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Abstract

Gas-discharges have a wide range of spectroscopic parameters including the after-glow
excitations. If a fixed mixiure of He and Ne is operated as a traditional discharge phenomenon, then
the important parameters could be measured spectroscopically.
This project aims to parametric comparison between the situation of both metastables of He states and
the excited S-states of Ne in terms of different collision cross-sections, life-time considerations, spectral
notations and many other resonant transfer parameters. The results were expected to be Javorable and
suitable for our purposes and they were optimum for a mixture of He and Ne in low power gas lasers.
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Introduction
The He-Ne lasers active medium
is an excellent example to be studied on
the behavior of the process of exciting
the 'Sy,*S; of helium and 2S, 3S of neon.
All inert gases, He,Ne, Ar, Kr,and Xe
possess at least one metastable state for
which no selection rule, in both J-J and
L-S coupling schemes, will be obeyed.
The reason of this is that the atoms or
molecules situated in these levels stay as
much as they can and after this period
they will de-excite to the lower state
either by collision with the container wall
or with neighboring atom. The optimum
life time for these statcs range from few
micro seconds to ~ 10 ms. Life time
consideration will be of great importance
in this work and the tendency will be
toward the mechanism of excitation
transfer at resonance, i.e. the net number
of absorptions per unit time is the same
as the net number of emissions per unit
time also.
The factors responsible for this resonance
were studied in detail and theoretical
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calculations were done to compare them
with experimental one. The expotion of a

mixture of helium and neon as the active
medium in gas laser was analyzed to
identify ideal requisites to operate this
laser.
Theory

Gas lasers [1] were generally
employed a mixture of non- reacting
gases to act as an active medium with
specified ratios, for instance in CO,
lasers the ratio of CO, : N> : He is 1:2:3
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Partial atomic energy level diagram of
helium and neon is shown in fig.1

In fig.(1) both 'S, and 3S, in helium are
metastables there life time estimated to be
about 8 s and 125 us respectively, So the
chance of 'Sy to collide with neighboring
atoms is much less than that of °S; that
stays for much longer time rather than 'S,.
The metastable of neon is represented by
the Is state where there is no lower states
below it, thus the atoms in this state cool
down through collision. Spectroscopic
differences between metastables of helium
and (s ) states of neon are shown in
fig.(2) In this figure, the spectroscopic
equations governing the excitation transfer
between the levels are reduced by two
reactions :

He (2'S)+Ne(G)+387cm™'—> He(1S)+Ne(3S)

He (2°S)+Ne(G)-314cm™ — He(1£)+Ne(2S)
Fig.(2) Spectroscopic details between
meta-stables of helium and( s )states of
neone This means that 3S state of neon
lays above 'Sy of helium by 387 cm’! ~
(0.048 V) and 2S below S, of He by 314
cm™ (0.039 eV).

The collision excitation transfer in such
mixtures are very complex we shall
focuse only on those which occur at
resonance. )

r He Ne
2ls #3%
165000F OE=387cm' 5 3391 30m
=7
95 nm =—— g
_235 #
Sl
SERME SN et
155000} 11523 nm

Energy (cm

145,000

it DT S0 V¥ 3410 il 55558 o1 |

135000 F
10
x10
10 |-
P
k:
g Bk
RN Lem T
= AL
%
212
S
o OI.2 U.‘4 D:G Ol.8 1.0

Discharge current (A)

Fig(2)spectruspic details between meta-

stnbles of hbelium and (5)states of neon.

18

12



(JZS) Journal of Zankoy Sulaimani ,April 2003,Part A,Vol.6(1) A e MTE 0 WY 306 ilaib 5535 wu,-sﬁ
: T o S A St L e N O O S

Transfer mechanisms

Verdyen et al [2] have suggested that the
number of variables in such transfers should
be reduced by four processes. Fig.3 shows
detail of these resonance transfers between
the metastable ( 'Sy , °S;) of helium and (3s
,2s) of neon.
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Investigations by Phelps and his
colleages [3]shows that for a simplified
model of He-Ne laser the current of the
discharge for all levels varies with
densities of states semi-exponentially,
i.e. for No,N|,N,, which are the meta-
stables 1S,2S and 3S of Ne respectively
and M is the meta-stable of He
(No,N,N, and M are density numbers of
excited atoms).The main equations for
these states are :

d[M]/dt = n¢ Ve [He]-M/1p-
r[M][NeJ-ne ve[M]......(1)
d[N,)/dt =r[M][Ne]-A;[Ns].....2)

d[N,}J/d t= ne;ve [Ne]+ ne;o
Ve [No]-Ai[N}]....(3)

d[Nol'dt =n. Ve [Ne]+A [N ]-n,

0 Ve |NoJ+AN-[Nol/ o -1e 3 Ve [No]

Here: 1-All quantities in brackets refer
to densities (number of excited atoms

per unit volume) where:

ve-the electron velocity calculated from

Vo= \“‘2%1 where T is the kinelic energy of the
electron and 11 is its niass.

n.the density of the state.

= the cross-scction of the transition.

T = the state life time

r, - the transition rate.

2-The products of (/)s e (;n, . 3) .(N)

and (n.) represented the collision
frequency of any process and multiplied
by the proper density of the state.

Jeffery and Dalgarno [4], have shown
algebraic analysis for these equations
and used the Rapnsden-Newton iteration
of the following values for the density
of states, they were obtained by :
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M=n,Ne[He]/ t,,"+r,[Ne]+n.Ne..(5)
Ng=n.[sNe+Ne][Ne}/ 15" +n. sNe.(6)
Ni=n, Ne[Ne]+n, oNe[Ne]........(7)

Ne=r[Ne][MV/ T2 oo (8

If these equations hold for an optimum
discharge current and voltage then we
would be in a position to calculate the
transfer rate (r) [5] for both absorption
and emission transfers.

Experimentaldetails

The apparatus arranged in fig.(4) was
used to obtain the experimental part of this
work. A He-Ne laser of 20mW [out put]
connected with two digital multi-meters
one in series and the other in parallel with
the output of the step-up transformer of the
laser cavity
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Fig.(4) Experimental arrangement of
the He-Ne discharge tube

When the step-up was established against
any mechanical shock, then through the
rheostat the current was varied through
0.05A and the voltmeters reading was
observed.

A repetitive set of readings were taken
then after lengthly observation for the
optimum temperature of the gas discharges
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the current was stabilized at 0.44A and
at potential difference of 1100V the
power consumption obtained was.
P=V*I=1100*0.44 = 484 Watts..(9)

If the volume of the discharge is known
then the density of metastables of He [
M ] and (No) of Ne are calculated.

The results and tabulated in table No 2

Table (1) parameters given to the discharge

tube
in the experiment.41
Discharge tube parameters value
Discharge length (L) 25 cm.
Discharge diameter (2r) 18mm.
Volume 63.617 cm’
Average temperature of the tube 400K°

Characteristic  diffusion  length  for

cylinder(1/A)*=(m/4)*+(2.405/r)*=0.34cm
Note :the above values are standard

L values for discharge tube

From the parameters of the discharged
tube of He-Ne laser that given in
table(1) it is easy to calculate [ 6 ] the
resonance transfer rate r, in equation (5)

From fig.(5) for the current value of
0.44A , the density of metastable of
He[M] was 2.11 x 10" ¢cm™. Then [N]
and [Nol are easv evaluated
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Table(2Theoretical calculation for collision process

Results and Discussion between 1So —3S and 3S1—2S in resonance tube
' ) Parameter 'Sy S
From equatlons (5) to (8) the dlSChargE o; (cm?) ionization cross 0.28x10™° 4.1x10"
“ p— s section

current is stabilized, then the relation Voot s i elegionn TR T
velocity

betﬁ\vee_l;l [Ne] and the decay .rate Iy = n.cm” the density of state 4.1x10" 0.42x10"

10°sec™ is plotted as shown in fig.(6) . rate 3.4x101 em®s"_| 3.7x1011 cm” s
r, absorption rate 6.46x10" cm”s' | 3.85x10" cm” s’

Conclusion
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Fig.(6) Decay rate of meta-stable rate(r)
wth densty of Ne

It is clear from fig.(6) that for low [Ne]
densities the transfer rate between
metastables of He and 3S of Ne is low,
and increases exponentially at about
6.85x10'"%m™ for [Ne].Then we alculate
the raie coefficicnt of He at resonance for
both metastablestates
Once Boltzmann distribution [6] is used to
calculate the atomic densities for 25 and
3S in Ne without discharge by using eq.(9)
and the standard values of the discharge
tube in table(1) the ionization cross-
section for both states are used to find the
electron velocities at 'S, and °S, for He.
The results are arranged in table (2).
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From the result of calculations it is
obvious that there are few spectroscopic
differences between the two meta-
stables of He. The important conclusion
regarding these states are :

1. The total number of collision per unit
time [collisional frequencies] in 'S, is
much less than that of *S,, the reason for
this is that the latter has a better chance
to collide with atoms of 2S in Ne rather
than with 3S

2. The absorption and emission
transition rates [r,,r.] are characteristics
of collision cross-section at resonance
between meta-stable states of [He] and
(S) states of Ne.

This means that they are independent
of the discharge parameters like tube
length, cross-section, temperature or
densities but they are functions of
excitation and ionization cross-sections
only.

3. In this project the important
parameters of the discharge can not be
measured classically. But when the
equations of state (eq.1 — eq.4) are
used then the microscopic views of the
discharge could be studied in terms of
the concentrations.
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