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Abstract

Assuming rotational symmetry and a local Maxwellian

(and thereby neglecting particle drifts) energy spectra
have been calculated for i) asymptotic conditions

E/T02$> l,E/To<K 1 (To = peak ion temperature) ii) model
profiles for plasma density and temperature as well as
neutral atom concentration. For plasmas extending several
mean free paths in radius an energy is estimated around
which T, may be preferably obtained as the inverse loga-
rithmic derivative of the flux sepctrum.

The results indicate that collection of a significant
number of particles in the Maxwellian tail (E > 8 To)
should allow a fairly accurate determination of T, even
if the hot region is separated from the outside by many
mean free paths.
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Introduction

In the research directed towards thermonuclear fusion the
diagnosis of the spatial and temporal behaviour of the ion
temperature is one of the fundamental tasks. Considering
in particular Tokamaks, the most powerful method used at
present is the analysis of the small sample of ions which

succeed in escaping from the magnetic trap via the process
o 2 . as ;
H () + H(w) —> H (w) + H(w)

in which an electron changes its nucleonic partner. With
increasing size and plasma density in present-day Tokamaks
this method becomes limited by the burn-out of the neutral
target as well as by reabsorption of the neutralized ions on
their way towards the plasma surface. Therefore, without
further analysis, one may be sceptical about obtaining in-
formation from the plasma center whenever the plasma radius
is considerably larger than the attenuation length and at
the same time the density of neutrals has decayed by several

orders of magnitude from the plasma edge to the hot core.

The situation, however, may be not quite as hopeless as it
looks at the first glance provided that the distribution
of the ions is Maxwellian (or that deviations are calculable

and do not lead to severe distortion of the high energy tail),

In contrast to previous studies of this topic based on the
Boltzmann equation /1/ /2/ which suffered from the neglect
of the temperature profiles the following analysis is purely
phenomenological and ignores almost completely the physical
origin of the profiles discussed. In this respect it re-
sembles the treatment of a selected case given in /3/. How-
ever, by establishing explicitly the asymptotic shape of the
energy spectrum and by treating a variety of model profiles

its main purpose is to remove some of the uncertainty so far




encountered in the interpretation of experimental data
obtained from dense plasmas /4/.

Energy distribution at Origin

Introducing
E (x) for the energy of hydrogen ions (or atoms)
n (x) for the density of hydrogens ions (assuming ni==ne)
H (x) for the density of hydrogens atoms
T () for the ion temperature (assuming Te== Ti)
G (E) for the cross-section for charge transfer
(s v> for the charge exchange rate averaged
over the distribution of relative velocities
= 2 =
Voi = Vg = Ve mgv /2 = E
<G‘@E for the ionization rate averaged over the
distribution of relative velocities
= 2, _
Voe = ivo - vel, mv, /2 = Te/3

We can write the number of neutrals produced per second
in d% dE as

'/.2 -E/T

i 5 E) dE o B i
= 0 |e— — n<6_' 7 — u_‘i_
& Jo VF'( T Q v
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Absorption

On their way to the plasma surface these fast neutrals will
be attenuated (primarily by charge exchange but also by
ionization processes). Introducing an effective cross-sec-

tion for attenuation by

G, = ("hAY ' = (<5 + <NV _. (2

[\ %]
—




we can define an attenuation factor

Acra) = e&«)'? C o 8Cr) = ;dr'/)\_ , Scar=p(e) (3)

J

L

in which s measures the particles distance from r = o in
units of its mean free path. We call e = s(a) the "absorp-
tion radius" of the discharge.

Approximation: The following "cold target"-approximation
will become convenient

E>2FT A LoV s &= BnY .

S ~ o ;(ndr' (4)
The "temperature" of the neutral gas must be considerably
below T over large regions of the discharge. For this reason
the error introduced by the above approximation will remain
modest even where the condition E > T is violated. We shall
accept it troughout in this paper.

Energy distribution of emerging atoms

We assume a local Maxwellian and evaluate the flux of hydro-
gen atoms which leaves the plasma from a surface element dO
into a narrow cone d$2 around the diameter by summing up
all the attenuated contributions (1):

3 d52
Ol¢ = L—‘.? dOdja

where

PfAuo)H<s'v>n_-E/T (5)

za. Te
v_(f-) :F_ch ;

From now on we are going to study the result of the integration
(5) under special conditions.

e Jo




Analytic treatment of limiting cases

Next we want to consider cases in which the integral of
eq. (5) can be carried out analytically. Apart from the
trivial case of an isothermal plasma, expansions can be

made for low and for high energies which lead to elemen-
tary integrals.

a) T() =P(0) : =T, (isothermal plasma): From egs. (3)

and (5) Vs — E/E a
- -¢
d7 =<2 E)e L [aHnar ()

To
Here the attenuation has been split into a part re-
ferring to r=0 and an odd and an even remainder:

Alra)y=2 (A +A,); A =Shs,A,=Chs (3)

of which only the latter contributes to the integral.

b) EI$>TO (asymptotic behaviour at high energies) : We
note that the integrand of eq.(5) becomes more and
more peaked around r = o when E increases towards
large values. An expansion of the type

- - -2 I
T A “3_g (KA W dTiehet) Lo
e ALHAT = H,nT, e e * :
(8)
where
-z HIf =2 il -2 1"
— = — vod = — X = =
= E/T h =5 (r_,o, = {,”; t=zf

allows analytical integration between limits r=1 &0
yielding ( & 7 1)

3/ g V2 -p-£ S
dJs 3 Lo =3 _ el t s
TE = 2. ft] H°W°<fv) ( & 'f,) e 2 5 £ = £ _’:’. o =) ?)

where the energy dependence is described by the last
four factors. For non-inverted temperature profiles




t2 is negative by defintion, hence & can become con-
siderably larger than unity.

We can use eq.(9) for a qualitative discussion of the high
energy tail of the flux spectrum. The factor exp(- ¢ ) has

the effect of a "high pass filter" which attenuates the high
energy tail of the spectrum less heavily than the lower ener-
gies, whereas the factor in front of it has the opposite effect
of enhancing the energies close to E1== El To at which the
approximation breaks down. Between the two regions an energy
usually exists at which the logarithmic plot of the flux
spectrum has just the "right" slope which corresponds to the
exponent -E/TO. Making use of egs.(3), (4) and (9) this energy
is given by

x ! - ) P)}f
¥ = ¢ CJ‘P(E*‘)-*-:; +1) "X g (10)

(In (10) we have used the power laws <3‘AGC E-0'35

<5\J>QCEO'25 as an approximation for energies relevant

to Tokamak experiments).

An alternative expression for the high energy tail of the
spectrum is obtained by the use of

H -
AR 5
as an approximate description of the atomic profile in

the central region of the discharge. The choice (11) can

be motivated to some extent by the similarity of the ab-
sorption for the bulk of incoming atoms with the absorption
of outgoing atoms of energy E as described by egs.(3) and (7).
In place of Eq.(9) we obtain

7 Z
/2
xI:/z

-~ £ E-£&L "P'E'
a7 3/ = ”zea + e
I = 2 It Hn s (== &z) 2 = ¢12)




where !
T l

& .-_.-...—E- P4 = .‘E_-r__-

z 2 g%+ ) * h 7L

The break-down of the approximation is now shifted towards
the lower energy"szo. The advantage over eg.(9) is re-
lativated, however, to some extent because the region of
validity is approached less rapidly by eq.(12) (Fig.l).

c) E AfTa4< To (asymptotic behaviour at low energies)
No experimental evidence seems to exist so far for
this case due to the difficulties to detect and
analyze neutral atoms at energies below 150 eV. We
nevertheless want to derive approximate expressions
for this part of the spectrum as well.

Due to the fact that the neutral gas concentration decreases
steeply at the plasma edge, contributions to the low energy
end of the spectrum come almost entirely from the vicinity

of the plasma surface. The expansion
- = -1 R
-3/, -2 E (¥ r= )§
AH<6-V>V}T = “a<ﬁ—v>hq7;_ e e *

(13)
where
-l -f (Hhﬂ"v}) 3T

'%E(r_q))' g E;I q) [Y‘ [ Hnisey ]

re=a
< O
may be integrated between the limits ? =0 and E = 00(1n~
stead of E o and ?— 2a) as long as-(a)- +-.r "C )>> a’
yielding P
dE _= - Eg?
djo Hahq<6_ % \/_(T) s ‘A’_'*'TE.- | T< i <”+)

Eg. (14) predicts a maximum which is located at

E ~ T, for T > 4l¢f

max C(S)
Epmax £2Ta for T2 4 )




From eqgs. (14) and (15) we conclude that the position and
the absolute value of the maximum will be determined mainly
by the ion temperature and the concentration of hydrogen
atoms close to the plasma surface - which is exactly what we
expected.

The asymptotic spectra of equs.(9),(12) and (14) are shown
an Fig.l.

Calculations made with model profiles

Egs. (13) and (16) demonstrate that at energies somewhat
above E;To the shape of the spectrum becomes independent
of the details of the profiles and - except from <(ov> -

is influenced only by the energy dependence of .p(E). The
easiest way to determine the peak ion temperature would
then be to make use of this simple asymptotic behaviour.
In practice, however, one has to struggle against the ex-
ponential decrease of counting rates which often have the
tendency to become burried in background noise (for example
due to g -radiation). For plasmas for which a/ﬁ.oJ> 1 this
makes it necessary to use a part of the spectrum which is
still influenced by the plasma and neutral gas profiles in

the vicinity of the axis.

In order to estimate roughly the magnitude of corrections
necessary to compensate this influence we have computed

flux spectra using profiles of the following kind:

5 LIRS g
n(x) = n_cos —- v = 0, 1
;o )
T(x) = Tocos mpd- 3 = a0y 145, 2.0 (fé)
— E —1 —
H(x) = H_Ch Ny = x\(fro) 0.7 h

The decay length h of the atomic profile has been coupled
to the mean free path for atoms of energy E = To and chosen
to be roughly VE-AQ, . The choice of a coupling factor




close to this value was advocated by numerical results ob-
tained with the Diichs code /5/ as well as by a more detailed
consideration of the atomic diffusion /6/f)

It is evident that the quantities ;Lo and h cannot be in-
dependent since ?Lo characterizes the attenuation of out-
going atoms of energy T, whereas h plays a similar role for
the bulk of incoming atoms of somewhat lower energy. The
latter circumstance. could suggest to take h < 3.0, in con-
trast to the choice made above. On the other hand "diffusive"
charge transfer collisions dominate over "absorbing" ionizing
collisions and lead to representative ratios‘}Lb/h < I, Yt
we cannot deny that there remains some degree of arbitrariness
in the fixation A_°==0.7 h which therefore should be réplaced
by a more detailed analysis /6/ for quantitative applications.

Of course, the simple expression used for the atomic profile
can only describe the central region in a satisfactory manner.
On the other hand we may neglect the distant regions as long
as we only want to describe the high energy tail of the spec-
trum correctly.

The cross-sections used in the numerical calculations are

-5 — iy
G/emnm = 210 C‘Ef'keif) ) ([})
- 5 — - I /ey —if2
= . =/k - E/k
Salem?: = 2016 " [(E/ke) "+ .36 (E/kev) ]
The second term in GTA which describes ionization is about
50 % higher than the value for ionization from ground state
with Te==Ti==T . We justify this enhancement by the fact
that in an actual Tokamak plasma ionization tends to be in-
creased by i) the possibility of ionization from exited
states ii) the possibility of Te ;>Ti iii) the presence
of impurities which make n, > n, = n.

)To demonstrate the dependence on the coupling factor.
Tables la and 2a have been calculated far11=ﬁb




Results obtained from calculations with model profiles are
shown in Figs.2 and 3. They illustrate the effect of in-
creasing absorption radius and of the influence of the para-
meters f*, Y and To on the spectrum. In Fig.4 comparison
was made with a Diichs code simulation /4/ /5/ of a PULSATOR
discharge with pulsed gas inflow (crosses). The agreement

is good. From inspection of these figures one also concludes
that whenever 81 >> 1 is satisfied, this quantity can re-
place & f serving as a useful criterion for the energy at
which To may be obtained from the logarithmic plot of the

neutral flux spectrum.

From Tables 1 and 2 the deviations of the flux spectrum from
a simple exponential law are obtained in the form of the

quantities
— _E/T
Q= e OdJo/d(E/‘ro)<G" v> _H_n_ado (18)
and
J _(B)
-1 -1 o' n
R=ET /T, -1 with T = E_"1In -5
o’ "¢ ] n Jo(2En) (19)

where the latter is the correction that would have to be
applied in order to obtain the value of T, from the portion

of the flux curve which lies between En and 2En' Table 3

gives a summary over all the expressions used in this paper

to describe the flux spectrum. Table 4 has been extracted from
Table 2 after rescaling to the "slope temperature".

Conclusions

From the results obtained we conclude that as long as there
are no serious distortions of the Maxwellian distribution,

and the density and temperature profiles are conventional
determinations of the peak ion temperature should be poss-
ible even if several attenuation lengths have to be traversed.
It is then necessary to collect as many energetic atoms as
possible by maximizing the acceptance and the (stripping-)
efficiency of the analyzer. If pulsed gas admission is used
during the discharge the plane of observation should be close
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to the orifice. Serious distortions of the Maxwellian arise
from high frequency or injection heating, distortions can
also be caused by trapped particle drifts /7/.

For dense and/or large plasmas for which a/A o 7 3 it is
recommended to consider the asymptotic form of the spectrum
rather than the isothermal approximation in order to derive
the peak ion temperature.
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a
E .8 =1 /2

v T - 2. 4, 10. 20.
1.0 5.19E-01 4.61F-01 1.29E+00 1.92F+02 5.18F+76
2.0 6.33E-01 3, 76E-01 5.59E-01 2.78E+01 2.15F+05
1.0 4.0 8.45E-01 3.936-01 2.69E-01 3.10E+00 4.46E+03
5.0 1.17F+00 5.22F-01 1.91E-01 3.51E-01 5.56FE+01
1640 1.62E+00 7. 73E-01 2.26E-01 6.48E-02 £.54E-01
1.0 3.91€-01 2.46E-01 1.60E-01 1.01F+01 2.41E+04
2.0 4.91E-01 2.21E-01 1.69E-01 1.46E+00 8.52E+02
3 1.5 4.0 6.73E-01 2.67E-01 1.02€-01 2.02F-01 1.97E+01
8.0 9.44E-01 3.91E-01 1.00E-01 3.62E-02 3.95E-01
16.0 1.31E400 6.07e-01 1.52E-01 1.32€-02 1.226-02
1.0 3.18E-01 1.55E-01 1.35€6-01 9.18€-01 2.49F+02
2.0 4,12E-01 1.56E-01 7.33E-02 1.65E-01 1.13E401
2.C 4.0 5.T4E-01 2.09E-01 5.55E=-02 3.14E-02 3.95F-01
840 8.126-01 3.24E-01 6.91E-02 8.T4E-03 L.47E-02
16.0 1.13E+00 5.15E-01 1.19€-01 5.31E-03 1.03E-03
1.0 6.27E-01 4. 33E-01 7.13E-01 2.15E+01 3.20E+04
2.0 7.98E-01 4.36E-01 3.95E-01 4.48E+00 2.23E+03
1.0 4.0 1.06E+00 5.28E-01 2.65€E-01 8.136-01 9.375+01
8.0 1.43E+00 7T.31E-01 2.64E-01 1.71E-01 2.99E+00
16.0 1.92E+00 1. 06E+00 3.6TE-01 6.41E-02 1.22E-01
1.0 5.05E-01 2.78E-01 2.69E-01 2. 14E+00 4.57E+02
2.0 6.44E-01 2.98E-01 1.62E-01 4.61E-01 2.92E+01
7 1.5 4.0 8.63E-01 3.93E-01 1.356-01 1.04E-01 1.43E+20
8.0 1.17E+00 5.T72E-01 1.70E-01 3.33E-02 7.38E-02
16.0 1.57E+00 B.4TE-0L 2.70E-01 2.24E-02 6,85E-03
1.0 4,28E-01 2.00E-Cl 1.28E-01 3.42F-01 1.32€+01
2.0 5.52E-01 2.32E-01 8.90E-02 8.81E-02 1.06E+00
2.0 4.0 T.44E-01 3.23F-01 8.94E-02 2.62E-02 T.52E-02
8.0 1.01E+00 4.84E-01 1.30E=01 1.23E-02 £.65E-03
16.0 1.36E+00 7.26E-01 2.22€-01 1.25E-02 1.23€-03
1.0 6.96E-01 4.52E-01 5.80E-01 9.05E+00 4.08E+03
2.0 8.92E-01 4.B8E-0L 3.64E-01 2.2%E+00 3.63E+02
1.0 4.0 1.18E+00 6.17E-01 2.87e-01 5.11E-01 2.13E+01
6.0 1.5TE+0C 8.56E=-01 3.23E-01 1.43E-01 1.05F+00
16.0 2.07E+00 1.22E+00 4.65E-01 7.38E-02 7.29E-02
L.0 5.72E-01 3. 08£-01 2.50E-01 1.20E+00 9,57€+01
2.0 7.30F-01 3.53F-01 1.72e-01 3,08E-01 8.03FE+00
1.1 1.5 4.0 9. 64E-01 4. 13E-01 1.65E-01 8.70E-02 5.59E-01
8.9 1.28E+0C 6. T9F-01 2.22e-01 3.66E-02 4.42F-02
1640 1.69E400 9.82E-01 3.52E-01 3.196-02 6.66E-03
1.0 4.93E-01 2.34E-01 1.33E-01 2.43E-01 4.32E+400
2.0 6.30E-01 2.83E-01 1.04E-01 7.3BE-02 4,48E-01
2.c 4.0 8.34E-01 3.95C-01 1.17E-01 2.T1E-02 4.42E-02
6.0 1.11E+00 5. T9E-01 1.76E-01 1.63E-02 5.79E-03
16.0 1.47E+00 8. 456-01 2.94E-01 2.00E-02 1.62E-03
1.0 7.93E-01 4.92E-01 4.85E-01 3.69E+00 4,56E+02
2.0 1.02E+00 5.73E-01 3.576-01 1.12E+00 5.46E+01
1.C 4.0 1.33E+00 7.47E-01 3.37€-01 3.36E-01 4.T5E+00
B.0 1.T4E+0C 1.03E+00 4.21E-01 1.32€6-01 3.92E-01
16.0 2.26E+00 1.43E+00 6+1TE-01 9.79E-02 5.05E-02
1.0 6.66E-01 3.62E-01 2.43E-01 6.72E-01 1.88E+01
2.0 8.42F-01 4.36E-01 1.97€-01 2.14€E-01 2.19E+00
2.0 1.5 4.0 1.09E+00 5.88E-01 2.17E-01 7.93E-02 2.30E-01
8.0 1.43E+00 R.26E-01 3.08E-01 4.61E-02 3.00E-02
16.0 1.85E+00 1.16E+00 4,80E-01 5.22E-02 7.82E-03
1.0 5.81€-01 2.88E-01 1.46E-01 1.77e-01 1.40E+00
2.0 7.33F-01 3.61E-01 1.33E-01 6.59E-02 1.98E-01
2.0 4.0 9.49E-01 4.99E-0L 1.65E-01 3.11E-02 2.86E-02
8.0 1.24E+00 7.09E-01 2.52E-01 2.49E-02 5.90E-03
16.0 1.60E+00 1.00E+00 4.05€E-01 3.67€-02 2.66F-03

Table 1
E/To
Q=e 47 /4 (:/‘ro) <G v>, Hn ado
( = normalized fluxe .E/To)
gorntag !
o

density profile: flat
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Q
Ts ,3‘ En Ao

PR, - '1. Ze 4. 10. 20.
1.0 6.15E-01 6.1BE-01 2.26E+00 T.68E+0? 6.04E+07
2.0 8.56E-01 6.67E-01 1.42E+00 1.93E+02 S5.42E+ 76
1.C 4.0 1.18E+00 7.82E-01 8.79E-01 3.35E+01 2.26E+05
8.0 1.60E+00 1.01F+02 6.69E-01 4,88E+00Q- 4.73E+03
16.0 2.13E+00 1.37C+00 7.12€E-01 B.95E-01 7.33E+01
1.0 5.4TE-01 4.68E-01 1.20E+00 ' 1.64E+02 3.41F+96
2.0 7.28E-01 4.,8TE-0L 6.80E-01 3.11E+401 1. 79F+05
3 1.5 4.0 9.81E-01 5.86E-01 4.39E-01 4.85C+00 §.23E+03
8.0 1.32E+00 T.84E-01 3.96E-01 8410E-01 1.06E+02
16.0 1.75E+00 1.09E+00 4.95€E-01 2.24E-01 2.46E+C0
1.0 4.90E-01 3. 65€6-01 6.85E-01 4.03E+01 2.35E+05
2.0 6.40E-01 3.856-01 3,86E-01 7.11E+00 1.02E+04
2.0 4.0 8.56E-01 4.80E-01 2.75€E-01 1.18E+00 2.91E402
8.0 1.15E+00 6.60E-01 2.8TE-01 2.46E-01 7.30E+00
16.0 1.52E+00 9.33E-01 3.95E-01 9.90E-02 2.T9E-01
1.0 6.96E-01 5.61E-01 1.08E+00 6.31E+01 2.29E+05
2.0 9.83E-01 6.9TE-01 8.49E-01 2.16E401 3.21E+04
1.0 4.0 1.356400 9.04E-01 7.07E-01 5.T7E+400 2.49E+03
8.0 1.81E+00 1.21E+00 7.21E-01 1.48E+00 1.21FE+02
16.0 2.36E400 1.64E+00 9.00€E-01 5.33E-01 5.60E+00
1.0 6.35E-01 4.63E-01 6.81E-01 1.92E+01 2.41E+04
2.0 8.53E-01 5.54E-01 4.9TE-01 5.30E+00 2.21E+03
g 1.5 4.0 1.14E+00 7.19€-01 4,36E-01 1.33E+00 1.34E+02
8.0 1.50E+00 9. 7SE-01 4.98E-01 4.01E-01 6.8TE+CO
16.0 1.95E+00 1.33E+00 6.T8E-01 2.12E-01 4.85F-01
1.0 5.81E-01 3.89E-01 4.49E-01 6.55E+00 3.01E+03
2.0 7.61E-01 4.65E-01 3.32E-01 1.72E+00 2.41E+C2
2.0 4.0 1.00E+00 6.11E-01 3.16E-01 4,65E-01 1.49E+01
8.0 1.31E+00 8.37E-01 3.93E-01 1.74E-01 9.53E-01
16.0 1.6S9E+00 1. 15E+00 5.62E-01 1.256-01 1.05€-01
1.0 7.45E-01 5. 66E-01 8.36E-01 2.31E+01 2.35E+04
2.0 1.05E+00 7.38E-01 7.31E-01 9.19E+00 4 .05E+03
1.0 4.0 1.44E+00 9.83E-01 6.95E-01 2.99E+00 4,18E+02
8.0 1.91E+00 1.33E+00 7.85€6-01 9.94E-01 3.01E+01
16.0 2.48E+0C 1.79E+00 1.02E+00 4,88F-01 2.28E+00
1.0 6.85E-01 4.83E-01 5.64E-01 8.23E+00 3.24E+03
2.0 9.19€-01 6. 04E-01 4,6TE-01 2. TOE+00 3.86E+02
1.1 1.5 4.0 1.22E+00 7.98E-01 4.66E-01 8.4TE-01 3.27E+01
8.0 1.59€+0C 1.08E+00 5.71E-01 3.36E-01 2.55E+00
16.0 2.04E+00 1. 46F+00 7.89E-01 2.33E-01 2.94E-01
1.0 6.31E-01 4. 1TE-01 3,97E-01 3.23E+00 5.25F+02
2.0 8.23E-01 5.18E-01 3.34E-01 1.02E+00 5.5TE+01
2.C 4.0 1.07E+00 6. B6E-01 3.56E-01 3.45E-01 4.88E+00
8.0 1.39E400 9.31E-01 4.64E-01 1.69E-01 4.76E-01
16.0 1.78E+0G 1.26E+00 6.63E-01 1.52E-01 8.35€6-02
1.0 8.11E-01 5.95E-01 6.63FE-01 8.05E+00 2.03E+403
2.0 1.14E+400 8.07E-01 6.64E-01 3.81F+00 4,50€E+02
1.0 4.0 1.54E+00 1. 10E+00 T.256-01 1.58F+00 6.54E+01
8.0 2.03E400 1.48E+00 8.94E-01 7.18E-01 T.46E+00
16.0 2.61E+00 1.9TE+00 1.20E+00 4.95E-01 1.00E+20
1.0 7.52E-01 5.23E-01 4.86E-01 3.40E400 3.82E+02
2.0 1.00E+00 6.79F-01 4,66E-01 1.37E+00 6.1TE+01
20 1.5 4.0 1.3 1F+00 9.05E-01 5.26E-01 5.62E-01 7.78E+00
8.0 1.70E+00 1.21E+00 6.82E-01 3.09E-01 9.91E-01
16.0 2.16E+00 1. 62E+00 9.45E-01 2.84E-01 2.01E-01
1.0 6.97E-01 4.64E-01 3.68E-01 1.56E+00 B.30E+01
2.0 9.02E-01 5.93E-01 3.58E-01 6.13E-01 1.22E+01
2.0 4.0 1.16E+00 7.87E-01 4.22E-01 2.74E-01 1-61E+00
8.0 1.49E+400 1.05E+00 5.68E-01 1.83E-01 2.56E-C1
16.0 1.88E+00 1.40E+00 8.04E-01 2.04E-01 7.63E-02

Table 1 (continued)

density profile: cosine
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To ,ﬂ E " Q/L .
kev o l. 2. 4. 10. 20.
1.0 =1.99E-01 2.04E-01 b.32E-01 1.93€+00 3.18E+00
2.0 -1.45E-01 —2.2TE-02 3.656-01 1.10E+00 1.94E+00
l.0 4.0 =8.13E-02 —7.08E-02 B.60E-02 5.45E-01 1.10€+00
8.0 -4.05€-02 -4.91E-02 —2.14E-02 2.11€-01 S5.4BE-01
16.0 -1.93E-02 -2.56E-02 -2.89E-02 4.3TE-02 2.19€-01
1.0 =2.27e-01 1. 05E-01 7.58E-01 1.93E+00 3.34E+00
2.0 -1.57E=01 —9.36E-02 2.52E-01 9.90E-01 1.88F+20
3 1.5 “.0 -B.4TE-02 —9.54E-02 3.48E-03 4.30E-01 9.78E-01
8.0 —4.14E-02 -5.50E-02 -5.19E-02 1.27E-01 4.34E-01
l6.0 —-1.94E-02 -2.69E-02 -3.59F-02 3.01E-04 l.41€-01
1.0 -2.58E-01 -B8.64F-03 6.11E-01 1.72E+00 3.09E+00
2.0 -1l.66E-01 —1.45E-01 1.39€-01 8.28F-01 1.68E+00
2.0 4.0 -B8.69E-02 —1.10E-01 —-5.48E-02 3.20€e-01 8.23E-01
8.0 -4.18E-02 -5.82E-02 -6.85E-02 6.24E-02 3.32e-01
16.0 —=1.95E-22 —2.T56-02 -3.93E-02 -2.61E-02 8.53E-102
1.0 ~2.42E-01 4. T8E-03 5.89E-01 1.5TE+00 2.66F+00
2.0 -1.43E-01 =9.63E-02 1.99E-01 8.53E-01 1.58F+00
1.0 4.0 -7.48E-02 —8.13E-02 1.50E-03 3.90E-01 B.57F .
8.0 -3.66E-02 -4.62E-02 -4.13E-02 1.22e-01 4.00E-01
lo.9 -L.T4E-02 -2.28E-02 -2.89E-02 5.65E~03 1.38e-01
1.0 -2.44E-01 —7. 0BE-02 5.04E-01 1.54E+00 2.T5E+130
2.0 =l.46E-01 —1.37E-01 9.18€-02 T.456-01 1.51F+00
7 1.5 4.0 -7.57e-02 —9.38E-02 -5.6TE-02 2.84F-01 T«.42E-01
B.0 -3.68E-02 =4.92E-02 -5.82E-02 4.99E-02 2.97€E-01
l6.0 =Ll.T4E-02 -2.35E-02 -3.26E-02 -2.39E-02 T.42E-02
1.0 —-2.55E-01 —1l.49E-01 3.67E-01 1.36E+00 2.53E+00
2.0 =1.49E-01 -1.68E-01 -2.60E-03 6.05E-01 1.32E+00
2.0 4.0 -7.63E-02 -1l.01E-01 -9.336-02 1.89€E-0}) 6.06E-01
8.0 -3.69E-02 -5.08E-02 -6.70E-02 —1.3%96-03 2.11E-01
16.0 -1.74E-02 -2.39€E-02 -3.44E-02 -4.01E~-0Q2 3.05e-02
1.0 -2.49E-01 -T.54E-02 4.66E-01 1 .40E+00 2.42E400
2.0 -l.40E-01 -1.17€-01 1.20E-01 7.39E-01 1.42E+00
1.0 4.0 -T.14E-02 -8.19€-02 -2.93E-02 3.19€-01 7.53E-01
8.0 =3.47E-02 -4.42E-02 -4.5TE-02 B8.24E-02 3.33e-01
l6.0 -1l.66E-02 -2.15E-02 —-2.80FE=-02 ~T.54E-03 1.03E-01
1.0 —2.43E-01 =1.34E-01 3.74E-01 1.36E+00 2.4BE+CO
2.0 -1.39E-01 -1l.46E-Cl1 2.13E-02 6.33E-01 1.33E+00
1.1 1.5 4.0 =-T.14E-02 -9.05E-02 -T.45E-02 2.16E-01 6.34E-01
8.0 -3.47€-02 —4.62E-02 -5.T84E-02 1.74E-02 2.37E-C1
16.0 =1l.65E-02 -2.20C-02 -3.0vE-02 -3.08E-02 4.04E-02
1.0 —2.46E-01 =1.93F-01 2.43E-01 1.19E+00 2.27E+00
2.0 —1.40E-01 —l.66F-01 -5.49E-02 5.02E-01 1.16F+00
2.0 4.0 -T.16E-02 —9.54E-02 -1.02E-01 1.28E-01 5.08E-01
8.0 —3.47E-02 —4.73E-02 -6.41E-02 -2.60E-02 1.59E-01
16.0 -1.65E-02 —2.22F-92 -3.19E-02 —4.26F-02 8.25€E-03
1.0 —2.50E-01 =1.52E-01 3.06E-01 1.19€+00 2.12E+00
2.0 —1l+34E-01 -1.32E-01 2.99€E-02 6.03F-01 1.22E+00
1.0 4.0 -6.7T1E-D2 —8.02E-02 -5.61E-02 2.33E-01 6.24E-01
8.0 —3.26F-02 —4.14E-02 ~4.7TTE-02 3.78e-02 2.56E-01
l6.0 -1.56E-02 —2. 00E-02 -2.64E-02 ~1.96E-02 6.49E-02
1.0 -2.35F-01 -l.B7E-01 2.12E-01 1.14€+00 2.15E+)0
2.0 —1.30E-01 -1.49F-01 -5.02E-02 4.97E-01 1.13E+00
2,0 1.5 4.0 —6.64F-02 -3.51E-02 -8.69E-02 1.35F-01 5.09E-01
B.u —3.24E-02 ~4.26F-02 -5.55E-02 -1.56E-02 1.68E-91
lt.0 -1.56E-02 -2.02E-02 -2.81E-02 -3.51E-02 1.65E-02
l.0 -2.31E-01 =2.25-01 9.36E-02 9.90E-01 1.96E+00
2.0 =-1l.29F=-01 -l.61E-01 -l.11E-01 3.76E-01 $.66E-01
2.0 4.0 —6.61E-02 ~b.80E-02 -1.05E-01 5.54E-02 3.95€E-01
6.0 -3.23E-02 —4.32E-02 -5.95€E-02 -4.83F-02 9.95E-02
lo.0 —1l.55E-02 -2.04E-02 -2.89E-02 -4.2HE-02 ~l.44E-02

Table 2
= = -l .
R-Toﬁ 1; f’ﬂ l! lna,o+“:’

a I, (B)

( = relative correction for 'ro if this quantity
is derived from the logarithmic slope of the
flux spectrum between energies B, and 2 Bn)

for h} -.Tlo'l

density profile: flat




- 19 =

an,

1& 1. 2a 4. 10. 20.
-3.31E-01 =-T.57E=02 4.65E-01 1.38E+00 2.41E+00
-1.60E-01 -T.9TE=-(2 2.40E-C1 8, 15E-01 1.59E+C0
1.0 -T.61E=-02 —6e34E-C2 6.81E-02 4,82E-C1 9.66E-01
-3.58E-02 -3.83E-02 -7.71E=-03 2.12E-01 5.21E=-G1
1 =-1.,6TE=-02 -1.98E-02 =-1.79€E=02 5.94E-02 2.20E-01
=-2.85E-01 -3,98E-02 5.T1E-01 1. 66E+00 2+95E+C0
-1.49E-01 -9, 26E=-02 2.19E-01 9.30E-01 1.7TE+00
1.5 -7.37E=02 =-T7.2TE-02 2.5TE=-Q2 4,48E-Q1 9, T6E-01
-21,52E=02 -4413E-02 -2.T8E-02 1.60E-C1 44, J0E-01
=-1.66E=-02 -2.06E-02 =-2.33E-02 2.54E-02 1.77e-01
=-2.6TE=-01 -5.31E-02 5.73E=C1 1.74E+00 3.14E+G0
=1.46E-01 -1.10E-01 1.T0E-C1 8,99E-01 1.78E+00
2.0 =-7.29E-02 =T.96E=-C2 -1.01E-02 3.51E-01 9,.21E-C1
-2 ,49E=02 -4.32E-C2 -4,00E=-02 l. 14E-01 4,0BE=-01
-1.65E-02 -2.10E-02 =2.62E=02 3.12E-03 1.33E-01
-3,45E-01 -2+ 16E-01 2.45E=-01 1.0TE+00 1.STE+00Q
=1.59E-01 -1.30E-01 9.15E-02 6. E1E-01 1.28E+00
1.0 =T7.29E-02 -7.35E-C2 -4,90E~-03 3.41E-91 T.55E-01
-3,36E-02 -3,81E=-02 -2.TBE-Q2 1.27E=-01 3. 84E-01
-1.56E-02 -1.86E-02 -2.03E=-02 2.05E-02 1.52E=-01
=-2.55€E=01 -1. 7SE-01 3.,15E-01 1.29E+00 2.39E+00
-1.45E-01 -1.30E=-01 6.48E-02 6.S0E-01 1. 4JE+CO
1.5 -6.90E=-02 -T«.61E~-02 -3,31E=-02 3.00E-01 I.Q#E-Ol
=3,26E-02 -3.91E-02 -3,.84E-02 7.55€E=-02 3.31E-01
=-1.54E-02 -1.89E-02 -2.30E-02 -2.96E-03 1.C6E-01
-2.70E-01 =1.78E-01 3,02E-01 1. 34E+00 2. 53E+00
-1.38E-01 -1.36E-01 2.3TE=-02 6.54E-01 1.329E+C0
2.0 -6,T2E=-02 -7.85E-GC2 -5.45E-C2 2.46E=91 6.8TE-C1
-3,21E-02 -3,97E-02 -4.46E-02 4413E-02 2.15E=-01
-1.52E=-02 -1.90E-02 -2.44E-02 -1.66E-02 T.01E-02
-3.45E=-01 -2.65E-01 1.34E-C1 9. 24E-01 l. T6E+C0
=1.56E-01 -1.43E-01 2.54E-02 5.&1E-01 1. 14E+00Q
1.0 -7.10E-02 -T7.51E-02 -3,04E-02 2.15E-01 6.58E=01
-3,26E=-02 -3, 73E-02 -3,31E=-0C2 €. 89E-02 3.22E-GC1
-1.52E-02 -1.79E-C2 -2.04E-02 6. 25E=-03 1.18E-01
-2.94E-01 -2.24E-01 1.89E-01 1. 12E+00 2.13E+00
-1.41E-01 =1.39E-01 1.45E-03 5. 79E-01 1.23E+00
1.5 -6.6TE=-02 -T.556E-02 -5.11E-02 2.31E-C1 6.38E-01
-3.14E-02 -3, 76E-02 -4,03E-02 44.54E-02 2. T0E=-01
=-1.48E-02 -1.80E-02 -2.23E-02 -1.1BE=02 T.54E-02
-2+66E-01 -2« 16E=-01 1.73E-01 1.15E+00 2.24E+00
-1.33E-901 -1l.41E-01 -3,19E-C2 5.41E-01 1.22E+00
2.0 -6+ 45E-02 =T. 64E-02 -6.64E-02 1. 79e-01 5. 82E-01
-2,08E-02 -3, T9E-02 -4,46E~-C2 1.29E=-02 2.18E-01
-1.4TE=02 -1.81E-02 -2.33E=-02 -2.,18BE-02 4. 40E-0C2
=3.,40E-01 -3,05E-01 -1.00E-03 T« 49E=01 1.51E+00
-1.52E=01 -1.53E-Cl -4,3TE=-02 4.41E-01 9,64E-01
1.0 -6.85E-02 -T7.50E-Q02 =5.24E-C2 1.96E-01 5.43E-01
-3,14E-02 -3,61E-02 -3.,65E-02 4, 64E-02 2.51E-01
-1.46E=02 -1. T1IE-02 -2.01E=02 -6.48E-03 T.99E=-02
-2.88E-01 -2.60E-01 4,10E=-02 5.09E-01 1.82E+00
-1.36E-01 =-1.44E=-C1l -6.,01E-02 4,46E-01 1.04E+00
1.5 -6.38E-02 -Te34E-02 -6.51E-02 1.50E-01 5.15E=01
-3,01E-02 -3,58E-0C2 -4,08E=-C2 1. C6E-02 2.00E-01
-1.43E-02 -1.70E-02 -2.12E-C2 =-1.87E-02 4,25E-02
-2.58E-01 -2.45E-01 2. T2E=-C2 9,37E-01 1.91E+CO
-1.,27E-01 -1l.41E=-Cl -8.26E-02 4,04E-01 1.C1lE+00
2.0 -6.13E=02 -7.31E-02 -T.44E-C2 1.00E-01 4, &0E=01
-2.94E-02 -3,5TE=(C2 =4,34E-02 -1.38E=-02 1.51E-01
1 -1.41E=-02 -1. TOE-02 -2.18E-02 =2.52E-02 1.6TE=-C2

Table 2 (continued)

density profile: cosine
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q/;\n

T,. )
eV = 1. 2. 4. 10, 20,
1.9 £.6TE=D1 1. J4E+35 de 6BE+IC 3.62E+04 2.91E+11
2.¢ 7.41E-01 6. 96E-01 2.95E+00 3.54E+403 6a G2E+CT
1.u 4,0 S.24E=01 £, T6E-31 9.97E-01 2.26E402 buGSEFLT
B.G 1.23E400 6439E-01 4.49E-31 1.1RE+91 2.56F 45
16,0 1.66E+00 8, 56E-CL 3.54E-01 8.162-01 6 TLE+)2Z
1.C 4.776-C1 4.92E=01 1.97E+00 1. 208407 6. 18F +CA
2.0 =.52E-91 3.57E=351 £y 35F =31 1. 185402 1.C5E4C7
- 1.5 4,0 7.16E-91 3.50E=-21 2, B6E-01 7.89E+0N QL 15F+(4
8.¢C $.T5E-01 4, £9E =01 1.83€-01 6.24E-C1 5 C4E+)2
16.0 1.34E420 £.5)E=C1 2.35E-41 8. 176-92 3.07E482
1.C 2,13E-01 2.81E-C1 6o 22E-101 7.36E+21 3.08E+06
2.0 4,51E-01 2.30E-G1 2,510-C1 7.850+07 6. 13E4C4
2.0 4.C £.02E-01 2.57E-C1 1.29€-C1 7.12E-C01 T.6bE+N2
8.0 8.33E-01 3.59E-G1 1. C9E-G1 S.5TE-D2 7.24E+G0
lé.C 1.15E+00 5.43E-C1 1.49E-01 2.38E-02 1. C5E-C1
1.0 7.24E=-01 7.51E-d1 2.86E+00 1.C4F+G3 1.13F+C8
2.0 £.73E-01 6.32E-01 1.2TE+00 1.55E+02 4.BRE+06
1.0 4.0 1.12E400 6. 56E-C1 6e 19E-21 1. T4E+01 1.€3E4+35
8.0 1.47E+00 8.19E-01 4.33E-01 1.S1E+00 1.23E4C2
16.0 1.95E+C) 1. 12 +00 4, TLE-C1 3.22E-C1 1.36E+31
1.0 5.58&E=-N1 4,32E-C1 9,11e-01 T.25E+21 B.5BF+J5
2.0 £.88E=-01 3.94E-C1 4. 27E-C1 1. C4E+T1 2.96E4C4
T 1.5 4.C 8.94E-C1 4.5TE=C1 LESE-01 1.37E+90 6.39F+02
8.0 1.1949) 6. 18E-C1 2.38E-01 2.24E-01 1.125+21
16.C 1.58E+00 8.81E-C1 3.18E-01 7.CAE-02 2, 79e-C1
1.0 4.68E=01 2.89E-C1 3.80E-01 8.4TE+03 1, 47E 404
2.0 5.81E-01 2. B9E-G1 2.01€-01 1.42E400 5.E3E+402
2.0 4.0 7.65E-01 3. 63E-C1 1.48E=01 2.44E-01 1. 68E+21
8.0 1.02E+00 5.13E-01 1.68E=01 5,91E-02 4. 55F-C1
1640 1.37E400 7.48E-01 LS1E=01 3.01E-C2 2.59E-C2
1.C 7. 74E-91 6. 9OE-C1 1.87TE+00 2.50E+(2 4, 54E406
2.0 §.53E-01 6.45E-01 9.45E=C1 4. 53E+01 2.59E405
1.0 4aC 1.23E+00 T.24E-C1 5.54E-01 €.63E+00 8.C0E+03
8.0 1.6)E+09 S, 32E-C1 4. 66E-C1 1.C2E+)0 1.60E+22
16.0 2.N9E+0D 1.27E+20 5.59€-21 2.57€-01 3.41E+C0
i.0 6.22E-01 4.336-01 6. 92E-31 2.40E+01 6.C5E4+04
2.0 1.66E-01 4.34E-01 3.73E-01 4.2TE+CO 2.90E+03
1.1 1.5 4.0 $.90E-131 5.29E-%1 2. 66E-01 7.39E-C1 9.51E+0L
8.0 1.3CE+2D 7.19e-01 2.85F-01 1. €8E-01 2. €3E+C0
16.3 1. 71E+00 1. 01E+0D 3.98E-01 7.59€-02 1.22E-01
1.0 5.27E-01 3.096-C1 3.25E-01,  3.TOE+QD 1.64E403
2.0 €.55E-01 3,33€-51 1.986-01 7.61E-01 9.1BE+L
2.0 4.0 8.52E-01 4.30E-C1 1,70E-01 1. 70E-C1 4. 11E+00
8.0 1.12E+909 6. 04E-C1 2.126-01 5.57E-N2 2.02E-C1
16.0 1.4TE+DVD B.b64E=-C1 3, 22E-01 3.85E-02 1.85E-02
1.0 8.53E=01 6.64E-01 1. 22E43C «S1E+01 1. 43E+05
2.9 1.L6E+9) 6+ 94E-C1 7.31E-01 1. 26E+01 1.15E+04
1.0 4.0 1.36E+00 8.32E-01 5,34E-01 2.53E400 5.59E+02
8.0 1.76E+30 1. J9E+09 5. 40E-C1 5.82E-C1 2.0hE+01
16.0 2.2TE+D0 1. 4BE+G0 6.99E-01 2.34E-01 S. 42E-C1
1.0 7.356-01 4,58E=C1 5.356-01 T.61E+00 3. 638403
2.0 E.T1E=-01 5.02E-C1 3,45E-01 1.75E+00 2.56E4+02
2,0 1.5 4.9 1.11E+00 6. 34E-C1 3.926-11 4,17E-01 1.3BE+Cl1
8.0 1.44E+00 8.60E-01 3.64E-01 1. 40E-01 7.62E-C1
16.0 1.86F+30 1.19E+C) 5.21F-01 S.42E-02 T.23E6-02
1.0 €.18E-01 3.49E-C1 2.88E-11 1.60E+00 1. 15F+02
2.0 7.52€-01 4.03E-C1 2. 1JE-C1 4. 20E-C1 1,46E401
2.0 4.0 S.62E-01 5.28E-01 2.13E-01 1.276-C1 1.C4E+CO
8.0 1.25E+09) 7. 31E-Cl 2.86E-01 5. G9E-C2 9.10E-C2
16.0 1.61E+00 1.C2E+C0 4.31E-C1 5.68E=02 1. 58E-C2

Table la

_ _E/To
Q= e dJo/d(E/‘l‘o) < v> _ H_n ado
eE/TD)

( = normalized flux -

for h™1 = 1.0 lo'l

density profile: flat
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i = {} En a/eto
v = 1. 2s 4. 10. 20.
1.0 T«329E-01 l.21E+0N 1. 26E+01 1.C4E+CS 2.C09E+12
2.0 C.H8E-01 1. 10F +00 6. 26E+20 l. TTE+ 14 1.05E+11
1.0 4.0 1.2TE+00 1. 08E+09 2. BOE+CQ 1. 79E+403 1. 94E+CS
€.0 1.67E+00 l. 21E+C) 1.44E+00 1.28E+02 1.25F+07
16.0 2.18E+9 1. 51F+G) 1. 08E+00 G.6TE+DD 4. B +4
1.0 €.39E-01 8. 42E-0C1 5. 69E+00 1.48E+04 5.49E+1D
2.0 8.02E-01 T« 29E-01 2+.45E+00 1. T6E+03 1. 29E+09
.3 1.5 4.0 1.04E+00 T.44E=01 1.12E+00 1.50E+02 1.58E+G7
8.0 1.36E+00 8.91E-01 6. 90E=-C1 1.18E+01 9., 43F+N4
16.C 1. 7TE+00 1.17E+00 6.5TE-01 1.37E+0C 4.B5FE+02
1.0 5.59E-01 6.10E-01 2.80E+00 2+ 54E+03 1. SOE+09
2.0 6.53E-01 5.38E-01 1.19E+00 2.T3E+02 3.69E+07
2.0 4,0 8,95E-01 5.80F-01 5.95E-01 2.43E+01 3.86E+(05
8. 0 1.17E+00 7. 28E-01 4.40E-01 2.40E+00 2.T9E+03
16.0 1.53E+0Q9 9.81E-C1l 4, 8BE-Q1 4.19E-01 2.41F+Q1
1.0 T.12E=01 8.53E-C1 3, 68E+00 2+33E+03 5.36E+08
2.0 1.05E+00 9.34E-01 2. 33E+00 5. T1IE+Q2 44 56F+Q7
1.0 4.0 l.41E+00 1. 28E+00 l.4TE+00 9.68E+01 1.78E +06
8.0 1.85E+00 1.34E+00 1. 12E+00 1.37E+01 3.43E+04
16.0 2.40E+00 1. T4E+00 1. 14E+00 2. 41E+00 4 18E+G2
1.0 6.,93E-01 6.62E-01 2.03E+00 5.16E+02 3. (SE+CT
2.0 S.01E-01 6. 98E-01 1.1TE+00 G.65E+01 1.E5E+06
of 1.5 4.0 1.18E+00 8. 22E=-01 T.6TE-Q1 1. 48E+01 44 2TE+CS
8.0 1.53E+00 1.05E+00 6.8lE-01 2.39E+00 T«S9E+02
16.0 1.STE+00 1. 38E+00 7. 94E-01 6+35E-01 1.6TE+01
1.0 €.25E-01 5.30E-01 1. 20E+00 1.34E+02 2.2TE+06
2.0 7.95E-01 5.62E-01 6. 89E-01 2.34E+C1 9.39E+04
2.0 4.0 1.03E+00 6. T9E-01 4.98E-01 2.79E+00 2.54E+03
8.0 1.33E+00 8, 85E-01 5.00E-01 7. 66E=01 5.8TE+01
16.0 1.71E+00 1. 18E+00 6+ 34E-01 2.91E-01 1. S9E+00
1.0 8.05E=-01 T.79E-01 2+ 29E+00 4.9TE+02 1. 79E+07
2.0 1.11E+00 9, 18E-01 1.64E+00 1.45E+02 1.95E+06
1.0 4.0 1.48E+00 1. 12E+02 1. 22E+00 3.12E+01 1.0TE+Q5
8.0 1.94E+00 1.43E+00 1.09E+00 €, 04E+00 3. 21E+03
16.0 Z2.50E+00 1. 86E+00 1.21E+00C 1.56E+00 8.53E+01
1.0 7.31E-01 6. 32E-01 1.38E+00 1.34E+02 1.45E+06
2.0 S.5TE-J1 T.1TE=-01 9, 14E-01 3,08E+01 9.S4E+04
1.1 1.5 4.0 1.25E+00 8.81E-01 T«12E-01 6. 16E+00 4s 13E+03
8.0 1.61E+00 1. 14E+00 7. 19E-01 1.39E+00 1.30E+0D2
16.0 2 06E+00 1. 50E+C0 8,8TE-01 5.32E-01 5. CBE+QC
1.0 6.6TE-01 5.26E-C1l 8.83E-01 4. 16E+01 1.4BE+0S5
2.0 8.51E-01 5. 96E=-01 5.89E=-01 9.04E+00 B.E4E+C3
2.0 4.0 1.09E+00 T. 42E-C1 4, 99E-Q1 1.53E+00 3.59E+02
8.0 1.40E+00 9,T1E-01 5. 54E-01 5« 40E-01 1. 40E+Cl
l6.C 1. 79E+00 1. 29E+00 T.25E-01 2.86E-01 B.6BE=01
l.u E.55E-01 T.41E-01 1.43E+00 9.58E+01 + E4E+05
2.0 1.18E+00 9.37E-01 1. 20E+00 3,44F+01 6. 65E+04
1.0 4e 0 1.58E+00 1.20E+00 1.0TE+00 S.83E+00 «E2E+03
8.0 2.76E+00 1. 56E+00 1. 11E+00 2. T6E+D0 2.S8E+02
16.0 2.63E+00 2.C3E+00 1.34E+00 1. 11E+00 1. STE+C1
1.0 T«86E-01 6.30E-01 9,55E=-01 3.22E+01 S5« 46E+C4
2.0 1.03E+00 T.63E-01 T«53E-01 9.4TE+00 5.41E+03
2.0 1.5 4.0 1.34E+00 9, 68BE-01 T.92E-01 2+.59E+00 3.62E+02
8.0 1.71E+00 1.26E+00 T«96E-01 8. 66E-01 2. C9F+01
16.0 2.1TE+0D 1. 65E+00 1.02E+00 4.,9TE-01 1.€TE+00
1.0 Te 24E-01 Se 44E=01 6.68E-01 1.22E+01 8.04E+03
2.0 5.23E=-01 6.52E-C1 5.34E-01 3. 44E+0C T.02E+02
2.0 4.0 1.18E+00 8. 30E-01 5.30E=-01 1. 01E+00 4.82E+01
8.0 1.50E+00 1. 0BE+00 6.40E-01 . 44,1TE-01 3.46E+00
16.0 1.89E+00 1. 42E+400 8.54E-01 3.12E-01 4423E-01

Table la (continued)

density profile: cosine
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T 19\ E. Qh .
EV Ta 1. 2_- 4. 10. 20.
1.0 —-1.05E-01 4.06E-01 1.08E+00 2.32E+00 3.T74E+00
2.0 -1.10E-01 9.41E-02 5.42E-01 1.38E+00 2.34E+00
1.0 4.0 -7.08E-02 -2.60F-0n2 2.00E-01 7.39E-01 1.38E+00
8.0 =3.TTE-02 -3.65E-02 ?2.94FE-02 3.34E-01 T.43E-01
16.0 -1.85E-02 —2.24E-02 -1.44E-02 1.09E=-01 3.40F-01
1.0 - 1.45E-01 3.20F-01 1.34E+00 2.41E+00 4.0TE+J0
20 -1.30E-01 9.85E-013 4.44F-01 1.31E+00 2.3TE+D0
.3 1.5 4.0 =T« T2E=02. —-6.21E-02 l1.11E-01 6.34E-01 1.30E+00
B0 -3.94E-02 —4.64E-02 -1.36E-02 2.45E-01 6.38E-01
16.0 -1.89E-02 —2.4TF-02 -2.62E-02 5.56E-02 2.55E-01
1.0 -1.88E-01 2.J2F-01 9.78FE-01 2.24F+00 3.92F+00
2.0 -1-45E-01 =5.66E-02 3.32E-01 1.16E+00 2.20E+10
2.0 4.0 -8.10E-02 -8.36E-02 4.13E-02 5.22F-01 1.16E+00
B.0 —4.03E-02 —=5.16E=-02 -3.88E-02 l.74E-01 5.31E-01
16.0 -1.91E-02 —2.59E-02 -3.22E-02 2.06E-02 1.90E-01
1.0 -1.86E-01 1. T2E-01 8.12E-01 1.91E+00 3.14E+00
2.0 —-1.24E-01 -1.86E-02 3.58€e-01 1.09E+00 1.93E+00
1.0 4.0 -6.90E=02 -5.57E-02 8.96E-02 5.54E-01 l.11E+00
8.0 -3.49E-02 -3.92E-02 -=1.05E-02 2.22E-01 5.63E-01
16.0 =1.70E-02 =2.10E-02 —2.10€E-02 5.29E-02 2.33E-01
lL.0 —1.98F=-01 9.18E-02 7.58E-01 1.94E+00 3.3T7E+00
2.0 -1.31E=-01 -T7.41E-02 2.57E-01 1.01E+00 1.92E+00
v7 1.5 4.0 =-7.15E-02 —-T.53E-02 1.77E-02 4.53E-01 1.01E+00
8.0 —3.56E-02 —4.44E=-02 =3.64E-02 1l.44E-01 4.62E-01
16.0 -1.T1E-02 —-2.23E-02 —-2.7T3E-02 1.28E-02 L.61E-01
1.0 —-2.16E=01 -5.31E-04 6.34E-01 1. 79E+00 3.21E+00
2.0 =-1.37E-01 —1.14E-01 1.56E=-01 8.79€-01 1.T6E+00
2.0 4.0 -T.31E-02 —-8.6TE-02 =-3.17E-02 3.55E-01 8.79E-01
8.0 —-3.60E-02 -4,T1E-02 -5.05E-02 B.45E-02 3. T70E-01
16,0 -1.72E=-02 =2.29E-02 -3.05E-02 -1.11E-02 1.09E-01
1.0 ~—2.08E-01 6. TOE-02 6.80E-01 1.71E+00 2.B6E+00
2.0 -1.25E-01 -5.7TTE-02 2.6TE-01 9.61E-01 1.T4E+00
l.0 4.0 -6.T1E-02 —6.31F-02 4.33E-02 4.6B8E-01 9.T8BE-01
8.0 -3.35E-02 -3.90E-02 =2.2TFE-02 1.72e-01 4.81E-01
16.0 -1l.62E-02 -2.02E-02 -2.22E-02 3.05E-02 1.87TE-01
1.9 -2.08E-01 -1.65E-03 6.17E-01 1.73E+00 3.04E+00
2.0 -1.28E-01 -9.,90E-02 1L.68E-01 8.T77e-01 1. T1E+00
1.1 1.5 4.0 —6.83E-02 -T.69E-02 —1.65E=-02 3.70E-01 8.TBE-01
8.0 —3.39E-02 -4,27E-02 —-4.19E-02 9.94E-02 3.84E-01
16.0 —-1.63E-02 —-2.11E-02 —2.6TE-02 -2.38E-03 1.22E-01
1.0 -2.17E-01 —T.59E-02 4.95E-01 1.58E+00 2.89E+00
2.0 =1.32E-01 —1.28E-01 7.59E-02 T.51€E-01 1.55E+00
2.0 4.0 —6.91E-02 —-8.49E-02 =5.51E-02 2.T8E-01 T.54E-01
8.0 =3.41E-02 —4.46E-02 -5.21E-02 4.63E-02 2+.99E-01
16.0 -1l.64E-02 -2.15E-02 -2.90E-02 -2.09E-02 T.54E-02
1.0 —-2.22E-01 —4,36E-02 5.11E-01 1.4TE+00 2.53E+00
2.0 —-1.24F-01 -9.11E-02 1.58E-01 8.04E-01 1.51E+00
1.0 4.0 —6.42E-02 —6.T6E-02 —-2.79E-03 3.6TE-01 8.25E-01
8.0 -3.18E-02 -3.79E-02 -3.23E-02 1.14F-01 3.866-01
l6.0 —-1.54E-02 -l.91E-02 -2.25E-02 8.30E-03 1.35E-01
1.0 -2.11E-01 -9.17E-02 4.36E-01 l.4TE+00 2.65E+00
2.0 -1.23E-01 -1.17€-01 6.T2E-02 7.16E-01 1.46E+00
2.0 1.5 4.0 —6.42E-02 =T7.60F=02 -4 .65E-02 2.72E-01 T.24E-01
8.0 =3.18E-02 -4.02E-02 =-4.49E-02 %.99E-02 2.94E-01
l16.0 -1.54E-02 —-1.96E-02 -2.54E-02 —1.56E-02 T7.81E-02
1.0 -2.12E-01 —-1.43E-01 3.18E-01 1.34E+00 2.50E+00
2.0 -1.23E-01 —-1.36E-01 -7.36F—03 5.99E-01 1.31E+00
2.0 4.0 —-6.44E-02 —-B.10E-02 -T7.32E-02 1.87E-01 6.09E-01
8.0 =3.19E-02 —-4.14E-02 -5.15E-02 6.5TE-03 2.19E-01
16.0 —1.54E-02 —-1.99E-02 —-2.T0E-02 -2.83E-02 3.90E-02

Table 2a
RFla dae i gk qlmL)
R= - - o n
BB = g A AR

( = relative correction for 'ro if this quantity is
derived from the logarithmic slope of the flux spec-
trum between energies E  and 2 En)

for hl = 1.0 lo-l

density profile: flat
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Q
T S E., . /Ao
KoV = 1. 2: 4 10. 20.
1.0 -2.70E-01 9. T3E-02 7.01E-01 1.7BE+00 3.00E+00
2.0 —1.36E-01 9.92F-03 4.01E-01 1.14E+00 1.99E+00
1.0 4.0 -6.80E-02 —2.86E-02 1.6TE-01 6.60E-01 1.24F 00
8.0 ~3.33E-02 -2.T6E-02 31.58E-02 3.23E-01 7.03E-01
16.0 ~1.60E-02 -1.69E-02 -4.91E-03 1.196-01 3.42F-01
1.0 -2.27E-01 1.44E-01 8.40E-01 2.13E410 3.68E+00
2.0 -1.296-01 -1.01€-02 3.94E-01 1.23E+400 2.24E420
3 1.5 4.0 -6.T4E-02  —4.51E-02 1.20E-01 6.356-01 1.28E+00
8.0 -3.34E-02 -3.34€-02 6.156-03 2.69E-01 6.59E-01
16.0 ~1.61E-02 ~1.86E-02 -l.44E-02 7.70E-02 2.83E-01
1.0 - 2.14E-01 1.276-01 8.56E-01 2.23E+00 3.94E+00
2.0 -1.28E-01 =3, 7SE-02 3.47E-01 1.21E400 2.2BE+10
2.0 4.0 -6.776-02 —5.72E-02 7.52E-02 5.796-01 1.23E+00
8.0 -3.356-02 ~-3.72E-02 -1.29€-02 2.18E-01 5.94E-01
16.0 ~1.61E-02 —1.956-02 ~-1.94E-02 4.T3E-02 2.326-01
1.0 -3.11E-01 -9, 08E-02 4.5TE-01 1.40E+00 2.46E+C0
2.0 —1.45E-01 —T.43E-02 2.31€-01 8.87FE-01 1.62E+10
sl 4.0 -6.83E-02 —5.38E-02 6.75E-02 4.B9E-01 9.87€-01
5.0 -3.226-02 -3.21€-02 —1.81E-03 2.176-01 5.34E-01
16.0 ~1.52E-02 —1.70E-02 —1.31E-02 6.34E-02 2.39€-01
1.0 -2.62E-01 -5.31E-02 5.55E-01 1.68F+00 2.99E+00
2.0 ~1.33E-01 -8.17E-02 2.09E-01 9.39£-01 1.79E+00
7 1.5 4.0 —6.556-02 —6.08E-02 2.996-02 4.55E-01 9.95F=01
8.0 —3,16E-02 ~-3.48E-02 —-1.92E-02 1.66E-01 4.83F-01
16.0 —1.51E-C2 -1.T7E-02 -1.80E-02 3.126-02 1.87F-01
1.0 —2.41E-01  -5.98E-02 5.53E-01 1.756400 3.19E400
2.0 ~1.28BE-01 —9.44E-02 1.63E-01 9.09€E-01 1.81F+00
2.¢C 4.0 -6.43E-02 —6.61E-02 —-1.03E-03 4.00E-01 9,42E-01
5.0 -3.13E-02 -3,63E-02 -2.97E-02 1.21E-01 4.23E-01
16.0 -1.50E-02 -1.81E-02 -2.07€-02 1.08E-02 1.44E-01
1.0 -3.20E-01 —l.64E-01 3.356-01 1.23E400 2.22E400
2.0 ~1.46E-01 —1.01E-01 1.50E-01 7.68E-01 1.45E470
1.C 4.0 -6.76E-02 —6.05E-02 2.77E-02 4.11E-01 8.69E-01
8.0 -3,16E-02 =-3.30E-02 -1,37€-02 1.69E-01 4.5TE-01
16.0 ~1.49E-02 -1.67E-02 -l1.51E-02 4.10E-02 1.95E-01
1.0 ~2.69E-01 -1.26E-01 4.13€-01 1.4TE400 2.68BE+00
2.0 -1.326-01 =-1.03E-n1 1.25E-01 8.06E-01 1.59E+00
1.1 1.5 4.0 -6.40E-02 —-06.426-02 —-2.61E-03 3.72E-01 8.65E-01
8.0 -3.07E-02 -3.44E-02 —2.62E-02 1.20E-01 4.05E-01
16.0 ~1.46E-02 —1.72E-02 —1.36E-02 1.45E-02 1.46E-01
1.0 -2.44E-01 —1.25E-01 4.04E-01 1.53E+00 2.84E+20
2.0 -1.26E-01 -1.10E-01 8.36E-02 7.73E-01 1.59E+00
2.0 4.0 ~6.23E-02 —6.73E-02 —2.61E-02 3.18E-01 8.10E-01
8.0 —3,02E-02 -3.54E-02 -3.37€-02 7.96E-02 3.48E-01
16.0 ~1.45E-02 -1.74E-02 —-2.05E-02 —1.30E-03 1.07E-01
1.0 -3.23E-01 -2.34E-01 1.81E-01 1.02E+00 1.92E400
2.0 —1.456-01 —1.24E-01 5.73E-02 6.26E-01 1.24E+00
1.0 4.0 —6.62E-02 —6.52E-02 -1.08E-02 3.17e-01 7.30€E-01
8.0 -3,076-02 -3.31E-02 -2.35E-02 1.14E-01 3.68E-01
16.0 ~1.44E-02 -1.63E-02 -1.65E-02 1.86E-02 1.44E-01
1.0 -2.71E-01 —1.91E-01 2.38E-01 1.22€+00 2.31E+00
2.0 ~1.30E-01 -1.19E-01 3.51E-02 6.4BE-01 1.35E+00
2.0 - 1.5 4.0 -6.20E-02 -6.58E-02 -3.16E-02 2.74E-01 T.13E-01
8.0 —2.956-02 -3.36E-02 -3.14E-02 6.95E-02 3.16€-01
16.0 ~1.41E-02 —1.64E-02 —1.87E-02 -5.85E-04 1.00E-01
1.0 -2.43E-01 -1.81E-01 2.24E-01 1.2T7TE+0Q 2.44E+00
2.0 -1.22E-01 -1.20E-01 2.99€-03 6.11E-01 1.34E+)0
2.0 4.0 -5.99E~-02 -6.69E-02 —4,T1E-02 2.22E-01 6.58E-01
8.0 -2.90E-02 -3.40E-02 -3.60€-02 3.64E-02 2.63E-01
16.0 -1.40E-02 -1.656-02 =-1.996-02 -1.14E-02 6.72E-02

Table 2a

density profile: cosine

(continued)
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Table 4

J_ (E))
- ] =1 . =1 o n
F = To/ Tdn' Tﬁn En 1n -E;TEE;T

(= correction factor rescaled to the "slope temperature
between energies E_ and 2 E ) for 't .7'3.51

density profile: flat

To {} En a/;\o

kev T gn 1 2 4 10
1.0 .79 1-17 357 -
2.0 .85 .89 1.53 5.4

.3 1.5 4.0 .92 .92 1.00 1.97
8.0 .96 .97 «95 1.19
1.0 .79 .91 2.9 -
2.0 .87 .86 l.16 3.8

o7 l.5 4.0 .93 .91 .94 1.54
8.0 .97 «97 +95 1.07

Table 4 (continued)

density profile: cosine

T _{9 E a/lo

kev Tén 1 2 4 10
1.0 o717 .96 2.1 -
2.0 .87 .91 1l.38 3.55

«3 1.5 4.0 .93 .92 1.03 1.87
8.0 .96 .96 «97 1.23
1-0 .77 .83 1.58 -
2,0 .88 .88 1.09 2.6

o7 l.5 4.0 .94 +92 .96 15
8.0 «97 .96 .96 121
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