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ABSTRACT

Ultrashort pulses in the shortwavelength region are
indispensable tool for studying of the molecular dynamics. The
compressi on of nanosecond UV pul ses from exci mer I asers and the
four—wave mixing of femtosecond and picosecond pulses, both in the
UV, is modeled.

I . THEORETICAL DESCRIPTION

1.1.Compression of excimer laser pulses

In the first method we consider the induced phase modulation
(1PM) ' 2 . a gas—fil led hollow core waveguide. The sum of the
pump Ci) and signal IA)s frequency is near a two—photon resonance on

the high frequency side of the transition. In thi)way the
nonlinear susceptibility for induced phase modulation XIMS can

be kept negative, thus avoiding the induced focusing of the
signal. The refractive index at the signal frequency is influenced
by the pump pulse according to the relation

NLn( ) = n ( ) + n A) )<A (1)S 0 S 1PM S P

Since the two—photon resonances in an inert gas are high lying,
and () can be selected far from single—photon resonances, which
reduces the absorption. The signal wavelength is selected to
coincide with widely used UV, VUV and XUV sources and the
respected pump wave can be obtained by a dye or other lasers.

The 1PM on the pump from the signal (I<<I) and pump
self—modulation and depletion are considered to be negligible. The
evolution of the slowly varying signal is given by the
characteristic Schrödi nger equation

____ 1PM 2
2 (2)

Ox OT

where = (—1/2)[X3/(2rEc2)][O2n/OX2] is a coefficient,

determined by the group velocity dispersion, and

is a nonlinear coefficient (N is

SPIE Vol. 1403 Laser Applications in Life Sciences(1990) / 427



the particle density) The pump and probe pulses are approximated
by Gaussian functions of the type

p(x , Ts (x)exp [CT2/2a (x) )+ib (x )
.r2]

where a (x) is the pulse half—width at l/e level, b (x) is the
S S

frequency—chirp parameter, A is the complex amplitudeS Using the

variational approach, Eq. (2) is transformed to a set of ordinary
differential equations, describing the evolution of the signal
pulse
da—---4ab (4a)
dx

db d a/a (TX')
S 2 s s 'r sr
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In Eq (4a)—(4b) a is the pump pulse durations T is the initial
P

—1 1 D
-delay between the pulses and v —v is determined by the

SP OS UP,
group velocity mismatch.

In order to illustrate the method, let us consider the
specific case of some widely used UV excimer laser sources at

157 nm, 193 nm, 248 nm (Tabl e I ) . The pump orce i s chosen i r
such a way, that is near the 5p [ S]—6p' two—photon
transition in Xe. The waveguide is a hollow core capillary with a
length 1=16 cm and internal diameter 150 urn. The parameters used
in the model of the 1PM are presented in Table 1. inclu in the
model are the single—photon absorption in the medium r (& and
the waveguide losses of the beam. The main limitation for the
maximum pump power is imposed by multiphoton ionization and
breakdown in the gas. As shown in Fig.1, the compression
coefficients obtainable for nanosecond input pulses and reasonable
gas pressure (1—5 atm) range from 15 to 700.

1.2.Up—conversion of femtosecond laser pulses to the XUV
In the second approach we have studied the generation of

femtosecond pulses in the XUV using a noncolinear phase—matching,
taking into account the influence of the 1PM on the different
aspects of the up—conversion4. A noncolinear phase—matchedprocess =2i+ is considered. Using again the variational
method, we find an equation for the temporal history of the pulses
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(cA)) tpt + i/3—-ViJp1 Psj

0 (5)

Ox OT OT
where the term comprising [ reflects the shock—wave of the
enve1ope In a model calculations we consider +emtosecond pulses
-From excimer amplifiers as a last stage at X224G nm (y2(z0)60
fs) and ;k1=249 6 nm (second harmoni c of a dye I aser ) . Some

important parameters, included in the model, are presented in
Table 2 The maximum pump powers are limited by seiffocusing
and/or breakdown in the qas The phase—matching angles ft and ft,

satisfy the conditions for waveguide propagationS The signal puis
at A. 83nm has a duration of T 200 fs and intensity I 1 . 9 105 5
W/cm Fig.2 shows the influence of the pumping femtosecond pulse
on the signal. The trailing edge of the signal pulse is
accelerated and steepeneth

Z.CONCLUSION

In conclusion, the induced phase modulation can influence to
a great extend not only the temporal , but also the spatial
characteristics of the signal.
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Fig.? Dependence of the Fig.3 Signal intensity vs. time
compression factor on the including pump—induced steepening
length for dfferent (z=1 cm /sDlid line!, 2 cm /dashed
densities of the Xe I — gas line! and 3 cm /dotted line!)
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Table 1. Parameters for the induced phase modulation and
compression model

Model parameters for conversion of femtosecond pulses
in the XUV () 8302 nm) and the induced shock wave

Unit Value
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Table 2

Parameter

- xl = 2496 nm 2 248 nm

I (FWHM) S 2.1011 6.1014
(1)if 2cm —22747.10 -22737.10

I W/cm2 4.7.106 io
(3)

XSPM esu -348.5.10 -6. 6.

(3)

XIpM(Cthsp)
(3)

XMIX

esu

esu

-30—1.5.10

5.4.10
nm 83.02

z cm 3

N cm—3 2.5. 1019

I
S

T (FWHM)
S

W/cm2

S

1.91.10

2.1013

&1 deg 4.3

&2 deg 1.5


