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R - TheG‘Rmodel‘ . U
YOne of the main hypotlieses when we construcied an old
version qf our-model ‘(rotatwn model), was that the. line’s

‘width 1y (. - effq and we considered
'17 ical’ 1y for the mdependent density regwns e

| In a new- approach of the prlem we also conszder

= I/IOHGXP{_ LS, }"' Z S/iej (1 - eXp{— I—ejégej })}H eXP{_ Lgégg }
g
'T his new | is a syntheszs of tational on’
that we had presented in the old rotational model ™
~ that well defines the random. velocities. This
\' medns that tlge new L has two limits, the first one gives us,
a Gaussian.and the othewgthe old rotation distribution L,




The new calculation
of the distribution functions L

4 N

Let us consider a spherical shell and a point A; in its equator.
If the laboratory wavelength of a
spectral line that arises from
A;is 4,,, the observed wavelength will be A,=4,,+AA, ,
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[ The calculation of the distribution functions L ]

If the spherical density region rotates, we will observe a displacement
A4, . and the new wavelength of the center of the line 2,

is: A=A, £ AL, where Al = A, ZsIng
Z — V rot — A 2‘ rot
C A, sm @

where V _IS the observed rotational velocity of the point A,

This means that A, = A, = A,2sing = A,(1+ zsin @)

and if —§<¢)<§ then =io(1—Zsinga)



If we consider that the spectral line profile is a Gaussian,
then we have:

where k is the mean value of the distribution and in the

case of the line profile it indicates the center of the
spectral line that arises from A,

This means that.

B A=Ay (1-2sin @) ? [A-2,(1-2 singo)]2
1 e { O'\/E } — 1 e_ 202




For all the semi-equator we have

T
9 _[/I—ﬁ,o (1-z sin(p)]2

If we make the transformation sin ¢ = X
A— A1 —2ZX
and u= ol A )
o2

the above function (4) will be transformed and
finally we have the function (5) :




. 10(1 7)

L(A) = j e™ du
Z\/7 A=A (14+2)
o2
[ A=A (1-2) A=Ay (1+12)

o2 af
L(A) =

1
/102\/; A g

J‘° e du — J “du |..(5




The above integrals have the form of a known integral erf(x)
~ X
ys 2
erf(x):—je " du
T

that has the following properties:

erf (— x) = —erf (x)

erf(0)=0

erf(+oo):1 as Xl_i)IBoerf(—l—OO)ZI

erf(—1)=—

erf(x):i( —X—3+ X _ X + \
Jz\o 3.1 520 7.3
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(A=2(=2)\_ o[ A=A(1+2))]
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The distribution function from the semi-spherical region
IS

T

Ve il (A=A Az N (A AE )
Lfinal(ﬂ’) % ’[erf( o [GCOSH erf( o [GCOSQ cosal@d (7)

2

(Method Simpson)

This Lg,,(4) is the distribution that replaces the old
rotational distribution L that

_our group proposed some years ago (Danezis et al 2001). y




<Discussioz>

In the proposed distribution an important factor
Ay Z
V20

This factor indicates the kind of the distribution that fits
the line profile.

IS M=

1. If M=3 we have a mixed
distribution. The line broadening is
' an effect of two equal reasons:

0.60 /

0.40

a. The rotational velocity of A
the spherical region and

b. The random velocities of the ions.
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2. If m =500 the line broadening Is only an effect of the "\
rotational velocity and the random velocities are very low.

In this case the profile of the line Is the same with

the profile that we can produce using the old rotation model

\_

(Danezis 2001, 2003).
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3. Finally, if m<I the line broadening is only an

effect of random velocities
and the line distribution 1s a Gaussian.
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@e column density>

An important point of our study is the calculation of the
column density from our model.

Lets start from the definition of the optical depth:
S
r = [kpds
0

where 7 is the optical depth (no units),

2

cm
)

k is the absorption coefficient (

L),
m

p is the density of the absorbing region (
S is the geometrical depth (cm)
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In the model weset Kk=LQ ,so = I LQpds
0

where L is the distribution function of the absorption coefficient k
and has no units,

€ equals I and has the units of k (Q =1

cm?

gr

We consider that for the moment of the observation and for a
significant ion, k is constant, so k (and thus L and £2) may come out
of the integral. So: s

r=L j Qpds

0

)

We set S

§:jdes

and Tt becomes

T=L¢



<Absorption lines>

For every one of ¢ along the spectral line (henceforth called ¢)
we have that: jdeS = & = Qj pds :> — j ods

We set i=% j;

) contributes only to the units, o, takes the value

. )
For each of 4;along the spectral line, we extract a c; from each c;

The program we use calculates the ¢; for the centre of the line.
\_ This means that from this ¢;we can measure the respective c; .

)




If we add the values of all c; along the spectral line then we
have

T=29 (L),

cm?

which is the surface density of the absorbing matter, which
creates the spectral line.

If we divide o with the atomic weight of the ion which creates
the spectral line, we extract the number density of the

absorbers, meaning the number of the absorbers per square
centimetre

(n=—— (in cm~> ))-



This number density corresponds to the energy density which
is absorbed by the whole matter which creates the observed
spectral

line ( B ( in
model. "W al

erg
2

)) and which is calculated by the

It is well known, that each absorber absorbs the specific
amount of the energy needed for the transition which creates
the specific line.

This means that if we divide the calculated energy density

( _E ) with the energy needed for the transition, we
AW

obtain the column density (in cm™> ).



In the case of the emission lines we have to take into account not
only ¢, but also the source function S, as both of these parameters

contribute to the height of the emission lines. So in this case we
have:

j S
SE == QO ds
ée k ‘(‘)‘ e

erg

where: j is the emission coefficient
/ i ( gr-s-rad- A )
k is the absorption coefficient ( cm- )
gr
p, is the density of the emitting region ( _9'_ )
cm’

s is the geometrical depth (cm)



Weset K=LQ

where L is the distribution function of the absorption coefficient k

and has no units, 2

Q equals 1 and has the units of k ( Q =1 il
gr

)

And J = LeQe

where L, is the distribution function of the emission coefficient j
and has no units,

erg )
gr-s-rad-A

Q  equals 1 and has the units of j (€2, =1

As we did before, in the case of the absorption lines, we may
consider that Q2 may come out of the integral.



LO, LQ, ¢

LQe ijeds = _eL - jpeds

0 0

i L Q
So: SE =2|1Qp.ds=——L1Qp.ds =
0: SE, k! 0. LQ! e

As in the model we use the same distribution for the absorption
and for the emission, L, = L .

S

ife szeds

€ 0

So:  s£ =Q, j p,ds =
0

SE g
Weset o, = Q. :[peds
erg . .
As Q. (=1 )  contributes only to the units,
gr-s-rad-A

o, takes the value of Sce.
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The program we use calculates the ¢, for the center of the line and
the S. This means that from this ¢, and S we can measure the

respective o,
If we add the values of all o; along the spectral line then we have

-

cm

O':ZO'i (in gl’z ),

which is the surface density of the emitting matter, which creates
the spectral line. If we divide o with the atomic weight of the ion
which creates the spectral line, we extract the number density of the

emitters, meaning the number of the emitters per square centimetre

O

_ : -2
AW (in CM ~ ).

N



This number density corresponds to the energy density which is
emitted by the whole matter which creates the observed spectral

line

E . &g o
N (in om? )) and which is calculated by the model.

(

It is well known, that each emitter emits the specific amount of the
energy needed for the transition which creates the specific line.

This means that if we divide the calculated energy density( AW )
with the energy needed for the transition, we obtain the column

density (in CIM ),
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_  . The next presentatlon is about some

important remarks and appllcatmns
- of GR model -
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