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Electron drift velocities in mixtures of helium and xenon and experimental verification of
corrections to Blanc’s law
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Measurements of electron drift velocities were performed in pure Xe and He and in a number of mixtures
ranging up to 70% of Xe. The data were obtained by using a pulsed Townsend technique over the density-
normalized electric field strength E/N between 1 and 100 Td. Even for pure gases there are no data in the entire
range covered here, and these data represent an extension of accurate drift velocities to higher E/N. A selection
of well-established cross sections for low energies, which was extended to higher energies, led to a reasonably
good agreement of the calculated transport coefficients with the available data. At the same time we have
applied the standar¢common E/N Blanc’s law and two forms of common mean enef@ME, due to
Chiflykian) procedures. Blanc’s law fails for most mixtures at low and moderate E/N, while the CME proce-
dure is capable of following the experimental data for the mixtures much more closely, and even predicting the
negative differential conductivity region when such effect does not exist for pure gases. Thus the present paper
also represents an experimental test of procedures to correct the standard Blanc’s law. Finally, we have used the
data for two mixtures to obtain results for the third mixture and in all cases this procedure gave excellent
results even though only the standard Blanc’s law was used in the process.
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I. INTRODUCTION In particular, studies in rare gas mixtures have been re-

During the past several decades, the binary gas mixturéently performed for the purpose of optimizing plasma dis-
have been used in a number of technologies involving lowPlays which usually involve He-Xe or Ne-Xe mixtures with
temperature plasmagonequilibrium collisional plasmas the addition of He and/or Ar to optimize power deposition
such as plasma display pangl3, gaseous lasers, and plasmaand transfer into UV radiatiof8], and also for the purpose
etching device$2]. In addition, it is necessary to use mix- Of increasing the speed of multiwire and drift chambers re-
tures in a range of devices associated with gaseous electroguired to detect elementary particlg®]. Mixtures of rare
ics that do not qualify as plasmas, such as detectors of effases have been studied as an example of negative differen-
ementary particles and ionizing radiation, including drift andtial conductivity(NDC) [10,11] that appeared not to be con-
wire chamberd 3], electron multipliers, and ionization and sistent with the older mode[42,13 if one did not include
scintillation chamberf4]. Synergistic effects may be of great the energy loss in elastic collisiof$4]. However, the effect
importance for the development of gaseous dielectiids of a lighter rare gas in the gas mixture was shown to be
that would not involve[6] SFs, which is known to have a  similar to the effect of a molecular gas in mixtures with
major capacity for global warming. Modeling plasmas andheavier rare gasdthose having a Ramsauer-Townsend mini-
gaseous dielectrics involves the applicationcofpletesets  muym) [15,16], and this behavior could be used to determine
of cross sections and/or transport Coefﬁciemﬂ-ﬁ: veloci- the cross Sectior[g_l,lq for one of the constituents.
tieS, characteristic energies, diffusion CoeffiCientS, and ion- In th|s paper we present experimenta' resu'ts for the e|ec_
ization coefficients[7]. tron drift velocities in pure and mixed He and Xe. While the

technique cannot match the highest accuracy swarm experi-
ments in the low energy range, it is possible to extend the
*Also at The Faculty of Transport and Traffic Engineering, measurements over a broad E/N range and overlap with

University of Belgrade, Serbia and Montenegro. higher mean energies where ionization becomes important.
TAlso at The Faculty of Mechanical Engineering, University of This range of mean energies is of interest in the plasma mod-

Belgrade, Serbia and Montenegro. eling of practical devices based on ionized gases and non-
*Electronic address: jdu@fis.unam.mx equilibrium collisional plasmas, so that this work may be
SCorresponding author. regarded as an attempt to test the existing sets of cross sec-
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tions proposed for plasma modeling. We have also tried tanentum(+1) or energy balance equatioisl). Their tests
test the techniques to determine the drift velocities for mix-were confined to model calculations. In this paper, however,
tures, bearing in mind that in practice the data for each andve perform the experimental tests of the application of

every mixture may not be available. Blanc’s law in a corrected form for electrons in the energy
range where the application of this law turns out to be most

Application of Blanc’s law to determine difficult. One particular set of circumstances was found to be

the drift velocities for gas mixtures the most effective test of the transport theory and of the

o iol hi btain drift vel applicability of Blanc’s law, namely that of the mixtures of
ne possible approach in an attempt to obtain drift velocy, .y 4 light rare gases where negative differential con-

ity values for mixtures f(om thg the corresponding data forductivity (NDC) occurs[12—14,20,21. In this paper we con-
lpal:,\rle[lggseiand other mixturesis the well-known Blanc's centrate on the drift velocity of electrons in Xe-He mixtures.

1 1 Il. EXPERIMENTAL DETAILS

= 2 X (1)

Whix "o We A. The apparatus

whereW,,, andW, are the drift velocities of the mixture and A thorough description of the pulsed Townsend apparatus
ath component, respectively, amgis the fractional gas con- used in these measurements has been given elsewhere
centration. A standard Blanc’s law may be labelled as a com:22—29. Briefly, this method relies on the time-resolved ob-
mon E/N(CEON) procedure, since all the data are taken atservation of the total displacement current—electrons and
the same value of E/N. positive ions in the present case—flowing through a parallel-

The application of Blanc's law for electrons has been conlate capacitof12 cm diameterfilled with the research gas
sidered as impossible even for the lowest fields. On the othehixture, under the action of a constant, highly uniform elec-
hand, Blanc’s law has been used quite extensively for théric field over a central portion of 1.5 cm diameter. The ini-
ions since the mean energies of the ions are closer to tHé&l photoelectrons are released by a UV flash from a 1.4 mJ
thermal energy, and are therefore more similar both in théNitrogen lase(A =337 nm). The gap distance was kept fixed
pure gases and in the mixtures. However, even under thegd 3 cm, to within an accuracy of 0.025 mm.
circumstances it was necessary to make a correction which The vacuum vessel was evacuated down to @P@,
originally involved elastic collisions only18]. It was sug-  prior to filling it with the gas mixture. The range of working
gested that Blanc’s law would be applicable for electrons apressures was 0.067-26.7 kPa. The gas pressure and mixture
high E/N, where the distribution functions and the mean encomposition were measured with an absolute capacitance
ergies at a fixed value of E/N are more similar than those ofmanometer to an accuracy of 0.01%, while the gas tempera-
for example, a mixture of molecular and atomic gases ature was measured to an accuracy of 0.2% over the range
moderate energig<9]. A procedure to correct Blanc’s law 293—-302 K. The Xe and He samples, with a quoted purity of
by applying it at different E/N values corresponding to the99.999%, were introduced into the discharge vessel without
same mean energy in pure gases and in the mixture wdgrther purification. The displacement current was measured
proposed by several authors, but the most complete propos#ith a 40 MHz trans-impedance amplifier, and recorded on a
and discussion came from Chiflikyd20]. We could name 100 MHz digital oscilloscope.
this procedure as that of common mean endi@VIE). In

this case drift velocity for the mixture can be found from B. Analysis of the electron transients
n +1 In the presence of electron drift, longitudinal diffusion,
(EIN),, { Winix e
1=, xa—(—) , (2)  and ionization, the temporal development of the electron cur-
a1 (E/MN)mi\ W, rent within the gap is described by the expresgi®®|
wherex, is the fractional concentratiom, is the number of _ No%o (W+aD))t-d
components in the mixture, arf@/N),,, W,,, (E/N)mixe Winix ie(t) = o1, explaWyq | 1 —¢<ﬂ?)
are the values of the reduced electric field and the drift ve- € VaD.t
locity in the ath component and mixture, respectively. The W+ aD| (W+aDt+d
formula was developed for very restrictive approximations, + ex;( D, d)[q)( \m ) B 1} }

although it was shown to work well in a wider set of circum-
stances on the basis of model calculations. In addition, both 3
forms (with exponent +1 and with Jlwere shown to work  heren, is the initial photoelectron numbeg, is the elec-

wgll though not equally well. We will label the procedure tron charged is the gap spacingT.=d/W is the electron
with +1 as the CME 1 procedure and the one with the —Iansit time,« is the ionization coefficient, and

exponent as the CME 2 procedure.

Jovanowt et al. [21] have developed corrections for the 2
CEON procedure that include inelastic collisions and have D(x) = \_T_J
developed a theoretical foundation of the CME procedure for ‘

a more general set of circumstances. The two forms of Chiis the error function of argument Equation(3) was derived
flikyan’s equations were shown to originate either from mo-on the assumption of a simultaneous photoelectron release

' exp(- u?)du (4)
u=0
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Fl(,B' 1. The electron drift velogities in pure He. The present  p15 5 The electron drift velocities in pure Xe. The present
experimental data are compared with th? previous ones of CromFb'xperimental data are compared with the previous ones of Pack
ton et al. [39] and other data from glow discharges as tabulated byet al. [41] and Wagnel[44] as tabulated by Duttop40] and also

Dutton [40]. The calculations by a two-term code are shown as &y,ose of Hunteret al. [38]. Calculations by a two term code are

solid line. shown as a solid line.

from the cz_athode at time_=0. Because of th(_a finite Ia_ser Since the purpose of this paper is to discuss the applica-
pulse duration and of the instrumental bandwidth, the rise O{ion of Blanc’s law to the measured drift velocities, we defer

the measured electron avalanche is not sharp, yet it displayge presentation of/N and NQ for a second paper.
a Gaussian-like shape resembling that of the laser paige

On the other hand, the fall is affected by longitudinal diffu-
sion effects which, for fixed E/N, become more apparent as
the gas pressure is reduced. When diffusion is either negli- The calculated values of the drift velocities are obtained

IIl. INPUT DATA AND CALCULATION TECHNIQUE

gible or absent, Eq3) reduces t423,25,21 by using several methods. First, we used a two-term code
ELENDIF [28]. The two-term approximation is sufficiently ac-
] (neGo/ ToexplaWy, O<t<T,, curate for gases with elastic processes or small inelastic cross
le(t) = 0, t>T,. ®) sectiong 29-31]. Nevertheless, we have also performed cal-

» _ culations by a well-tested Monte Carlo cdd2] which con-
to fit the electron transients were derived in a manner that The pasic set of cross sections, adopted from the Sigmalib
has been described in detail befd23,25. The electron gatapase of the cod@3], was supplemented by Hayashi's
transit timeT, is the time elapsed between the midpoints of yata[34,35 and extrapolated to higher energies. For He, the
the rising and falling edges of the pulse, from whhiS  momentum transfer cross section coincides with that of
calculated, and the density-normalized ionization coefficienicyomptonet al.[36]. The data for Xe were mainly based on
a/N s obtained from a least-squares fitting procedure apthe results of Frost and Phelf&7] and Hunteret al.[38] but
plied to the rising exponential part of the avalanche. Bth \yere extended by the results of Hayashi. In both cases,
anda/N are obtained simultaneously from the same electrothigher energy momentum transfer cross sections were taken
transient. Under some conditions of E/N and N, whefs  from the unpublished work of Hayasfi4,35 and by se-
large, the ionic currents during the electron transit may CONfected sources on cross sections for ionization and excitation.

tribution is relatively small, this can be readily subtractedym transfer cross sections and assuming isotropic scattering.
from the total current by approximating their exponential rise

to a straight line, thereby obtaining an even closer measure-
ment of the electron current.

When the above procedure was completed, then full use
of Eg. (3) was made to obtain the longitudinal diffusion co-  The experimental data for drift velocities are presented in
efficient. Examples of waveforms and resulting transport cofig. 1 for He and in Fig. 2 for Xe. The data for the pure gases
efficients were shown in our previous papE22—-25. Usu-  are also given in Table I. All the other data included in Figs.
ally, corrections to the drift velocity rendered values slightly1 and 2, together with the mixture data shown later in this
larger, between 2% and 4%, although the ionization coeffipaper, will be available at the web page www.phy.bg.ac.yu.
cient remained essentially unchanged. In this paper, theda the case of He there is a large overlap with the high
final drift velocities are the ones to be reported below. Mostprecision data of Cromptoet al.[39], and the agreement in
of the measured drift velocities reported in this paper reprethat range is very good. On the other hand, there is some
sent the average of at least three values taken at differeniscrepancy with other sources of data tabulated in the com-
pressures. Thus, the overall, typical uncertainties lie betweepilation of Dutton[40], but such results were mainly based
1% and 2%. on glow discharge experiments, and their uncertainty ex-

IV. EXPERIMENTAL RESULTS, CALCULATIONS,
AND DISCUSSION FOR PURE GASES
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TABLE I. Present experimental drift velocities in pure He and nected smoothly by the calculated drift velocities, we may

Xe. claim that the agreement between the two sets of data is
good. In addition, the Monte Carlo calculations proved that
He Xe two-term results were sufficiently accurate for the present
E/IN W EIN w analysis. _ . .
(Td) (10° cm s (Td) (10° cm s The sets of cross sections were t_ested b)_/ _mal_<|ng compari-
sons of calculated and measured drift velocities in pure gases
1 0.473 2 0.152 in present experimentHe in Fig. 1 and Xe in Fig. 2 A
1.2 0.523 2.3 0.152 fairly good agreement was achieved over the entire range of
16 0.604 2.6 0.167 the reduced electric field E/N for He. The agreement for Xe
2 0.683 3 0.173 is not perfect in the low energy region where there is a
25 0.757 33 0.183 Ramsauer-Townsend minimum, and thus it may require
3 0.839 3.6 0.186 some further adjustment of the cross sections. One such pro-
3.5 0.922 4 0.204 posal was made by Huntet al.[38] but the question of the
4 0.992 4.5 0.231 best cross section for Xe appears to be still open as none of
° 113 o 0.262 the available sets could predict the data for drift velocities
6 1.25 55 0.289 and characteristic energies in He-Xe mixtures very well, as
g 11'%4 665 8222 discussed by Elfqrdet al. [43].
9 1_'77 7 0_'379 The cross section set that was adqpted was, however, very
10 5 8 0.441 good for the range of E/I‘anean energigof our experimen-
11 297 9 0.502 _tal data._ As our experimental datz_;\ could prowde little new
12 239 10 0.562 !nformatlon fo_r the low energy region we did not attempt to
13 257 12 0.68 improve the fit at low E/N values. Thus we may conclude
14 284 14 0.782 that in the relevant energy range the agreement between cal-
15 3.11 16 0.9 culated and experimental drift velocities was very good. Also
16 3.34 18 1.01 it should be noted that the negative differential conductivity
17 3.81 20 1.12 region(NDC) [12,13 does not exist in any of these two pure
18 3.91 23 1.29 gases. The agreement extends to the measured ionization
19 4.38 26 1.44 rates, which also provides a more strict test of the cross
20 4.59 30 1.65 sections at higher energies.
21 4.61 33 1.81
22 4.93 36 1.96
23 53 40 217 V. RESULTS AND DISCUSSION FOR THE MIXTURES
24 5.71 45 241 A. Calculation procedure for mixtures
;2 g:gg gg 22'_696 We applied the standard Blanc’s Id@EON), which im-
27 6.33 60 3.13 plied combination of drift velocities for the mixture compo-
28 6.43 65 3.37 ne_nts gt the same value of reduced_ electnc_fﬂptdntsA and
29 6.7 70 36 B in Fig. 3 in order to get the drift velocity for the 50%
30 6.95 80 4.04 mixture (point E). As it can be seen from the figure the
31 7 90 45 mixture has a slight NDC, but Blanc’s law did not predict it.
32 7.43 100 4.9 In addition, Fig. 4 shows the calculated mean energies versus
33 7.67 120 5.69 E/N for pure gases and for the 50% mixture. The values of
34 7.9 140 6.57 mean energies that correspond to the same value of E/N
160 7.5 =0.59 Td (1 Td=102V m? are about 1.3, 0.36, and
180 8.15 0.58 eV for He, Xe, and the 50% mixture, respectively. The
200 9.04 electron energy distribution functiof&EDPF are quite dif-
230 10.1 ferent as it is shown in Fig. 5. On the other hand, the points

C, E, andD (Fig. 4 all represent the same mean energy that

ceeds that of those from the present experiment; thus haviri§ 0-57 eV. The corresponding values of E/N are 1.02, 0.07,
in mind the estimated uncertainty of the latter results, theand 0.59 Td for He, Xe, and the 50% mixture, respectively.
agreement is still good. We believe that the present resultgor these E/N EEDFs show a much more similar behavior
should be regarded as the most accurate in the moderate{fig. 6). That illustrates the basic idea behind the common
high E/N region. For Xe there is little overlap with the most mean energy techniqUé&g. (2)] [20,21.

accurate available data of Pagkal.[41], Patricket al.[42],
and Hunteret al.[38]. In the range of overlap with the low
energy data of Packt al. and Hunteret al. there are only
three points and for those values our data appear to be some- The experimental data were obtained for a range of mix-
what lower, but since for both sets these points are at thtures consisting of 1%, 5%, 10%, 20%, 50%, and 70% Xe
border of the covered range, and since both sets are comand for the pure gases He and Xe. The results are shown in

B. Experimental results and comparison with calculations
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FIG. 3. The calculated electron drift velocities in Kéashed FIG. 5. The electron energy distribution function at E/N

=0.59 Td in He(dashed curve Xe (dotted curvg and the 50%

curve and Xe(dotted curvgand in the 50% mixture of He and Xe ™ .
mixture of He and Xgsolid curve.

(thick solid line from the TTA(two term) approximation and by the

application of Blanc's law(solid line). cases, the general picture is the same. Blanc’s law fails more

and more seriously as the abundance of He decreases. The

Figs. 7-12. The data are compared with the calculations bgxplanation for this effect stems on the fact that for mixtures
using the Boltzmann equation and various forms of mixturewhere He is present in small percentages it acts as an energy
(Blanc's like) laws. The data for 1% of Xe mixture are not controlling constituent through more effective energy trans-
shown since, not surprisingly, these turned out to be esseffier in elastic collision§10,11,14.
tially the same as those for pure He; Blanc’s law in all forms  Thus, there is a larger difference between mean energies
performed very well. for the pure gagXe) and the mixture, while there is also a

The data for 5% Xe are shown in Fig. 7. In this case therdarge difference between the mixture and pure He due to the
is a visible discrepancy with the prediction from Blanc's law, reduced content of He. In all cases the common mean energy
while the corrected procedure CME 1 gave an excellenprocedure CME 1 performs really well while the CME 2 has
agreement. The application of CME 2 departs from the cora range of E/N where it shows large departures from the
rect values in a narrow E/N range although still indicating acorrect values, and even the discrepancy grows with the
possible negative differential conductiviDC) region. abundance of Xe. Most surprisingly, combinations of two

We have also applied the standard Blanc’s law on twamixtures always yield very good results even though the
different mixtures of Xe and Hénstead of the data for the CEON procedure was applied.
pure gasesin order to obtain the drift velocity for the third Most importantly, the data for the 50% mixture shown in
mixture. This procedure was not often used, while in prin-Fig. 10 bears a clear NDC region. As it has been discussed
ciple the data for mixtures may be used in any combinatiorelsewhere20,21] the NDC effect is a difficult test of the
to provide new data for other mixtures, and even for the puréransport theory and, since the pure gases do not show it on
gaseqd19]. The predicted values according to this proceduretheir own, then it becomes a particularly difficult test for the
agree very well with the experimental data and results oprocedures to combine the data for pure gases. The effect is
calculations. shown most clearly in Fig. 11, where we show the results for

Further data for the mixtures containing 10% Xe, 20%the mixture with 70% Xe. As this mixture has the most pro-
Xe, and 50% Xe are given in Figs. 8—10 respectively. In allnounced NDC, we shall use this mixture as the critical test

case to draw conclusions.

10 4 OF '
F 3 e He ]
— - - - Xe 4
3 ] 10° b —— 50% mixture |
] g £ 3
Pa
> - -
& ] ~ 10 F E
c ] = E E
] hal o ]
g 1 L 4
= 102 3 3
T I BT B B 5 - .
10 L
0.01 0.1 1 10 100 0.4 1 3
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FIG. 4. The calculated mean energi@JA approximation ver- FIG. 6. The electron energy distribution function in He at
sus reduced electric field in Helashed curve Xe (dotted curve, 1.02 Td (dashed curve Xe at E/N=0.07 Td (dotted curvg and
and 50% mixture of He and Xesolid curve. 50% mixture of He and Xe at 0.59 T@olid line).
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FIG. 9. (Color onlineg Comparison of measured and calculated
FIG. 7. (Color online Comparison of measured and calculated drift velocities in the 20% Xe+80% He mixture. The notation is the
drift velocities in the 5% Xe+95%He mixture. CME1 and CME2 same as that for Figs. 7 and 8. The solid circles represent the result
in the legend denote the calculations of the electron drift velocityof applying the standard Blanc’s law to the data for two mixtures
with the positive and negative exponent, respectively, in ). (5% Xe+95%He and 70% Xe+30% He
TTA denotes the Boltzmann equation calculations and Blanc-CEON .
denotes the calculation from the classical Blanc's law. The driftddreement for the mean energy is of the order of 2%. How-
velocities for the pure gases are shown with separately marked sol@V€l» above 10 Td the discrepancy between the TTA and the
lines, but the lines for pure He and the mixture are almost indistinMC Vvalues for the characteristic enerBy/ u (u is the elec-
guishable, since they merge into each other very closely. tron mobility) begins to grow up to 13% at the maximum
value of E/N covered here. Thus we may conclude that the
. _.use of the TTA in the present paper should not imply that it
We should discuss the accuracy of the two-term approXiis accyrate for calculating all transport coefficients at any
mation by comparing it to the Monte Carlo calculations. Weg/N . As pointed out by White iet al. [30] the drift velocity
have stated that the two-term approximati@TA) is suffi-  converges much faster thddy/u. It is of interest to point
ciently accurate for our needs. In principle, the situation ispyt, however, that in the region of NDQess than E/N
more complicated than that. It has been generally assumesg Td), the TTA appears to be correfb less than 1% dis-
that for the rare gases the TTA would be exact or, if notcrepancy for all transport coefficients.
exact, then very accuraf@9]. In the case of the drift veloc- There is another issue where the TTA as used in the
ity for mean energies where electronic excitation is not thepresent paper may fail. That is the effect of nonconservative
dominant energy controlling mechanism for rare gases, theollisions[45], which we shall discuss in terms of the 70%
TTA works very well. However, if we go to higher mean Xe-He mixture. Above 70 Td, the effects of ionization be-
energies, and the present study overlaps with these, then tiemes observable, leading to a difference between the so-
applicability of the two-term approximation may becomecalled bulk and flux transport properties. The difference
questionable, even for the rare gases. In our d@®%  grows very rapidly and it is as large as 10% at 200 Td. Thus
Xe-He mixturg, the drift velocities were calculated very we have allowed experimental results to be somewhat higher
well for all the E/N range covered here. The maximum dis-than the TTA calculations at the highest E/N to compensate

for the effect of nonconservative collisions. The results are

100 grr————rrrr————rrrr———3 shown in Fig. 12.
F [0 1A He (TTA) 3
‘:q : v Presemexpenment . : T T IIIIII T T T IIIIII T LI IIIII T IE
'n | | X CME1 A o TTA 0
I CME 2 v Present experiment e
S 10 | Blanc-CEON __ Ea X CME1 He (TTA) e ™
‘S 3 e Blanc from mixtures E «» ---- CME2 -
= 3 (5 and 70%) 3 g 10 Blanc-CEON / A
X ] o e Blanc from mixtures S 3
s | < sy} E )
S 1 - =~ 7 ]
° E %- 1 Xe (TTA) =
E - 10%Xe| T S 3
o - /// 90%He| ] wonxe]
IO T B R E 50% He
o 0.1 3
1 10 100 I R R TTTT ETETTT B
EN (Td) 0.1 1 10 100

EN (Td)
FIG. 8. (Color onling Comparison between measured and cal-
culated drift velocities in the 10% Xe+90%He mixture. The nota- FIG. 10. (Color online@ Comparison between measured and cal-
tion is the same as that for Fig. 7. The solid circles represent theulated drift velocities in the 50% Xe +50% He mixture. The nota-
result of applying the standard Blanc’s law on the data for twotion is the same as that for Figs. 7 and 8. The solid circles represent
mixtures (1% Xe+99%He and 10% Xe+90% He order to ob-  the result of applying the standard Blanc’s law to the data for two
tain the drift velocities for the third mixture. mixtures(5% Xe+95%He and 70% Xe+30% He
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FIG. 11. (Color onling Comparison between measured and cal-  FIG. 12. (Color onlin@ The electron drift velocities in the
culated drift velocities in the 70% Xe+30%He mixture. The nota- 709 Xe-30%He mixture calculated from TTA, MC-bulk, and
tion is the same as that for Figs. 7 and 8. The calculation has beemC-flux methods, including the effects of ionization, and their

extended down to E/N.0.1 Td to show clearly the region of NDC, comparison with the present experimental results. For other calcu-
and the very good agreement between the TTA and CME2 calculgations in this mixture, see Fig. 11.

tions up to E/N<6 Td. Further on, the agreement between TTA,

CMEL, and the experiment is excellent. data for CME 1. It should be noted that only elastic colli-

sions are effective in the range of E/N where departure from
Nevertheless, the present paper was based on the crogfanc's law is most pronounced. We have also tested the

sections existing in the literature. There is definitely a neecypplication of Blanc’s law by using data for two mixtures in

to improve the cross sections relevant for the higher meagrder to determine the results for the third mixture, and in all
energies, but in that case present data should be extended Byses this worked very well. It appears that the energy dis-
fits of other transport coefficients, excitation and ionizationribytion functions for mixtures are much closer, and there-
coefficients in particular, and also additional data describingore the standard Blanc’s law procedure is more applicable.
angular dependence of the cross sections, inelastic as wetthe application of two sets of mixture data may be of great

should be taken into consideration. importance for applications where the experimental data may
be available and the simple standard Blanc’s law procedure
VI. CONCLUSION would not require additional information for the application

A fairly good agreement was found between the two-termPf CME or CEON procedures.
calculations(these were also tested by a Monte Carlo simu- Numerical tests show that the common mean energy pro-
lation) of the electron drift velocity in the Xe-He mixture ~ c€dure works very well for all mixtures covered so far in-
and the experimental data when standard, generally availabl‘“él“'dmg rare gas mm;ureésuch as He-Kr mixtureor rare
cross sections are used. Provided that the low-mass Compgas-m_o_lecular gas mixtures such as_the /}rmlxt_ure [21.]'
nent in the mixture has a smaller abundance, and since L[;addmon, the procedure for correction due to inelastic col-
controls the energy balance, then the NDC is induced, evelisions for the standard common E/N procedure appears to be
though it does not exist in any of the two pure gases. equall_y valid. T_he_ same conclusions may also be drawn for

The first conclusion that may be drawn is that, for lowerN€ Nigh E/N limit where even the standard uncorrected
E/N values, Blanc's law is clearly inapplicable, while for Blanc’s law works well. .
high E/N it provides a very good approximatifi]. Of the The present results may open a question as to Wheth’er the
two possible equations proposed by Chyflikyk@o] (and same procedure or, some other form a_nalogous to Blanc’s law
given a better theoretical foundation in REZ1]), the CME ' _cc_>rrected Blanc.s Igw may be app!mqble for transport co-
1 (obtained from momentum balancerovides an excellent efficients such as ionization and excitation coefflments.. Ina
approximation over the entire range of E/N. Moreover, thisSeParate study it was shown that the CME procedure is ap-
includes the prediction of the NDE21] even when both plicable for ionization coefficients, except fpr_ very low E/N,
gases have no indication of the effect, which should clearl))"’here there are differences for the coefficients of several
rule out the standard Blanc’s law. The other equatioME ord(_ers of magnitudg46]. I.t was also _sho.wn.that even _the
2, the Chiflikyan's equation with the negative exponent,bas'c uncorrected qomb|nat|on of ionization coeff|C|e_nts
which can be obtained from the energy balance equationV€ighted by the relative abundance works well for very high
also predicts the NDC, but it fails over a portion of the E/N EN In a similar range where Blanc’s law works for drift
range, where even the standard Blanc’s law works very wellV€IOCiti€s.
The correction to Blanc’s lawcorrected CEONdeveloped
on the basis of elastic collisiori48] and inelastic collisions
[21] is in excellent agreement with the data and the first form  This work was supported by DGAPA-UNAM, IN104501,
of CME approximation but the corrected CEON is muchCONACYT 36645A, and MNZZS 1478 projects. We are
more complicated for application and thus we show only thegrateful to A. Bustos for his technical assistance.
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