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ABSTRACT 

Values of the electron drift velocity, the longitudonal diffusion 

coefficient and the transverse diffusion coefficient for electron 

swarms in nitrogen over the range 50 Td < E/N > 500 Td have been 

determined by a method of counting and analysing the photons produced 

by such an electron swarm in a drift tube. A measure of the Nitrogen E 

state deactivation rate is presented. 



TRANSPORT PARAMETERS OF AN ELECTRON SWARM IN NITROGEN AT ELEVATED E/N 

1. INTRODUCTION 

In several recent papers (Blevin et al. 1976 a,b,c, 1978 a.b.c.) 

the authors have reported the results of a series of experiments using 

the photons emitted following electron collision excitation of the gas 

molecules as a probe for the study of the behaviour of electron swarms 

travelling through a low pressure (p *» 1 torr) gas under the influence 

of an electric field. All the previously reported work has been in 

hydrogen gas, probably the most well studied of all gases, in order to 

test the viability and accuracy of the method. The technique has now 

been extended to a study of electron swarms in nitrogen in the swarm 

energy range 50 Td < E/N < 500 Td. 

2. EXPERIMENTAL METHOD 

The experimental apparatus as outlined in schematic form in 

figure 1 is essentially the same as that used and described in detail 

by Blevin, Fletcher and Hunter (1976c). 

The drift tube consisted of a 10.32 cm gap between highly polished 

stainless steel electrodes with seven equally spaced guard rings between 

them. A resistor chain of eight bakeable resistors connected the two 

electrodes via the guard rings in order to maintain a uniform voltage 

drop across the gap. The electron source was a Philips indirectly 

heated oxide cathode mounted in a light-tight boron nitTide capsule 

behind the drift tube cathode. The oxide cathode was normally biased 

positive with respect to the drift tube cathode so allowing a pulse of 

electrons to enter the drift space only when a negative going pulse 

was applied to the oxide cathode. In this way a 30 ns electron pulse 

was admitted to the drift chamber through a small hole in the centre of 

the cathode. This pulse was also used as the starting pulse for the 

Time to Amplitude Converter. The drift chamber was included in an ultra 
.9 

high vacuum chamber having a base pressure of about 10 torr. 
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Spectroscopically pure nitrogen gas was admitted to the system 

via a Granville Phillips leak valve and the gas pressure measured by .in 

MKS model 77 Baratron pressure gauge. 

The photons from the drift region were predominantly those from 

the decay of nitrogen molecules after excitation to the C state, i.e., 

3371 8 radiation. Any shorter wavelength radiation would not pass 

through the pyrex viewing ports while the photomultiplier response 

minimised the counting of lower energy photons. A 20 cm long, 0.5 mm 

i.d. collimator was used to observe photons from the drift tube with a 

spatial resolution of 0.4 mm on the axis of the drift tube. The 

electrode assembly was mounted on a vernier vacuum lead through so that 

any part of the drift region could be situated in front of the collimator. 

The collimator could also be pivoted laterally so that a lateral scan at 

each axial position could be performed. 

The photons which passed down the collimator were incident upon 

an EMI model 97896 photomultiplier, the signals from which passed into 

an amplifier via a pre-amplifier. The amplified pulse was differentiated 

to give a bi-polar output which was fed into a zero-crossover pickoff which 

produced a logic pulse when the bi-polar input passed through zero. The 

jitter in this system was less than 1 ns. The logic output from the zero 

crossing detector was used as the stop signal into the TAC. The TAC 

output was thus a measure of the time taken for the electron which caused 

the measured photon to be produced to pass from the cathode tc the point 

of observation in front of the collimator. A 1028 channel Canberra model 

4100 MCA was used to store, sort and display the pulse height spectrum 

of 10 -10 counts in each run, i.e. at one value of axial distance z, 

one E/N, at one value of N. This was repeated for up to ieven different 

values of z at each E/N. 
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The geometry of the drift tube - collimator system was such that 

an average of only o;e photon per hundred electron swarms was detected 

and counted. This minimised the probability of a pulse arriving during 

the dead time of the counting system and so made negligible the 

possibility of distortion of the swarm by pulse pile-up. 

3. DATA ANALYSIS 

Since the behaviour of the electron swarm adjacent to the cathode 

is influenced greatly by the proximity of the cathode and is very 

different from the equilibrium behaviour of the swarm and since the 

transport of the swarm in this region is not analytically predictable 

an arbitrary zero point is taken when the swarm is remote from the 

cathode region at t = t , z = z . At this point the radial and 

longitudinal half widths at the 1/e height of the electron density 

distribution are R and Z respectively. At later time t' (f = t - t ) 

and axial position z' (z' = z - z ) the electron swarm density integrated 

along the line of sight cf the collimator in the on-axis (y = 0) position 

is given by the expression previously derived by Blevin et al. (1976c) 

viz. 

N expl-(z'-wt')2/(4D,t'*Z2)] 
N(Q,z,t) * -2 5 , exp(v t') (1) 

e [(4TrDt,*TrR̂ )(4iTD2t'+irZ )]* 

where the exp(v.t') term allows for the contribution of ionizing collisions. 

Monte Carlo simulations of such a swarm (Hunter, 1978) indicated 

that the photon distribution also obeyed this expression, although it was 

uniformly displaced in time, so long as the life time of the state which 

decays to produce the observed photon is less than 30 ns. This condition 

is obeyed in hydrogen. In nitrogen however the photons observed in the 

present experiments emanate from the decay of the C state which has a life 

time of 35.6 ns (Imhoff and Read, 1971). This is further complicated 

by the existence of a delayed component of the nitrogen C state radiation 
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due to collisional de-excitation of the E state to the C state with 

subsequent optical decay of the C state. This latter channel has a 

time constant of the order of hundreds cf nanoseconds (Burns, Golden, 

Galiardt, 1976). Consequently the photon flux from an electron swarm 

in nitrogen must be written as 
f 

df S(ozt) = | fjU.t'ON^o.z.rOexp t'-t" T C 

rt' 
Ap ero 

t'-t' 
T C 

rtt" - j 
f^U.t'" )exp(-xcP(t"-t'")dt'" Idt" 

i 
C2) 

where f..(z,t) is the C-state production probability, f0(z,t) is the E 

state production probability, x pP ^ s the collisional de-excitation 

frequency for the E state to the C state, T is the C state decay time 

and N (o,z,t) is the electron swarm density, integrated along the line 

of sight of the collimator, obtained from equation (1). 

4. RESULTS 

Experimental data was taker over the range 50 Td < E/N < 500 Td. 

The lower limit was set by the rapid decrease in the photon count below 

50 Td due to the reduction in the number of electrons with sufficient 

energy to undergo the requisite inelastic collisions. This in turn 

leads to a rapid decrease in the signal to noise ratio. The upper 

limit was determined by the onset of non-equilibrium, i.e. the swarm 

did not reach a constant velocity over the entire length of the drift 

tube. The nitrogen gas pressure used to cover the r*nge of E/N was 

0.4 torr<P < 2.2 torr. The voltages used were always kept well below 

the breakdown voltage (V < 0.7 V ). 

At each value of E/N and N swarm photon distribution curves were 

collected at selected positions along the drift tube. The observation 

positions were chosen mid-way between the guard rings so as to minimise 
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the possibility of photons being reflected from the guard rings into the 

collimator. This event is highly improbable (Blevin, et al., 1976c). 

Having obtained such photon distributions a first estimate of the 

drift velocity, W was obtained from a plot of the axial position, z, of 

the distribution maximum versus time. An initial value of the longitu-

donal diffusion coefficient D,, was obtained by plotting the square of 

the 1/e h-.lf width versus z (Blevin et al. 1976b). These simplistic 

values of W and D, were used as a starting point for equation (1) along 

with estimates of the other unknowns. Equation (1) was used to give 

a value of N(o,z,t) which was inserted into equation (2) and the 

predicted family of curves compared with the observed data. All the 

parameters involved in equations (1) and (2) were then varied systemat

ically until the best fit between theory and experiment was obtained. 

Because of large number of parameters which must be adjusted this was 

a time consuming process. A Tektronix graphics display terminal was 

used on line to a DEC 10 computer. One family of curves, shown in 

figure 2, indicates the excellent fit of theory to experimental data 

obtained over the full range of E/N investigated. 

4.1 The Electron Drift Velocity 

The electron drift velocity as a function of E/N is shown in 

figure 3. Also included in figure 3 are the data of Blevin and Hazan 

(1967), Wagner and Raether (1962) and Wagner (1964). The fit between 

experiment and theory is highly sensitive to changes in W. It is 

estimated that the error in the present results is less than ± IS. 

Good agreement is observed between the present results and those of 

Blevin and Hazan within the combined error of the two sets of data. 

The dat" of Wag er and Raether (1962) and Wagner (1964) incorporate 

quite a large scatter, compared with the present results, but the 

overall trend of this data is to lie above the present values for 

E/N > 300 Td. A possible explanation of this is that a falsely high 
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value of W can result from the use of electrodes to measure drift transit 

time because the electrons move at a much higher velocity in the non-

equilibrium Tegion near the cathode than in the equilibrium region over 

which the present data is measured (Blevin et al. )976c). This effect 

will tend to increase with E/N as the fraction of the drift region over 

which the electrons are not in equilibrium with the electric field also 

increased. 

4.2 The Longitudonal Diffusion Coefficient 

ND. as a function of E/N is presented in figure 4. Very little 

data are available for comparison. At low E/N the theoretical results 

of Lowke (1963), whilst of a similar magnitude, do not have the same 

functional form as the present values probably due to the cross sections 

used in Lowke's computations. At higher E/N the jnly published data 

available for comparison are those of Schlumbohm (1965) which have a 

very large scatter and appear to show a stepped increase with E/N. 

No such steps were observed in the present work. The error in ND, is 

estimated at • 5%. 

4.3 The Transverse Diffusion Coefficient 

The shape of the photon distribution curves shown in Figure 2 are 

only very weakly dependent upon the magnitude of the transverse diffusion 

coefficient, D_. Values obtained from this analysis alone could have 

an uncertainty of about ± 50%. Hence the data of D as a function of 

E/N presented in figure 5 were obtained in a separate experiment in which 

the collimator was scanned laterally across the drift region at one value 

of z. For this experiment the pulsed electron source was replaced by 

a steady source. In this situation, so long as the lateral variation 
2) 

•J y of mean electron energy is not large and so long as — — D„ 
t 

2 << 1 a graph 



Nfy z) y of Ln fl|p z\ against *— will enable D_ to be evaluated (Blevin et al. 

1976c). In the present work (D,/D_)(Y /z ) < \1. A maximum error of 

1 8% is considered realistic for D_/u, this figure being obtained from 

the maxima scatter of the measured data. 

4.4 C State Radiation Time Constant and E State De-excitation 
Frequency 

While the C state radiation tiae constant, t, in nitrogen has been 

measured by Imhoff and Read (1971) and an estimate of the E state de-

excitation late, xF» has been given by Burns, Golden and Galiardt (1976) 

it was decided to allow T and x F
 t o vaTy in the present analysis. 

Agreement with the above published data would then act to support the 

rest of the present data. Such support was felt necessary since with 

so many variables it was felt that there was a possibility of an 

internally consistent set of data being computed which predicted the 

observed photon distributions but was "incorrect". Hence while the 

errors involved in measuring T and x p in the present work are large, 

± 20% and ± 80% respectively, they are consistent with data obtained 

using very different techniques. This lends support to the uniqueness 

of the present range of values of W, D, and D-.. The present values of 

T and XE a r e given in fig. 6. c c 

CONCLUSION 

The present work has determined the electron drift velocity, the 

longitudonal diffusion coefficient and the transverse diffusion coeffic

ient in nitrogen over a wide range of electron swarm energy. The values 

obtained are believed to be the most accurate yet measured at elevated 

E/N. Any possible ambiguity due to the effects of electron density 

gradients near the electrode has been eliminated. The present work 

has also provided a measure of the E state collisional deactivation 

rate in nitrogen, only the second time this has been measured, and since 

it has been done by a very different experimental method to that of Burns, 
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Golden and Galiardt (1976) it serves as a sound confirmation of the 

f obtained value. 
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LIST OF CAPTIONS 

Figure 1 Schematic of the drift tube and associated electronics. 

Figure 2 A family of curves representing the photon flux as a function 

of time (channel number) at sev .n axial positions viz. z = 1.9, 

3.2, 4.5, 5.8, 7.2, 8.1 and 9.5 cms from the cathode. The 

full curve is the theoretical function computed from equations 

1 and 2 while the points are the experimental data. 

E/N = 316 Td; W = 3.02 x 10 7 c s*1: ND L = 4.09 x 10 2 2 c" 1s" 1; 

D_/y = 4.32 volts. 1024 channels ? 2v-s. 

Figure 3 The electron drift velocity, W, as a function of E/N. 

I - Present results; • - Blevin and Hazan (1967); 

o - Wagner (1964) . 

Figure 4 The longitudonal diffusion coefficient, ND., as a function of 

"E/N. I - Present results; • - Lowke (1969); o - Schlumbohm 

(1965). 

Figure 5 The ratio of the tiansverse diffusion coefficient to the 

electron mobility, D_/u as a function of E/N. t - Present 

results; • - Naidu (1968); o - Townsend (1921). 

Figure 6 The present values of the C state lifetime, T , measured over 

a range of E/N, compared with the value of Imhoff and Read 

(1971). 

Figure 7 The present values of the E state deactivation rate, xF> 

measured over a range of E/N, compared with the dat- of Burns 

et al. (1976). 
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