) - Random Rotational Velocities (Vrot) - Random
Velocities (Vrand) Velocities (Vrand)
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Vrot (kmy/s) Vrot (km/s)

\ The random Veloc1t1es of the CIV and NV dens1ty regions, as a-
function of the"’ﬁpparent rotational Veloc1t1es, in a sample ofe20
7 Qestars:

R ' . r\‘);mv/iml;l-|,t",-l)lg" -1 SCSLS/ ' -‘ G S 1P .
i B il e .
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C IV Region
Rotational Velocities (Vrot) - Radial
Velocities (Vrad)

HD 164794 _ _
-7 \\\ e

i

N V Region
Rotational Velocities (Vrot) - Radial
Velocities (Vrad)

Vrad (km/s)

1000
Vrot (km/s)

1000
Vrot (kmy/s)

g The radial velocities of the CIV and- NV density regions, as a
function of apparent i'otati_()nal velocities, in a sample of 20.0e stars.
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Study of C IV/Sl IV resonance lines in the spe'rum of PG B946+301

(Lvratz et al. ’l)l)I l)” LONY NS [ 1 (. p;;;,ar/ "
-
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Stqdy of C IV/Sl IV resonance llﬂes in the spectrum of PG 1254-1-047

: (Lyr |l/|f» n\ -19* ICSLS-pos rﬁl)m I')
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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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Thank you very much for your attention




