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This report sccks to study and calculate the synchrotron

p -
radiation loss from electrons in a tokamak with the following
parameters,
Ro (reactor major radius) = 18 m
a (plasma minor radius) = 2 m
N (plasma denéity) = 1020 particles/m3
B (toroidal magneﬁic field) = 50 kgduss
Te (electron, temperature) = 10 to 50 keV.

The synchrotron radiafion in a tokamak for the non-rela-
tivistic limit, i.e. for v << ¢, has been formulated by Rosenbluth!
taking into account the VB broadening. His result is given as
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Here B is in gauss, N:in particles per cm3, RO in cm and T in
keV. n is the harmonic number w/9 and 9 is electron cyclotron
frequency. The ZnAni are strdngly dependent functions of n and
decreasing stecply as n increases. Rosonblutﬁ plottéd the quan-
tity 1017([3(31{08)!'5 BeL/NT3 vs. T for constant BeBRO. Sonme of his
curves were reproducaed and shown in Fig. 1.

Since Eq. (1) was derived for a low temperature plasma,
in order to study its validity at relatively higher temperature
the rapidly decreasing functions ZnAni must be studied. - The’
ratio of the loss by Black-body radiation at each harmonic will
élso be calculated to determine the cut-off frequency w*!’2 or
the number of harmonics that contribute fo the total loss.

By integrating the Black-body intensity over all X values
and exit éngles using the same technique and coordinates given

by Rosenbluth, the Black-body radiation is given as
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The functions ZnAni and the ratio R(n) for values of temperature
between T = 1 and T = 15 keV have becn comphtcd. Those for T =5,
10 and 15 keV are listed in Tables I and II as typical examples.

From Table I one can see that the ZnAni are steeply de-
creasing functions of n for temperatures below 10 keV. They
decrease slowly as functions of n above 10 keV and even begin to
rise again at 15 keV after a ﬁinimum at n = 11. This indicates
that the equation (1) is.not valid above 10 keV.

Table ITI shows that tﬁc plasma radiates as Black-body at
the first few harmonics. However, the ratio of synchrotron and
Black-body radiations at the fundamental frequency and first few
harmonics are only 78%, which indicates that Eq. (1) may under-
estinate the loss at low f;oquencies.

Synchrotron radiation losses for T from 1 to 9 keV were
computed by summing overAﬁ from 1 to the value where an\ni no
longer decrcase steeﬁly. For temperatures from 10 to lSland
20 keV the radiation from first 5 harmonics were computed and the
tétal loss for each temperature was doubled which will be explained
laﬁer. The spectra for temperatures S, 7, 9 and 10 keV and that
of the Black-hody radiation were plotted and shown in Fig. 2,
vhere the radiation loss of cach harmonic is normaliéed to
Q3T/4ﬂ3NRO. One can see from Iig. 2 that n = 5 is about the
peak position of the spectrum at 9 keV, and the peak of the spec-
trum is shifting toward larger n and incréasihg in magnitude

as the temperature increases. The slow decreasing' tail of the



spcctrdm for 10 keV again shows that-ZnAni are not valid func-
tions of n for temperatures higher than 9 keV, therefore the con-
tributions from harmonics above n = 5 should not be included.

The radiation losses calculated by taking»thé doublé of tée sura
of contributions of first 5 harmonics for temperatures above

9 kev are consideréd as lower limits dnly.

4
The synchrotron radiation loss and the normal bremsstrahlung

radiation for temperatures 1 to 20 keV were plotted and shown in
Fig. 3, and the ratio of the two is shown in Fig. 4. The dashed
portion of the curves (from 9 keV to 20 keV) is uncertain due
to the reasons discussed above. One can see from Fig. 3 that the
total synchrotron radiation loss rises exponentially up to 9 keV.
If we try to extrapolaté the values above 9 keV, the energy ra-
diated could be extrceumely high. However, even with the lower limit
estimation as shown by the dashed portion or the curve, the loss
is still greater than that dhe to bremsstrahlung at temperatures
above 14 keV and are about ﬁhe same order between 10 and 14 keV.

We can conclude that the synchrotron radiation loss of
relatively warm plasma (above 10 keV).may be significant. 1In
order to obtain more reliable results for mildly warm plasmnas,
relativistic effects must be considered. The work of calculating
relativistic synchrotron radiation, taking into account VB broaden-

ing and possible collision and/or Doppler broadening, is underway.
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 TABLE

.
10 keV

ZA; zA;

7 E+4 2.2 E+d
8 E+3 3.6 E+2
5 E+2 2.1 E+l
1 E+1 2.4 E+0
5 1+0 4.1 E-1
3 B40 9.8 E-2
5E-1 3.0 E-2
9 B-2 1.1 E-2
5 E-3 5.0 E-3
4 E-3 2.6 E-3
5 E-3 1.5 E-3
5 B3 9.9 E-4
9 E~3 8.2 E-4
7 E-3 5.8 E-4
6 1-3 E-4

15 keVv
zA; zA;
6.7 E+4 2.2 E+4
2.7 E+3 5.4 E+2
3.3 E+2 4.7 E+1
7.2 EB+1 8.1 E+0
2.3 E+1 2.1 E+0
9.7 E+1 7.5 E-1-
5.1 B+0 3.4 E-1
.3.3 E+0 1.9 E~-1
2.4 E+0 1.3 E-1
2.1‘E*0 9.9 E-2
2.0 E+0 8.7 E-2
2.1 E+0 8.5 E-2
2.5 E+0 9.3 E-2
3.3 E+0 1.2 E~1
4.6 E+0 1.5 E-1



n

.710

.380

.100

.017

.003

TABLE II

10 keV
R{n)
0.780
0.780
0.720
0.650
0.440
0.260

© 0.160

15 "keV

R{n)

0.78
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