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Fast Access to Neutral Injection Heating Profiles in W7AS
F-P. Penningsfeld

Abstract

A fast code was developed to estimate the heating power profiles of the
neutral injection system for diagnosed shots of W7AS. This code, named
NIPOR, uses a number of data sets of the local power deposition of neu-
tral beams and analytical fits of the total heating efficiency for each
source. These data were obtained by previous runs of FAFNER1, a Monte
Carlo code for simulating the NI heating on W7AS. ;

The main input parameters needed for this estimation are the electron
density ng(r), electron temperature T(r), toroidal magnetic field B,and

the identifiers of the active Nl-sources at the corresponding time t,.
These data are routinely read from the ORACLE data set.

To achieve high flexibility of the available FAFNER1 data, the heating
profiles were not stored direct, but in the form of radially deposited
heating power per source as a function of the normalized variable &(r),
defined as the line-integrated density from the plasma edge to the
centre divided by the the volume of the corresponding shell. The variable
E(r)is normalized to 0<§(r) < 1. The partition of the reconstructed
heating profile p,.4(r) to heating of the ions p;(r) and electrons pg(r) is

then estimated by using the critical energy E..;(r) as a function of Tg(r).

The influence of neutral gas on the global heating efficiency at low den-
sity target plasmas via charge exchange losses is also included.
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1) Introduction

The NIPOR (Neutral Injection Power using ORACLE data base) program
is a fast method of estimating the NI heating profiles p; ¢ 1ota(Tefs) for

shots listed in ORACLE, at times when electron density and tempera-
ture profiles were measured and stored. The results are given in the
form of a plot with listing and an output file for further use.

NIPOR is based on a large number of results of the MONTE CARLO code,
FAFNER1, for the NI heating system on W7AS with two sources firing in
the CO and two sources firing in the COUNTER direction (see Table 1 and
Fig.1). The data of the heating sources are read from ORACLE and, if
ne(r), Tg(r) data at time t,are available, the actual source combination
at t.is identified.

The basic idea for achieving high flexibility in the application of the
available FAFNER1 data is to transform the calculated power density
profiles for some typical target plasmas into normalized heating power
profiles Pj(g) for each source j, where £ is defined by the line density

from the edge a to the effective radius r, divided by the corresponding
volume of the plasma cross-section. In this way, the NI heating profiles
for a wide range of plasma profiles can be computed rather quickly with
an acceptable degree of accuracy within less than 5 sec CPU time on the
IBM compared with about 2 hours for FAFNER1 runs on the CRAY.

Tablel: List of NI sources available on W7AS in phase 1
name short name ID
outer west WBL1 1
inner west WBL3 3
inner east OBL1 5
outer east OBL3 7

The application of NIPOR in a wide field of plasma parameters and
comparison with additional FAFNER1 runs resulted in the inclusion of
some additional parameters to get satisfactory agreement . The list of
parameters actually implemented is given in Table 2.

SEniE




/ﬁ €.15V3 :324N0S . ¥31n0.

:334N0S .Y3NNI.

13553A WNNJVA SY 1A M

03 01314 TvaIo¥0L
03 01314 ¥V INOOK

Y313WIB0TVI SNYO0L 318VAONW

w

43NN 1IN0 ONY SMOT1348

T /ﬂ 00 & 3IAVA

| 1S3IM
1SIM :324N0S .431N0.

If—— x08-IN

\ € ISIM :32UN0S Y3NNI.

Fig.1: Top view of the NBI system for W7AS. In phase 1 two NI sources

are mounted on each box at the positions indicated.



Table2: List of parameters used in NIPOR

parameter meaning range comment

ne(r) electron density [102%m 3] 0.2 --> 3.0 read from ORACLE
Te(r) electron temperature [keV] | 0.150 --> 2.500 read from ORACLE
tc profile recording time [sec] read from ORACLE
Bo toroidal field [tesla] 1.25 , 2.50 read from ORACLE
= active source identifier read from ORACLE
Pday,j day factor per source j 0.90 --> 1.20 input (default: 1.0)
no(a) neutral density on edge 05 --> 25 input (default: 2.0)

[10'%cm 3

In standard application all these parameters are obtained from the
ORACLE data base with the exception of the day-factor of the sources
and the density ng(a) of the neutral gas on the plasma edge, depending

on the vessel condition. Results of the DEGAS code show typically

1.0 < ny(@) < 2.0x101 % cm- 3, hence the default value in NIPOR is 2.0.
The influence of a radial electric field E,4on the fast ion orbits, which

in turn can modify the local and global NI heating, was studied earlier
/2,3/. It was found that for W7AS the NI heating is nearly independent
of E ;4 because the tangential injection generates the fast ions far away

from the loss cone /4/. The radial electric field is therefore not
included in the actual parameter list of NIPOR.

The topology of the magnetic field is given in a 3D grid for standard
rotational tranform x = 0.38, scaled by B, The influence of x on the NI

heating profies has not been included up to now.

In section 2, the evaluated method of reconstructing the heating pro-
files for actual shots from the FAFNER1 data sets is described in more
detail. Section 3 contains the estimation of the ion/electron heating
from the total heating density profile, and section 4 the analytical
representation of the global heating efficiencies.

In section 5 two additional parameters for expanding the code to a

g e



larger range of plasma parameters are described: the influence of
the neutral gas ny(a) on charge exchange losses at low densities and the

variation of the heating efficiency by the high electron temperatures T,
obtained in NI+ECRH heated discharges.

Some examples of the application of NIPOR are given in section 6 and
the results of this fast estimation are compared with explicit FAFNER1
runs, which are not included in the data set.

2) Reconstruction of the heating profile

For a fast estimation of the global and local plasma heating by the
neutral beams in a wide range of plasma density profiles ng(r), results
of the FAFNER1 Monte Carlo program are used to create a data set as a
function of the normalized variable 0 < &(r) < 1, defined by the line
density from the edge r=0 to the effective radius r, divided by the
corresponding volume of the plasma cross-section:

T T
fndl:de
0 0

a a
Indl:]dv
0 0

In this way the variable &(r) combines both the line-integrated density
from edge to centre, which is responsible for the beam absorption, and
the different volume of the toroidal shells, which is needed to calculate
the local heating power density.

(D &) =




Heating power profiles' given as a function of this variable & are more
flexible for application to plasma targets with different density

profiles ng(r). These profiles Pj(g) were therefore calculated from a lot
of FAFNER1 results for each source j, normalized to IPi(!;)dé =1 and
stored as input data set for NIPOR (see Appendix).

To reconstruct the actual heating profile for a given density profile
ne(r) of the target plasma, read in from ORACLE with a radial resolution

of A= 1 cm, the normalized variable &(r) (eq. 1) for this profile is cal-
culated.

The normalized heating power Pj (€), given for five sets of central densi-
ties ng(0), is then interpolated to <Pj(§)>, in accordance with the actual

central density of the plasma target. The power deposition per source is
then

(2) Pnorm'j(re”) = <Pl (§)> renormaiized to I PI'IOI’ITI,j( reff) dre" = 1.

and describes the radial heating profile in relative units. The heating in
absolute units is obtained by multiplying this profile by the heating
efficiency n; (see section 4)andthe standard neutral power per source

Po= 375 kW:

(3) Pheatjlret) = Po M (Jndl,no(a)) Prorm,j(rer)  [W].
The estimated heating power density ppealfess) is the sum over all

sources j active at this moment, divided by the local volumes of the
corresponding plasma shell:

(4)  Preatle) = 2 Pheat,j(Tefd) / V(res) W/iem3]
(5) V() =2Ryn2 (12 - n,2)  with ryp=regt1 [cm].

An example of this method is shown in Fig. 2a-d for two different
target plasmas heated by one source (OBL1). In order to obtain suf-
ficient accuracy, the radial resolution in the dimension of & is a factor
of two higher than the effective radiusr¢.
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3) Estimation of the ion/electron heating

The partition of the total NI heating into electron and ion heating is
recalculated from the total heating power density profile ppgq(r) by

means of the fit formula:

(6) Pion(r) = E-c-mm Pheat(r)
with Borifr) = 14.8 Te(r) A, Ay 2/3
ard E(r) = 6.5 keV + 9.7 Te(r)

The fit for E(r) was obtained from FAFNER1 results for pure NI heating
and combined heating with ECRH in the range 0.150 < Tg(0) < 2.500 keV.

It is standard to use the beam mass A, = 1 and the mass of plasma
particles Ap = 2, corresponding to H%injection into a D*-plasma.

The electron heating profile is then given by

(7) peiec(r) = pheat(r) i pion(r)-




4) Global heating efficiencies

The global heating efficiency of each source on W7AS was calculated
over a wide range of line density of the target plasma by means of the
NI simulation code FAFNER1. For the scan in line density, a typical mea-
sured density profile was used and varied in line density by varying the
central density ng(0) only. These scans were done for full magnetic field

(2.5 T; example: #15021) and for half field (1.25 T; example: #17916).

The FAFNERT results for the heating efficiencies were then fitted for
each source j by /5/

3
(8) T]? = Asj Y, sk( 1- kAL (Ne-As ) e-okne Az,
k=1

with mean density

ndlef

e Besmns
The sum X, adds the three species k of each beam with different
cross-sections oy of the neutral beam species mix given by s,.The beam
parameters s, and o, are set in the EFFHEAT subroutine as well as the
parameter sets Ap, i (m=1,4) of these fits, given for both values of the
magnetic field.
The FAFNER1 results are shown in Fig. 3a-d for each source together
with the corresponding analytic fits for n . The difference is mainly

caused by the different positions of these CO, COUNTER, INNER and
OUTER sources and their influence on the orbits of the injected par-

ticles. The difference of nj°between full and half field target is only

significant for counter beams (WBL1,WBL3).
For low-density targets charge exchange losses strongly increase and
are described by the parameter n (a) (see section 5b), which had the

standard value 2.0x10'%cm- 3 in this data set. In view of such CX losses
and shinethrough losses the lowest accepted heating efficiency was set

at % min = 0.30. At lower values the program stops to avoid excessive
errors.

S 0s
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5) Additional parameters

For the expansion of the code to a larger range of plasma parameters
than described by the standard data set, some additional FAFNER1 runs
were done and the results were fitted in relation to the standard data
set. Two expansions have been made so far:

a) the influence of the high electron temperature on the global heating
efficiency n in discharges with combined heating (NI+ECRH) and

b) the influence of the neutral gas n,(a) on the global heating efficiency
nj,causing charge-exchange losses at low plasma densities.

5a) Combined heating with ECRH

The standard data set for the heating efficiency njo of source j was
calculated for 0.35 < T,(0) < 0.55 keV. For an application of NIPOR to

higher electron temperatures, in NI+ECRH-heated discharges, for
example, a fit formula was derived from the results of some special

FAFNER1 runs to describe the temperature dependence of m; in the range
0.2 keV < Ty < 2.5 keV:

(9)——mHiteni ity
with

(10) frgng = (b -c+/Te(0)) for Jrndlaff < 040 10°° m2 ,

|
frong = 1 for | ndley > 0.40 10°° m2 |

2,038 - 1.700 V Jndlg /[1020m 2] ,
1.664 - 2693 V [ndlg /[1020m 2 .

where b

]

and (¢

nj°describes the efficiency calculated for the standard target
gt



discharge as stored in the data set. The factors b and ¢ depend again on
the line density because the slowing-down times of fast ions are
strongly increased for low-density targets and this fact in turn increa-
ses charge-exchange losses, which means it decreases the global hea-
ting efficiency.

5b) Influence of the neutral gas

The influence of the neutral gas density ny(a) at the plasma edge on the

heating efficiency of the beams is included in FAFNER1 by a three-
dimensional estimation of the neutral gas ny(R,p,z) penetrating into the

actual plasma described by the 3D ng-profile.

Figure 4 shows the reduction of M with increasing ny(a) for various
central electron densities n,(0). Especially at lower densities, this
means ng(0) < 1x1020 m- 3, n(a) shows an increasing influence on n;*
The results for calculated CX losses could be coarsely fitted in the two
dimensional range {ng(0),n,(a)} for 0.7 < ny(a) < 2.5 and 0.2 < ny(0) < 2.0
(ny(@) in 101%cm" 3 and n(0) in 10" cm" 3) by

(1) m; = nj fox with

(12) fox = (C4 + 6o ny(a)) (c3 + ¢4 exp(- c5 nk(0)))

with the parameters

(13) cq= -0.052 C, = 0.526 for B=125T
cy= 0.323 c, = 0.338 for B=250T
and
B (tesla): 1.25 2.50|1.25 2.50|1.25 2.50
(14) inner sources: 0.03 0.06| 2.7 15.8|7.54 10.00
outer sources: 0.02 0.04| 0.8 10.814.70 9.60

s A4




f ox describes a linear variation of the CX losses with ng(a), and projects
the exponential variation of CX losses with ng(0), calculated by
FAFNER1, in the range of the actually assumed neutral gas parameter
ne(a). This fit is used in NIPOR if ny(a) is given explicitly (ny(a) =
2.0x10'%cm3 is standard).

1.0:

0.9 -
0.8 5
0.7 -
06-
05

0.4

 heating efficiency M

0.3

0=

03 1=

0.0 T T ¢ 19171} - T ¢ 1T T eiTf z T T T ¢ T11T1] T T T ¢ T 117
51 1 i0 00 1000

no(a) [1010cm: 3]

Fig. 4; Influence of the CX losses on the heating efficiency m of source
OBL1 by the neutral gas density at the edge ny(a). N is strongly reduced

for targets with ng(0) < 10'4cm 3 and ng(a) > 2x10'%9¢cm-3
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6) Comparisons with FAFNER1 results

The application of NIPOR (or NIPOW, a version of NIPOR using Gauss- or
Lorentz-type fits for Tg,and nyinstead of the data sets read from
ORACLE) was tested for a lot of NI heated W7AS discharges by addi-
tional FAFNER1 runs for these shots. This means that the FAFNER1
results of these runs were not included in the data set used in NIPOR.

Three examples are shown in Fig. 5,a,b,c, where the estimated heating
profiles are compared with the elaborate calculations of FAFNER1
(indicated by crosses for ppe, and triangles for p;y,).

Very good consistency is obtained. Nevertheless, a difference of up to
25% in the inner part (rgs < 0.05 m) may occur, this being caused by the
very small volume of the corresponding shell and the larger statistical
error of the FAFNER1 results in the center . An absolute error bar for
the estimations is in the range of 0.1 W/cm3 over the whole radius.

The global results of FAFNER1 for the heating power to ions and

electrons are also compared and found to be in very good agreement,
better than 10 % in most of the cases.
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Fig.5b: Comparison of FAFNER1 results with the NIPOW estimation for
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Fig. 5¢c: Comparison of FAFNER1 results with the NIPOW estimation for

shot 25133, available in ORACLE at this time. The W7AS plasma

0.349 s by OBL1 only. The plasma

parameters as well as the other data (see table 1) were

obtained from ORACLE direct.

was heated at this time t.
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Appendix

The data sets used in NIPOW/NIPOR are listed on the following pages.
They contain Pp,m for all four active sources (O1,03,W1,W3) of the NI

system on W7AS /phasel for 20 points of the normalized variable &(r).

Sections 1 to 5 refer to the full field results of FAFNER1 (2.5 tesla),
sections 6 to 10 to the half field.
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NI-W7AS / Daten zur Parametrisierung der Heizprofile

Ho -> D+/ 45 eV / 2.5 Tesla /
Ho -> D+/ 45 keV / 1.25 Tesla /

status:
status:

30.11.92
8.12.92

———>> 1- TEil
——— 2. Teil

DATA : normalized Pheat versus normalized ndl/Fi for 01,03,Wl1,W3

1.) ne(0) = 0.30 10eld cm-3

norm. ndl/Fi

HOOOOODOOCOOOOOOOOOOO O
3 s 5
7 3
o

2.) ne(0) = 0.42 10el4 cm-3

norm. ndl/Fi

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
- 0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

01

.0000
.0023
.0045
.0114
.0204
.0341
.0500
.0636
.0795
.0932
.1090
.1318
.1568
.1795
.1932
seltdi32
.1750
.1477
023
.0568

=00}k

.0000
.0000
.0023
.0068
.0136
.0227
.0341
.0477
.0659
.0840
.1136
.1500
.1770
.2000
.2090
.2045
.1886
.1500
.1023
.0568

/av2reb 08
03

.0000
.0000
.0030
.0136
.0250
.0410
.0568
.0727
.0910
.1090
.1295
.1522
.1705
21982
.1931
.1750
.1430
.1090
.0750
.0450

/o255
03

.0000
.0000
.0045
.0182
.0432
.0523
L0727
.0909
.1081
.1250
.1410
.1500
.1636
L1727
.1750
.1730
.1500
.1136
.0704
.0386

oD

Wl

.0000
.0010
.0023
.0136
.0250
.0409
.0568
.0682
.0750
.0841
.1023
.1364
.1636
.1841
11:932
<1932
.1818
.1477
.0977
.0523

Wl

.0000
.0000
.0001
.0068
.0216
.0364
.0523
.0682
.0841
.1091
.1318
15243
.1659
.1773
.1682
.1432
.1227
.0977
.0682
.0432

W3

.0000
.0023
.0057
.0114
.0205
.0341
.0450
.0614
.0750
.0932
.1090

+1:3:1:8;

.1568
.1795
.1932
+1:932
.1750
.1477
<1023
.0568

W3

.0000
.0023

.0068

.0091
.0227
.0386

20727 -

.0955
.1181
.1363
.1522
.1590
.1648
.1636
.1614
.1522
.1295
.0909
.0591
.0341

reff-Param
0.176

ne(0)-Param
0.30

reff-Parameter
0.176

Param. .’
0.42




'3.) ne(0) = 1.00 10el4 cm-3  / 2.5 T reff-Param

0.17¢

- norm. ndl/Fi 01 03 Wl W3 ne(0)-Param’

1.00
0.05 .0000 .0000 .0000 .0000
0.10 .0000 .0000 .0000 .0023
0.15 .0023 .0022 .0023 .0068
0.20 .0090 .0057 .0068 .0318
0.25 .0255 .0159 .0205 .0659
0.30 .0455 .0318 .0455 .1000
0.35 .0800 .0545 .0795 .1318
0.40 .1022 .0727 .1205 .1455
0.45 L1272 .0955 .1455 .1545
0.50 .1480 .1204 .1545 .1545
0.55 .1680 .1455 .1591 .1523
0.60 .1680 L1660 .1568 L1477
0.65 .1680 1727 si5258 .1432
0.70 .1610 .1727 .1466 .1364
0.75 . .1500 .1660 - .1341 .1273
0.80 .1360 .1613 .1182 .1159
0.85 .1160 . 1455 .1000 .1000
0.90 .0930 .1204 .0727 .0795
0.95 .0680 .0841 .0454 .0477
1.00 .0386 .0489 .0227 .0227

4.) ne(0) = 2.44 1l0el4 cm-3 255 AT reff-Param

0.187

norm. ndl/Fi 01 03 w1l W3 ne(0)-Param

2.44
0.05 .0000 .0000 .0000 .0000
0.10 .0023 .0000 .0000 .0045
0.15 . .0114 .0040 .0113 .0159
0.20 .0341 .0114 .0368 .0341
0.25 .0682 .0023 .0841 .0682
0.30 <1022 .0545 .1455 .1364
0=35 E .1360 .0818 .1818 .1932
0.40 .1700 .1023 .1841 .2295
0.45 .1930 .1341 .1705 .2250
0.50 .1980 .1636 .1500 .1886
0.55 .1930 .1773 .1341 .1545
0.60 ; .1820 .1795 .1182 .1250
0.65 .1477 .1750 .1023 .0977
0.70 .1136 .1477 .0932 .0795
0.75 .0910 .1227 .0841 .0614
0.80 .0680 .1000 .0750 .0500
0.85 .0545 .0818 .0591 .0352
0.90 .0364 .0682 .0409 .0227
0.95 .0250 .0432 .0273 .0136
1.00 .0136 .0204 .0114 .0068

SR




5.) ne(0) = 2.66 10eld cm-3

norm. ndl/Fi

~FOO0O0O0O0OO00OO0OO0O0O0O0O0O0OO
‘ FE
o
o

6.) ne(0) = 0.34 10eld cm-3

norm. ndl/Fi

0.05
0.10
0.15
0.20
0.25
0.30
0.35
0.40
0.45
0.50
0.55
0.60
0.65
0.70
0.75
0.80
0.85
0.90
0.95
1.00

ol

.0023
.0114
.0455
.0909
.1477
.19089
.2000
L1977
.1886
.1727
.22
.1320
.1160
.1040
.0860
.0700
.0560
.0410
.0250
.0114

(0]}

.0079
.0205
- .0261
.0295
.0330
.0375
.0432
.0568
.0727
.1023
1272
.1500
.1727
.1841
.1840
SR
.1636
.1386
.0955
.0432

/2
03

.0023
.0090
.0250
.0523
.0818
215703
.1523
53 ETIIS)
.1818
.1750
.1636
.1500
.1386
.1250
.1136
.0977
.0795
.0591
.0386
.0227

£zl
03

.0068
.0204
S .0261
.0341
.0398
.0511
.0489
.0727
.0841
.1023
.1250
.1455
.1602
.1682
.1750
.1730
.1591
.1182
.0841
.0511

o0

S5
Wl

.0045
.0432
.1022
.1705
<1977,
.2068
.2000
.1750
.1477
.1136
.0954
.0954
.0100
.09177
.0910
.0750
.0591
.0455
.0284
.0159

W3

.0023
.0409
0795
L2227
.2410
.2410
PN
.1932
.1591
.1364
.1045
.0795
.0182
.0523
.0432
.0318
.0227
.0148
.0090
.0045

reff-Param
0.169
Param
2.66

25T - xxxxkkkkkkxk**x*x yreff-Param

Wl

.0009
.0250
.0386
.0477
.0545
.0591
.0636
.0750
.0909
.1068
.1227
L1386
.1500
.1636
.1727
.1727
.1500
.1182
.0818
.0432

W3

.0068

<0227

.0364
.0477
.0568
20591
.0682
.0795
.0977
.1136
L1272
.1591
.1682
.1704
.1636
.1500

. .1250

.1022
.0704
.0454

0.178
ne(0)-Param
0.34




7.) ne(0) = 0.68 10eld4 cm-3

norm. ndl/Fi

.05
.10
.15
.20
.25
.30
=39
.40
.45
.50
SR
.60
.65
.70
=15
.80
.85
.90
.95
.00

HOOOCOO0O0OO0OO0OO0OO0OOOOOOOoDOoOOO

8.) ne(0) = 1.02 10el4 cm-3

norm. ndl/Fi

.05
.10
=15
.20
e 25
.30
.35
.40
.45
.50
so5
.60
.65
.70

OO0 oOO0COOCOOOCOoOOoOOoO

01

.0091
.0200
.0295
.0363
.0454
.0545
.0682
.0818
.1023
.1205
.1477
.1818
.1886
L1773
=151
.1364
.1113
.0886
.0636
.0341

01

.0023
.0114
.0159
.0227
.0318
.0455
.0636
.0841
.1091
.1295
.1568
.1750
.1818
.1795
.1704
.1500
1029
.0909
.0590
.0318

/ 1.257

03 M1

.0068 .0090
.0227 .0341
.0318 .0545
.0409 0682
.0477 .0772
.0568 .0909
.0682 .1000
.0841 11136
L1131 .1216
.1318 ~1:37:8
.1500 .1364
.1636 .1398
.1681 .1398
.1636 .1363
.1545 7/
.1386 .1182
.1204 .1045
.0955 .0864
.0659 .0591
.0341 .0295

/- 1.25%

03 Wl

.0023 .0114
.0091 .0250
.0181 .0454
.0227 . - .0614
.0341 .0818
.0454 .1000
.0591 .1159
.0818 .1341
.1022 .1454
.1250 .1500
.1454 .1500
.1669 .1480
L1773 .1432
1773 .1341
.1705 .1159
.1500 .1034
.1295 .0818
L1091 .0636
.0705 .0386
.0386 .0205

05

W3

.0113
.0341
.0523
.0682
.0841
.0954
.1068
5159
.1250
.1318
.1409
.1466
.1500
.1500
5152503
.1045
.0841
.0636
.0432
.0250

W3

.0159
.0522
.0795
1l0272
.1159
<271938
.1227
.1273
.1295
o134
.1341
.1318
.1227
.1068
.0932
.0841
.0682
.0545
.0386
.0250

reff-Param

0.178
ne(o)-Param
0.68

reff-~Param:
0.178
ne(0)-Param
1.02




9.) ne(0) = 1.36 10el4 cm-3 £ 15250 reff-pPafam

0.178
norm. ndl/Fi Ol {03 Wl W3 ne(0)-rParam
1.36
0.05 .0011 .0068 .0114 .0136
0.10 .0114 .0136 .0545 .0500
0.15 .0182 .0205 .0841 .0795
0.20 .0273 .0295 .1023 .1022
0.25 .0341 .0364 .1159 .1182
0.30 .0477 .0500 .1160 51318
0.35 .0636 .0659 .1136 .1420
0.40 ! .0886 .0795 .1136 .1500
0.45 .1091 <097 a1 A7 .1500
0.50 .1364 .1227 .1159 .1409
0555 .1636 .1500 .1182 .1341
0.60 Pl 57 1 1 .1647 .1205 .1227
0.65 7 .1818 .1750 .1216 .1136
0.70 .1818 .1795 .1227 .1023
0.75 .1750 .1682 .1148 .0864
0.80 .1545 .1477 .1034 .0727
0.85 .1136 L1227 .1023 .0568
0.90 .0818 -1000 .0841 .0432
0.95 .0500 .0727 .0523 .0273
1.00 .0273 .0409 .0329 .0136
10.) ne(0) = 1.80 10eld cm-3 /=125 reff-Param
0.178
norm. ndl/Fi- o1 03 1281 W3 ne(0)-Param
1.80
0.05 .0023 .0045 .0182 .0204
0.10 .0114 .0125 .0682 .0795
0.15 . .0216 .0205 .0909 L1205
0.20 .0318 .0295 .1045 .1477
0.25 .0455 .0386 1113 .1682
0.30 .0591 .0523 .1205 .1795
0.35 .0773 .0659 .1227 .1830
0.40 .0932 .0841 31227 .1659
0.45 .1182 .1091 .1227 .1364
0.50 .1432 .1363 .1216 .1136
0.55 1591 .1591 .1205 .0909
0.60 .1659 .1705 .1205 .0841
0.65 .1681 .1750 .1170 .0826
0.70 .1659 .1705 .1113 .0795
0.75 : .1568 .1636 .1068 .0705
0.80 .1364 L1477 .0954 .0614
0.85 e 11136 .1227 .0795 .0523
0.90 .0841 .1000 .0636 .0443
0.95 .0545 .0610 .0432 .0295
1.00 .0307 .0295 .0193 .0136
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