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Abstract. A new energy extraction scheme of a chemically
pumped pulsed large-scale iodine laser based on a high-
pressure pulsed singlet oxygen generator is proposed. In
previous investigations only low-pressure oxygen generators
have been considered. Since they require a high iodine
density for an efficient amplifier operation, the lifetime
of the stored energy is correspondingly small and thus
only small-sized iodine amplifiers appear to be technically
feasible. We found, however, that when the singlet oxygen is
generated at high-pressure, the iodine density required can be
considerably reduced so that the lifetime of the stored energy
becomes sufficiently long to fill up large amplifier cells. A
numerical model is developed and the extractable energy is
theoretically estimated. It is shown that 0.2 J/1 - pass can be
extracted when an input pulse of 20ns duration (FWHM)
and 1J/cm? fluence is fed into the amplifying medium.

PACS: 42.55Ks, 42.60.Da, 82.40.—g

A theoretical study of a new energy extraction scheme suited
for a chemically pumped oxygen—iodine laser amplifier op-
erated in the pulsed mode is conducted. An essential pre-
requisite of the scheme proposed to become efficient is the
disposition of singlet oxygen at high pressure. We recently
succeeded in the development of a chemical singlet-oxygen
generator meeting this requirement. It is capable of deliver-
ing singlet oxygen at a pressure of 46 hPa [1]. We think that
its scalability potential will be sufficient to use it as a pump
source for the final power amplifier of a large iodine-laser
system whose smaller amplifiers are photolytically pumped
and that is suited as a fusion driver. A few theoretical stud-
ies in this direction [2,3] were already conducted in the
early 80’s. The main question concerned the suitability of an
oxygen—iodine mixture as an amplifying medium for power-
ful short pulses meeting fusion requirements. It was gener-
ally believed that an oxygen—iodine medium is a good can-
ditate for this purpose. However, a few shortcomings were
pointed out later by Basov et al. [4]. The most difficult prob-
lem of an oxygen—iodine amplifier arises from the relation

between the extractable energy and the lifetime of the energy
stored in the oxygen molecules. When the oxygen—iodine
medium contains no water vapor, this lifetime is controlled
by the reaction (see Table 1).

0,(a'4,) +1CP, ) =5 0,(0' ZH +1CPy ), (1)

where k; = 7.8 x 10~'¥cm?/s. The stored energy lifetime
T, 1S then expressed as

7“rel = 1/{k1 [I(ZP1/2)] } . (2)

It becomes shorter than 1ms for oxygen-iodine amplifier
media which have been studied previously. Therefore, the
characteristic length of the amplifier has to be shorter than
30cm, even at an acoustic stream velocity. As the lifetime
of the stored energy is inversely proportional to the iodine
density, it will be lengthened by decreasing the iodine
concentration. However, an efficient energy extraction is
possible only when the iodine density is of the order of
1016 cm~3.

On the other hand, we have found that the high iodine
concentration is no longer indispensable when the density of
the singlet oxyen is of the order of 10'® em™>, The use of an
oxyge—iodine medium with thin iodine is then allowed and a
large volume can thus be filled with the amplifying medium
without major deactivation. In this paper, a new energy-
extraction scheme based on a mixture containing oxygen at
high pressure and iodine at low pressure is presented in detail
as well as the results of model calculations. The input data
necessary hereto were derived from our present apparatus,

1 Theory
1.1 Quasi-CW Energy Extraction

Generally, energy extraction from an oxygen~iodine medium
comprises two steps. In the first step, the energy stored in
the singlet oxygen molecules is transferred to excited state
iodine atoms. In the second step, the input pulse extracts the
energy corresponding to the population inversion existing
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Table 1. Reactions and rate constants of the

oxygen-iodine chemical system® No. Reaction Rate constant
1 0,(a'a)+ I(2P1/2) — 0,(' T + I(2P3/2) k,=78x10"1
2 Oz(alAg) + I(2P3/2) — 02(X32;) + I(2P1/2) ky=7.6x 10~
3 OZ(X3ZQ—) +I(2P1/2) — Oz(alAg) + I(2P3/2) ky =2.621 x 1071
4 0,(a'4,) +0,(a'2)) — 0,('ZH + 0,(X3 %) k, =2.0x 107"
5 O,0' TN+ 0,(XP X)) — 0,(a'A,) + 0,(X32]) ks = 4.6 x 1017
6 0,(b' ) + H,0 — Oz(aIAg) +H,0 kg = 6.7 x 10712
7 0,' 1) +Cl, — Oz(alAg) +Cl, k; =45x 10716
8 0,(b'Z7) + Ar — Oz(a‘Ag) + Ar kg =5.8x 10718
9 0,(a'4,) + 0)(X33) — 02(X32g—) +0,(X33) kg =1.7%x 10718
10 0y(a’4,) +H,0 — 02(X3Eg—) + H,0 ki =5.6x 10718
11 Oy(a'A,) +Cl, — OZ(X323‘9—) +Cl, kyy=30x10"18
12 Oy(a'4,) + Ar — 02(X3E;)+Ar kp=21x10"P
13 0,(a'4,) + I(2P3/2) — OZ(X3E;) + I(2P3/2) k3 =30x10"1
14 I(ZPI/Z) +0,(X*2)) — I(2P3/2) +0,(X*Z]) ky=4.6x10"1
15 1P, ;) + H,0 — 1Py ;) + H,0 kis=19x10"12
16 ICP ) +CL — 1Py )+ Cl, kg=20x10"14
17 1P, ;) + Ar — I(2P3/2) + Ar k;=20x 1018
18 ICP 1) +1CPy ) — 1Py ) + 1CP; ) kg =17 x 107"

2 See [10]

between the excited and ground state iodine atoms, and
afterwards the gain decreases to zero. Because only a portion
of the energy stored in the oxygen molecules is transferred
to the iodine atoms, an oxygen—iodine amplifier requires a
multiple-pass extraction scheme with sufficient time between
the passes for reequilibration of the energy transfer process.
A high iodine-atom density is thus desirable to reduce
the pass number. However, the maximum aperture of the
amplifier is restricted by the lifetime of the stored energy,
which is inversely proportional to the iodine density [see
(1,2)]. This is the reason why the conventional oxygen—
iodine medium was said to be not suitable for an amplifier
of large-scale pulsed iodine lasers. Nevertheless, it will be
shown that an interesting phenomenon occurs when the
singlet oxygen density is in the range of 10'® cm™3,

The energy transfer from singlet oxygen to iodine and
the backward reaction,

ko
ICP;,) 4 0,(a' 4,) k: ICP, ;) + 0,(X° X)), (3)
3

where k, = 7.6 x 107! cm®/s and k; = 2.6 x 107! cm?/s,
are outstandingly higher than any other reaction in the
oxygen—iodine chemical system. Therefore, the densities
of 0y(a'A)), 0,(X°Z), 1P, /2)» and 1A /2) reach the
equilibrium state

O,(XPI )| ICP )]k,

1 2 =1 = Ko S
[0,(@' ADI[1CPy )] ks

where K, = 2.9 at room temperature. The equilibration
time 7,,,, 1S connected to the rate constant of the energy
transfer reaction k, by,

Terans = {kZ [02(a1Ag)] }_1 : (5)

When the density of the excited oxygen is > 108 cm =3, 7,

becomes of the order of nanoseconds, which is comparable
to the width of the pulses considered in fusion laser systems.
It is shown that if the pulse width is in the 10ns range,
the O3-1 energy transfer, where O refers to O,(a'A ),

occurs several times during the pulse duration, and it looks
like the pulse accepts energy from Oz(alA o) directly. Thus
the high iodine concentration is no longer indispensable.
The reduced iodine pressure helps lengthening the stored
energy lifetime so that a large aperture cell can be filled
up without difficulties. As this energy-extraction scheme is
similar to that of the cw chemical oxygen—iodine lasers, we
call it “quasi-cw regime”. In the next paragraph, the energy
extractable from the oxygen—iodine medium in this regime
is estimated.

1.2 Estimation of the Extractable Energy

For simplicity, we consider the iodine atom as a two level
system. The upper and the lower state have then degeneracy
factors of 12 and 24, respectively. This model holds if
the sublevel relaxation is the fastest of all processes being
considered. The extractable energy can be divided into two
portions. The first is stored in the excited iodine atoms. When
the medium is irradiated with a pulse whose energy density
is close to the saturation energy density, the energy stored in
the iodine atoms is completely extracted through stimulated
emission, as in photolytic iodine lasers. In this phase, the
extracted energy is described by

E, =2/3{[ICP, ;)] — 1/ [ICP; )] } v, ©6)

where hv = 1.51 x 1077T is the energy of a photon
corresponding to the iodine laser transition I(2P, ) =
I(?P, /2) After the extraction of E,, the medium gain falls
to zero and, generally, extraction does not occur any more.
However, this is not the case in the high-density oxygen—
iodine system. Here, the Oj-1 energy transfer and the
backward reaction cannot be ignored any more. The forward
reaction is more likely than the backward reaction while the
medium is irradiated by a high intensity photon flux, because
the ratio of [I(P, )1/ 1P, /2)) is forced to be kept at a value
of 1/2 by the photon—iodine interaction. The excess pumping
is compensated by stimulated emission to keep the gain at
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zero. In this phase, the iodine can be regarded as a kind
of catalyst and the energy is, so to speak, directly extracted
from Oz(alA o). In this phase, the energy extractable from

the Oz(alAg) (second portion of the overall extractable
energy) is then described by

E, = {k,[ICP; )] [0,(a' A,)]
= k5 [ICP; )] [0,(X° S )] } Athw (7

where At is the pulse duration. Note that At does not
mean the full pulse width at half maximum but the width at
which the intensity corresponds to the saturation intensity
of the medium. Assuming a value of 1/2 for the ratio
[1(P, 2] /1P, /)], expressing the ratio of excited oxygen
to total oxygen by «, and the ratio of k,/k, by 2.9 as given
in (4), (7) becomes, after some rearrangement,

E, = (6.8a — D[I][0,]k; Athy/3, ®)

where [I] and [O,] refer to the total number densities of
iodine and oxygen, respectively. The benefit of this scheme
is that the extractable energy is proportional not only to
the iodine density but also to the oxygen density. Thus, the
extractable energy can be increased by the use of a high-
density singlet oxygen source.

However, the saturation behaviour of this scheme is dif-
ferent from that of the conventional two level system. In the
latter case the relevant parameter is the saturation energy
density I, = hv/(20), where o is the stimulated emis-
sion cross section. To meet the quasi-cw condition the in-
equality 7, > 7., where 7, is the characteristic energy
extraction time from the iodine atoms through stimulated
emission, must be satisfied because of the following reason.
The relationship between photon density and population
inversion is approximated by the rate equation

dAn/dt ~ — o Ann,c, ©)

where An is the inversion density, n, is the photon number
density, and c is the velocity of light. The right-hand side of
this equation becomes zero after £, has been extracted from
the medium, and the equilibrium is established. The O;‘ -1
energy transfer reaction must not disturb this equilibrium
to maintain the quasi-cw energy extraction. Therefore, the
above mentioned inequality 7., . >> 7., must be satisfied.
From (9), 7., can be approximated by (anpc)‘l. Since o

is of the order of 10~'® cm? under our conditions, 7, is

then ~3 x 107(n,)"'s, where n, is measured in cm 3.

Noting that 7., is in the range of 10ns, n, ~ 10 cm ™ is

required. This corresponds to a pulse of 50 MW/cm? peak
intensity and of 1J/cm? fluence when the pulse duration
(FWHM) is assumed to be 20ns. These values exceed
the corresponding values of the saturation intensity and
saturation energy density of the above mixture by nearly an
order of magnitude. Hence, the quasi-cw energy-extraction
scheme requires quite high-power input pulses.

2 Numerical Calculation Model

We combined a suitable set of rate equations simulating the
chemical kinetics of the laser medium and the Maxwell-

Ar/1,=AR
Ar/I, TANK

PNEUMATIC
VALVE

Cl1,~0,
CONVERTER C(t)
L~

r=r'(Snc12d t)

C1, TANK

LASER
CAVITY
a=a(r)

v, PNEUMATIC
VALVE

Fig. 1. Schematic drawing of the model used for the numerical
calculations

Bloch equations for the description of the light-matter
interaction to find out how the quasi-cw energy extraction
occurs in a real singlet-oxygen generator. The calculation
model is divided into two parts. In the first part, the time
history of the amplifier medium is calculated until the
pulse input time. The set of rate equation used for this
is adapted to the characteristics of our apparatus. Figure 1
shows schematically how this calculation is carried out. The
apparatus to be simulated comprises a laser cavity, a Cl,
tank, a Cl, — O, converter connecting the cavity and the
Cl, tank, and an Ar/l, tank which contains a mixture of
argon and gaseous iodine molecules. Two pneumatic valves
are simultaneously opened at ¢ = 0, thus allowing that the
laser cavity is filled up with the oxygen—iodine mixture.
The detailed description of the model can be found in [5].
The time dependence of the species in the laser cavity are
described by the system of rate equations:

dlo blE-i— .
TOOZ (0,005} - (0,05} (10

dt
d[0,'A) :
AR {0y 4}~ (0xa' )
ot 5 M
+ a(r)r(t) 7 3VCAR , (1

O, (X3 X i
d0,(X°5,)] {0, E)} = xO,X £}

dt
+1- a(r)}r(t)% + 312?(1% -
w—(zc];/z—ﬂ = X"{ICP, )} = X {ICP, )} =
o V:i?rﬁ | (14)
AL 1y ) e )

dt Ve



382

d[Ar] 3 i N
at {1 AR} Ve (16)
d[H,0]
Ne = [0,0' )] + [0,(a' A )] + [0,(X°Z))]
+ [ICP, )]+ [1CPy,)]
+ [Ar] -+ [CL,] + [H,0], (18)
dN. n
T P
@ -V, (19)
dNT _ @
EA A (20)
ng, = CNy — Ne), (21)
Npr = CE(Np — Ne) (22)
with

AR [Ar]/[1,] ratio,

Ny, Cl, molecules fed to SOG in unit time [s~11,

Ar/l, mixture fed to laser cavity in unit time [s~!],
© Volume of the laser cavity [cm?],

Ve Volume of the A/, tank [cm?],

Vi Volume of the chlorine tank [em?],

N Number density in the laser cavity [con=?],

Ny Number density in the Ar/l, tank [cm~—3],

Ny Number density in the chlorine tank [cm™ A,

C(t) Conductance [cm’/s],

r(t) Cl, — O, conversion efficiency,

ofr) Transient yield of O,(a'A o)

X and x® represent the production or dissipation reactions
listed in Table 1. For example,

XP{0,(@' A )} = [0,(6" ZH)] {ks [0,(X° )]
+ kg[H,0] + k;[Cl,] + kg[Ar]}
+ ks [0,(XP S| [1CP )] (23)

TAr

XdiS{oz(alAg)} = [0,(a" A )] {ke[0,(X° 5]
+ kyy[H,0] + Ky, [CLy] + kyp[Ar]
+ (ky + ki) [ICP; )] + K [ICP, )] }
+2k,[0,(a' 4] (24)

The expressions of C(t), r(t), a(r), and related constants
were derived from the experimental results of our prototype
apparatus [1]. The iodine molecule is assumed to be dissoci-
ated instantaneously and completely. The water vapor pres-
sure is assumed to be constant at the saturation pressure in
accordance with the observed results. The calculation starts
at t = 0 with the initial conditions [O,] = [Cl,] = [Ar] =
[I] = 0, and [H,0] = 200Pa. AR and the intial pressure
of both the Cl, and Ar/l, tanks are determined prior to the
beginning of the calculation. The calculation of the medium
properties is stopped at the time when the pulse to be am-
plified enters the laser cavity. Then the second part of the
model, namely, the pulse amplification is started. Now we
can choose between two approaches for the pulse propaga-
tion. One is the rate-equation approximation and the other is
the semi-classical approach in form of the Maxwell-Bloch
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equations. We employed the latter because it can describe
the effects of finite bandwidih of the medium.

The hyperfine structure must be considered when short
pulses are amphﬁed Due to the specific hyperfine splitting
of the excited 2P, /> state, the relaxation time Ty;, between
the upper-state sublevels is four to five orders of magnitude
longer than that of the lower-state sublevels [6]. The domi-
nant mixing process of the upper-state sublevels is collisional
energy transfer between two iodine atoms, one of them be-
ing in the ground state and the other being in the excited
state. Consequently, the relaxation time 77; can be shown to
be only dependent on the iodine density [7] according to

Ty=1.0x1072[), (25)

where [1] is in units of [cm™3]. Under our conditions, Ty
is of the order of hundreds of nanoseconds. In contrast, the
mixing time of the lower-state sublevels is of the order of
the inverse of the medium linewidth because Van der Waals
interaction occurs in almost every collision involving the
lower-state sublevels.

The derivation of the one-dimensional, plane-wave Max-
well-Bloch equations in the semi-classical approach starts
from the definition of the electromagnetic field of the inci-
dent beam in the form

E(z,t) = 1/2{e(z,t)exp [i(wt — k2)] + c.c.}, (26)

where e(z,t) is the slowly varying electric field envelope,
w the circular carrier frequency, k the wave number, and z
the propagation direction. The induced medium polarization
has to account for the six individual (! — j) transitions and
is thus given by

3 41
Pty ==1/2>_ Y {ipfi(z.t)
=2 j=l-1
x exp | — i(wt — kz)] + c.c.}, (27)

where * denotes the complex conjugate (c.c.). The subscript
[ refers to the upper-state sublevels and j to the lower-state
sublevels. Further derivations for the degeneracy-summed
treatment, applicable to the iodine laser, were already given
by Uchiyama et al. [8]. We simplified their results according
to our conditions. Firstly, the transition terms except that for
the (3 — 4) transition are neglected because the pressure
is too low to overlap the six transition lines and the car-
rier frequency is set at the center of the (3 — 4) transition.
Secondly, the O energy transfer and the backward re-
action must be considered since this process participates in
the population of the upper- and lower-state sublevels. The
Maxwell-Bloch equations can thus be written in the form

de 1 Oe k

BTt 28
dz + c Ot  2¢ P (28)
Opsy D34 | €C 7
—(9?:__+kT 0344 N 3~§Nj=4 e, (29)
4
ON, 1 9% RN
9N _ N _ 9 i is
ot TU{ ! 12§Nl 12 4= X{N;3
-y =i &
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ON; 1 9 < 9 e 4
7 _ _ - 24 N. 23 dis
oL TL{NJ 24; J}+24 . X{)
—X%izsvj} — Xijo (3D

1 * * .

——(epy, + € l=3o0rj=4

Xy = { 47LC( D3a p34) ( J )
0 (else),

where ¢, is the dielectric permittivity of vacuum, ~ Planck’s

constant, and o, the stimulated emission cross section of

the (3 — 4) transition. The x®° represent the dissipation of

the population due to the reactions listed in Table 1 and are
described by

Wy = kN [0,X°5, )] + Nl{kl 0,0 A,)

+ kg [0,(XPI7)] + kys[H,01 + kyg[CL, ]

4
+ kg [AT] + By > Nj} , (32)
j=1
X{x,) = kaN; (050" 4] (33)

T;, denotes the phase coherence time related to the line width
Av by

T, =1/(rAv). (34)

The relaxation time 7; of the lower-state sublevels is related
to T, by

T, =1,/2, (35)

in accordance with [8].

In the following calculations the intial pressure of both
the Cl, tank and the Ar/l, tank were kept at 1 MPa, and
the ratio [Ar]/[I,] = AR was selected such that the overall
extractable energy (£, + E,) should reach 90% of its peak
value during a 1.3 ms period. The time limit of 1.3 ms was
chosen because it takes the medium 1.3 ms to travel radially
with subsonic velocity through a cell of 5000 cm? aperture
area.

3 Results and Discussion
3.1 Time History of the Species

Figure 2 shows the time history of various species prior to
the arrival of the input pulse. The Cl, density begins to
increase at t ~ 1ms because the reagent upon the porous-
pipe surface is almost run out within the first 3 ms. It can be
seen that the population inversion is maintained during the
first 4ms. This is due to the relatively low iodine density
compared to previous works [2, 3].

109

1018

T T T T T T T

1017
1018

110

1015

NUMBER DENSITY [cm3]

1P/

0 1 2 3 4
TIME [ms]
Fig. 2. Time history of the various species, calculated by the integration
of the rate equations (10-22)
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RSNy il

1013
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3.2 Saturation Intensity of the Medium

As stated above, the quasi-cw extraction scheme requires
a high intensity input pulse compared to conventional io-
dine lasers. Figure 3 shows the energy extractable from the
amplifier cell in one-pass operation as a function of the in-
put pulse fluence for a triangular pulse of 20ns duration
(FWHM). The abscissa is scaled in units of peak intensity
(W/cm?) and fluence (J/cm?). The vertical dashed line gives
the saturation energy density of the iodine medium, given by
E, = hv/(20), and the horizontal line indicates the theoret-
ical limit of the extractable energy expressed as (F, + E,).
It can be seen that an efficient energy extraction requires a
fluence 10 times higher than the saturation energy density,
and 0.2)/1 is expected when the input fluence is higher than
1J/em?. ’

Even in the highly saturated region, the extractable en-
ergy is only one half of the theoretical limit. This is due
to the slow relaxation of the upper-state sublevels. The re-
laxation of these sublevels during amplification is therefore
discussed in the next paragraph.

PEAK POWER OF INPUT PULSE [W/cm?]

TR 107 108 109

THEORETICAL
LIMIT

Ll g 1100

_._SATURATION|

LEVEL

10! 20ns

A

INPUT PULSE

T T T TTTTT
I AN

EXTRACTABLE ENERGY [J/Liter]

v
10—2 RN I RN A AR T RN

102 10! 100 101 102
INPUT FLUENCE [J/cml]

Fig. 3. Extractable energy per unit volume per pass as a function of
input fluence, based on a numerical solution of the Maxwell-Bloch
equations
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3.3 Energy Extraction and Sublevel Relaxation of the
Medium

Figure 4 shows the population density of each sublevel of
the iodine atoms as a function of time, when a triangular
pulse whose carrier frequency coincides with the center
frequency of the (3 — 4) transition is fed in. The gain of
the (3 — 4) transition and the intensity of the pulse are also
shown using the same time scale. The width and fluence
of the pulse is 20ns (FWHM) and 10 J/em?, respectively.
During about 3 ns after the pulse was fed in, the gain falls
to zero, indicated as “phase A” in this figure. It means that
the energy stored in the iodine atoms is completely exhausted
in this phase. The amount of extracted energy is described
by E; in (6), and the period of this phase is characterized
by 7.,. It is seen that in phase A the sublevel relaxation of
the ground state is so fast that the corresponding population
distributions are in equilibrium at any time. In contrast to
this, the relaxation of the upper-state sublevels is much
slower than the time scale now being considered. Thus,
the density of the (I = 2) sublevel of the supper-state
hardly changes in this phase. In the next 40ns, indicated
by “Phase B”, although the gain is kept at zero, the energy
stored in the oxygen is extracted in the quasi-cw manner.
The amount of energy extracted in this phase is described
by E, in (8). It should be noted that only the density of the
(F' = 2) upper-state sublevel is gradually increasing while
the density of the other sublevel (F' = 3) is decreasing. This
is because there are no energy extraction processes for the
F = 2 sublevel while the energy-transfer reaction pumps
both the F = 2 and F = 3 sublevels corresponding to their
statistical weights. Therefore, only 7/12 of the O%-1 energy
transfer is utilized for energy extraction and useless iodine
molecules are stacked in the (F' = 2) sublevel. This is the
reason why the calculated extractable energy is roughly one

N

GAIN [10%cm ]

(=]

NUMBER DENSITY [10'cni3] POWER [GW/cml]

PHASE C
TIME : 20[ns/div]

Fig. 4. Population distribution of the iodine sublevels as a function of
time. The input pulse intensity and the gain of (3 — 4) line is also
shown using the same time scale
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half of the theoretical limit in Fig.3. After the pulse has
passed by, as indicated by “Phase C” in Fig. 4, the density
of the iodine atoms shifts to the O3~I equilibrium point
described by (4). The time constant of the reequilibration
is shown to be 30ns in this figure. This corresponds to
the theoretical value indicated by (5). The iodine atoms are
charged with energy in this phase and extracted in phase A
of the next pulse. A multi-pass amplification repeats these
processes.

4 Conclusion

A theoretical study of a new energy extraction scheme of
a pulsed chemical oxygen—iodine laser amplifier was pre-
sented. A theoretical model was developed by combining
a set of rate equations describing the high-pressure chemi-
cal singlet oxygen generator and the laser medium evolution
with the one-dimesional Maxwell-Bloch equations. It was
shown that an efficient energy extraction can be expected
from an oxygen—iodine medium having a lifetime of several
milliseconds. The energy extractable by single-pass amplifi-
cation was estimated to be 0.2 J/1- pass, when the input pulse
had a full width of 20 ns at half maximum and a fluence of
1J/ecm?. A 100kJ-class amplifier appears to be possible when
the medium is prepared for a cell of 5000 cm? cross section
and 10m length, and when hundred passes can be achieved.
This relatively high number can be greatly reduced by using
an O,(a'A o) source operated at even higher pressures than
considered here. This will not cause any shortening of the
stored energy lifetime. The experimental verification of the
new scheme proposed is still to be expected. Presently, we
have combined our high-pressure singlet oxygen generator
with an iodine injector and have successfully demonstrated
pulsed operation of an iodine laser oscillator {9]. In the next
step, the quasi-cw energy-extraction scheme will be investi-
gated. :
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