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DOUBLY-CHARGED IONS FORMATION DURING
MULTIPHOTON IONISATION OF Ba ATOMS
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The results of measurements of the yield of singly and doubly charged ions against
laser radiation frequency in non-linear ionisation of Ba atoms are presented. It was
shown that in the investigated spectral range {17700-18700 cm™) doubly charged Ba
ions are formed in result of stepwise mechanism realization.

This work continues the cycle of our
studies of a process of non-linear ionisation
of alkaline-ecarth atoms. One of the main
problems, which are solved in studying the
non-linear ionisation of alkaline-earth at-
oms, is the analysis of the mechanism of
doubly charged ion formation [1]. Two
mechanisms have been proposed for ex-
plaining this process, namely the two-
electron one (in which the doubly charged
ions are formed directly from neutral atoms)
and step-wise one (in which the doubly
charged ions are formed from singly
charged ions formed in the same laser ra-
diation pulse). We present the results of ex-
perimental studies of multiphoton 1onisation
of Ba atoms within 17700-18700 cm’
spectral range and discuss the mechanism of
doubly charged ion formation.

The experimental procedure was typical
for studying the non-linear ionisation of at-
oms; the laser beam crossed the beam of
neutral atoms; the ions formed in the beams’
interaction region were pulled in by constant
field and analized by a time-of-flight mass-
spectrometer. Experimental techniques are
not described here, since the details are
given in earlier papers [2, 3]. We used the
radiation of a dye laser with the dispersion
resonator for ionisation of Ba atoms. The
dye was pumped by the second harmonic of
the Nd-glass laser. Rhodamine-110 was
used as dye. The laser generation varied
within 17700-18700 ecm™ spectral range.
The laser generation spectrum width was 2—
3 em”. The laser pulse duration was
1=5x10% 5. We used the linearly polarized
laser radiation.
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Experimental results

We have measured the yield of singly
charged and doubly charged ions as the
functions of laser radiation frequency o for
fixed values of field strength e=2x10° Viem
(the radiation intensity F= 3.5x10% em™s™).
The yields of singly and doubly charged
ions as functions of laser radiation fre-
quency ave shown in Fig.1.
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Figure 1. Singly charged (") and doubly charged
(M) ion yield against laser radiation frequency in
the ienization of Ba atoms

The procedure for measurements of the
dependencies shown in Fig.1 was as fol-
lows. For fixed values of laser radiation and
intensity several measurements (near five)
of ion signal amplitudes were carried out
and then the mean values of amplitudes
were found from these measurements. The
radiation frequency varied with a step of 3-
4 cm’ in the intraresonance intervals of de-
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pendences and 2-3 em™ in the region of

resonance maxima. The accuracy of deter-
mination of radiation frequency was 3 cm™.
We must note that the sensitivity of record-
ing equipment was as much as approxi-
mately two times higher for doubly charged
ions than for singly charged ones.

As one ean see from Fig.1, both N°~ ()
and  N'(e©) dependences have resonance
maxima. The investigations have shown that
when the field strength changes slightly the
positions of the resonance maxima in these
dependencies do not change. This fact al-
lows disregarding the perturbation of the
levels of atoms and ions when the data ob-
tained are interpreted.

The formation of singly charged ions
will be considered in this paper as additional
information for explaining the doubly
charged ion formation mechanism only.
Therefore, the peculiarities of the singly
charged ion formation will not be consid-
ered here in detail.

Far the removal of one electron from Ba
atom three photons must be absorbed. The
identification of resonance maxima done on
the basis of available data about the bound
and autoionising states of Ba atom [4,5] in
the N'(w) dependence is given in Table 1.
As one can see from Table 1 all resonance
maxima, except one at the frequency 18620
em™, are identified by two photon transi-
tions into the bound atomic states. The na-
ture of this unidentified maximum is un-
known yet.

Table 1. Identification of resonance maxima in the
AN {m} dependence. w, is the frequency at which a
resonance maximun in the N'{w) dependence exists;
iy is the frequency corresponding to the resonance
transition in the Ba atom, which identifies this
maximum.

Resonance transitions

e, iy,
em’! cm’ inn the Ba atom
17810 | 17808 | 65> 'S, +2ho — 6p” Py
| 17880 | 17881 | 65° 'S, +2ho — 657d°D, |
' 18100 | 18100 | 65° 'S, +2h0 — 5d6d*D;
18545 | 18544 | 65° 'S, +2hm — 5d6p T,
8620 s i

153

Let us consider now the results obtained
on our study of the N**(m) dependence. The
identification of resonance maxima was
provided in the spectrum of neutral atom
Bal and singly charged ion Ball and is given
in Table 2. This identification was per-
formed on the basis of existing data on
spectra Bal and Ball [4,5]. All resonance
maxima are identified by transition in the
spectrum of Ball. What give these results
from the viewpoint of the doubly charged
ions formation?

Ba? (a) b)

%

Fig. 2. Implementation schemes for the two-electron
(a) and stepwise (b) mechanism of doubly charged
ion formation in the ionization of Bz atoms.

As has been already noted, to explain
the doubly charged ion formation two
mechanisms were considered: the two-
electron and stepwise mechanisms., Their
implementation schemes are shown in Fig.
2. In the model of two-electron mechanism
of doubly charged ions formation the reso-
nance maxima in the N*(e) dependence
must be caused by the spectrum of neutral
atom — its two-electron bound and autoinis-
ing states, as doubly charged ions in this
case are formed directly from neutral atoms.
In the case of stepwise mechanism the for-
mation of doubly charged ions occurs in two
stages: first, singly charged ions are formed
and then, in result of multiphoton ionisation
of singly charged ions, doubly charged ions
form. In this case resonance maxima in the
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N“(m) dependence must be caused by a
growing concentration of singly charged
ions (these maxima in the Nz*{m) depend-
ence must coincide in frequency with
maxima in the N'(®) dependence), as well
as by resonance transitions in the spectrum
of singly charged ion Ball.

However, the maxima in the N (o) de-
pendence do not occur at any frequency at
which there exist resonance maxima in the
N () dependence. In some cases this cir-
cumstance may be explained as follows. As
noted above, in the conditions of our ex-
periment the saturation takes place in the

vield of singly charged ions. The vield of
singly charged ions in the region of reso-
nance frequencies increases in these condi-
tions due to increasing the interaction vol-
ume. Since the degree of non-linearity of
doubly charged ions formation from singly
charged ones is greater than the degree of
non-linearity of singly charged ion forma-
tion, then due to inhomogeneity in the dis-
tribution of laser radiation in the region of
the beams interaction, the formation of dou-
bly charged ions occurs in the volume
which is less than the volume in which sin-
gly charged ions are formed.

Table 2. Identification of resonance maxima in the 1".-’2'[0.1} dependence. o, is the frequency at which a resonance
maximun in the Nh{mj dependence exists; @, is the frequency comresponding to the resonance transition in the Ball

spectrum, which identifies this maximum.

-1 |

Resonance transitions in the

opem’ | T, em @y, e’ :
Ba’ ion
17765 10 17764 | 6p *P%pn + 3R —> 9¢ *Gr o
17768 | 5d “Dap + 4ho — 12d *Dig sn
17850 15 17839 6p PP + 2Zhe —> 5F *F0p
17843 5d *Dss + 4ho = 11g *Go,0n
17844 | 6p*P°in + 3ho — 8g *Gyp
17852 5d *Dsp + 4ho — 10g *Gn
17990 5 17988 5d Ds;; + dho — 12g 2Grn.en
18000 5 17998 6p “P°yn + 3ho — 11d *Dap 5n
18110 10 18109 6p 2P + 380 — 10g 2Gap op
18330 10 18327 6p 2P°p + 3w —> 92 2Gap o
18360 10 18364 | 6p°P%n +3h0 — 11 Gin.on
18560 15 18561 6p 2P + 3o — 12d 2Dy
18564 6p “P°n + 2hw — 5f Fsp
Igeiliis 18673 6p “P° + 3ho — 10g 2Gr

But as one can see from Table 2, all reso-
nance maxima in the N**(@) dependence are
identified in Ball spectrum. As one can see
from the Table 2 we observed resonance
maxima from excited 6p P’ and 5d °D;
states. The stepwise mechanism implemen-
tation scheme (see figure 2) presents the
cases of doubly charged ion formation from
singly charged ions which are both in the
ground and in the first cxcited states. The
formation of Ba” ions in the excited 6p *P";
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and 5d 2DJ- states may occur as a reswt of de-
cay of autoionising states excited in result of
the above-threshold absorption of photons.
We must note that the concentration of sin-
ly charged ions in the excited 6p *P and 5d
Dy states may be comparable to the concen-
tration of the same ions in the ground 6s
25[;2 state,
Thus, the resonance structure of the
N{w) dependence, obtained in the jonisa-
tion of the Ba atom throughout the spectral



Uzhhorod University Scientific Herald. Series Plegsissue 8. Part 1. — 2000

range studied may well be explained in the
model of stepwise mechanism of doubly
charged ions formation.
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YTBOPEHHS IBO3APAJTHUX IOHIB ITPH
BATATO®OTOHHIH IOHI3AIII ATOMIB Ba

M.I. Xyau4, B.B.Cypan, L.1.Bonaap

Dizuunmi dakynbrer, ¥ IopoIcEKHI HALLOHANENHI YHiBEpCHTET,
By, Bonowmna, 54, Yxropon

Havemesno peiyasTaTH BHMIPHIBAHR Jalemu0cTed BWROOY OIHO- | OBO3IAPANHNX
ioHIB BiA wacTOTH Masepa npH Heniniinil ionizaull aromie Ba, INoxasane, mo »
gocmigmyeanill  obaacti  cmewrpy  {17700-18700 em) zsosapapui iomm Ba
YTROPIGKITLCA B REIYILTATI peanisauii KACKAAHOrD MeXaHiIMy.
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