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Introduction

Recent studies СП of low energy

electron m r n In deuterlim were motivated

by the need for reliable cross section data

for the design of negative Ion sources [2]

«nd by the fact that these studies, like

those for hydrogen, provide an opportunity

of оси» par Ing theoretical cross seatlons for

a tractable system with experimental

results.

Buckman and Phelps [1] recently derived

two sets of cross sections on the basis of

the available transport data and their own

measurements of vibratlonal excitation rate

coefficients. They were unable to find a

single set that provided a satisfactory fit

of the calculated to the experimental swarm

data and pointed out the need for an

extension or the transport measurements to

higher values of E/N. In this paper new

data for drift velocities (vdr) and DT/u

ratios are reported In the range of E/N

where vibratlonal excitation is the

dominant inelastic process. The new data

are analyzed to provide definitive data for

the vibratlonal cross section from

threshold to 2.5 eV.

E/N to be extended to 30 Td. Above this

value electrical breakdown occured, while a

further reduction of the pressure reduced

the efficiency of the electrical shutters

and prevented any reliable measurements

even at 25 and 30 Td.

The results for the drift velocity are

shown In Fig. 1. The maximum correction to

the raw data to allow for the effects of

diffusion [3] was 0.81, and the maximum

scatter of the data was ±0.2*. The total

estimated uncertainty is ±1< up to 11 Td,

and ±1.5* between 17 and 30 Td.

experimental procedures and results

Drift velooltles were measured using

the Bradbury-Nielsen technique as described

by Huxley and Crompton C3J. Samples of gas

were admitted to the apparatus through a

•liver palladium osaoals tube.

Som* of the measurements of v,jr were

•ad* with a pressure (0.413 kPa) somewhat

lower than the lowest pressure (0.667 kPa)

used by Melntosh [1] enabling the range of

Fig. 1. Drift velooltles In deuterium:
the present data (o); Melntosh [1] (4);
Pack et «U C53 (•). The continuous curve
passing through the data represents the
results of the calculations based on the
cross section* derived here.

Dj/u values were measured using a

Townsend-Huxley apparatus with a variable

drift length [6]. The results were

obtained for a number of pressures and for

two drift length* (5 and 10 cm).
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If the ratio of the longitudinal to

transverse diffusion coefficient differs

appreciably froa 0.5 the experimental

conditions кау be such that the Huxley

formula requires modifications C3]. and the

formula proposed by Lowke [7] should be

•ore appropriate. Above 10 Td the ratio

becomes greater or equal to 1 while below

10 Td It suddenly decreases to around 0.5.

Above 10 Td values of D7/11 calculated fro»

the measured current ratios on the basis of

the Lowke formula were less than 2t higher

than those calculated using the Huxley

formula, but the results were observed to

have a small pressure dependence. Since It

is not certain that the boundary conditions

used to derive the Lowke formula are

appropriate to our experimental apparatus

and conditions, It was decided to use the

simple Huxley formula whose application

gave results Independent of pressure.

However to allow for possible errors froa

Its use the upper error limit was Increased

by 2t.

At the higher values of E/N it was

necessary to apply a correction for

lonlzatlon [3]. The correction was

calculated using the lonlzatlon

coefficients of Buckman and Phelps [1]. At

100 Td the correction Is 1.4f but It

rapidly decreases as E/N decreases and

becomes negligible Гог E/N < 60 Td.

The results for Dj/v are presented 1.1

rig. 2. The reproduclbllity of the data

was to within ±0.2* and therefor* the error

bars are estimated to be (see ref. Ш ) ±U

from 3.5 to 25 Tdf ±1.5» from 25 to 35 Td;

and «3.5 to -1.51 froa 40 to 100 Td.

In the r«ng« of overlap the present

results for V(jr are In exoellent agreement

with the results of Molntosh [*]. The

somewhat older results of Pack et al. [5]

are larger than the present values.

Similar discrepancies between the data of

V' ...
(VI

Fig. 2. DT/u values for electrons In
deuterium: present results (o); Melntosh
Ш Ш; Hall Ш (•).

Pack e± al,. and the data from this

laboratory exist for hydrogen. It appears

that there are no other high precision

measurements of v d r Гог D2 In the E/N range

covered by the present work.

The present results for Dj/ц agree

very well In the range of overlap with the

data of Hall and Mclntosh.

Cross sections derived using the transport

data

In this work only the presently

measured values of the transport

coefficients were used Initially to derive

the cross sections. As a first step the

"reference" cross section set of Buckman

and Phelps [1] (I.e. a set that was fitted

to the previously available transport data)

was chosen. These authors found that this

set was Inconsistent with their measured

vlbratlonal excitation coefficients.

Therefore they recommended an additional,

"adjusted", set that gave Improved

agreement. in this set the vlbratlonal

cross sections were Increased by a factor

of approximately 1.6. As a consequence the

agreement between the predicted ani the

experimental transport data was not good.
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The MoaentuM transfer and vlbratlonal

excitation cross sections derived from the

new data are shown In Fig. 3. The

vlbratlonal cross section of Вискмап and

Phelps' "reference" set was Modified to

give the best agreement with the new.

extended transport data. In the E/N range

between 4 and 50 Td the transport

coefficients are mainly sensitive to the

vlbratlonal excitation cross section for

v-0-1. Therefore it was possible to

determine It uniquely and accurately up to

2.5 eV. At higher E/N values electronic

excitation becomes very important and the

vlbrational cross section cannot be

determined uniquely above 2.5 eV from the

swarm data. In order to achieve the best

agreement with the measured DJ/II values the

cross sections were modified so that the

electronic excitation cross sections of

Bucknan and Phelps were scaled by 1.7 for

the b3r state and 1.5 for the others, while

the vlbratlonal and the momentum transfer

cross sections were modified as shown in

Fig. 3 (dashed curves). This, however,

leads to unsatisfactory agreement between

the calculated lonlzatlon coefficients and

those which can be Inferred from Buckman

and Phelps' measurements in Dj-CO mixtures.

Conclusion

Values of V(jr and Dj/g have been

Measured over a wider range of E/N than

hitherto and used to derive the low energy

electron cross sections for deuterium.

For energies below 2.5 eV (full lines

In rig. 3.) the vlbratlonal excitation

cross section was determined to within ±15*

and between 2.5 and 3 eV to within 1251.

These error limits are conservative. The

agreement of the calculated transport

coefficienta with the measured values Is

very good, but there Is a significant

dlfferenoe between the oaloulated

lonliition coefflolenU and the values

Fig. 3 The presently derived cross
sections (full lines) compared to the
"reference" set of Buckman and Phelps СП-
In the energy range where the present cross
sections are determined with a reduced
uniqueness the thick dashed lines are used.
The Momentum transfer cross section of the
"reference" set is shown as the thin dashed
line while the vlbratlonal excitation cross
section of the same set Is shown by the
dash-dot line.

measured by Buckman and Phelps [1]. The

calculated values of the vlbratlonal

excitation coefficients agree with the

experimental data of Buckman and Phelps to

within the experimental uncertainty.
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