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Specific radiation-loss power values have been determined for a variety of electronegative elements (C, O, F, CI)
as functions of electron temperature and impurity particle concentration. The maximum radiation-loss power level
has been registered for chlorine (<770 W/cm?®) at an electron/impurity density of 10 cm™. The minimum radiation-
loss power level for the other three elements lies in the range from 0.4 to 2 W/cm®. Considerable radiation losses due
to the presence of electronegative elements in the interelectrode discharge may lead to its destabilization, to the
change in the plasma parameters (ne, Te), and eventually, to degradation of the current-voltage characteristic of the

plasma current switch.
PACS: 52.25.0Jm; 52.50.Dg; 41.75.Ak

As indicated previously [1 - 7], the spectral compo-
sition of the residual atmosphere inside the vacuum
chamber may exhibit, apart from the natural-origin ele-
ments, the elements of the electronegative Mendeleyev's
group. These elements may appear as results of surface
desorption and sputtering of individual units and com-
ponents of the facility, including the plasma guns in-
volved in the experiment [1 - 8], and also, due to the
external and internal gas puffing. Therefore, it was of
interest to estimate the effect of the mentioned factors
on the radiative energy loss value with the involvement
of electronegative elements C, O, F, Cl.

The radiation losses can be, and are, in fact, the most
essential mechanism of energy loss [9 - 11] in astro-
physical plasma, as well as in the laboratory and fusion
plasmas [12 - 21]. The radiation manifests itself in dif-
ferent forms, viz., line emission, recombination radia-
tion, bremsstrahlung, i.e., the radiation specified by var-
ious electron transitions in the fields of positive ions
(bound-bound, free-bound, and free-free transitions). To
calculate the power loss by radiation, the following
basic assumptions and suppositions are made.

1.The plasma is optically thin with respect to its
self-radiation. In this case, it is believed that the photon
emission probability is greater than the probability of
collisional deexcitation.

2.The effects associated with the presence of mag-
netic field in the plasma are neglected, i.e., the cyclotron
radiation contribution to the total loss power is ignored.

3.The plasma density is chosen such as the stepwise
ionization via excited states could be neglected. In other
words, the energy, expended by electrons for excitation,
is always lost as radiation.

4.The presence of metastable levels is ignored, even
though they affect the ionization equilibrium and the
intensity of spectral lines. It is thought that all the ions
immediately turn into the ground state, and the metasta-
ble levels can be neglected.

5.With the assumption made about the existence of
the steady-state ionization equilibrium, the problem
becomes essentially simplified.

For each of the three forms of radiation (line emis-
sion, recombination, bremsstrahlung), the radiation by
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itself is the result of electron-ion collision. So, the total
radiated power is equal to

W =nn(A)P(A). 1)
where n, is the electron density, n(A) is the total concen-
tration of the impurity element A, P(A) is the loss power
function for the element (A). The loss power function in
its complete form is written as

» N(AzQ) 2
P, = P(A z) )
A ZZ:O I’](A) ( )
where P(A, z) is called the loss power coefficient for the

ion A(2).

The total radiative loss power for z-charge ions from
the unit plasma volume includes the line-radiation,
photorecombination, bremsstrahlung, an also, the radia-
tion accompanying dielectronic recombination of posi-
tive atomic ions and charge exchange. The dielectronic
recombination contribution will be different in the case
of rarefied and dense plasma. In general terms, the coef-
ficient P(A, z) is written as

P(AZ)=P (A2)+P,(Az)+F(Az), Q)
where P(A, 2), Pr(A, z), Pg(A, z) are, respectively, the
line-radiation, recombination, bremsstrahlung compo-
nents of the loss power coefficient. The term P.(A, z)
represents the sum over all possible lines arising at exci-
tation. As a result, we obtain the function having the
general form

P.(Az)=> pX(g.P)AE(9,p), (4)
where X(g, p) is the direct excitation rate, AE(g, p) is the
energy transition coefficient (transition energy).

The coefficient Pr(A, z), which describes the recom-
bination component of radiation losses, is contributed
by the dielectronic recombination and the radiation re-
combination, including cascade transitions. Therefore,
we have

Pe(A2)=3" AE(9,p)- (5)

an aa(gl p;n|)+;(ac_d +lﬂapv
where AE(g, p) is the energy of the stabilizing photon,
0,(g, p; nl) is the rate of dielectronic recombination with
capture to a level with quantum numbers nl; y is the
ionization potential of the ion formed after recombina-
tion; a4 is the total rate of collisional-dielectronic re-
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combination; A is the numerical coefficient (0.2...1) that
takes into account the thermal energy of electrons par-
ticipating in the radiation recombination; o, is the total
radiative recombination rate.

The third term in eq. (3), Ps(A, 2), is specified by the
bremsstrahlung and, in consequence of its dependence
on the squared ion charge, it is the basic function for
high-charged ions even in the case of the presence of
bound electrons. Considering that the free-free transi-
tions, resulting in bremsstrahlung, occur mainly in the
Coulomb field, which is weakly influenced by the dis-
tribution of bound electrons, the state (ground or meta-
stable), to which goes the ion, is not substantial [21].
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Fig. 1. Radiation-loss power function P(A) for C, O, F,
Si, CI, Ar, Fe, Mo versus the atomic humber
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Fig. 2. Specific radiation loss power as a function
of electron temperature for different electronegative
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Fig. 3. Specific radiation loss power as a function
of impurity particle concentration for different
electronegative elements
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Fig. 1 shows the radiation-loss power function P(A)
versus atomic number of the carbon, oxygen, fluorine,
silicon, chromium, argon, iron and molybdenum ele-
ments for different electron temperatures (from 10 eV to
10°eV) in a state of stationary ionization equilibrium.
For the small-z elements, e.g., carbon, the function val-
ues vary within three orders of magnitude, whereas for
(higher-z) molybdenum, the function values vary within
one order of magnitude. This is due to the influence of
different radiation components (see eg. (5)). For exam-
ple, the small-z elements are mainly contributed by the
line radiation. For higher-z elements, e.g., Mo, the main
contribution comes from the bremsstrahlung, which
varies monotonically with electron temperature varia-
tion. With due regard to the data from ref. [21], Fig. 1,
and using egs. (1), (2) (of the present paper) calculations
were made to determine the specific radiation-loss pow-
er behavior for four electronegative elements: C, O, F,
Cl (Fig.2). The maximum loss level of about
770 W/cm® was registered for Cl in the electron temper-
ature range from 10" to 10% eV at an electron density of
10™ cm®. The minimum power loss values for the other
three elements mentioned above lie in the range from
0.4 to 2 W/em®. It was also of interest to trace the be-
havior and variations in specific radiation loss power
with impurity particle concentration (Fig.3) for the
same electronegative elements at electron temperatures
of 10 and 100 eV. The range of these variations is rather
narrow (within the range of two tens of W/cm® for dif-
ferent elements) with the change in the C impurity con-
centration from 0.02 to 1.0 for T.=10 eV, and is rather
wide (within two orders of magnitude) at T,=100 eV.

In conclusion, we note that the knowledge of the ra-
diation power loss under ionization equilibrium condi-
tions may appear useful in: (i) gaining information on
the power spectral distribution, (ii) establishing relation-
ship between the total radiation power loss and the in-
tensity of certain number of registered spectral lines,
(iii) estimating total energy expenditure for ion produc-
tion in the specified charge state.

CONCLUSING REMARKS

1.Specific radiation power losses have been deter-
mined for some electronegative elements as functions of
the electron temperature and the impurity particle con-
centration.

2.The maximum radiation-loss power has been reg-
istered for chlorine (<770 W/cm®) at the electron and
impurity particle density of 10* cm,

3.The minimum radiation-loss power for the other
three elements under present study has been found to
range from 0.4 to 2 W/cm®.

4.1n studies of the specific radiation power loss ver-
sus impurity particle concentration it has been estab-
lished that the loss variation range is sufficiently com-
pact (within two tens of W/cm® for different elements)
with change in the concentration from 0.02 to 1.0 at
Te=10eV, and is rather wide (within two orders of
magnitude) at T, = 100 eV.

5.Considerable radiation losses associated with the
presence of electronegative elements in the
interelectrode discharge may lead to destabilization of
the latter, to changes in the plasma parameters (density
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and temperature), and eventually, to degradation of the
current-voltage characteristic of the plasma current
switch. Besides, this imposes additional requirements on
the choice and use of dielectric materials in the operat-
ing plasma gun structures, which are meant to reduce
the amount and concentration of electronegative ele-
ments in the discharge gap.

6.The estimation of the radiation-loss power value
will make it possible to gain information on: (i) the
power spectral distribution, (ii) the relationship between
the total radiation power loss and the intensity of regis-
tered spectral lines, (iii) the total energy expenditure for
ion production in the specified charge state.
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OIPEJEJEHUE N3JIYYATEJIBHBIX IIOTEPH ITPU CTOJIKHOBEHHWH JIEKTPOHOB
C ATOMAMM 1 HOHAMM JIEKTPOOTPUIATEJIBHBIX DJIEMEHTOB B PA3PAJAX
INIASMEHHBIX KOMMYTATOPOB TOKA. YACTb BTOPASL

E.U. Cxkubenxo, B.b. Ogepos, A.H. O3epos, U.B. Bypasunos

OmpeneneHsl 3aBUCUMOCTH YSIBHON MOIIHOCTH IOTEPh HA M3IYYEHHE JUIA PSA/a IEKTPOOTPHLIATEIBHBIX 3JIe-
MmeHTOoB (C, O, F, Cl) ot TemnepaTypbl 3JIeKTPOHOB M KOHIIEHTPAIMX MTPUMECHBIX JacTUIl. MaKCHMaJIbHBI YPOBEHB
MOIIHOCTH TIOTEPh Ha H3ITydeHHe 3ahUKCHpOBaH I xiopa (<770 Br/cM®) mpH IUIOTHOCTH 3IEKTPOHOB H IIPHMEC-
pix gactui 10 em™. MunnMansHbrit YPOBEHb MOLIHOCTHY MOTEPH Ha M3JIYYEHUE ISl TPEX OCTAJIBHBIX 3JIEMEHTOB
nexut B auanasone ot 0,4 10 2 Br/cm®. 3HaunTe bHEIC MOTEPH HA H3TyUYCHHE, CBA3AHHBIC C HATHYHEM B MEKIIEK-
TPOZHOM pa3psiic 3NEKTPOOTPHUIATENBHBIX 3JEMEHTOB, MOTYT IIPUBECTH K €r0 JeCTaOMIM3ali U H3MEHEHHIO
IUIA3MEHHBIX MapameTpoB (N, Te) U, B KOHEYHOM HMTOTe, K JETPa/Iallii BOJbT-aMIEPHOI XapaKTEPUCTHUKH IIa3MEH-
HOT'O KOMMYTAaTOpa TOKa.

BU3HAYEHHSA BUTITPOMIHIOBAJIBHUX BTPAT IIPU 3ITKHEHHI EJIEKTPOHIB
3 ATOMAMMU 1 IOHAMMU EJIEKTPOHEI'ATUBHUX EJIEMEHTIB Y PO3PAJAX IIVTAZMOBHUX
KOMYTATOPIB CTPYMY. YACTHHA JAPYTA

€.l Ckioenko, B.b. lOgepos, O.M. O3epos, 1.B. Bypaginos

Bu3HaueHo 3a1e)KHOCTI MMTOMOI MOTY)KHOCTI BTpaT Ha BUIPOMIHIOBAaHHS JUIA sy €JIEKTPOHEraTUBHUX eJeMe-
utiB (C, O, F, Cl) Bix TemnepaTypu elEKTPOHIB i KOHIIEHTpaLii JOMIIIKOBUX YaCTUHOK. MaKCUMaJbHUI piBEHb
TOTYXKHOCT] BTPaT Ha BUIPOMiHIOBaHHs 3adikcoBanmii ams ximopy (<770 Br/cm®) npu minsHOCTI eneKTpoHiB i 10-
mimkoBux gacturok 10™ cm®. MiniMansuuii piBeHb MOTY)KHOCTI BTpaT HAa BHNPOMIHIOBAHHS IS TPHOX iHIIHX
€JIEMEHTIB JIGKUTH Yy Iiama3oHi Bix 0,4 mo 2 Br/cv’. 3nauni BTPaTH Ha BHUIIPOMIHIOBAHHS, ITOB'sI3aHi 3 HASBHICTIO B
MIDXKETICKTPOTHOMY PO3PAIi SIEKTPOHETATHBHUX E€JICMEHTIB, MOXKYTh PUBECTH JI0 HOTO AecTabimizamii i 3MiHU T1a-
3MOBHX MapaMeTpiB (ng, T¢) i, B KIHIIEBOMY MIICYMKY, IO IeTpanalii BOJbT-aMIEPHOI XapaKTePUCTHKH I1JIa3MOBOTO
KOMYTaTopa cTpyMmy.
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