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Abstract
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measurement system has been developed for
ion temperature in the ASDEX tokamak. The
or 3He proportional counters for neutron

results of computations and test measure-

influence of several factors on the error

for the ion temperature determination. Test measurements

were made in the Wendelstein VII a stellarator the re-

sults being in

good agreement with other diagnostics.
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1. Introduction

The difficulties involved in neutron flux measurement and
determination of the ion temperature from it in a toroidal
device are governed by several factors which can be attri-

buted to three main causes.

The first is the geometry. The neutrons from a large-volume
toroidal plasma create a complicated flux field. This field,
moreover, is modulated by the heavy masses around the torus

where neutrons are scattered and shielded.

The second is the plasma. Neutrons are created not only by
fusion between deuterium ions butfalso by photo-disintegration
processes and by gamma-induced processes at the limiter or the
wall. Fusion reactions can occur in a Maxwellian plasma or
between beam ions and bulk ions and between beam ions them-

selves.

The gamma flux can cause much noise in the detector, depending
on its location on the torus. The intense neutron flux change,
e.g. during neutral beam heating of the plasma, calls for
equipment covering several magnitudes of flux with suffi-

cient time resolution and tolerable error.

Thirdly, the common problems of measurement techniques have
to be overcome. The most important point is calibration of
the equipment. This is verv much related to the geometry.
Because the neutron flux only yields information on the
volume-integrated plasma reactivity, one needs information
on the density profile and an assumption on the normalized

temperature profile for determining the ion temperature.




The main task of the neutron flux diagnostics in ASDEX

is that it affords direct and prompt proof of the con-
sistency of plasma parameters measured by other diagnostic
equipment. If one is only interested in correlating some
experimental events or measuring qualitative behavior

some of the problems mentioned above will vanish.



2. Neutron detecting system

The detecting system is based on reactions between slow and
epithermal neutrons and the isotopes 10B and 3He. The fast
neutrons are slowed down by means of a wax moderator sur-
rounding the counters. Any information on their energy is
lost. The pulses from the proportional counter tube are
uniform and correspond to the reaction energy. This fact
allows the use of a single-channel analvzer (SCA), with
suitable lower level and small window, to reduce electronic

and electromagnetic noise or noise due to gamma radiation.

The principal arrangement for each detecting channel of dif-
ferent sensitivity or at different locations consists of the
detector surrounded by the moderator, a shield to reduce the
influence of scattered neutrons, and a preamplifier and an
amplifier with a SCA (Fig. 1). The signals of up to four
channels can be simultaneously recorded on a multi-channel
analyzer (MCA) either in PHA mode (pulse-height analysis) for
the proper setting of the amplifiers and SCAs, or in MCS mode
(multi-channel scaling) for the scaling of the neutron flux.
Alternatively, a CAMAC interface with an 8-channel scaler
module and memory will be used, allowing data acquisition and
evaluation of the plasma temperature by means of the ASDEX

computer.

2.1 Detectors, moderator, shield

Two types of neutron detectors are used: the boron and the
helium proportional counters, the former being filled with
boron trifluoride (BFB) gas which can be natural or highly
enriched (up to 96 %) in boron-10, the latter with helium-3.
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The reactions involved are /1/:

’///,;77Li + a + 2.79 MeV (6.1 %)
10

B + n
\\\\‘T97Li + o + 2.31 MeV (93.9 %)

7Li + v + 0.478 MeV

and

3te + n—-ﬁP’H + p + 0.764 MeV

The cross-sections are shown in Fig. 2. According to the neu-
tron energy dependence of these cross-sections, fast neutrons
must first be moderated in order to be detected with higher
efficiency. The simplest way to do this is to put a boron or
helium counter inside a cylindrical paraffin moderator. By
this means the neutron detection efficiency is nearly inde-
pendent of the neutron energy over a wide range. A sketch of
this arrangement is given in Fig. 3. Bars made of polythylene
and detector tubes can be placed in the central region of the
moderator. By varying the type of the detector and its posi-
tion within the moderator, it is possible to change its neu-
tron sensitivity. The measuring accuracy can be improved by
using a sheet of cadmium around the moderator. This captures
the scattered neutrons not coming straight from the neutron
source. In conjunction with a shield this yields a sensitivity

pattern which is clearly enhanced in the forward direction.

To meet the wide range of several orders of magnitude for the
neutron flux generated by a big tokamak, we used several de-
tectors with different sensitivities. Each detector, i.e.
countinco channel, has an upper and lower count rate limit.

The upper limit is given by pulse height degradation which
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leads to a shift of the pulse height spectrum and a decrease
of the pulse rate at the output of the SCA. This limit is
approximately 2 x 104 cps. The accidental error is inversely
proportional to the square root of total counts in a counting
period. Therefore, the required time resolution of the flux
together with tolerable accidental error sets the lower count

rate limit. There exists the relation

4
lower count rate limit = . - '
e -T
a "res
where e denotes the error in per cent, and TreS is the time

resolution in seconds. For example, the lower count rate li-
mit is 103 cps if the tolerable error e, is 30 % and the time
resolution Tres is 10 ms. The count rate range, i.e. neutron
flux range, which can be measured by a single detector is

therefore typically limited to one order of magnitude.

2.2 Electronics, noise

The electronic equipment for a couple of signal channels is
shown in Fig. 1. For use with the MCA one needs a multi-input
multiscaler to operate up to four channels simultaneously. The
SCA signals are recorded by the analyzer in MMCS mode (multi-
input MCS). For automatic data evaluation by means of the
ASDEX data acquisition system we use CAMAC scalers.

The proper setting of the electronic equipment is essential
to reduce the noise. For this purpose one needs the pulse
height spectrum of each single detector, as shown in Fig. 4
for the 10B(n,cx) 7Li reaction with its two branches. Owing

to wall and end effects in the counter tube the descrete
lines are broadened. The spectrum can be measured by means

of the MCA in PHA mode.



There exist several sources of the noise:

- electronic noise from the eguipment itself

- electromagnetic noise due to interaction of the high power
electric circuits with the signal circuits

- photoelectrons from the walls of the counter tubes due to

intense gamma radiation.

The electronic noise can easily be cut off by means of the
discriminator setting. The electromagnetic noise is negligible.
The magnitude of the gamma noise depends on both the type of
the plasma machine and its operation regime and the type of

the counter. In the W VIIa stellerator we did not measure

any significant gamma noise, whereas in ASDEX we have to take
care of this. The gamma flux can exceed 1 R/h or even one
magnitude more. These are the limits for 3He counters and

1OB counters, respectively.

To improve the signal-to-noise ratio, one can define a region
of interest (ROI) of the spectrum (see Fig. 4). By means of a
pulser the SCA window can be set to match the ROI. Only pul-
ses in the ROI are then counted. For 3He detectors we measured
a decrease of the gamma noise by a factor of 6 if we used the
SCA window instead of simple lower-level discrimination. In

contrast, the improvement for BF, counters was negligible.

3
It is therefore better to set the ROI for BF, counters rather
broad in order to raise the tolerable upper count rate level,

which is limited by pulse height degradation (see Sec. 2.1).

In a wider sense, the neutrons produced by y-n reactions at
the limiter or at the walls of the vacuum chamber are noise,
too. In mechanical limiter experiments one can discriminate
between volume neutrons from fusion reactions and wall neu-
trons from gamma-induced reactions by means of a proper

arrangement of different counters in relation to ‘the torus
geometry /10/. In the case of amagnetic limiter experiment like




ASDEX this method may fail. Here the y-n reactions can occur
along the circumference of the torus. The intensity at
different places widely varies according to location, depen-
ding only on the more or less accidental impingement of

runaway electrons on the structure materials.

For this reason, shots with high gamma flux are not suitable

for the neutron detecting ecuipment described here.

2.3 Calibration

The sensitivity of each channel was experimentally deter-

238Pu

mined by means of a calibrated - B (0,n) neutron source

the intensity of which is 6.8 x 106n s_1 * 3 2. The measure-
ments were made in a small laboratory for comparison between
different detector configurations and in the ASDEX experimen-
tal hall for absolute calibration. From this we learned the
necessity of shielding against backscattered neutrons from
the walls or neighbouring large masses. The contribution of
the scattered neutrons not coming straight from the source

to the measured signal can make calibration highly unreliable.

One of the main reasons for the error in neutron detector
calibration is the large volume of the toroidal neutron emit-
ting plasma relative to that of the very small, point-like
neutron source. Moreover, the plasma is in a thick-walled va-
cuum chamber and is encircled by large copper coils, which
causes neutrons to be scattered and shielded. We therefore
moved the neutron source on the major radius of the plasma

and measured the count rates as a function of the toroidal
angle. This function is important for computational evaluation
of the results, which is described in Sec. 3. A detailed

study of the possible error is presented in Sec. 5.



3. Computations

In this section some computations are presented. They are
related to the neutron flux produced by a toroidal device,
to the time dependence of the ion temperature, and to the
corrections that must be made to take into account the
shielding effect due to materials between the plasma source

and the detecting system.

3.1 Neutron flux from a plasma torus

At first the time dependence is not considered; it is

also supposed that the shielding effect of the experimental
arrangement is negligible. The plasma is considered as a
large-volume, isotropically emitting neutron source. With re-
ference to Fig. 5, the neutron flux in a point D (detection
point) is given by the integral over the toroidal plasma vol-
ume Vp of all the elementary fluxes generated in D by the

point-like sources S (source point) inside Vp:

§n(D) - pr dﬁn,s(D) -
(1)
- dng
~ 'vp av.ps2 '

where §n is the neutron flux, d@n & the elementary flux, and
dns is the number of neutrons generated per second inside a
volume element dvpsituatedin S; dns is given by the following

expression:
dns = R(T,n) de, (2)

where T and n are the ion temperature and density; they are

functions of the wvariable r = S8C; ﬁ(T,n) is the reaction rate
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Fig. 5 Geometry for flux calculation. The triangle OCD lies in

the mid plane of the torus.




of the plasma, i.e. the number of fusion reactions which take
place per second inside a unit volume of plasma. Referring

to a Maxwellian plasma and to D-D reactions, neutron branch,
one has

n?(r) SV(T(r)), (3)

Nl =

R(T,n) =

where oV denotes the average value of the product between
the deuteron velocity and the reaction cross-section, by
computing the average over a Maxwellian distribution of

velocities. The Gamow equation gives the expression of
oV /8/:

oV (T) = (':\1T_2/3 exp(—azT_1/3). (4)
The plot of oV(T) is shown in Fig. 6. The space profiles T(r)
and n(r) are assumed to be known; they depend on the parti-
cular toroidal device that produces the neutron flux. The

volume element of the plasma torus is
de = r(R-r cosa)dr do dB, (5)

R being the mean torus radius (major plasma radius). By simple
geometrical consideration D82 can be computed as a function of
the coordinates r,o, B .

With reference to Fig. 5, cone has

SB2 = r2sin2 a + (R-r coscx)ztgzﬁr (6)
BE = /SB sin B /, ' (7)
B s B 4 il BEE OB & o pn (8)

cos B
and finally

D52 2 SBz-coszB + DE2, (9)
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where a is the minor radius of the plasma, and d is the dis-

tance between the detection point D and the surface of the plasma.
From relations (1) to (9) it follows that

a 21 q ~
¢ 0y = [ dr J_ da r-ag R(T(r),n(r))r(R-r cos @)

i -9 19%ps%r,0,8)

(10)

If 4 )» 2a, it is possible to give an approximate expression
for the neutron flux. In fact, under this condition the to-
roidal plasma volume can be considered as a line (a circumfe-
rence of radius R) that emits neutrons homogeneously and

isotopically. With reference to Fia. 7, the neutron flux is

dn=

8 (p) = /. a% =) =/ == . (11)
h 2 P 49p52

The integration is now done over the circumference Lp of

radius R. The integrand has a similar meaning to that in

eqg. (1). In particular, dng is the number of neutrons gene-
rated per second inside a line element de situated in S.
If - is the total number of neutrons generated per

second by the whole plasma, we get

= . Rl
ntot ava\T(r)rn(r)) dvp
a 29, =
=21 /dr 7 do R{T(r),n(r))r(R-r cosa) (12)
o o}

and hence

n n
_ _ _tot _ _tot
dns = 50 R de 1 dg (13)

because dLD = RdB.
= d + a and

(a+R)2 + RS - 2 - (d+R) R cos B (14)

Since

no 2l

DS

1l




the final expression for the flux is

ﬂ Ntot

¢ (D) = J ——5— dB. (15)
n -9 89°DS” (B)

Some details about the numerical evaluation of integrals (10)

and (15) can be found in Appendix 1.

Fig. 7 Approximate model of the torus geometry when the
detector is far off the plasma (distance between

detector and plasma > plasma radius)




3.2 Ton temperature

Still neglecting the shielding effect, we now take into
account the time dependence of the ion temperature and den-

sity. The following expressions are considered:

Tl t)
n(r,t)

To(t) + M{E):

ng (t) - n(r);

where To(t) and no(t) give the time evolution of the central

values (r = 0) of T and n; T(r) and n(r) are normalized, i.e.

T (0)
n(0)

I

1,
1.

The neutron flux is now time dependent, too. Its exact expres-

sion is
a 29 9
@n(D,t) = fdr fdo S dB-H - r (R-r - cosa) (18)
o -0 -1
Wlth H = R(T(rlt)l n(rrt)) F (186)

4ﬂ2D82(r,u,8)

and the approximate one

| n (t)
 (D,t) = [ dB - —2E_— | (19)
-1 81°DS” (B)

These expressions can be related to the output data of the
experimental detecting system. This output usually takes the

form of a histogram giving the number of counts fi that have




been registered during each time interval Eti, t, o+ Ati},
for i =1, 2, 3, ... . Only to fix a convention, the value
fi is referred to the time ti + Ati and, in such a way, the
set of known points (ti+ Ati, fi) defines a function f(t).
The count rate fi/f_\ti is related to the time ti + Ati, too,
and can be computed by considering the neutron flux. If € is
the total efficiency, which has been defined as the count

rate per unit incident flux, the following relation is valid:

=€ - ¢n (D,ti-+Ati) i=1, 2, ..., (20)

where én(D, ty o+ Ati)iscomputedby means of eqg. (18) or (19),
and € is experimentally determined. The functions no(t), n(r)
are known because they are the output data of other diagno-
stics. The normalized radial dependence of the temperature
T(r) must be assumed as likely or arbitrary, e.g. as a para-
bolic function. In conclusion, relation (20) represents a

set of equations whose solutions are

To(ti + Ati) = To,i' 1 =14 2; =us (21)

The set of points (ti + Ati, T0 i) is then plotted and the

r
graph of the function To(t) is finally obtained. The solutions
TO i of eqg. (20) can be found by looking for the zero point of
r
the function

£
_ s 1

F(T, ;) = €3 (D, t; + At,) rari (22)
1

This method is advantageous if the integral Qn is first re-
duced to a simple summation by means of numerical analysis,
and a computer is then used. Some details about the numerical

solution of the equation F(TO i) = O can be found in Appendix 2.
r



3.3 Scattering and shielding effects

Between the neutron-emitting plasma and the detecting sy-
stem the materials of the toroidal machine are placed:
mainly the vacuum vessel and the toroidal field coils.
Because of scattering processes and absorptions the neutron
flux that reaches the detecting system is varied. Till now
all the computations have been made on the assumption that
such a variation is negligible. This assumption is now re-
moved and the formulas obtained above are consequently
corrected.

The plasma source is first simulated by means of a 238Pu—B
neutron source that is placed at different positions S in-
side the vacuum vessel along the circumference of radius R:
see Fig. 8. The count rate, which is experimentally measured,
is called cD(B). It depends on the detection site, i.e. the
angle B. Moreover, cD(B) is influenced by the shielding

effect of the materials between the plasma and D (see Fig. 12).

The count rate in D can also be theoretically computed under
the hypothesis that there is no shielding effect at all. If
q is the number of neutrons that are isotropically emitted
by the source in S, and € is the efficiency of the detec-
ting system, the theoretical count rate CD,th(B) without

any shielding is given by

q

(B) = € = = T {(23)

C
Dith 47 DS?(B)

The following function is then defined:

S (B) (24)
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Fig. 8 Actual geometry of ASDEX tokamak. B: toroidal angle of
calibration source position S. y: viewing angle of

neutron detector D.
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With eq. (23) it follows that

- 2
41 cD(B) - DS”(B)

S(B) = O _ (25)

The function S(B) is used as a correcting factor in the neu-
tron flux computations. To be more precise, the plasma is
again considered as a neutron source that produces a flux
whose analytical expression is eqg. (18). The product of €
and the function H (eq. (18 a) is the theoretical count rate
in D due to a point-like plasma source in S of unit volume.
According to eq. (24) and (25), the real count rate per

unit volume is

c, ,(8) = g —AT.n) N

49DS " (r,a,R)

2 _5 (26)
R(T,n) - Cy(B) = DS“(B)

r

q - pS%(x,a,B)
where D82 and D§2 are given by egs. (9) and (14), respectively.

; Equation (26) uses the implicit assumption that the same
| correcting factor $(R) must be used for all the points
that have the same B as S but different coordinates r and a.

The real flux is then

a 21 1
3 (D,0) = fdr [ du J 4B °
1 o o =1
ﬁ(T(r,t),n(r,t))cD(s)Déz(s)r(R-r cos o) (27)

eq D§2(r,u,8)

This assumption can be avoided if the approximate expression
for the neutron flux (eg. (19)) is used. In this case, because

the dependence on r and o no longer exists, the equality
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ps?(8) = p32(g). (28)

is valid, and the following expression of the flux can be

proved:

ntot(t)cD(B) (29)
21eq

_ .1 ag
n(Dst) = £11

®
These new expressions (27) and (29) for the flux have to be

used in the equation

(see eq. (22))to compute the time function of the ion tempera-

ture.

Some details about the numerical determination of the function
S(B) with reference to a particular toroidal machine (ASDEX

tokamak) can be found in Appendix 3.



4., Numerical results and measurements

The input data necessary for the computations are as follows:
a) ASDEX tokamak
Major plasma radius R = 164 cm
Plasma radius a = 40 cm
Normalized profiles
n B 1 = {1 = (=},

(r) (r) a

b) W VIIa stellarator

Major plasma radius R = 200 cm

Normalizing radius of the plasma ApwEM 3 cm
Normalized profiles
1
=T — _
" (x) (r) ~ 3
14 ( )
FWHM
The upper limit for integration: a = 10 cm.
Maximum ion densitv as a function of time: see Figs. 13 a,b.

The detecting system is set up as shown in Fig. 3. It is placed
between two contiguous toroidal field coils. The counter effi-
ciency € is 11 cps/nv for the 3He counter and 0.12 cps/nv for
the 10B counter. For the test measurements in the stellarator,

the distance between the plasma surface and the detector was
d = 118 cm.




4,1 Neutron flux

The normalized reactivity versus ﬁhe normalized radius for an
ohmically heated deuterium plasma in ASDEX is shown in Fig. 9.
The FWHM value gives good information on the effective radius
of the plasma region where most of the fusion reactions take

place.

The plots of the neutron flux versus the distance d between
the plasma surface and the point in which the flux is compu-
ted can be seen in Figs. 10 and 11 for ASDEX and W VIIa, re-
spectively. The flux is computed according to eq. (10) (exact
solution) and eqg. (15) (approximate solution) by means of the
C.FLUXED and C.FLUXAD computer codes. For d -« it is quite
obvious that both solutions coincide. The difference between
them is greater for ASDEX than for W VIIa because the aspect
ratio R/a is only 4 for ASDEX and 20 for W VIIa. In the range
of distance d where the measuring eguipment can normally be
placed the flux variation due to variation of 4 is rather low.
The error due to the value of d will thus be low, too. From
the relation of the exact and approximate solution we can cal-

culate a correction factor which depends only weakly on the

distance d for values of d > 1.5 m. By this means we can use the
approximate formula for the evaluation of the ion temperature

with the same accuracy as the exact solution eq. (10).

The measured and calculated count rates as a function of the
toroidal angle B are shown in Fig. 12 for ASDEX. The calucla-
ted count rate CD,th(B) does not include any scattering or
shielding effects due to coils etc. It is computed by the
B.FIT code. The count rate CD (B) was measured by means of the

neutron source. It includes the sensitivity pattern of the
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Fig. 12 Experimental and theoretical count rate as a

function of toroidal angle 8



detector (see Fig. 3). Only the last two points for bigger
angles which could not be measured were obtained by extra-
polation. The extrapolation was chosen in such a way that

the condition

1 q
' 2 2 [ f
o CD’th(h)dL é CD(B) ae

is satisfied.

Both count rate functions intersect in a point whose abscissa
is B = 27°. This result seems to be reasonable if one looks
at Fig. 8: if the neutron source is placed at a positon with
B <27O, the toroidal field coils increase the measured count
rate as a consequence of neutron backscattering. Bv contrast,
they act as a shield when B >27°. From the graph in Fig. 12
it is concluded that the deviation of the measured count

rate from the calculated one in the case of a toroidal neutron
source such as a plasma remains small as long as the viewing
angle y of thedetecting system is matched to the space between
two toroidal field coils (sce Fig. 8).

4.2 Measurements at the W VIIa Stellarator

Figure 13 shows the ion density on the axis versus time in

the W VIIa stellarator, as experimentally obtained. It was
included in the input data of the C.TPROS computer code,

which calculates the ion temperature. The result is shown in
Figs. 14 and 15. Because the shielding effect was not measured
in the stellarator, the function S(RB) (see eg. (24)) was neglec-
ted. The measurement error due to this effect, however, will
keep low for all geometrical arrangements similar to that in
Fig. 8.
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Evaluation of the temperature can only start at higher
temperatures because the count rates are too low at the be-
ginning owing to the low density. It ends at lower tempera-
tures because then the ion density is higher. For comparison,
the electron temperature measured by Thompson scattering is
also plotted. The agreement is quite good. A better check of

the result of the neutron diagnostics can be obtained if it

is compared with the charge exchange measurements. Figure 14
shows the time evolution of the ion temperature obtained by

that method; it was measured by J. Junker of the W VIIa team.
Apparently there is a difference of about 170 eV at the

maximum. From Fig. 16 it can be seen that the ion spectrum

taken 10 ms after the ion temperature has reached its maximum
deviates from a simple Maxwellian distribution. This may be

due to the neutral gas density profile which enhances the neutral
particle fluxat low energies. The straight line fit in Fig. 16
therefore gives a lower limit for the ion temperature from

CX measurements. On the other hand, fusion reactions may

occur between fast non Maxwellian deuterons and the bulk plasma
during hydrogen injection, which will enhance neutron production.
For this reason the neutron diagnostic method of ion temperature

determination will usually overestimate the ion temperature.




5. Uncertainties, errors

The total error can be separated into two components:

- the error encurred in the neutron flux when the measured
neutron flux is equated with the undisturbed flux from a
toroidal thermonuclear plasma. This error is related to

flux measurement including calibration and source geometry.

- the error in the ion temperature determination from a given
neutron flux. This error is caused by uncertainties of the
fusion reaction model, ion density and radial dependence of

the ion temperature.

The measuring error consists of both an accidental error and
a systematic error. The first depends only on the number N

of events which are counted in a counting period:

]
e, _1ﬁr-

As has been explained in Sec. 2.1, the accidental error e

is related to the neutron flux or count rate and to the time

resolution required. It can easily be determined.

The systematic error is mainly caused bv gamma-induced wall
neutrons and by the calibration procedure. Moreover, photo-
disintegration and electro-disintegration processes in the
deuterium gas have to be considered. These processes are vol-
ume processes like fusion reactions. Thev cannot be discerned
by thermal neutron detectors. The intensity of the different
processes largely depends on the machine type and its experi-
mental parameters. While it seems uncritical to use thermal
neutron counters in stellarators, we expect difficulties in
tokamaks if the gamma flux is high and the ion temperature

is below 1 keV. In any case it is necessary to monitor the
gamma flux. By means of hydrogen discharges and specially
programmed deuterium discharges one should try to scale the
parasitic neutron flux with the gamma flux. Geometrical

asymmetry of the experiment, as given for tokamaks with




mechanical limiter, can also help to discern the different

sources of the signal and reduce the error.

In ASDEX the investigations to solve this problem are under
way. From comparison between hydrogen discharges and a few
deuterium discharges at low ion temperatures and with high
gamma flux we believe that deuterium disintegration proces-—

ses do not play a significant role.

The error due to neutron flux calibration depends on the amount
of scattered neutrons. If one uses a neutron fluxmeter which
has been precisely calibrated elsewhere, one knows the actual
flux ¢ at the site of the detector:

where C is the measured count rate, and & the given detector
efficiency. The flux ¢ can be regarded as composed of the un-

disturbed neutron flux @1 from the voluminous toroidal plasma
and the scattered flux @S:

The latter is not known. It is positive when the measured flux &
is enhanced by backscattering, whereas it is negative when
shielding is dominant. Its contribution represents the flux
measurement error if one wishes to deduce the undisturbed

flux ®1from the measured flux &:

b 1= L T ). (30)




On the other hand, if one calibrates the detector at the site
by means of a neutron source of known strength Q, one gets

the count rate

The index ¢ indicates the calibration flux, and the index s
the scattered component of the total flux ¢ from the plasma

or @c from the calibration source.

The count rate C_ can be attributed to the undisturbed flux of
the point-like calibration source in ideal field geometry

by defining a suitable efficiency €¥*:

C_ =¢€*- 0, .
cC 1c

Ideal means that the flux decreases as

Q
® = — . (31)
1c 4ﬂD2

where D is the distance between the source and the detector.
Consequently, the apparent counter efficiency e determined by

this method will be different from the true efficiency ¢

)
e = o] + =eey. (32)

®1c

By applying the apparent efficiency €°in the same way to deter-

mine the undisturbed flux @1 from the plasma, one gets a

measured quantity

L s -
¢ == = o (1+ 3 (1-x)) , (33)
0]
Wiy g 2
® o)
C S




In normal cases the range for x is

From eq. (33) it can be recognized that the deviation of the
measured flux ¢ relative to the true primary flux @1 is less
than in eq. (30). The error becomes zero, i.e. x = 1, 1if the
geometrical arrangements for calibration and measurement

are equal. The error of the calibration method described by
ea. (30) will only vanish if the scattered flux becomes zero.
Different scattering caused by different neutron spectra would
also contribute to the error. We believe this error to be very
low because the spectrum of the 238Pu—B neutron source is
centred at 2.3 MeV and shows a steep decrease at the wings.

There thus exists a similarity with the D-D neutron swvectrum.

In ASDEX we have compared the two calibration methods. As long
as neutron scattering or shielding is low the results will only
slightly differ. Equation (31) is then quite well satisfied.
Usually the detector is placed behind a thick lead shield. In
this case calibration on site is superior and will be preferred.
The remaining systematic error of the undisturbed neutron

flux ®1 determined by means of eq. (33) is estimated to be not
more than 10 %.

In fact, the geometries of the plasma and the calibration source
are neither equal nor similar. We therefore measured the count
rates when the calibration source was moved along the major
radius of the torus (See also Sec. 3.3). Comparison of this
measured function CD(B), where B is the toroidal angle, with

the theoretical function CD,th(B)' yields a correcting

function S(B). Neglecting S(B) results in a change of -3 %

for the ion temperature, which corresponds to a flux error of
-14 3 at 2 keV (Fig. 17). The overall svstematic error of the

undisturbed neutron flux from the plasma, neglecting gamma-induced



neutron production, can therefore be assumed not to exceed 124 %.

The calculation of the ion temperature of the plasma from the
neutron flux calls for some assumptions. The basic one is

the fusion reaction model. For several reasons ASDEX will

be operated preferably with deuterium plasma and heated by

a hydrogen beam. This operation mode allows the assumption of
a Maxwellian ion distribution (Ref. 11). With a deuterium beam,
fusion reactions between the beam ions and the bulk plasma
play a dominant role, and interpretation of the neutron mea-

surements becomes difficult.

The measured neutron flux represents an integral value which
includes the ion density and the ion temperature as functions

of the radius. It is obvious that the normalized profiles and
the absolute ion density must be known to calculate the ion
temperature on the axis. Without considering the neutron flux
error the error for the ion temperature is therefore composed of

two additional sources of error:

- error of the ion density
- error due to the assumption on th= normalized radial

temperature profile.

The ion density profile is derived from the electron density
profile taking into account the impurities by means of Zeff' At

ASDEX Z

usually is 1. For Z < 1.5 the difference between

eff eff
electron density and ion density is small.

The temperature error relative to the error of the experimen-
tally determined neutron flux of the plasma can be derived from
the Gamov equation and is given in Fig. 17. In the temperature region
of a few keV this ratio is low. This means the neutron flux mea-
surement at moderate temperatures gives a rather accurate tem-
perature value. With an error of about 15 % for the neutron flux
one gets an error of 3.3 % for the ion temperature at Ti = 2 keV.

This becomes worse for higher temperatures.
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The temperature error due to the error of the maximum ion
density is always less than the latter at temperatures of

a few keV because the reaction rate depends much more on

the ion temperature than on the density (see eq. 3 and Fig. 6).
The sensitivity of the calculated témperature to the assumed
profiles was numerically determined. For the calculation of
the overall systematic error of the ion temperature in Table 1
it was assumed that the different factors are statistically

independent.

Uncertainty, Corresponding
source of error error/% temperature error/%

Neutron flux +24/-24 YAL

measurement
Density +10/-10 -3/43
Radial Profiles, FWHM +23/-16 -13/+6

Total temperature error +8/-14 %

Table 1. Estimated range of systematic errors neglecting

non-thermonuclear fusion reactions.

From the arguments and figures given above we draw the con-
clusion that the accuracy of the ion temperature determination
by means of neutron flux measurement is satisfactory if the
ion temperature is in the range of 1 keV to 3 keV. This range
corresponds to the ASDEX experimental regime. The test measure-
ments in the W VIIa stellarator confirmed this statement.
Factors which affect the accuracy of the flux signal have
little influence on the temperature accuracy. Input data such
as dencsity and profile functions are more important. The domi-
nant factors are the fusion reaction kinetics and the gamma-
inducerd neutron production. They depend on the fusion machine

and its experimental parameters. If non-thermonuclear and




gamma-induced reactions cause considerable neutron flux, the

error for the ion temperature evaluation cannot be estimated.
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6. Appendices

Appendix 1

Some details about the numerical evaluation of integrals (10)
and (15) are briefly considered here. A verv simple method
to solve the integral of a continuous not oscillating func-

tion f(x) with its derivatives is the Gaussian quadrature:

b +1
F(x)ax = 252 ;£ (Pm2 . ¢ 4 Brayg
3 AT 2 2
(A1=1)
N
= b-a lim D f (Eg—a P, + }%) W,
2 N-=» o 1

where the integration range [a,b] is limited, and Pi’ wi are
the Caussian nodes and weights. The reduction of the inter-
val [a,b] into the standard one [-1,1] is necessary becaﬁse
the set of points Pi is defined on this standard range. The
generalization of eq. (A1-1) for a multiple integral is evi-

dent, e.g. for a double integral

=

b d

Jdx [ f(x,y) dy = (b“a)4(d'c)
a c (A1-=2)
M N
lim A f(E%E P, + 9§3, @%9 P+ 953) W.W..
M,N > 00 1% 17 J ]

Such formulas can very easily be handled by a computer:

a DO cycle performs each summation, while a FUNCTION subpro-
gram computes the value of the function in the correct point.
The only disadvantace is that the integrand must be evaluated
in a large set of points, if the number of nodes required for
good convergence is high and the integral is multiple; as a

consequence the computing time may become excessive. The

C. FLUXED and C. FLUXAD computer codes perform the integrations

of ea. (10) and (15). The meanings of the symbols and of some

parts of the codes are explained by comment cards.
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Appendix 2

The zero point of the function (22), i.e. the solution of equation

F(T_ .) =0 (A2-1)

for each i, is found by an iterative method that uses a
given interval, that is assumed to contain the zero. The
approximate root is accepted as the real root when the corres-

ponding value of the function is less thana fixed error

(first convergence criterion), or when the results of two
successive iterations agree to a given number of significant
digits (second convergence criterion). The C. TPROS computer
code is used to find the solution of ea. (A2-1) for each
value of i, the shielding effect (see Sec. 3.3) being taken’
into account. The results thus obtained, must then be prlotted

versus time to have ion temperature as a function of time.

Appendix 3

The functions CD,th(B)' CD(B) and S(B) defined by eq. (24)
are computed by means of the B. FIT code. The function
cD,th(B) is analytically evaluated in the set of points
fﬂPi}, i=1,...,N, where {Pi} are the Gaussian nodes (see
Appendix 1). The reason for this choice is that the values
CD'th(TPi) are needed if the integrals eq. (27) or eqg. (29)
have to be solved by the Gaussian guadrature method.

The function CD(B) is experimentally known in a set of points
{Bi}, i=1,...,17. It is therefore interpolated in {ITP;}
i=1,...,N for the same reason. Finally, the values S(WPi)
are computed. The interpolation is made by a cubic spline

with second derivatives. It is assumed that

cg(o) = c; (1) =0 (A3-1)

The B. FIT code also gives the plot of the functions CD th(B)

and CD(B) versus the angle
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57CC

laRalzisizizisieisisiziaiakeiniaialakeisisiaNaNalaNaNaN ol e

C.FLUXED

LCUBLE PRECISION PRCGRAM

CATA ARE IN A.LCATA

THIS PROGRAM GIVES AN EXACT SCLUTICN FCR THE NEUTRON FLUX
CENERATED 08Y A TCRCIDAL VCLUME CF PLASMA: IT IS VALIC FOR VARICUS
LISTANCES FRCM TFHE TCRUS.

THE SYMBOLS USELC ARE:

R RADILS (CM)

A PLASMA RACILS (CM)

RT TGRUS MEAN RACILS (CM)

C IUN DENSITY AS A FUNCTICAN CF R (1/CC)

LO ICN DENSITY FCR R=({ (1/CC)

T IGN TEMPLRATLRE AS A FUNCTIGN CF R (KEV)

TG ICN TEMPERATLRC FCR R=0 (KEV)

C1l,B2,83,84 EXPLNCANTS IN IGN CENSITY AND ION TEMPERATURE PRCFILES
Al,A2 COEFFICIENTS IN GAMGw EQLATICA

RCO KEACTIVITY FCR C—-0 REACTICNSy MEULTRCN BRANCH (1/CC SEC)
PlU(12)seaesPEJLGC) GALSSIAN PLINTS

W10(10) sseesn860(€C) CAULSSIAN WEIGTES

PN NEUTRONS PRCCLCLEC PER SCC BY THE PLASMA TCRUS (1/SEC)

FLUX NEULTRON FLULX GENERATED B8Y THE FLASMA TCRLS (ANV)

ALFA,BETA ANGLES (RACIANS)

GP GREEK PI

CISTSBE,CE LCISTANCES (CM)

SB2,0S2 SQUART LISTANCE (SGCM)

CIS DISTANCE BETWLEN TRL PCINT IN WhICH THE FLUX IS COMPUTED AND THE
SLRFACE GF THE TCRLS (CWN)

N NUMBER OF USEL GALSSIAN PCINTS

IMPLICIT REAL*8(A-H,(-2)
UIMENSIGN P1C(1C)sP20(20),P3C(3C)sP40(4C)P5CI5C),P6016D)
DIMENSION wil(1C),0n20(20),w30(20)sh40(40),W5C(50),n€N(EQ)
INTEGER B1l,0c,B3,B4
CCMMUN/FIT/0ISaRT4GP
CGMMON/F12/81,B2,B3,B45A1,4A2
CCMMON/FIL/CCST1C,A
CCMMON/FIWZAL
READING AND WRITING GF GAUSSIAN PCINTS AND WEIGTHS
REAC(5443P1Csnl1l
REAL(5:4)P2C,0W2C
REAC{5,4)P20,n2C
RCAC{554)P40,h4C
RCAC(5:4)PE0,WEC
REAC(5,4)P60,hEC
4 FURMATI(S5C12.5)
WRITE(G, 1)
1 FCRMATI11X,'PlG 419X s"W10" 316X, P2C%519Xs"W2C"31GX,'P3C?,1GX,"W30"
/)
DG 3 [=1,18
ARITE(G,5)P1ICII)yW10(I)P2CH{I) swzC(I),P33(1),4,w33(1)
CONTINUE
CC 7 [=11,2C
WRITLE(659)P20(1)ew22C1),P3CLIDW3C(T)
7 CCATINUE
CC 11 I=21,3¢C
WRITE(6,13)P20(1),w30(1])
11 CONTINUE

[¥8)
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5840 WRITE(G6,15)

5909 15 FORMAT(//7/7711X,°P40" 319X, " w40 319X ,'PS0" 419X, 'w5C" 319X, *P60? 19X,
60300 *weG*/)

6130 0C 17 [=1.40

6200 WRITE(G45)P4CIT) yW40(T)4PS0(I)swS5C(I),PECLI),W60(1)

63C0 17 CUNTINUE

6400 CC 19 I[=41,5C

¢ 500 WRITE(6SIPSC(I)w53(1),P60(1),WeEQ(])

66C0 19  CONTINUE

6700 O0C 21 I=51,¢C

68C0 WRITE(G13)PEC(IL),n60( 1)

6SCO 21 CUNTINUE

73C0 S FORMAT(1IX,6(C17.10,5X))

71CO S FCRMAT(45X,4(C17.1045X))

12G0 13 FCRMAT(89X,2(C17.10,5X))

73C0 C CATA FOR ASDEX TCKAPMAK:

74499 A=40.CO

71580 RT=164.C0

76300 0IST=3C.0C

1700 DO=3.D+13

78G0 T0=1.D9

75C0 0i=2

80C0 B2=2

8109 B3=/¢

82C0 B4=2

83C0 C LCATA FOR WENDELSTEIN VII STELLARATCR:

8400 C A=3.00

3538 C R1=200.C0

46C3 C DIST=30.C0

871C0 C 0U=7.21273C+13

88CC C T30=0.71C3

8G9CJ C £1=3

90C0 C B2=3

9130 ¢ REACTIVITY PARANETLRS (GAMGRk EQLATICN)

92C0 Al=3.4520841C-14

93G0 A2=20.144128LC"

9400 C CRECK PI AND NUMEBER GF LSCC GALSSIAN NCDES

95C2 GP=3.1415G2¢LCC

96CC N=¢€0

9700 C CCMPUTATION CF THE INTEGRAL GIVING FLLX AND RESLLT®*S PRINTING
98CJ C TFE FLUX IS CCMPUTED FCR VARICUS CISTANCES CIS

96C0 CC 10 I=1,1C

1)300 CIS=DIST*]

10160 C AU IS THE UPPER LIMIT CF THE SPACE INTEGRAL. FCR ASDEX IT IS Au=A,
13203 C FCR w VII IT IS AL=10.CQ

10300 AL=A

104CQ FLUX=0.07

10560 DG 20 J=1,6€30

1)630 DC 30 K=1,¢€0

1217C¢S LC 40 L=1,60C

10800 FLUX=FLUX+FCT(PEOQLJ) sP60IK)FO60(L))I*h60(J)*WOD(K)I*W60(L)
109C2 43 CCONTINUE
110C3a 380 CONTINUE
i11C90 <0 CONTINUE
11289 FLUX=FLUX#*(AL/2.CC0)*CP%GP

11303 WRITC(6,50)N,CIS,FLUX

11480 50 FORMAT(LOXs'N=",12,10X,'DIS="yF4.0,* (CM)'y10Xe"FLUX=",D1710,"
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11599
116353
117G
11880
119399
120C3J
12109
122979
12333
12400
1253

12634
12700
128C4
12983
13260
131CJ
13209
13380
13482
135900
136CD
137C0
13809
139C3
14339
14109
142CJ
14300
144C9
145C0
146C0
14739
14833
149C0
153090

[aNaNaNaNe (@

o

1

*(NV)Y)
$  CIONTINUE
s10pP
END

FUNCTIUN FCT(R,ALFA,0LTA)
IMPLICIT RLAL#*E(A-H,C-2)
INTEGER £1,Cc,B3,B4
CUMMON/FIT/OISsRT,LCP
COCMMUN/FIZ/01aBcsBIyB44A1,A2
CCMMON/FIL/CC,1C,A
CCMMON/FIn/AL
RX=(AL/2.CT)*(R#1.D0)
ALFAY=CP*{ALFA+]1.CQ)
BETAZ=GP*CETA
VCL IS TEE VCLUMD ELENMENT
VCL=RX*¥(RT-RX*J(LCS(ALFAY))
OENSITY AND TCMPERATURE SPACE PRCFILES FCR ASDEX
C=03%(1e00-(RX/A)**E])**y2
T=TO%*(1.CO-(RX/A)**B3) %334
CCNSITY AND TEMPERATULRLC SPACC PRCFILES FCR w VII
D=00/(1eDC+(EXx/A)*xxL1)
T=TO0/(1.CO+{RX/A)*%*82)
RCD IS THE REACTION RATE, ACCCRCINC TC GAMUOW EQUATIGON, FCR C-D
REACTICNS,y NEULTRIN 3RANCEH
RUB=(J0.500%0#22)3(A1*T%*%(~2,00/2.,CC)*DEXP(-A2*T*%(~-1,C0/3,00i)))
CECMETRIC RELATICAS
SB2=(RX¥DSIN(ALFAY ) )#%2¢ ( (RT-RX*CCCS(ALFAY))*#CTAN(BETALZ))#%2
BE=DABS(USGRT(SEZ2))*CABS(CSIN(BETAZ))
DE=RT+A+DIS+BE-(RT-RX#CCCS(ALFAY))/CCCS(BETAZ)
0S2=SB2*(LLCS(EBETAZ)*%2 )+0E**2
FCT IS THE INTCGRANC FUANCTIGN
FCT=VOL*RCD/(4.LC*CP*LS2)
RETUKN
END
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160
209
300
409
530
604
1G9
809
930
13C3
1190
1200
1300
14C0
15C0
1629
17G9
1309
19049
20C0
2139
22300
2380
2430
2500
26CQ0
2129
2830
2930
3009
31C0
32069
3300
34CQ
3509
36C0
373G
38¢C0
39G0
40C3
4100
42C0
4300
4400
4509
46190
4700
48CQ0
4930
53CC¢C
51C0
5209
5360
5400
5509
56C0
57309

OO0 OO OO OO0 OO0 O0

CaFLUXAD
CCULLE PRELCISIUN PRCGRAM
CATA ARE IN Al.CATA
THIS PROGRAM GIVES AN APPRCXINMATE SCLUTICN FCR THE NEUTRCN FLUX
CENERATEL BY A TURCICAL vOLUME CF PLASMA: IT IS VALIC FGR LARGE
CISTANCES FRCM ThHE TCRLS.
THE SYMBCLS LSLLC ARE:
R RADILS (CN)
A PLASMA RACIUS (CWV)
RT TORLS MEAN RALCILS (CM)
C ION DENSITY AS A FUNCTIGN CF R (1/CC)
CC ICN DENSITY FCR R=C (l/CC1)
T ICN TEMPLRATLRE AS A FUNCTICN CF k (KEV)
1C iGN TEMPERATLRL FCR R=0 (KEV)
BEl,B2,83,84 LCXPONENTS [N ICN UENSITY AND ICN TEMPERATURE PRCFILES
AlyA2 COEFFICIENTS IN GAMCh EGQULATICH
RCO REACTIVITY FCR D-0 RCACTICANS, MELTRCN ERANCEH (1/CC SEC)
P1D(13)sesesPCTLEQ) GAUSSIAN PLINTS
R1D0(10) sewepntJ{EQ) CALSSIAN WEICTES
PN  NEUTRUNS PRCCUCLD PCR SLC BY TRE PLASMA TCRLS (1/SEC)
FLUX NEUTRUN TFLlLX GENERATED BY TRHE PLASMA TCRLS (ANV)
ALFA,BETA ANCLES (RACIANS)
CP GRECK P
CS2 SQUARL LCISTANCL (SGCM)
DIS DISTANCE DETWEEN TELC PCINT IN WHIChH THE FLUX [S CCMPUIEC AND THE
SURFACE CF THE TCRLS (CM)
CIST LISTANCE (CMm)
N NUMBER CF ULSELC CAUSSIAN PCOINTS
IMPLICIT RCAL#*8{A-H,C-2)
DIMENSIGN P1C(1C)2P20(2C)eP30(20)sP4014C)sP50(50),P60(€0)
DIMENSICN wl1Z(13)+n22(23)sW3G(30),2W4C(40)suS5C(5C)en6D(EC)
INTEGER B1,82,5,B2,B4
COMMON/FIT/CISSRT,CP
CUMMON/FIZ/81,82,83,84,A1,4A2
COMMGN/FIL/CCsT0 A
COMMON/ZFIC/PN
COMMON/FIW/AL
READING AND WRITING CF GAUSSIAN PCIANTS ANC WEIGTES
REAC{5,4)P1Csh1C
REAC(5,41P20,420
RCAD(5,4)P320,0w30
REALC(5,4)P40,n4C
REAC(5,4)PE0,nE0
READ(5,4)PECWEC
4 FGRMAT(5C12.%5)
WRITE(E,1)
1 FORMAT(L1Xs"PlC® 19Xy " WlCT" 519X "P2C0Y,1GXs " W2C" 319X, 'P30%,19X,"W301
®/)
CC 3 I=1,10
WRITE(GsS5)FICIIIsW13(I)sP2C(TI) sn2C(1)P3CH(I)sW3D(1)
CONTINUE
CC 7 I=11,20
WRITE(G6,9)P2C(1)sh20(1)4P30LI)sn3C(1)
7 CONTINUL
CC 11 I=21,3C
WRITE(6,13)P20(1),W30(])

(W]
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5833 11 CUNTINUL
59C3 nRITE(G,15)
6300 15 FURMATU(//7/7/711X5'P40° 319X, a0 419X ,'P50" 519X, W5C*,19X,'P60"»19X,"
0lCJ *¥we0'/)
62CG CC 17 I=1,4C
63CGC WRITE(G5)PAC (L) yna0 L) sP5CL1) 2wE0(1)4P6C(1)yweEN(])
0400 17 CONTINUE
& 5C3 DC 19 I=41,5¢C
66G0 WRITC(G6,9)PSCLI)sW50(1)PEOLI)h€C(T)
67C9 16 CONTINUL
68CC OC 21 [=51,02
65C0 WRITE(G,12)PED(L)sn6C(T)
7399 21 CUNTINUC
71C0 S FURMAT(LX,6(C17.10,5X))
72040 G TORMAT(45X,4(C17.10,5X))
7339 13 FGRMAT(89X,2(C17.13,45%))
7403 C LCATA FCR ASDEX TCKAMAK:
15C3J A=40.D3
7630 RT=164.C13
771C0 0IST=33.CC
T14C3 CJd=2.D+13
7939 Td=2.C0
813G i=2
81390 32=2
82C3J Bl=2
83C0 Ra=2
34C0 C CATA FCR WENCCLSTEIN VII STELLARATCR
85C0 C A=3.C0
36950 C RT=230.00
6760 € CIST=33.CC
4809 C CO=7.27273C+13
69069 C T9=0.7159
9320 C £1=3
910C C B2=3
9200 C REACTIVITY PARAMETERS (GAMCW ECULATICAN)
93073 Al=3.492C841L-14
94064 A2=2041447238C0
950 C CRECK PI AND NUMBER CF USED GAUSSIAM NCDES
36C3 GP=3,141592¢LC
37C0 N=€0
98C) C CCMPUTATIUN CF THE INTEGRAL GIVING PN ANL RESULT®*S PRINTING
990) C AL IS THE UPPER LIMIT CF THE SPACE INVEGRAL. FCR ASCEX IT IS Au=A,
1J0C0 ¢ FCR w VII IT IS AUL=10.CC
1J14C AL=A
1)239 PN=0.09
133G¢ CC 10 I[=1,63
104Co DC 20 J=1,¢(0
19582 PN=PN+FCT(PLOLTI)P6DLIII*RE0LT)*NEC(Y)
106CQ 2C CUNTINUE
197C¢ 1C  CONTINLLC
12800 PN=PN*(AU/2.L0)%(CP
109¢3 aRITE(G225)N
11002 25 FCORMAT(//7/7/73CXe%N="412/7)
111120 WRITE(G,2C)PN
112¢0 3C FORMATI(30X,'"PN="4,015.8,* (1/SEC)'//)
11300 C COMPUTATION CF INTEGRAL GIVING FLUX ANC RESLLT'*S PRINTING. ThE
114C0 € FLUX IS COMPUTLCL FLR VARICUS CISTANCES LIS
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115G0
116012
117389
118G2
11930
127209
121C3
12200
12300
124C3
12500
126G3
12700
128C0
129GV
1l3uce
131C2
132¢0
13308
134GC0
138C0
136C9
13799
138C38
139G2
14)30
141389
1+2C0
14 339
14430
1452¢
146393
147C3
148370
14903
15037
151CJ
152¢0
153CC
15469
155C3
15609
157830
15839
15939
i6CCO
161C¢
16200
16330
154GV

(o

[aNaNaNe!l

aNe

CC 530 I=1i,13

CIS=DIST*]

FLUX=0.CO

DC 25 Kk=1,¢3
FLUX=FLUX#FTCT(FEC(K) )*nGO(K)
CINTINUE

FLUX=FLUX*CP
RRATTE(G6,40 )0 LS, FLLX

FCRMAT(39X, "CIS="3F4.0," (CMI ', 15X, FLULX="4C15.8,"

CONTINUE
STCP
LND

FUNCTION FCT(R,ALFA)
IMPLICIT RCAL*E{A-H,(-2)
INTEGER B1,CZ4B3,84
COMMUN/FIT/UIS,RTI,4GP
COMMUON/FIZ/B15B24B3,B49A1,A2
CCMMCN/FIL/CC,TC,A
CCMMON/FIn/AL
RX=(AL/2.0%3%{R+1.059)
ALFAY=CGP*(ALFA+1.,L2)

VCL IS THE VCLUME LCLEMENT

CENSITY AND TCMPCRATURE SPACL PRCFILES FCR ASDEX

CENSITY ANU TEMPERATURLE SPACE PRCFILES FCR w VII

RCO IS THE REACTION RATE,

VOL=RX*{RT=RX2DCCSIALFAY))

C=DC*(1.C0=(kX/2)%%p])¥xp?
T=T0*(1.00-(RX/A)%*33)%2B4

D=D0/(1.004(RXx/2)*%%2])
T=T0/(1.DC+(RXx/A)*%p2)

REACTICNS, NEUTRLN BRANCH
RUD=(0.50C*03%2 ) # (AL *T*#(-2.C0/3.COV¥CEXP(~A2%T#%(=1.0C/3.D0)))
FCT IS THE INTCGRANC FUNCTION TC CCMPLTE PA

FCT=2.00%CP#VvCL*RLC
RETURN
END

FUNCTION FFCT(EETA)
IMPLICIT REAL#8(A-F,C-2)
CGMMUN/FIT/CIS4RTHCP
CCMMON/FIC/PN
BETAX=BETA®GP

DS2=(DIS+#RT)3#24RT*#2-2 . DO*(DIS+RT)&RT*CCCSIBETAX)
FFCT IS THE INTEGRANC FUNCTIGMN IC CUMPUTE TFE FLUX

FFCT=PN/(E.CC*CP*%2%352)
RETURN
END

PAGL 3

(Av)*//7)

ACCCRODING TC GAMOW EGQUATIGN, FCR C-C




L« TPRCS

16V
204
320
439
504
6Go
100
300
9L
1004
1139
1200
130C
14359
15C0
1663
1750
1320
19C3
20CC
21G0
2200
2130,
24C73
25060
2510
2000
21830
2ECC
29090
3¢50
31¢0
3280
313 0
34(
35CQ0
3€C0
31C0
38090
3900
4CCQ
41C0
42C0
43CQ
+409
4504
46CC
4109
4800
46CQ
54090
5160
5200
5332
54C2
55CC
5¢0C

o0 CoO00e0O

R

[§8]

11

15

17

15
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C.TPRLCS
UATA ARE IN AL .UATA, Al.DATAF, Al.SHCT
Al.UCATA CONTAINS THE GAUSSIAN PCINTS ANC WEIGHTS
Al.CATAF CUNTAINS THE L£XP. CCUNT RATES TC FIT ThE SERIELLCING
FUNCT IUN
Al.SHCT CUNTAINS THE CATA REFERRING TL A CERTAIN SHCT
THIS PROGRAM CCMPULTES THE TIME DEPENCENCE CF THL ICN TEMPERATURE,
TAKING INTG ACCCULNT TRC SHIELCING EFFECT
THE USED UNITS ARE: CM FOR SPACE, SEC FGR TIME, KEV FOR TEMPERATURE,
CPS/NV FOR THE EFFICIENCY CF THE CETECTING SYSTEM
IMPLICIT REAL#E(A-F,C-2)
DIMENSIGN P1C(1C),P20(20),P30(30),P40(49),P5C(50),P601(€0)
DIMENSICN WIC({1C)ow201{20)35snh3C(3C)nh40(40)sw5C(50),n6C(E0)
CIMENSICON TINME(S),FM(5),00(5)
DIMENSION X(S)aeY(S)2BPARI4)5C(G,3)
DIMENSION LU{3C) U{333,5(30),585(6C)
INTEGER Bl,82,B2,B4
INTEGER NX,iCsN,yIER
COMMON/NCC/P1C,P20,P30,P40,F5C4PEC
CCMMON/WEI/w10sw20,n3C,h40,WEC,hEC
CCMMUN/FIT/CISsRTHCP
CCMMUN/FI2/B1,82+834s84,AL5A2
CUMMUN/FIL/UC,A4INC
CCGMNMCN/FIW/FMCHT JEFFQ
COMNON/SHI/S S
CCMMCN/CCR/CCGEF
CEXTERNAL FLUX
CADING ANL WRITING CF GAUSSIAN PCINTS AND WEIGTES
REACI5,4)P1iswl18
REAC(504)P20,w2C
READ(5,4)P33,5:h23C
REAL(5,4)P40,n4C
REAC(5,4)P50,3hE0
REAC{5,4)P60,n€EC
FCRMAT(EL1Z.5)
WRITE(G,1)
FORMAT(11X, P10 19X, nl0% 319X P20% 315X W2C*,19X,°P30%,19X,*'W30"
x/)
CC 3 I=1,10
WRITE(E4S)PLICII) sh10(1)oP20(I)ow20(1)oP3CII)sw30(1)
CUNTINUE
CC 7 I=11,2C
ARITE(GE,9)P23(1)sw20(1)4P3C11),h20(1)
CuNTINLE
CC 11 I=21,3¢C
WRITE(6,12)P20(1)sw301LI)
CUNTINUE
WRITE(6,15)
FGRMAT(///7711Xa"P40" 319X, " a0 15X, P50 319X 3% WS0" 19X, 'P6ECY519Xs"
*WECY/)
LC 17 I=1,40
WRITE(G9)P4CII) gn4aCLlI)4PS5CT{I)shS5C(1),P60LI)WeQ(])
CONTINUE
CC 19 I=41,5C
WRITE(G6,9)PSCIL)end0(1),P60(I1)sheC(1)
CCNTINUE
CC 21 [=51,¢€C
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571C0 WRITE(6512)PECIT ), WeETLT)

5800 ¢l CONTINUE

5900 5 FCRMAT(1X,6(C17.10,5X))

6C0CC 9 FCRMAT(45X,4(C17.10,5X%))

61C90 12 FCORMAT(89X,2(L17.10,5x))

6200 C CCMPUTATICN CF THE SHIELDING FUNCTICN SSCI); THIS FUNCTICN IS CEFINED
63C0 C AS TFE RATIC BLTwEEN THE COUNT RATE WITh SHIELCDING EFFECT AND wl THOUT
6400 C SHFIELDING EFFECT

65C0 C CP IS THE GREEK PI

6600 C REALING ANU WRITING GF THE DATA CChTA[htD IN A.DATAF

¢1C0 GP=2.141562¢6CC

08LC CC 3C [=1,S

09C2 REAC(5,4C)x{1),¥(I)

71CCO WRITELG6,5C)X(1)eY(])

1199 40 FCRMATI(U11.4,C1C.3)

12C0 5¢ FURMAT(5X3011.45,10X,010.3)

713GC3 X{Id=x(1)2GP

7400 20 CONTINUE

15C0 C CCMPUTATION CF ThE PCINTS (VEKTGR U(K)) IN wkICk THE FUNCTIGN 5S(I)
763 C MLST BE EVALLATELC

1100 CC 55 I=321,6C
18C3 K=1-30

15CC LLUIK)I=PED(I)
8J390 ULK)=P60(TI)3GP

d1CC 55 CCNTINUE
8200 C SEE IMSL SUBRCUTINES ICSICU ANC ICSEVL FCR THE MEANING OF TFE
33C3 C SYMBGLS

34300 ANx=$

d5CQ (=9

3600 M=30

6130 BPAR(1)=1.CC

88CQ0 BPAR(2)=6,03/{X12)=X(1))*(Y(2)-Y(1))/(X(2)=X(1))
36CQ0 BPAR(3)=1.CC

9000 BPAR(4)=6eC0/(X{S)=X{(8))*(Y(8)-Y(S))/(X(S)-X(8))
91CC CALL ICSICU(XsYsNXsBPARJCoIC,IER)

92C0 WRITE(E,€6C0)IER

93C0 €C FORMAT(10Xx,13)

94GJ CALL ICSEVU(XsYaNXsC,pICsUySeMeIER)

95C0 WRITE(6,60) IER

9¢30 C PRINT CF THE RESLLTS CF THE FITTING PRCCESS

5700 CC 7C I=1,3¢C

98¢0 WRITE(G,8CILLUTI)oUTI)aSLI) 1

99GC 3 80 FCORMAT(3(10X4017.10)55X,12)

1)3C9 C ARITE(T7,SCILLII)LULTI)oS(])

ivlCy C SC FCRMAT(3(5X%,C17.10))

102CQ 1C  COUNTIANLE

13300 C EXTENSION CF THE VEKTOR S(i)y 1=1,3C TC GENERATE THE SYMMETRIC UNE
10400 C S5(I)y I=1,60C5 FRINT CF SSILI)

10583 CG 110 I=1,3C

1)639 J=30+1

101C3 K=31-1I

1J8Cy SSJ)=51L1)

10960 SS{K)=51L1)

118C38 110 CONTINUE

111€Q CC 120 I=1,&C

11230 WRITE(6,1200S5(1),I

113C0 130 FCRMAT(10X,017.10,5%,12)
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114C0
11500
116CGC
117C38
114839
116C0
120G60
121CQ
12200
123C¢C
124CQ
125309
12630
121700
128C3Q
129C3
130C0
131350
13203
13300
134CH
134190
13420
1343¢
1350)
13¢C3Q
13763
138C

149C0
14CCQ
141690
1+42CC
14 3060
144CC
14500
146CQ
147CQ
14809
14900
15300
15100
152CQ
153¢0
15430
15500
15630
157¢0
15800
155400
16130
1a1¢Q
162¢CQ
16300
lo4Co
165Ca
16€CQ
l6709

C

aNaNeEalalnlal

12C CONTINUE
CATA FOR ASCEX TCKAMAK
A=40.C0
RI=165.LC0
DIS=215.C¢C
Bl=5
B2=1
B3=2
Ba=2¢
CATA FGR WwLNCELSTEIN VII STELLARATICR
A=3.CC
RT=200.C0
CIS=118.CC
Bl=2
B2=3
REACTIVITY PARANETERS (GAMCh EQUATICN)
Al=3.4920E41C-14
A2=20.1441728CC
CATA RELATIVE TC ThE EXPERIMENTAL CETECTING SYSTEM
CFT=1.D-0¢
EFF=5.9C-C1
CORRECTING CCEFFICIENT FOR THE NEUTRCN FLUX, IN CRDER TC USE THE
EXACT VALLE
CCEF=C.2¢ECQ
MNUMBER CF USECL CALSSIAN POJINTS
h=¢€C
STRENGTH GF THL PLULTCNIULM—BGRCN NEUTRCA SCURCE
C=6,5C+0¢
SEC IMSL SUBRCUTINE ZFALSE FCR THE MEANING GF THE SYMBOLS
EPS=1leE-04
NSIC=4
TEMPL=0.1CC
TEMPR=1,2C3
READING ANC WRITINC OF THE DATA CCNTAIMELC IN Al.SHCT;CGMPUTATIGN
CF ThE ION TEMPERATURE TIME PRCFILE ANDC PRINT CF THE RESLLTS
CC 218 I=1,5
IND=1
READ(5,22C)TIME(I),FM(I),D0(1I)
WRITE(E,5CO)TINELL)SFMII),COLI)
500 FCRMAT(10X52FS<2,52X3D13.6)
220 FCRMAT(2FS.2,L12.5)
[ITMAX=40
CALL ZFALSE(FLUXSEPSINSIGoTENPLLTENPR,TAPP,ITMAX,IER)
WRITE(65200)TINMELI)TAPPL,IER,ITMAX
200 FCRMATI{10X,*TINE=",F9.2," (MSD", 10X, *TAPP=",012.5," (KEV)®*,10X,
AIER="9[3,10X,"ITFAX=",12)
210 CONTINUE
SIGP
END

FUNCTION FLUX(TENP)

IMPLICIT REAL*E(A-H,C-2Z)

CIMENSION P1C(10),P20(20),P3C(20),F4C(4C),P5C(50),P60(6€C)
DIMENSICN W1C(10),W20(20),K30(20),n40(40),n50(50),n60(€0)
DIMENSIGN CQO(5),FN(S5)

OIMENSION 55{6C)

3
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16880
169C0
17G6CO
171900
172C2
173C¢G
17400
11:C¢C
17620
17730
171710
178C0
179389
13CCJ
13010
183220
131¢3
1832C¢C
1833C2
1343¢
185¢3
136CC
187C0
138C0
135C0
19330
19189
1922¢C
193390
194CQ0
19413
19500
19€C30
197CQ
19889
199CC
2JCL0
201C¢C
21233
203C¢
2)4Gy
205(¢
206GC3
2J917C3
208.9
209390
21CC0
211C8
212G90
21300
21430
21500
216CQ
211C¢
21ECG
215900
22GCQ

[zE el al

laNe

INTEGER Bl,Uz,82,B4
CCMMCEN/NUC/P104P2C4P3C,P4C,PEC,PEC
COMMON/WEI/in 109020, n3C o w40 shSCen€C
CCMMCN/FIT/LISRT,GP
COMMCN/FI2/814B25B3,034,A1,A2
CCMNMON/FILZLEC,A,INC
CCMNMCN/FIR/TC
CUMMON/FIW/FM3CHT,EFF LG
CCMMON/ZFIC/PNA
CCMMON/SHIZSS
CCMMCN/CCR/CCEF
T0=TLCMP
CCMPLTATION CF TRE INTEGRAL GIVING PN AND RESULT®S PRINTING
AL IS ThE LPPER LIMIT CF THE SPACE INTEGRAL
AL=A FCR ASCEX
AU=10.C0 FCR WLNCELSTEIN VIIA
AL=A
PN=0.C0
CC 1C I=1,¢€0
CC 20 J=1,60
PN=PN+FCT(PLC{IL) P6ILUII*n6C(I)*RED(J)
<C CONTINLE
1C CONTIMNUE
PN=PN&(AL/2.CC0)*CP
CLHPUTATIUN CF THE INTEGRAL GIVING FLULXC
FLUXC=0.CC
CL 35 K=1,¢0
FLUXD=FLULXC+SS(K)*w&0I(K)
CONTINUE
FLUXD=FLUXD*CP*PN/(2.CO*GP*C*EFF)
FLUXD=FLUXC*CCEF
ULTERMINATIGCN CF THLC MEASURED EXPERIMNENTAL VALLUE CF THE FLUX
FLUXMD=FM{INCI/{CFT®EFF)
ThE ZERC OF ThE FUNCTICN FLUX GIVES THE SEARCFEC VALUE CF TFE
ICN TEMPERATLRE
FLUX=FLUXC=FLULXNMC
RETULRN
END

[¥N]
\n

FUNCTION FCT(R,ALFA)

IMPLICIT REAL*E(A-HsGC-2)

CIMENSIGN PiCl1C),P2C(2C),P3C(3C),P4C(40),P5CI5C)sP6C(6C)
OIMENSIGN h1C(10),h20(20),W30(30),n40(40),w50(50),060(€3)
CIMENSIUN CC(E)

UIMENSICON SS5(€C)

INTEGER B1,02,B3,8B4

CCMMON/NCC/P10,P2C4P3C,P40,PEC,PEQ
CCMMON/WEI/n1Cah20,m3C,n40,mSCohéC

COMMUN/FIT/LISHRI,CP

CCMMUN/FIZ/81,B2,83,04,5A1,A2

COMMON/FIL/CC, A INC

CCMMON/FIR/TC

CCMMON/SHIZS S

AL=A

RX=(AL/2 oEO}‘(R"‘l.CC’

ALFAY=GP*(ALFA+1.0Q)

PAGE
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221309
222C0
223C0
224090
225G0
22¢C0
22100
228C0
22900
23040
23183
23200
23300
234C0
23500
23¢€CeC

cocObo (@]

o

VCL IS THE VCLUNE ELEMENT

VOL=RX* (RT-RX*#DCCS(ALFAY))
DENSITY ANU TEMPERATURE SPACE PRCFILES FCR THE ASCEX TOUKAMAK

D=DO(INDI*(1.CC-(RX/A)**Bl)*3E2

T=TO0®(1.CO-(RX/A)**B3)**B4
DENSITY AND TEMPERATULRE SPACE PRCFILES FCR THE WENCELSTEIN VII
STELLARATOR

D=DO(IND)/(1.CO+(RX/A)*%01)

T=T0/(1.DC+(RX/A)*%*B2)
RLD IS THL REACTION RATE ,ACCCRDING TC THE GAMCw EQUATICA, FCR U-C
REACTICNSy NEUTRCLN ERANCE

RDD=(0.500%D##2 ) * (ALl *T**(-2,00/3.C0)*DEXP (-A2*T*#(-1.C0/3.CC)))
FCT IS THE INTEGRAND FUNCTIGN

FCT=2.CO0*CGP*VCL*ROD

RETURN

END
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1C0 C Ea FIT
209 C DATA ARE IN Al.CATA ANC Al.CATAF
330 C AL.CATA CONTAINS THE GAUSSIAN PCINTS AND WEIGHIS
4C0 C Al.CATAF CONTAINS THE CXP. CCUNT RATES TC FIT TEHE SHIELDING
00 C FUNCTICN
600 C THIS PROGRAM PLGCTS THE FUNCTICN (CCUNT RATE wITH SHIELDING AGAINST
130 C THE ANGLE BETA) GBTAINCC 8Y INTERPCLATING A SET OF EXPERIMENTAL
8C0 C PGINTSe THESE PCINTS RCLATIVE 1C THE MEASUREC VALUES GF TFHE CLUNT
900 C RATE, WHICH ARE FITTEC, ARLC PLCTILC TCC
1¢C0 C FUR A CCMPARISCN, THE THRECRETICALLY CCMPUTEL (WITHGUT SHIELODING)
1100 C COUNT RATC IS ALSC PLCTICC
1200 C SYMBCLS LSLCG:
1330 C Ly SsUXgSY,UXXsSYY FCR THC INTERPCLATED CCUNT RATE FUNCTICN
1400 C Yo YpXSpYSeXXSe¥YS FCR THE EXPERINMENTAL PLINTS
1500 C CTX,CTY,CSXgCSY,CCSX,CCSY FOR THE THECRETICAL CCUNT RATE FUNCTION
16C0 REAL#8 X(9),Y(9),0PAR(4)4C(5,2)
17C0 REAL*8 P10(13),P20(20),P30(3C),P4C(40),P50(5C),P60(60)
1899 REAL*8 W10(1C),w27(2C) s W30(3C),h4C(40) ,w50(50) ,h60(60)
19CQ0 REAL*¥8 UU(32),L(2C),S(330)
2049 REAL*8 CIX(22),01Y(32)
21GC0 REAL%4 UXI[323,UxX032),5Y(32),5YY(22)
22C3 RECAL*4 ERX(32),ERY(32)
2302 REAL*4 XS(11),YS{11),XXS(11),¥Y¥5(11)
24G0 REAL*4 CSX(32),C5Y132),CC5x(22),0CEY(32)
25C3 UATA ERX/3Z2%C./
2600 DATA ERY/32%C./
2760 C
28420 C REACING ANC WRITING CF GAUSSIAN PCINTS AND WEIGTHS
29090 READI[5,44)P104sh1C
33C0 REAC(554)P20,K28
3100 REAC(5,4)P20,n3C
3260 REAL(544)P40,0n4C
33C0 REAGC{5,4)PES0,4h5C
3439 REAC(5+4)P6C10€C
35C0 4 FCRNATI5C12.5)
36CC WRITE(E,1)
37400 1 FGRMAT(llX.'PlG',IQX,'HlC';lGX.'PZC'gIGX,'hZC'JIQX,'P30',qu.'hJG'
3800 */)
39Cy OC 3 I=1,1C
409 kRITE(baS)PlG(Il.HlU(IinPZC(I):hZCl[l,PBC(I).h30(l)
41330 2 CONTINUL
42C3 CC 7 I=11,20
433) WRITE(6,51P2C11),w22(1),P3C(I)w3CHINI
44C3 7 CCNTINUE
4500 DC 11 I=21,3C
4600 WRITE(6,13)P3C0(1),w30(0)
417C3 11 CONTINUE
4800 WRITE(E,512)

49090 15 FURMAT(/IIIllX.'PQO’,lgx,'héﬂ’,19X,'P50'.19X,'h50'.19X,'P60‘.19X.‘
5080C *¥h60'/)

510C CG 17 I=1,40

52C3 hRITE(&-S)PéQ(l):héﬂ(l).PSC([i,hﬁOlI);PbG{I)'hGOIIl
5300 17 CONTINUE

54030 CC 19 I=41,5C

5500 WRITE(6,3)P50(1),w50(1),P60(1)sneCLII

5600 15 CONTINUE

51C3 DC 21 I=51,¢C
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5803
5930
60090
6100
6200
6300
0490
6500
66CQ0
67C0
6830
69C3
T739CC
7133
72C0
7330
74CQ
1500
14CC
717100
18G0
75C0
8903
31C3
8280
8308
8430
8500
36C0
£ 700
83C0
8900
9009
91C0
92CC
9330
9403
9500
9604
9739
98040
9900
196C¢
10199
102990
123020
104C¢C
1d5Cg
10600
137090
108¢co
109¢CH
l1ia¢e
1118¢
11200
11300
114¢Q

[aEaEaNaNel

WRITE(G,13)PEQUT)n60(1)
21 CONTINUE
5 FORMAT(1X,6(C17.10,5X))
S FORMAT(45X,4(C17.10,55X))
13 FORMAT(89X,2(C17.10,5X))
CCMPUTATIUN Cr THE SKHICLDING FUNCTICN S(I); THIS FUNCTION IS
OEFINED AS THL RATIO BLTWLCN ThHE CCUNT RATE WITRH SHFIELDING EFFECT
ANU wITHOUT SEIELCING EFFECT
GP IS THE GRECLK Pl
READING ANC WRITING CF THE DATA CCNTAINEL IN Al.DATAF
GP=3.1415SZ2¢C0
DC 3QC [=1,6
READ(5,400Xx(1),Y(I])
WRITE(EL,EQ)X{L),¥(])
40 FORMAT(D1l1l.4,C1C.3)
5C FURMAT(5X301144510X,510.3)
X([)=X(I1)3GP
2 CCNTINUE
CO 35 I=1,S
XS5{Ii=x(1)
YSti)=vyti)
38  CCNTINUE
C CUMPUTATICN CF THL PCINTS (VEKTCR U(K)) IN WHICH TFE FUNCTICON S(I)
C MUST BE EVALUATEL
DC 55 I=31,6C
K=1-130
UUIKI=P6O(T)
LIK)=P6CI{I)*CP
£ CONTINLE
SEL IMSL SUBRCUTINES ICSICU AND ICSEVL FCR THE MEANING CF THE
SYMBCL S
NXx=S
IC=5
M=30
BPAR(1)=1.8¢C
BPAR(2)=6C0/(XL2)=-X{1))&(VYL2)=-Y(1))/(x(2)=-X(1))
BPLR{3)=1.LC3
BPAR(4)=6CC/(X(S)-X{(8))*(Y(8)-Y(SI)/(X(S)=-X(8))
CALL ICSICU{X;Y3NXBPAR,C,ICsIER)
WRITE(6,6C){ER
€C FCRMAT{10X,12)
CALL ICSEVU(XaYaNXsCoIC,LySaMsIER)
WRITE(G6,6C)IER

[aN el

C PRINT OF THE RESULTS CF THE FITTING PRCOCESS

ODC 70 I=1,20
WRITE(G6,80)0LLITI),UlL),5L1)

EC FORMATI3(10X,C17.10))

1C CUNTINUE

C CUMPUTATION OFf THE THEGRECTICAL CCULNT RATE (WITKOUT SHIELDING)

G=E.50+3¢
EFF=11.012C0
£=226.C3
R=165.00
CC 15 I=1,28
CTX(I)=(I-1)%CP/29
DS2=(D+RIF#24R*32-2,CO* (D+R)*R*¥LCCS(CTX(I))
CIY{I)=(EFF*Q)/(4.D0%GP*%DS2)

2
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115C0 WRITE(G6,35)CTXLT),CTY(1),!

11600 C ARITE(T,85)CTX(I),CTY(I)yI

117C90 €5 FURMATI(5XyC124595Xs012e5+45X%,12)

118300 75 CUNTINUE

119C0 C THE PLGT OF THE FULNCTICNS ANC CF THE PCINIS IS GIVEN

126C0 Cu 1€0 [=1,3C

12130 uxtn=utl)

12230 SYy(r)=str)

12289 Csx{n)=C1xt1)

12400 CSY(I)=CTIY(I)

125C3 1CC CUNTINUE

12680 CALL PBLATT

1273¢C CALL PLCTS

i2809 STARTX=Q.

125C¢ UELTX=GP/4

13GCS ALENGX=11la

13100 AXEINX=11./4

152C¢ ENDX=STARTX+ALENGX*DELTX/AXEINX
13320 WRITE(6s11C) STARTX oCNCX ALENCXgAXEINXSDELTX
13400 110 FOCRMAT(5X,5L12.5)

135C0 UX{31)=5TARTX

13eCQ LX{E32)=3ELTX/AXEINX

137309 CSX{21)=STARTX

138C3 CEX(32)=0ELTX/AXLINX

13G6C4 XS{1J)=STARTX

14CCY XS{11)=0ELTX/AXEINX

14103 CC 120 I=1,3¢

142CQ0 Uxx({r)=uxt1

14 3C0 CCSXLII=Csx(1I)

144390 120 CONTINUEL

145CQC CC 125 I=1,11

14€CQ XXS(I)=x5(1I)

14700 125 CONTINUE

1483GC STARTY=C.

1%49CO CCLTY=18Ca/3

159329 ALENGY=14.

1513520 AXEINY=14,./2

152C40 ENDY=STARTY+ALENGY*DCELTY/AXLCINY
15309 WRITE(69130)STARTY L ENDY JALENGY JAXEINY,CELTY
154C3 13C FGRMAT(5X,5012.5)

15539 SY(21)=STARTY

15680 SY(32)=CELTY/AXEINY

157008 CSY(31)=STARTY

15860 CSY(32)=CELTY/AXCINY

15939 Y5(103)=STARTY

16368 YSUL11)=DELTY/AXCINY

161G0 BC 140 I=1,32

122739 Syy(rn)=sy(n

163CJ CCSY(I)=CSY{ )

164C0 14C CUNTINUE

16 550 CC 145 I=1,11

lo6Co YYS(L)=YSI{D)

16750 145 CONTINUL

164G CALL SKALA(Z2a3lepllasles ANGLE BETA (RAC)* 421422+ STARTA,ENDX,
169C3 *-2]0.'03“20’

17000 CALL SKALA{Za415¢411e30as"BE"409ezySTARTXZENCX3C0ap0as092a)

17103 CALL SKALA(2<4les—1443;90e5*CCUNT RATE {CP)*320,42,STARTY,ENDY
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17200 *,02100301—21)
17309 CALL SKALA(13231e2-144550es"CR? 305223 STAKTYENCY30er0e9392.)
17400 CALL PCATA(2aslasUXXgS5YY330,CapZs0sCsERXHERY,2)
17500 CALL POATA(2.491eaXX59YYS599,Cas051,C,ERX,ERY,Z)
17600 CALL PLATA(24414sCCS5X9CCSY3Cs0es=29040,ERX,ERY,2)
17700 CALL SCHRFT(14+5415922, "ASDEX TCKAMAK?®,13)
178C0 CALL SCHRFT(14.571409e2 LITILE CIRCLES: EXPERIMENTAL PUINTS®,35)
17900 CALL SCHRFT{142531345e2¢*'CCNTINLCLS LINE: INTERPCLATEC FUNCTIGN®,3
180090 38)
13130 CALL SChHRFT{1445312e942y*DAShELC LINE= THECRETICAL FUNCTION®,33)
132090 STCP

183CQ END
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