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Electron-ion bremsstrahlung spectra calculations for sonoluminescence
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The bremsstrahlung spectra arising from electron-ion collisions are calculated for temperatures from 5000 K
to 40 000 K and wavelengths from 100 nm to 1000 nm, for the ions, e, Ar", Kr*, Xe*, H*, and O',
using Hartree-Fock-Slater potentials. The spectral intensities are expressed in terms of Gaunt factors, the ratios
of the present quantum computation and existing semiclassical results. For the heavy rare gas ions Gaunt
factors of up to 3 are obtained at wavelengths of 200 nm. We use these results to improve our calculations of
rare gas sonoluminescence spedfPays. Rev. E65 046309(2002] and find that the improved overall
sonoluminescence spectra hardly differ from our earlier results which were based on the semiclassical treat-
ment of the electron-ion bremsstrahlung contributions. We think that in the conventional single-bubble sonolu-
minescence studies electron-ion bremsstrahlung amounts to but a small percentage of the overall emission. We
also estimate here the effects of shielding of the ions due to a finite Debye length. Unless the Debye length is
smaller than about 50 bohr, no significant influence of Debye shielding is discernible.
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l. INTRODUCTION Kenanf N T) = EONT) ke N, T). 2

Early studies of sonoluminescence have consideregh the case of electron—hydrogen ion scattering(ti tem-

electron-ion bremsstrahlung as one of the principal lightperature averagedsaunt factorg(e,e’) can be calculated
generating process¢4,2]. In more recent times theoretical exactly and is given by11]

evidence has emerged that electron-neutral bremsstrahlung is

likely to be the principal radiative mechanig®-9] of ordi- 3

nary single-bubble sonoluminescence measurements, i.e., g(e,e')= ———

when bubbles are maintained over long periods of time. (Ve'—e)

However, renewed interest in less stable, nonuniform bubble o L

models with their higher core temperatures warrants a closer « |U(e,e')°—U(€', )7
investigation of the electron-ion proces$8$ In addition, at [1—exp(— 2/ \e)][exp2m/\Je')—1]
the very high densities in the bubble also very high electron

densities exist, even if the degree of ionization is small, ©)
which cause a Debye-type shielding of the ions. Effects of
this process on the emission of radiation should also be takef{
into account.

hereU(e,€') is given by a hypergeometric function

i —4.\e€’

i
Il. GAUNT FACTORS U(e,e ):2F1<_ﬁ+1i—\/7,1;(\/—6,_—\/2)2)- 4

In a semiclassical approximation the absorption coeffi-
cient kga{\) for inverse bremsstrahlung of electron—singly
charged ion scattering at wavelengttand temperatur@ is

Initial and final kinetic energies ande’ of the electron are
measured in rydberg. Temperature averaging is done accord-

given by[10] ing to
_ 4 2g \12 b (™ hc € de
e-i _- 3 §(A,T)—J g(e,e—l—— ex — . (5)
Kelasd N) 3 ( 3mekBT) (47eg)®mhc? NeNA 0 A kgT)kgT
hc The thermally averaged Gaunt factagie\, T) for hydrogen
x| 1—exp — KgT) | (1) we obtain in this way are given in Table | for wavelengths

from 100 nm to 1000 nm and temperatures of 5, 10, 20, and

In this expression, stimulated emission is taken into account}0 KK. _ o

m, is the mass ane the magnitude of the charge of the We account for the fact that a certain non-negligible elec-
electron:n andn, are the number densities of ions and elec-tron density already exists that shields the ionic chaiye
trons; e, is the dielectric constant of vacuurajs the speed b_ye screening If the interaction between electron and ion is
of light; and kg is Boltzmann's constant. The differences 9iven by & potential

between this semiclassical result and quantum computations

are commonly expressed kyemperature-averagedsaunt Z(r)

factors&(\,T), Vir=-—, (6)
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TABLE |. Exact Gaunt factors for hydrogen.

T (kK)

Wavelength(nm) 5 10 20 40

100 1.112 1.121 1.137 1.167
200 1.111 1.125 1.153 1.204
300 1.109 1.129 1.166 1.232
400 1.109 1.133 1.177 1.256
500 1.109 1.137 1.188 1.278
600 1.109 1.141 1.199 1.298
700 1.110 1.145 1.209 1.316
800 1.111 1.150 1.218 1.333
900 1.113 1.154 1.228 1.350
1000 1.114 1.158 1.236 1.365
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Bohr’s radius of the hydrogen atom. Comparing with the
analytical calculation fod=o we see that fod= 200, the

two results agree within a few percemnt:=200g, is essen-
tially equivalent tod= . Also the results fod=200a, and
d=100a, agree closely, while ad=12.5, the intensity is
reduced by up to 30%. We furthermore notice that at short
wavelengths the Debye shielding has the smallest effect
while at long wavelengths the effect is the greatest. In a
classical picture we can easily understand why this is the
case. Long wavelengths are emitted principally in distant
collisions that are affected most by Debye shielding, while
emission at short wavelengths originates from the rapid ac-
celerations close to the core region of the ion, where effects
of the Debye screening should be less significant. Note that
the shielding has similar effects at all temperatures, i.e., the
intensity reduction due to increased shielding mostly de-

where ther dependence of the ionic charge takes into acpends on the wavelengths and hardly on the temperature.
count the inner structure of the ion, the Debye-screened inur results agree qualitatively as well as quantitatively well

teraction is[12]

Z(r)—[1—exp(—r/d)]

V(r,d)=— :

(7
whered is the Debye radiufl3]

€0kBT
ding, T)=\/———.
(e, T)=1/ 2n.

)

with those published in Ref$11,14], where similar situa-
tions were considered.

We proceed to compute the Gaunt factors for the rare
gases and also for oxygen, for which no previous results
seem to exist. To obtain the ford(r) of the interaction
potential, see Eqs6) and (7), we use the Hartree-Fock-
Slater electron-ion interaction potentials given in Réb].
Those are the same potentials that we applied to our previous
computation of the electron-atom bremsstrahlung spectra
[7,16]. Our results are given in Tables IlI-VIIl. As in the

To obtain the quantum mechanical Gaunt factors, wetase of hydrogen, the results fdr=1008, and d=200a,
solve the Schidinger equation for the scattering problem agree to within a few per cent such that we can assume that

described by the potentiaf(r,d), Eq. (7) above, for the

againd=200a, models well the situation fod=«. Again,

initial and final scattering state and then use Fermi's golde®s in the case of hydrogen, the Gaunt factors are reduced
rule to determine dipole matrix elements for the transitionsignificantly with decreasing Debye radius, for xenondat

between those two continuum states.

Ill. RESULTS

First we compute Gaunt facto\,T) in this way for
hydrogenwhereZ(r)=1] for Debye radii of 12.5,, 252,
50a,, 100y, and 20@,, see Table Il, where, denotes

=12.59, to less than half that o = 200a.

In Ref.[12] the influence of Debye screening on electron-
ion bremsstrahlung for argon was investigated as well and
the small influence of the screening in the parameter range
studied was noted, which agrees with our computations.
However, in Ref[12] Gaunt factors are also determined for
the rare gases neon to xenon without Debye scrediivi

TABLE II. Gaunt factors for hydrogen.

d (o)
125 25 50 100 200

lengin T )

(nm) 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40

100 1.059 1.064 1.078 1.108 1.077 1.090 1.109 1.140 1.101 1.109 1.125 1.156 1.106 1.115 1.131 1.161 1.109 1.117 1.134 1.164
200 0.990 1.009 1.038 1.088 1.053 1.072 1.103 1.155 1.089 1.104 1.132 1.183 1.100 1.115 1.143 1.194 1.105 1.120 1.148 1.198
300 0.933 0.961 1.001 1.064 1.032 1.056 1.096 1.162 1.078 1.098 1.136 1.203 1.095 1.115 1.152 1.218 1.102 1.121 1.159 1.225
400 0.883 0.918 0.965 1.038 1.013 1.041 1.088 1.166 1.069 1.094 1.140 1.219 1.090 1.115 1.160 1.240 1.100 1.124 1.169 1.248
500 0.842 0.882 0.935 1.014 0.996 1.028 1.081 1.168 1.062 1.091 1.143 1.233 1.087 1.116 1.168 1.258 1.098 1.126 1.178 1.268
600 0.804 0.848 0.905 0.990 0.980 1.015 1.073 1.168 1.056 1.088 1.146 1.245 1.085 1.117 1.175 1.275 1.097 1.129 1.188 1.287
700 0.769 0.816 0.878 0.967 0.965 1.003 1.066 1.166 1.050 1.086 1.149 1.256 1.083 1.118 1.182 1.291 1.097 1.132 1.196 1.304
800 0.738 0.788 0.853 0.946 0.951 0.991 1.058 1.163 1.045 1.083 1.152 1.265 1.081 1.120 1.189 1.305 1.097 1.135 1.205 1.320
900 0.708 0.761 0.829 0.926 0.938 0.980 1.050 1.159 1.040 1.081 1.154 1.273 1.079 1.121 1.195 1.318 1.097 1.138 1.213 1.335
1000 0.682 0.736 0.807 0.908 0.925 0.969 1.042 1.155 1.036 1.079 1.156 1.280 1.078 1.122 1.201 1.330 1.097 1.141 1.220 1.349
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TABLE lll. Gaunt factors for helium.
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d (ag)
125 25 50 100 200
Wave-
length T (kK)
(nm) 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40
100 1.303 1.329 1.374 1.457 1.370 1.395 1.440 1522 1.408 1.430 1.472 1.552 1.422 1.444 1.487 1566 1.429 1.451 1.493
200 1.030 1.067 1.127 1.231 1.134 1.167 1.224 1.328 1.185 1.213 1.269 1.371 1.205 1.233 1.288 1.390 1.214 1.242 1.297
300 0.922 0.967 1.034 1.149 1.055 1.092 1.156 1.273 1.115 1.148 1.211 1.327 1.139 1.172 1.234 1.351 1.150 1.182 1.245
400 0.855 0.904 0.977 1.099 1.013 1.053 1.123 1.249 1.082 1.118 1.188 1.315 1.109 1.146 1.216 1.343 1.122 1.159 1.228
500 0.808 0.860 0.937 1.063 0.985 1.028 1.103 1.236 1.062 1.102 1.177 1.314 1.094 1.133 1.209 1.345 1.108 1.147 1.223
600 0.768 0.823 0.903 1.032 0.964 1.009 1.089 1.227 1.050 1.092 1.172 1.316 1.084 1.127 1.207 1.352 1.100 1.142 1.223
700 0.733 0.791 0.873 1.005 0.946 0.993 1.077 1.220 1.040 1.085 1.170 1.320 1.078 1.123 1.209 1.361 1.095 1.140 1.226
800 0.703 0.762 0.846 0.981 0.931 0.980 1.066 1.213 1.033 1.080 1.169 1.325 1.073 1.122 1.212 1.371 1.092 1.140 1.230
900 0.675 0.736 0.822 0.960 0.917 0.967 1.056 1.206 1.027 1.076 1.169 1.330 1.070 1.121 1.215 1.380 1.090 1.141 1.235
1000 0.649 0.712 0.800 0.940 0.904 0.956 1.047 1.200 1.022 1.073 1.169 1.335 1.068 1.121 1.219 1.390 1.089 1.143 1.241
TABLE IV. Gaunt factors for neon.
d (ao)
12.5 25 50 100 200
Wave-
length T (kK)
(nm) 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40
100 0.546 0.607 0.717 0.941 0.677 0.730 0.838 1.068 0.739 0.792 0.902 1.136 0.771 0.825 0.935 1.170 0.787 0.841 0.952
200 0.244 0.292 0.378 0.558 0.353 0.396 0.483 0.672 0.405 0.448 0.537 0.730 0.432 0.475 0.565 0.760 0.445 0.489 0.579
300 0.271 0.316 0.393 0.552 0.389 0.427 0.505 0.676 0.440 0.479 0.559 0.735 0.466 0.505 0.586 0.764 0.478 0.517 0.599
400 0.319 0.363 0.433 0.577 0.450 0.486 0.558 0.717 0.503 0.540 0.615 0.782 0.529 0.565 0.642 0.812 0.541 0.577 0.655
500 0.361 0.403 0.467 0.600 0.505 0.538 0.606 0.758 0.561 0.596 0.668 0.830 0.587 0.622 0.696 0.861 0.599 0.634 0.709
600 0.391 0.432 0.491 0.615 0.549 0.580 0.645 0.791 0.610 0.643 0.714 0.872 0.636 0.670 0.743 0.906 0.648 0.683 0.756
700 0.412 0.451 0.507 0.625 0.583 0.613 0.676 0.818 0.649 0.682 0.752 0.908 0.677 0.711 0.783 0.945 0.689 0.724 0.797
800 0.426 0.464 0.517 0.629 0.609 0.639 0.700 0.838 0.681 0.714 0.783 0.939 0.710 0.745 0.818 0.979 0.723 0.758 0.832
900 0.434 0.471 0.521 0.631 0.629 0.659 0.719 0.854 0.708 0.741 0.810 0.965 0.739 0.774 0.847 1.010 0.752 0.788 0.863
1000 0.438 0.474 0.523 0.630 0.645 0.674 0.733 0.866 0.730 0.763 0.833 0.987 0.762 0.798 0.873 1.037 0.777 0.813 0.889
TABLE V. Gaunt factors for argon.
d (ao)
12.5 25 50 100 200
Wave-
length T (kK)
(nm) 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40
100 1.556 1.799 2.384 3.517 2.028 2.327 3.028 4.192 2.317 2.670 3.424 4572 2.498 2.873 3.644 4.771 2.593 2.979 3.758
200 1.538 1.728 2.047 2.560 1.995 2.146 2.453 2.930 2.171 2.335 2.648 3.106 2.272 2.438 2.749 3.193 2.321 2.488 2.799
300 0.955 1.168 1.515 2.011 1.475 1.658 1.972 2.404 1.713 1.893 2.191 2.587 1.837 2.011 2.297 2.672 1.896 2.068 2.348
400 0.673 0.868 1.202 1.692 1.144 1.329 1.647 2.085 1.385 1.568 1.873 2.276 1.509 1.689 1.982 2.366 1.570 1.748 2.035
500 0.549 0.722 1.033 1.507 0.966 1.141 1.451 1.891 1.191 1.368 1.671 2.083 1.308 1.484 1.779 2.173 1.366 1.541 1.831
600 0.490 0.644 0.933 1.391 0.870 1.033 1.331 1.767 1.080 1.248 1.544 1.961 1.188 1.358 1.649 2.052 1.243 1.413 1.701
700 0.459 0.600 0.869 1.312 0.814 0.965 1.252 1.684 1.012 1.172 1.461 1.880 1.114 1.277 1.564 1.972 1.165 1.329 1.614
800 0.442 0.571 0.824 1.255 0.779 0.921 1.198 1.624 0.969 1.121 1.404 1.824 1.065 1.222 1.506 1.917 1.114 1.273 1.555
900 0.430 0.550 0.791 1.211 0.756 0.891 1.158 1.579 0.940 1.087 1.364 1.783 1.033 1.185 1.465 1.879 1.080 1.234 1.514
1000 0.421 0.534 0.764 1.177 0.740 0.868 1.128 1.545 0.921 1.062 1.335 1.754 1.011 1.159 1.435 1.852 1.057 1.207 1.484
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1.572
1.399
1.361
1.355
1.359
1.367
1.378
1.389
1.401
1.412

1.188
0.774
0.778
0.826
0.875
0.921
0.961
0.996
1.028
1.056

4.871
3.235
2.712
2.407
2.216
2.095
2.015
1.961
1.923
1.896
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TABLE VI. Gaunt factors for krypton.
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d(ap)
12.5 25 50 100 200
Wave-
length T (kK)
(nm) 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40
100 2.040 2.328 2.839 3.590 2.688 2.957 3.456 4.126 2.998 3.285 3.775 4.391 3.179 3.465 3.940 4.521 3.269 3.555 4.022
200 1.648 1.846 2.157 2.616 2.144 2.294 2569 2976 2.331 2.489 2.757 3.138 2.438 2.592 2.851 3.216 2.489 2.642 2.896
300 1.173 1.372 1.676 2.111 1.684 1.836 2.094 2.473 1.889 2.038 2.281 2.634 1.996 2.138 2.370 2.708 2.047 2.186 2.412
400 0.884 1.076 1.374 1.808 1.377 1.532 1.792 2.177 1592 1.741 1.985 2.347 1.700 1.843 2.077 2.424 1.751 1.891 2.120
500 0.719 0.899 1.188 1.618 1.182 1.336 1.597 1.989 1.397 1.545 1.793 2.165 1.503 1.647 1.885 2.245 1.554 1.695 1.928
600 0.623 0.791 1.067 1.492 1.058 1.208 1.466 1.864 1.269 1.415 1.664 2.046 1.373 1.516 1.757 2.129 1.423 1.564 1.801
700 0.563 0.720 0.984 1.402 0.974 1.120 1.376 1.775 1.182 1.325 1.574 1.963 1.282 1.424 1.668 2.049 1.332 1.472 1.713
800 0.523 0.670 0.924 1.336 0.916 1.057 1.309 1.710 1.120 1.261 1.510 1.904 1.218 1.359 1.605 1.993 1.267 1.407 1.650
900 0.494 0.633 0.878 1.285 0.873 1.010 1.259 1.659 1.075 1.214 1.462 1.861 1.171 1.311 1.558 1.953 1.220 1.359 1.604
1000 0.472 0.604 0.841 1.244 0.840 0.974 1.219 1.620 1.041 1.178 1.426 1.827 1.136 1.275 1.523 1.923 1.184 1.323 1.569
TABLE VII. Gaunt factors for xenon.
d (ao)
12.5 25 50 100 200
Wave-
length T (kK)
(nm) 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40
100 2.116 2.827 3.962 5.870 3.871 4.477 5.410 7.127 4.778 5.269 6.077 7.725 5.172 5.612 6.372 8.007 5.357 5.770 6.509
200 1.900 2.080 2.190 2.576 2.477 2.475 2.423 2.818 2.617 2.525 2.433 2.895 2.631 2.500 2.408 2.924 2.624 2.475 2.389
300 1.644 1.837 2.028 2.315 2.199 2.290 2.364 2.588 2.388 2.438 2.466 2.685 2.455 2.488 2.497 2.721 2.483 2.507 2.508
400 1.395 1.575 1.780 2.071 1.913 2.008 2.128 2.362 2.092 2.160 2.250 2.475 2.158 2.217 2.296 2.520 2.187 2.241 2.315
500 1.200 1.372 1.582 1.883 1.699 1.797 1.937 2.190 1.876 1.952 2.070 2.315 1.943 2.012 2.123 2.366 1.972 2.038 2.146
600 1.048 1.215 1.429 1.740 1.533 1.634 1.789 2.060 1.713 1.795 1.933 2.197 1.782 1.859 1.991 2.255 1.814 1.888 2.017
700 0.930 1.093 1.309 1.630 1.402 1.508 1.673 1.959 1.587 1.676 1.828 2.110 1.660 1.744 1.892 2.173 1.693 1.775 1.921
800 0.837 0.997 1.215 1.543 1.298 1.407 1.582 1.881 1.489 1.582 1.746 2.043 1.564 1.655 1.815 2.112 1.600 1.688 1.847
900 0.764 0.920 1.139 1.473 1.214 1.326 1.508 1.817 1.410 1.508 1.681 1.990 1.488 1.584 1.756 2.065 1.526 1.620 1.789
1000 0.704 0.857 1.076 1.416 1.145 1.259 1.448 1.765 1.345 1.448 1.629 1.949 1.427 1.528 1.708 2.029 1.467 1.565 1.744
TABLE VIII. Gaunt factors for oxygen.
d (ao)
12.5 25 50 100 200
Wave-
length T (kK)
(nm) 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40 5 10 20 40
100 1.156 1.251 1.409 1.716 1.366 1.439 1.588 1.895 1.450 1.526 1.677 1.986 1.498 1.572 1.723 2.033 1.520 1.594 1.746
200 0.382 0.452 0.581 0.844 0.539 0.602 0.731 1.003 0.614 0.678 0.809 1.086 0.654 0.718 0.850 1.128 0.673 0.738 0.870
300 0.292 0.357 0.472 0.709 0.446 0.503 0.621 0.871 0.518 0.576 0.696 0.953 0.555 0.614 0.735 0.994 0.573 0.632 0.754
400 0.296 0.357 0.463 0.681 0.456 0.510 0.619 0.854 0.528 0.583 0.696 0.940 0.564 0.619 0.734 0.981 0.581 0.637 0.752
500 0.320 0.378 0.475 0.678 0.488 0.538 0.640 0.865 0.561 0.612 0.720 0.956 0.596 0.648 0.758 0.998 0.613 0.665 0.776
600 0.343 0.397 0.487 0.680 0.520 0.567 0.664 0.881 0.595 0.645 0.749 0.979 0.630 0.681 0.788 1.024 0.647 0.698 0.806
700 0.361 0.413 0.497 0.680 0.548 0.593 0.687 0.896 0.627 0.675 0.777 1.003 0.663 0.712 0.817 1.050 0.679 0.729 0.835
800 0.375 0.424 0.504 0.680 0.572 0.615 0.705 0.910 0.655 0.702 0.802 1.026 0.691 0.740 0.844 1.075 0.708 0.758 0.863
900 0.384 0.432 0.508 0.678 0.591 0.632 0.720 0.921 0.679 0.725 0.824 1.046 0.716 0.765 0.869 1.099 0.734 0.783 0.889
1000 0.391 0.436 0.509 0.675 0.606 0.647 0.733 0.929 0.700 0.745 0.844 1.064 0.738 0.787 0.891 1.121 0.757 0.806 0.912
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4.583
3.253
2.743
2.460
2.282
2.167
2.088
2.033
1.994
1.966

8.141
2.936
2.736
2.539
2.388
2.280
2.201
2.142
2.098
2.064

2.057
1.149
1.014
1.001
1.018
1.043
1.070
1.097
1.122
1.145
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LA LA AL chosen as in Ref.8] so that the computations are directly
100 | ~ 3 comparable, see especially Fig. 1 of H&f. To illustrate the
F 3 maximum effect of taking the quantum effects of electron-
ion bremsstrahlung into account, relative to the computations
shown in Ref.[8], we repeated the calculation in which
electron-ion bremsstrahlung has the largest relative contribu-
tion. Furthermore, instead of the smaller values for the Gaunt
factor for argon computed in the present paper, we used the
larger values given in Ref17]. Nevertheless, because of the
T relatively small significance of electron-ion bremsstrahlung,
200 300 400 500 600 700 800 the difference in the total emitted intensity between the
A[nm] present computation and the earlier one with all Gaunt fac-
tors equal to unity is rather small, roughly 10%. This differ-
FIG. 1. Single bubble sonoluminescen@BSL) spectrum and  ence would be even smaller if we used the present Gaunt
its composition for argon bubbles in water at freezing temperaturefactors and especially if we included the effects of Debye
An SBSL bubble of ambient radius 5:m, driven at an ultrasound screening in the computation since at the high densities in
frequency of 33.4 kHz with an amplitude of 1.48 bar, was assumetihe sonoluminescing environment at the time of light emis-
Shown are the total spectrufthick solid ling _and gontributions sion the Debye radius can be as smalias20a,. However,
due to electron-neutral argon bremsstrahlitign solid lind, O\ hereas in our current models of sonoluminescence it seems
radiation (dotted ling, H™ radiation (dashed ling and e-Ar™ \ hhecessary to use Gaunt factors different from unity for
bremsstrahlungdash-dotted line For comparison, the measured g0 tronjon bremsstrahlung, we expect the situation to
spectrum is indicated by the thick dashed I[ag21). change in future work. Currently we use a model in which
¢ the entire bubble is assumed to be uniform. However, a re-
= 2008, of our work. Indeed, for neon the two computationsf'nement of theoretical modeling to nonuniform bubble mod-

agree within a few percent. However, for the heavier raref!S S€ems inescapable, with higher local temperatures and
gases substantial differences are observed, with the values ERUS hlgher_ electron-ion brgmsstrahlung contributions, as this
Ref. [17] being larger than ours by up to a factor of two at 1S @S0 indicated by the discrepancy of computed and ob-
short wavelengths. The differences between these computﬁgrved total emitted spectrum in Fig. 1; see the discussion in
tions increase with decreasing wavelengths, the reason beir%ef' [8].
the different choices of the electron-ion interaction potential.
Instead of the Hartree-Fock-Slater potential we use, in Ref. V. CONCLUSION
[17] a scaled Thomas-Fermi potential was used; see Ref.
[18], where the scaled Thomas-Fermi potential is described We have computed Gaunt factors for electron-ion brems-
and compared with the Hartree-Fock-Slater potentials. Instrahlung for various atomic ions and conditions of interest
deed, repeating our computations with scaled Thomas-Fernfii sonoluminescence. Additionally, we take into account the
potentials[17] shows agreement. It is not obvious which of effects of Debye screening which turn out to be significant
the two approximations of the electron-ion interaction isfor Debye radii smaller than about Q. While in our cur-
more realistic[18]. We continue to use the Hartree-Fock- rent model of sonoluminescence the corrections presented
Slater potentials for consistency with our earlier computahere seem to be insignificant, we expect this situation to
tions of electron-atom bremsstrahlufigj16]. We regard the change in more elaborate computations of the sonolumines-
differences of the computations with Hartree-Fock-Slater ang€nce continua.
the scaled Thomas-Fermi potentials as the uncertainty of the
theo'retical result§12,17). ACKNOWLEDGMENT
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which should be comparable to our results for the larges
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