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Abstract A mechanism of the laser action of 5d 8 6S 2 

5d 9 6p HgIII transitions is proposed. The explanation is 
based on atomic constants of the transitions and the 
predominant role of direct electron excitation of the upper 
laser level. The kinetic models of electron beam and hol- 
low cathode discharge sources are calculated. The theoret- 
ical estimations are compared with experimental data and 
possible laser transitions are also proposed. The role of 
electron impact excitation in the formation of inverse 
population for two-electron transitions in CuII and AgII 
obtained in hollow cathode discharges is discussed. 

PACS: 42.55 Hq, 52.20.-j, 34.80.-i 

There are several papers in the literature where 
ndS(n + 1)s 2 - nd9(n + 1)p laser transitions were ob- 
served in the spectra of HgIII, CuII, AgII [1-5] .  In these 
experiments, the noble gases He, Ne were used as admix- 
ture. Different types of gas discharges were used - pulse 
positive column discharge (HgIII) and hollow cathode 
discharge (CuII, AgII). 

The possible mechanism of population inversion bet- 
ween ndS(n + 1)s2-nd9(n + 1)p states was discussed in 
[6], based on the data about radiative lifetimes of 
ndS(n + 1)s 2 states and the excitation of these states by 
electron impact as well as the transition probabilities of 
ndS(n + 1)s2-nd9(n + 1)p transitions. Up to now, there is 
no definite explanation of the inverse population mecha- 
nism of these transitions. 

Here, as a basic mechanism we propose an electron 
impact excitation of the upper laser level from the ground 
state. This mechanism could play the main or additional 
role in different cases. Our consideration relies on the data 
of atomic constants of the upper and lower laser levels. We 
also discuss the possibility to observe laser action at 
various experimental conditions in different types of dis- 
charges. 

1 Discussion 

There are two papers in which the laser action of HgIII 
states was observed. In the first paper [1], a pulse HV 
discharge in Hg + He mixture was used. The 4797 A 
(5d 8 6s 2 124-5d 9 6/)2 °) spectral line of HglII  was observed 
along with 6150 A, 5677 A transitions of HglI. The HgllI  
laser action maximum of 4797 A was observed when He 
gas pressure was decreased to zero. In the second paper 
[2], a spectral line in HgIII at 6501 A (5d 8 6s 2 111 5d9 6pl °) 
was observed. The experiment was carried out in pure 
mercury vapor. The tables given in [7] and the papers 
cited there were used for the designation of excited states 
and spectral line classifications. 

The structure of the HgIII spectrum and the atomic 
constants of the HgIII excited levels allow to propose an 
explanation for the formation of population inversion. 

The 5d s 6s 2 electron configuration is formed when two 
electrons from the inner 5d 1° shell are removed. Strong 
spectral lines, which connect the 5d 9 6s and 5d 8 6s 2 config- 
urations, were observed even though these transitions are 
two electron ones [8]. This experiment was carried out in 
a hollow cathode cw discharge. 

The radiative lifetimes of 5d 8 6s 2 were measured [9] 
using the delayed coincidence method and pulse electron 
excitation. The experiment was carried out in a diffusion 
cell at mercury pressure in the range from 10 -s  to 
10-1 Tor t  and electron beam intensity up to 1.7 A/cm 2. 
The results are presented in Table 1. The experimental 
results are confirmed by theoretical calculation [10] 
which is performed by multiconfigurational Hartree-Fock 
approximation, taking into account electron configura- 
tion mixing. Practically, due to this mixing both the 
5d 8 6s2-5d 9 6p and the 5d 9 6p-5d 9 6s 2 transitions are pos- 
sible. By measuring the intensities of all 5d 8 6s2-5d 96s 
spectral lines, the corresponding transition probabilities 
were obtained [9]. The 5d 8 6sZ-5d 9 6p transition probabil- 
ities are also presented in Table 1. At high electron excita- 
tion energies (150-300 eV), the intensities of correspond- 
ing spectral lines have large values, comparable with those 
of strong atomic lines. This fact is due to the large cross- 
section of electron impact excitation of 5d 8 6S 2 states from 



350 

Table 1. Radiative lifetimes [ns], 
transition probabilities (A~k) 
[105 s-l] ,  effective cross-sections 
(Qik) [10-is cm 2] and 
excited-state cross-sections (Q~) 
[10-18 cm 2 ] of HgIII 5d s 6s 2 
states 

State E [cm-1] Transition 2 [A] ri Aik Q~k Qi 

112 118926 12-1 ° 6501 2480 3.55 0.14 0.16 
122735 12-230 7517 0.48 0.02 

101 126468 101-12 o 5210 1660 6.00 0.18 0.18 
124 133731 2423 ° 4797 2100 4.76 1.30 1.30 
13z 32 12O 3312 2250 2.43 0.19 0.35 

32-23 o 3557 1.62 0.12 
32-3 o 6584 0.26 0.03 
32 4 °  6610 0.13 0.01 
32-6 ° 7808 0.20 0:02 

14o 158909 40-8 o 3090 473 20.6 0.14 0.14 

State E [cm-1] Transition 2 [A] z (experiment) ~ (theory) 

3D 1 134998 5d 9 6p 3D1-5dl° 1S o 740.75 0.90 0.70; 0.63 
1P 1 126556 5d 9 6p 1P1-5dl° 1S o 790.t7 0.52 0.28; 0.26 
3P 1 118607 5d96p3p 1 - 5d 1° aS 0 843.11 1.20 1.00;0.88 

Table 2. Radiative lifetimes of 
HgIII of 5d 9 6p states Ins] 

the ground atomic state [11], even though the electron 
shells are changed from 5d 1° 6s to 5d 8 6s 2. The electron 
excitation cross-sections of 5d 8 6s 2 states were also ob- 
tained [11] and are presented in Table 1. 

Hence, the 5d 8 6s 2 states have, both, a large value of 
radiative lifetimes and a large value of cross-sections for 
electron impact excitation from the ground atomic state. 

Recently, radiative lifetimes of the 5d 9 6p state were 
measured using the beam-foil method. The transition 
probabilities of 5d 9 6p-5d 9 6s and 5d 9 6p-5d 1° transitions 
were also obtained [12]. These results are supported by 
theoretical calculations, performed by multiconfigura- 
tional Heartree-Fock approximation,  taking into account 
electron configuration mixing [12]. These data are pre- 
sented in Table 2. 

It  is necessary to point out some considerations, which 
arise from radiative lifetime and electron excitation ex- 
periments and which are important  for the estimation of 
processes of population and depopulation of 5d 8 6s z and 
5d 9 6p states: 
(i) In the 5d 8 6s 2 lifetime exgerirnents ~9], no cascade 
transitions from 5d 9 6p states, wN, ch ;~re the only possible 
ones [8], were observed. The 5 d 9 6 p - 5 d 8 6 s  2 and 
5d 9 6p-5d 9 6s transitions were not observed [9] a t  experi- 
mental conditions - mercury vapor  pressure up to 
0.3 Torr  and electron beam density up to 5 A/cm 2. Hence, 
at these experimental conditions the population of 5d 9 6p 
states by direct electron excitation from ground mercury 
states is negligible. 
(ii) In the papers devoted to spectral lines classification, 
where the hollow cathode discharge is employed, the 
spectral lines 5d 9 6p-5d s 6S2; 5d 9 6p-5d  9 6s have inten- 
sities of the same order of magnitude as the 5d s 6s2-Sd 9 6p 
transitions. Hence, one can suppose that in this case, at the 
experimental conditions of [8], the stepwise excitation of 
5d 9 6p HgI I I  states occurs. 

Excitation functions and cross-sections of the 5d 8 6s 2 
state for electron impact excitation from 5d 1° 6s Hg0 ~ and 
5s 1° Hg 2-- states, which are also necessary to take into 
account in the discussion of population processes of HgI I I  
states, were also measured [13]. 

Taking into account the structure of HgI I I  levels and 
atomic constants as well as the considerations which are 
mentioned above, we can propose the following processes 
of population and depopulation of 5d s 6s 2, 5d 9 6p excited 
HgI I I  states. 

Let us suppose experimental conditions in which the 
mercury vapor  pressure is less than 0.3 Torr. At these 
experimental conditions, the 5d 8 6s 2 states are populated 
by direct electron excitation from the ground 5d 1° 6s 2 
atomic mercury state. The cascade transitions from 5d 9 6p 
could be neglected. 

Depopulat ion of 5d 86s a states is due to the 5d s 
6s2-5d 9 6p states. 

Populat ion of 5d 96p states is due to the cascade 
transitions from 5d s 6s 2 states. 

Direct electron excitation from the ground atomic 
state as well as stepwise electron excitation at these experi- 
mental conditions should be neglected. 

Depopulat ion of 5d 9 6p states is due to the 5d96p 
-5d 9 6s, 5d 1° radiative transitions, which have large prob- 
abilities (Table 2). 

Hence, the same processes govern the population and 
depopulation of 5d 8 6s 2 and 5d 9 6p states, but they have 
different probabilities for states of  both  electron config- 
u, rations. Because ,of this f~ct the population inversion of 
the above-mentioned etecton configurations is formed. 

In order to obtain laser action, a sufficient concentra- 
tion of excited HgI I I  5d 8 6s 2 states should be achieved by 
devices in which there exist a large number  of fast elec- 
trons - for example, e-beam, hollow cathode discharge, 
pulse positive column. For  the above-mentioned methods, 
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additional processes such as atom-atom and electron 
atom collision depopulation should be taken into account. 

Further, a kinetic model for different type sources will 
be discussed and we will try to give an explanation of the 
laser action, which is obtained in Hg-Hg mixture [1] or 
pure mercury vapor media [23 . 
Kinetic model. A simple kinetic model of the Hg laser, 
operating on the HgIII 6501 A line is proposed. A kinetic 
scheme for the processes is considered, which includes 
only two levels - an Upper Laser Level (ULL) and 
a Lower Laser Level (LLL). In the scheme, the following 
assumptions are made: 
The ULL is populated through direct excitation by fast 
electrons from the ground state. It is depopulated through 
spontaneous emission, electron deexcitation and deexcita- 
tion via Hg atoms. 
The LLL is populated by spontaneous emission and elec- 
tron deexcitation of ULL, both coming from ULL, while 
depopulation of LLL is through spontaneous emission. 

The balance equations for ULL, LLL, Hg and HgII, 
using e-beam excitation, are as follows: 

dN2/dt = v~x~[Hg] - -  ( A e f  f ~- 1)2,diff 71- k d . . . .  ne)N2, (1) 

dN1/dt = V2,spN 2 - (V2,sp -~- Vl ,d i f f )N1,  (2) 

d[Hg +]/dt = Vio,[Hg] - vaiff[Hg + ], (3) 

[Hgo] = [Hg] + [Hg+], (4) 

where N2 and N1 are the ULL and LLL populations, 
respectively, ne is the electron density, [Hg] is the ground- 
state Hg atom density, [Hg +] is the ground-state HgII 
density, ka .... is the electron deexcitation rate constant, 
Vsp are the spontaneous emission probabilities, Vion and 
v,x, are the ionization frequency of Hg atoms by fast 
electrons and the excitation frequency of the ULL, respec- 
tively, ])diff, Vl,dief and V2,diff are the diffusion 
frequencies of HgII, LLL and ULL, respectively, and 
Aeff are the effective values of 5d 8 6s2-5d 9 6p transition 
probabilities. 

The Hg atom ionization and excitation frequencies by 
beam electrons are namely rio., v ~  [14]: 

Vi o n  ~'~ 2(~ion/e)*je, (5) 

V~x~ ~- 2(6~/e)*je ,  (6) 

where aion = [1/eSde'/aion(e')] -1 and aCx~ are the aver- 
0 

aged ionization and excitation cross-sections (0%n is taken 
from [16], aex~ are measured in Ell]), e is the electron 
energy, e is the electron charge and je is the density of 
primary electrons. 

The ionization and excitation by secondary electrons 
is accounted for by the introduction of factor 2. Taking 
into account that the electrons have energies of about 
t keV, a significant number (50-70%) of secondary and 
third generation electrons have energies higher than the 
ionization potential [17]. The stepwise ionization from 
Hg atom excited states also gives a small contribution. 
The factor 2 in (5) roughly describes the additional ioniz- 
ation due to these electrons. 

In the HCD case, the total number of ionizations by 
fast electrons in the negative glow region %,[Hg]  V is 

equal to the particle current i/e, which is moving to the 
anode, where i is the current and V is the volume of active 
media [18]. Hence, the ionization frequency is 

Yion ~--- i/e [Hg] V. (7) 

The ionization frequency can also be derived from the 
continuity equation VJe/e = Vion [Hg], where J~ is the par- 
ticle current density. Multiplying both sides of this equa- 
tion by factor zR2L, where R and L are the radius and 
length of the cathode, one can obtain 2~RLj/e 
= Vion EHg]~RZL. Taking into account that 2~RLj/e = i/e 

and V = ~R2L, one obtains (7). 
The excitation frequency can be derived from (5), (6) 

and (7): 

ve~ = (#¢x¢/Sio,) )(i/e [Hg] V). (8) 

The electron deexcitation constant kd .... could be esti- 
mated using E15]. The diffusion frequencies are calculated 
on the basis of the mobility of HgI in Hg [16]. 

Solving the balance equations, one can calculate the 
populations of ULL and LLL, the electron density as well 
as laser gain using the well-known formula Z = 
o-[N2 --  g l / g z ' N 1  ], where a is the phototransition cross- 
section and gt, 92 are the statistical weights of ULL and 
LLL. 

2 Results 

The calculations of laser gain for e-beam and HCD are 
performed. The dependence of the laser gain on Hg pres- 
sure for e-obeam pumping at different current densities for 
the 6501 A (5d86s 2 112-5d9 6p23) transition is shown in 
Fig. 1. With mercury pressure increase, the population of 
ULL also increases due to direct excitation by fast elec- 
tron from the ground state. At high mercury pressure, the 
population of ULL decreases due to electron deexcitation. 
For low electron densities, depopulation of ULL through 
electron deexcitation is negligible, the Aeff value changes 
slowly and laser gain increases; the slow change of Aeff is 
also due to the (Hg  2+)* + Hg deexcitation collisions. At 
very high current density, ne reaches significant values 
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Fig. 1. The dependence of laser gain vs mercury vapour press- 
ure calculated for 6501 A (5da6s2-5d96p) in the e-beam case 
(a - j  = 300 A/cm2; b - j  = 100 A/cm2; c j = 30 A/cm2), Solid line 
presents experimental results [2] 
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even at low Hg pressure (2-5 mTorr), the Aef f also 
increases rapidly. The optimal pressure is 2 10 mTorr, 
which is observed experimentally in [2], at j ,~ 
400 A/cm 2. 

The dependence of the laser gain on mercury pressure 
in HCD is presented in Fig. 2. With mercury pressure 
decrease, the depopulation of ULL decreases and gain 
increases. But at very low pressures, an ambipolar diffu- 
sion of ULL takes place and ULL population rapidly 
decreases. If the mercury pressure is lower than a certain 
threshold value, the ambipolar diffusion of ULL becomes 
so considerable that the population of ULL is not suffi- 
cient for the creation of population inversion. The thre- 
shold and the optimal mercury pressure are 1 mTorr and 
5 10mTorr, respectively. 

The main difference between e-beam pumping and 
HCD is the dependence of ULL population on the mer- 
cury pressure. In the case of e-beam pumping, the total 
number of excitations of ULL per unit time and unit 
volume (7) is proportional to the mercury pressure, while 
in the case of HCD (8) it does not depend on the mercury 
pressure. That is why e-beam pumping is effective at 
intermediate and high pressures. It follows from expres- 
sion (7) that at low pressure one should use higher current 
density [19]. 

It is worthwhile to mention that, although the current 
density in HCD is relatively small, the corresponding 
current is high enough. At 50 cm active media length and 
current density 3 A/cm 2, the current is 300 A. The com- 
parison between longitudinal e-beam pumpint [2] and 
HCD shows that in both cases a current of 300 A is 
required. 

The results of the kinetic model could be employed for 
explanation of laser action, obtained in [1, 2]. 

In [1], laser action on 4797 A (5dS6s-5d 9 6p) was 
reported. The experiment was carried out in a quartz tube 
1.2 m long and 6 mm in diameter. The 15 A current pulse, 
with 0.2 ]as duration, was applied, in the Hg He mixture 
Hg pressure was about 10 .3 Torr, He pressure was 
0.5 Torr. At least 2.5% gain was obtained. The laser pulses 
coincide with current pulses without any afterglow. The 
laser generation is observed, when the He pressure was 
sufficiently below initial 0.5 Tort. The conclusion was 
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Fig. 2. The dependence of laser gain vs mercury vapour pressure 
calculated for 6501 A (5d 8 6s2-5d 9 6p) in the hollow cathode dis- 
charge case (a - j  = 30 A/cm2; b - j  = 3 A/cm2; c j = l A/cm 2) 

drawn that the He atoms could interfere with the 45 eV 
electrons, which are responsible for the laser action [1]. 

In [2], a 1.2 m tube with 10 mm diameter was used. 
The mercury vapor pressure was varied in the range 
10-3-2 x 10 .2 Torr. The 300 A current pulses having 
25 ]as-2 ms duration were employed. The laser action of 
another spectral line 6501 A (5d 8 6s 2 112 5d 9 6pl °) HglII 
was observed. The laser action pulses, but have smaller 
duration. For short 25 gs pulses, the optimum mercury 
pressure is about 2 x 10 3 Torr and no laser action for 
p > 10-2Torr  was observed. The output power was 
40 W. For long pulses (2 ms), the same values of output 
power were achieved, but the optimum mercury pressure 
was p > 10 -2 Torr. 

From the experimental conditions cited in both pa- 
pers, one could estimate the distance which electrons will 
cover before they stop: 

L = ~ )~(e) ~ eU/Eei.~(e), (9) 
e 

where U is the applied voltage, Eei is the energy of elec- 
tron-ion couple creation, which for mercury is ~ 25 eV, 
and 2(e) is the free path of electrons 2(e) = 1/atot(e)" N (at 
optimal mercury pressure 2 x 10 -3 Torr, U = 4.5 kV [21 
and O-to t = 2 x 10 -~5 cm2; 2(a) ~ 8 cm; the total number of 
ionizations Ztot = 180: L = Zion')Ja) ~ 1400 cm) [13, 20]. 
Hence, in these experiments the electron beam conditions 
are fulfilled. From Fig. 1 in [2], where the output power 
dependence vs applied pulse voltage, at different mercury 
pressures, is pressented, one can extract the dependence of 
output power vs Hg atom pressure. This dependence has 
a sharp maximum at 2.5 x 10 -3 Torr (Fig. 1). Hence, the 
experimental result is supported by theoretical calcu- 
lations. The output power increases with the increase of 
mercury pressure. At mercury pressures greater than 

3 x 10 -3 Torr, the deexcitation of 5dS6s 2 states by 
collisions with both mercury atoms and low-energy elec- 
trons takes place. 

Further, the stepwise electron excitation of 5d 9 6p low 
laser levels becomes substantial, which also destroys the 
population inversion. 

The output power increases with pulse current and 
voltage increase (Fig. 1, [2]) since the population of the 
upper laser level is increasing. At higher pulse voltage or 
pulse current, the number of low-energy electrons is in- 
creased and the depopulation of the upper laser level by 
collisions with these electrons is increased. That is why the 
optimum of supplied voltage is at 4.5 kV. These collisions 
could be the reason for the sharp decrease of the output 
power pulses, while the maximum of laser and current 
pulses coincides (Fig. 2, [21). 

8 2 9 The gain coefficient for all 5d 6s -5d 6p transitions is 
also calculated in the e-beam case at current density 
300 A/cm 2. Here we use Aik transition probabilities in- 
stead of Aeff, which leads to the overestimation by not 
more than 20% of the calculated gain values. The 
wavelengths° of these transitions are in the region 
7808-3090 A. The gain coefficients vs mercury vapor 
pressure are presented in Fig. 3. A group of transitions 
have gain coefficients approximately 10% or less. That is 
why from this group only the dependence of 3090 A is 
presented. However, one can point out that transition 
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5210 A (5d86s2101-5d96pl°2) has practically the same 
gain coefficient as 65001 A. Hence, laser action could be 
expected on the 5210 A transitionoat experimental condi- 
tions equal to those for the 6501 A line. 

Lasing on 5d a 6s2-5d 9 6p HgI I I  transitions could be 
realized using different type devices similar to e-beam, 
such as beam-type discharge with two parallel plate elec- 
trodes [23] as well as blumline-type transfer discharge. 

The laser action on ndS(n + 1)s  2 - nd9(n q- 1)p inter- 
combination transitions was also obtained in CuII  and 
AgII spectra. In these cases the ndS(n + 1)s 2 states are also 
metastable. Their lifetimes are calculated from theoretical 
transition probabilities [10] and are presented in Table 3. 
Hollow cathode discharge and H e - C u  mixture was used 
for this laser transition investigation [3]. The achieved 
laser transitions are: 

3 d  s 4 s  2 3 p 1 - 3 d 9  4p 3to0 _ 4506 A, 
o 

3d 8 4s 2 3P 2 3d 9 4p 3P2° - 4555 A, 

3d 8 4s 2 3P 1 3d 9 4p 3pO _ 5060 A. 

The Penning ionization was assumed in this case as 
a possible mechanism for the creation of population inver- 
sion. Here, we estimate the ratio between rates of direct 
electron excitation of 3d s 4S 2 CuII  states from ground 
state and Penning ionization. 

Fe~c= VexoNc,o, 

Fpe n = kpar.pengtte,,,Ncu0, 

(10) 

{11) 

(12) 
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where Vex° is the frequency of the electron excitation pro- 
cess, Ncu is the number  of Cu atoms, kp,r pen is the partial 
rate constant for the excitation of 3d 8 4s 2 states by Penn- 
ing ionization with He(23S) atoms. 

There are no data for cross-section of the latter process 
in the literature. This constant could be estimated taking 
into account the cross-sections of K, Rb. On the other 
hand, it is well known that the partial constant of excita- 
tion of Beuthler states of ZnII,  CdI I  consists of 0.1 from 
the total volume of Penning ionization cross-section. Us- 
ing these estimations, we assume for kpar.pe n 
10- a 0 cm3/s. 

The He(23S) a tom density is taken from [19] (Fig. 4, 
[19]), where the experimental conditions of hollow cath- 
ode discharge in Cu + He mixture are close to those of 
laser action experiments [3]. This value is estimated as 
NHem = 9 X l0 is cm -3. 

The cross-sections for electron impact excitation of 
3d 8 4s z states are presented in Table 3 [21]. These values 
are the low limit, since some transitions were not meas- 
ured. 

The excitation frequency Vexc is calculated taking into 
account the electrons which have energies greater than 
31 eV (this is the threshold energy of 3d s 4s 2 states). The 
estimated value is Vexc ~ 8.8 S-2. 

Taking into account all these values, the rate constant 
ratio is approximately ~7 ~ 1/8. Hence, 10-20% of the 
population of the 3d s4s 2 state is due to the electron 
excitation mechanism and has to be taken into account. 

The laser action on 4d ~ 5s2-4d 9 5p AgII transitions 
was obtained also in hollow cathode discharge in 
Ag + Ne mixture [4, 5]. 

The charge exchange process was assumed as the 
possible one for population inversion. There are no data 
for electron impact excitation of 4d 8 5s 2 AgII states, as 
well as for a t o m - a t o m  collision cross-sections. That  is 
why it is difficult to estimate the role of the discussed 
process of direct electron excitation of 4d 8 5s 2 states. 
However, in [22] the excitation of different AgII states in 
pulse A ~ H e  mixture was investigated and it was ob- 
served that the pulse of 4dS5s2-4d 9 5p spectral line inten- 
sities coincides with the current pulse. This fact could be 
related to the significant role of the direct electron excita- 
tion of 4d s 5s 2 states. 

3 Conclusion 

The main reason for population inversion of 
5d 8 6s2-5d 9 6p HgI I I  transitions is the large probabili ty of 
electron impact excitation of these states from the ground 
atomic state. This fact could be connected with experi- 
ments in which a laser action in the VUV region on 

Table 3. Radiative lifetimes z, 
transition probabilities Aik, 
electron impact cross-sections 
Q~ of CuII states 

State Transition )~ (A) z Is] A,k Is -1] Qi [ 10-~8 cm2] 

4 s 2 3 p  1 4s23plMp3!p o 506.0 > 10 -5 > 10 s 0.134 
4s z 3PI~[p3P 2 450.6 

4sZ3P2 4s23p2-4p3P 2 455.6 > 10 5 > 105 0.291 
4pBD 1.53x 10 9 3.64 
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3d 8 4sZ-3d 9 4p Z n I I I  transitions was investigated [-23, 241. 
A popula t ion inversion was created by X-rays, which 
discard one of the 3p electrons. The following super Cos- 
ter -Kronig transitions lead to some kind of selective 
popula t ion of  the 3d a 4s 2 1G1 state. The amplification of 
several transitions close to 130 nm was observed. 

Based on the data  of different experiments, it could be 
assumed that the processes discussed in the present paper  
for HgII I ,  CuI I  and AgII  excited states have the same 
nature, even though electron excitation is considered. 
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