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Abstract:  Filamentation is an efficient way to produce an intense and
spectrally broad, but poorly stable, source for coherentrobspectroscopy.
We first described both theoretically and experimentally filamentation
and broadening of a 410 nm ultrashort laser pulse in ArgonolBserving
the theoretical and experimental spectral cross-coioelain the fila-
ment, we then show that the stability of the source can bedugat. The
Signal-to-Noise Ratio of the intensity inside the filamerinhicreased up to 7
dB by its spectral filtering which provide a low noise broad&pum source.
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1. Introduction

Increasing interest has been recently devoted to seleexeiation of biological samples
[1, 2, 3] by means of pump-pump spectroscopy or more sophtsti coherent control schemes.
These experiments require to shape broadband low noiseests®urce which until recently
was only feasible in the near infrared whereas the absorpiads of most of the relevant opti-
cally active biological molecules (tryptophan, flavin, reemolecules,...) are located in the UV-
Visible region. Therefore, previous coherent control ekpents in this field usually involved
two-photon excited fluorescence [4, 5] induced by shapeta# ultrashort 800 nm laser pulses
for instance to selectively excite the fluorescence in liganisms [6]. However, due to their in-
herently weak cross-section and nonlinear nature, twaguhmased experiments need a tightly
focused laser which could turn out to be critical to impleinfen long-distance applications,
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even if recent advances in ultrafast lasers have shown thlatgower laser light such as the
Teramobile [7, 8] can, under certain power and focusing itmms, create extended regions
of ultra-intense illumination. Recently, considerableeiest has been dedicated to the realiza-
tion of UV-Visible pulse shapers [9, 10], opening the wayr@mote excited fluorescence with
shaped laser pulse around 400 nm which is an interestingrapaéndow for biomolecules.
To achieve this goal, an intense and stable source, witharspe sufficiently broad to overlap

a manifold of transition pathways of the target moleculdjighly desirable. The stability is
an issue in particular for applications relying on closedg optimization schemes, the most
popular being those based on genetic algorithms [11].

An easy and efficient way to provide broad spectrum femtastaser pulses is to use fila-
mentation. [13] Filaments [14] arise in the nonlinear pigadéon of ultrashort, high-power laser
pulses in transparent media. They result from a dynamimbal#detween Kerr-self-focusing
and defocusing by self-induced plasma. These spatio-teahpolitonic structures are able to
generate an extraordinary broad supercontinuum by selgtmodulation (SPM) and four
wave mixing (FWM), spanning from the UV to the IR [15]. Filantetion around 400 nm in
a controlled medium such as Argon under several bar could blkeea promising way to pro-
duce an intense broad spectrum for pulse shaping apphsatitven if recent works [16] show
that the overall intensity inside the filament core is stabd, considering the inherent high
order nonlinear nature of the filamentation process, thméla spectrum is very sensitive to
the noise of the input beam, which could be a critical drawbfac using filaments in con-
nection to closed-loop optimization. Moreover, theor@t@and experimental investigations in
optical fibers showed that spectral correlations and photonber squeezing occur in temporal
solitons [17, 18]. Correlations within the white light contum is due to SPM and FWM [19]
processes, where the medium participates only as the rmediaghe nonlinear mixing. Under
these circumstances, two photonsatare converted into a pair of photons at the conjugated
wavelengthsu; and a, such that the energy is still conserv@in = w; + wy). This process
results in typical correlation maps, where the signal atedengths within the continuum ap-
pears anticorrelated with the incident one, while pairsarfjegated wavelengths are strongly
correlated. Such maps are very well reproduced by numesiicallations [20, 21]. The authors
also showed that the correlation maps may feature more exnpatterns, due to cascaded
FWM events in which photons originating from a fipgt process give rise to further FWM,
so that correlations are partly lost. This occurs for long@pagation distances, higher pulse
energies, or largex® values.

To our knowledge, no theoretical model is available for féegmtation at 400 nm. For that
purpose, we developed a theoretical model based on theatienwof a numerical solution of
the time-dependent non linear Schrodinger equation to/ghalfeasibility of inducing such a
source.

In this paper, we demonstrate that spectral intensity tairoms occur in the UV-Visible
supercontinuum generated by filamentation of a 400 nm thlbragulse in Argon. We also
make use of these correlations experimentally to compheskaser noise, by spectral filtering
of the broadened output. A laser noise reduction as high &8 is demonstrated with this
method. Our study shows, therefore, that filamentation cadyze a source which fulfils the
conditions for pulse shaping applications.
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2. Theoretical background
2.1. Basic equations

We consider a linearly polarized incident electric field\gt= 410 nm with cylindrical sym-
metry around the propagation axswritten aste{eexpli(koz— wot)]}, whereko:ZT"(T;‘)and

W = ZALOC are the wave number and the frequency of the carrier wavectsgely. The scalar

envelopes(r,t, z) is assumed to be slowly varying in time and al@and evolves according to
the propagation equation derive in [22].

[ K" ikon ik 1 K
0 = 5 - Nie—i—g 8+—0 2lefPe — = _F |g|?K 2
2 2n§pPc

" 1)

wheret refers to the retarded time in the reference frame of thespulst — é with vg = 42|
corresponding to the group velocity of the carrier enveldge terms on the right-hand side
of Eq. 1 account for spatial diffraction, second order disjmn, instantaneous Kerr effect,
plasma absorption and defocusing, respectively. The Kspanse of Argon is assumed to be
instantaneous [14]. In (1pc = “’Ogéego corresponds to the critical plasma density above which

the plasma becomes opaque. In addition, the constant 0|)<'$12£0 1+(wr)2 denotes the cross-

section for electron-neutral inverse bremsstrahlunig the electron-atom relaxation time) and
BX corresponds to the coefficient of multiphoton absorpttomeing the minimal number of
photons necessary to ionize Argon. This quantity is catedlasK = mod( Hiib) + 1, wherel;

is the ionization potential of Argorif = 15.76 eV [23]). BX is expressed g8 = Khwppat Ok
wherepy is the Argon density andk is the multiphoton ionization cross section. The dynamic
of the electric field is coupled with the plasma dengitgecause of the multiphoton ionization
process. The ionization of Argon follows the equation [24]:

p o

ap = ok (1~ ~[e[*) + 5-ple* — ap? 2
Pat Ui

We chose an initial plasma density of%€0.cm3. [25] The input electric field envelope is

modeled in focused geometry by a Gaussian profile with inputepR,, as

2|:)ln r2 I(02
e(r,t,0) = \/ W% (1+|C) +|?) 3)

Our numerical method is based on a Fourier Split-Step sclienvhich all the linear terms
are computed in the Fourier space over a half-step while dhénear terms are directly com-
puted in the physical space over a second half-step usinggeRiiutta procedure. To integrate
the linear terms of the equation along thaxis, i.e. the diffraction and dispersion, we used a
Crank-Nicholson scheme [26], more stable than the Eulehoaef27]. On the other hand, for
the plasma Eq. (2), an Euler scheme is sufficiently robust.

For calculation time concerns, the meshgrid size, as wah@tegration step, varied dur-
ing the simulation. More precisely, we used a (1400 ; 20483hged to describe the pulses.
The size of the meshgrid was chosen in the first part of theutzlon, to be (8 ; 10At). As
soon as the quadratic radius of the pulse is divided by arf&ctihe resolution of the meshgrid
is increased by a factor 2. So, in the first part of the calaathe radial resolution is only

151‘{‘8’0—21 um, then it becomes 18 um and finally increases t0.5 um which is sufficient for
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resolving the plasma channel. In order to increase theuggnlof the meshgrid, we used a cu-
bic spline interpolation of the electric field (samplingark 0.1% over the entire meshgrid).
At the beginning of the propagation, a low resolution is sigfit because none of the nonlinear
terms does not play a significant role in the propagationnTthe Kerr effect induces a plasma
channel. As soon as plasma ionization becomes signifidamtmieshgrid has to resolve the
plasma channel which has a FWHM width of a few microns. Heneentkeshgrid resolution
turns out to be relevant for any propagation step. Thisrlato changed during the propaga-
tion. It is initially fixed at 2 mm. Then because the nonlinphase varies ds|2dz we control

the relative error by decreasing the propagation step asciém of —~ - and this, down to

max| |2

10 umduring the filamentation process. e
Ao (Nm) 410
K’ (fs?.cm 1) [28] 0.39p
ny (MW 1) [29] 49p10 3
K 6
BK (M —3wWI-K) 1.95.p10 %8
of (s Ten?®WK)[14] 2.79.p10 7
o(1bar) (?) 2651074
pc (M) 6.64 107
a (m3s1)[22] 71083
T (9 [30] 1.910 Bp I

Table 1. Physical parameters used in the model (p accounts for thigeaas pressure:
P
P= 1par)-

2.2. Results and discussion

For the numerical simulations presented below, we chospdtameters to be consistent with
our experiments. We considered the propagatiohgef 410 nm Fourier Transformed limited
Gaussian laser pulses with a pulse durafibe= \/2log(2) 1, = 150 fs (FHWM). The critical

power was calculated using, = 2n}r\1§n2 = 0.54 GW. In the experiments, the laser system
provided a laser energy up to 1 mJ. In simulations, howeverfixed the laser energy to a
value of 135uJ which corresponds to aboutP%; at a pressure of 5 bar, which is the pressure
used in the calculations below. We chose an input beam wiihtansity FWHM diameter of

6 mmand a focal length of 76m Table | summarizes all the physical parameter values we use

in our model. Some parameters are given as a functigqwdiich is the relative gas pressure.

In Fig.1, the temporal and spatial dependencies of ther&dild intensity are displayed
for several distancez &0 mz=75cmz=78cmz=80cmz= 84 cmandz= 99 cm).
The vertical axis represents the radial distanceufin), whereas the horizontal axis represents
the retarded time (irfs). When the intensity peak reaches a value of about8\Wocm 2, the
plasma contribution becomes higher than that of the Keeicefbr the trailing edge because the
ionization threshold is reached. Therefore the trailingeeid defocused (see= 80 cm). The
plasma density subsequently decreases so that the tnadlimgf the pulse focuses again when
the power is high enough (see- 84 cm). In such a case, the pulse is divided into two subpulses
(Fig. 2(a)). For even longer propagation distance, the @mugism is rather complex because it
involves pulse splitting and self-phase modulation modifig ionization. Consequently, the
resulting electric field intensity is divided in several putses (Fig. 1z= 99 cm).
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Fig. 1. Time-Space representation of the electric field intensity focused#B/cm focal
lens. The initial energy was set at 183 and the duration at 150 fs. The Argon cell pressure
was Har. It has been plotted for several distances which are relevant in thesfitaton
process. The beam is first focused and when the intensity reachetstba0t3 W.cm2,

the plasma defocuses the trailing part of the pulse (78 cm). If the emeryfficient, the
trailing part focuses again, forming a subpulse (80 cm). In the lasbp#re filamentation
process, several subpulses was created (99 cm).
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Fig. 2. Left: Time-dependent intensity at the center the pulse for z=82rmrz=90 cm.
At the beginning of the filamentation process (a), the pulse is divided intstpulses.
Then (c), several subpulses are formed. Right: Radial-depeimdensity of the pulse for
z=82 cm and z=90 cm. The FWHM radius is about 8@
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Fig. 3. Left: Maximal intensity inside the core of the filameW.¢m2). The Argon cell
pressure was 5 bar. The inside filament core intensity is clamped atGBdot W.cm 2.
Right: Maximal plasma density inside the filameat (cm~3). The oscillations observed
are inherent to the non linear propagation: as soon as the plasma deasligs its maxi-
mum, the filament intensity decreases because the plasma defoculsearthe

Filamentation is also illustrated in Fig. 3, where we haw#tpld both the maximum intensity
and the maximum plasma density reached for each propagagpnThe maximal intensity is
clamped and reaches a value of abat B3 W.cm 2 because the generated electron density
has a threshold like response, which saturates self-foglstally and limits the peak intensity
inside the filament by defocusing the beam. Concerning thenph density, it reaches a value
of about 16’18 e=cm3, This value is consistent with previous calculations withes wave-
lengths in Argon or in the air (248 nm, 586 nm and 810 nm) [31, BBe maximum electron
density crucially depends on the initial curvature raditthe beam. In particular, the more the
beam is focused, the higher the plasma density, as obsexpedmentally.

Figure 4 shows the evolution of the radius of the beam as aitmof the propagation
distance. In the spatial domain, the filament core diameféHM is about 80um (see Fig.

3, Right, inset) but this calculation does not take into actdhe photon bath which feeds the
filament core. Therefore, it is preferable to consider thedgatic radius calculated as

| r3(f|e(r,t)]2dt)dr
Ravad = T [1e(r,t)[2dtdr “)

In that case, as shown on Fig. 3, (left side), the beam radittseeaend of the propagation is
close to 30Qum.

Figure 5(a) represents theoretical spectra for severabrmessures. Both the broadness
and the shape can be controlled by adjusting the Argon preeasul the initial chirp. These two
parameters are simple to set and allow a relatively goodaboitthe spectrum. As illustrated
in Fig. 5(b), calculated spectra are in relatively good agrent with experimental ones which
validates the use of our model for further observations afetations.
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agreement with calculations.

#85217 - $15.00 USD  Received 17 Jul 2007; revised 23 Aug 2007; accepted 29 Aug 2007; published 28 Sep 2007
(C) 2007 OSA 1 October 2007 / Vol. 15, No. 20/ OPTICS EXPRESS 13302



o

b) 13
400

Intensity of electric field (W.em'2)

N
=1
=1
S

79cm
200

0
-200

40038060 40 20 0 20 40 60 80

5 1
05

r 0
5 05

2 -15 10 5 0 5 10 15 20

o

o
S
=1
S

o

Frequency (PHz)
o
-

Frequency (PHz)

20 40 60 180 80 60 40 -20 0 20 40 60 80

s —
= }/;é_:.l_, - Eo.s

Hz)
b

5

=7 —
e

Frequency (PHz)

n
I
S
&

o
o ¢
Frequency (P!
&

S5 0 -5 0 5 10 15 20
Time (fs) Time (fs)

Fig. 6. In each square: up, the spatio-temporal dependencies oftémsity for several
distances, down, the corresponding Wigner plot of the pulse. At thefahd filamentation
process, the electric field is chirped byf & .

We then further calculated the Wigner function [33] of theottic field for each propagation

step as
Q Q
W(t, @) — /E(w+ 2E (w—2)
2 2
The Wigner plot allows a better understanding of the tinegtfiency properties of the propa-
gation. For instance, the chirp generated during the filaatiem process is clearly visible in
such a representation. In the first part of the filamentatioegss, one can model the phase of
the electric field as:

e %40 (5)

n p .z
= —_— = —_— —_— = I —_ —_—
P(t) = koz— ot (Cz t)on = ((No+ N2l (1) 2nopc)c t) o (6)
and so the instantaneous frequency, can be written as
0(t) = 3D = (—Modkl + ——dp+ L) @)
T AP AT e AP c

That means that, at the beginning of the filamentation psyaelsen only SPM plays a signif-
icant role, the upper frequencies are created in the tgadlge of the pulse whereas the lower
frequencies are created in its leading part. SPM inducesftire a temporal chirp in the pulse.
Moreover the plasma generation tends to generate highgudneies when the time gradient
of the plasma density becomes significant. Hence, in FigltBowgh the initial pulse is not
chirped, at the end of the filamentation, a chirp dfs is observed on the electric field.

As a conclusion, filamentation at 400 nm turns out to be a geodidate to obtain a source
for UV shaping applications. The filamentation dynamic itesimilar to these of the 800
nm filamentation (similar intensity, plasma density). Heer because the 400 nm photons are
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more energetic than these at 800 nm, the order of the plasmeearity is higher at 800 nm
(5 photons at 400nm against 8 photons at 800 nm are necessanjze Argon). Moreover all
the constants underlying the filamentation process arerdift: GVD, ionization cross-section,
absorption,... So, even if there are a lot of similaritiethie dynamic, the spatiotemporal prop-
erties of the two filaments are different: the filament at 480 is smaller (typically 8Qum
instead of 10Qum at 800 nm) but it implies a less efficient white-light genemat However,
400 nm filament generates a sufficiently broad spectrum anshiape can be tailored with
simple parameters such as chirp and gas pressure. Mordwditament is intrinsically ener-
getic which is favorable for remote sensing applicationswelver, the filamentation process is
highly nonlinear, which means that small changes in thetilyeam induce strong variations
of the filament spectrum. This instability is the main draalbaf using filament as a usefull
coherent source for closed-loop optimization experimedtsvever, the statistical properties
of filamentation can be used to restrict, up to a certain pos instability. Recent studies
[34, 35] indeed show that correlations exist between spaw#ivelengths pairs. These correla-
tions are positive if the wavelengths are created simuttaslg, negative if one wavelength is
used to create the other. The variance of the intersity) =< 12 > — < | >2 (where< X >
denotes the average of X over a representative sample) oaritten as

o2(1) = / / cov(l (A1), 1 (A2))dA1dA ®)

So if with a specific spectral filter, one can select antidatesl wavelengths and reject cor-
related wavelengths, then the signal-to-noise ratio casidr@ficantly increased. One way to
observe correlations is to calculate the propagation ezos®lation for each wavelengths cou-

ple as

B Covl(A1),1(A2))
Gl 2] = o001 ) Cow (), T002) N

Cou(l(A1),1(A2)) = E([1(A1,2) = 1(A1)][1(A2,2) — 1(A2)]) (10)

, E being the mathematical expectation a@) the average of(A;,z) over the propagation
calculated as:

where

_ J5t (A, 2)dz

1(A) = (11)

Ltot

To observe experimentally this quantity would require tetapectra at many propagation
distances for an unique shot, which is fastidious. Howessen if this quantity is not measur-
able experimentally, it indicates in what manner the spectis broadened during the filament
propagation. The correlation maps resulting from Eq. 9ttetbin Fig. 7. for two different
pressures, display two typical patterns. At low pressuo#h keft- and right-hand sides of the
spectrum, which correspond to wavelengths induced dufiegptopagation, are correlated.
A maximum is reached for perfectly conjugated wavelengthschv satisfy 20 = w1 + wp
(these wavelengths pairs are indicated by the white sol&ldn the map of Fig. 7). In contrast,
the pump frequencyy is anticorrelated with the two sides of the spectrum. Thespaqy-
ties suggest that, in the low pressure regime, the prepantiphenomenon is the® process
2an = wy + wp. Above 3-4 critical power, i.e. at higher pressure (for eglap=5 bars in Fig.
7), oscillations appear in the correlation map which mehastb generate outer wavelengths,
previously induced photons are used in cascading processes
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Fig. 7. Correlation map for two different pressures. Solid line coordp to couples of
wavelengths @1, wp) which satisfy 20 = w; + wp (6). Left: in the low pressure regime
(P = 2 bar), the highest correlation is reached for wavelengths couples whiclys@)s
Right: in the higher pressure reginfe£ 5 bar), oscillations appear in the correlation map
which is a characteristic of cascading processes. The highest tiomeldo not correspond
anymore to wavelengths couples which satisfy (6): initial correlationpantty lost.

3. Experiments
3.1. Experimental setup

A CPA (Chirped Pulse Amplification) Ti: Sapphire laser syselivered 150 fs pulses at 22.5
Hz repetition rate, centered at 810 nm, with6 mm beam diameter (&2 level). A 1 mm
BBO crystal was used for frequency doubling the fundamentalelength. Adequate filters
and dichroic mirrors allow to reject the residual of the fantkntal. The beam energy at 410
nm could be varied up to 1 mJ. As depicted in Fig. 8, the 410 nambwas focused by a
75 cm lens inside a 1m length cell containing Argon. The Argoessure was varied from
1 to 8 bar. Depending on the pressure, the filament formedtahewenter of the cell was
typically a few centimeters long. At the cell exit, as showrFig. 8(a), after about 50 cm of
free propagation outside the Argon cell, the beam was sedttan a neutral target, and the light
was collected with a fiber and injected into a spectrometeeé® Optics HR2000) providing
0.6 nm resolution between 380 and 450 nm. 1000 spectra wesederl and used to compute
the intensity cross-correlation maps across the specffin®.cross-correlation between two
wavelengths\; andA» was calculated as

V(n+nz) — (V(n) +V(np))
2\/V(m)V(nz)

, with V(x) the variance of variablg andn; the photon number (or the intensity) at the wave-
length A;. Hence, the cross-correlation measured experimentalei@as it was not the case
theoretically) is a statistical property of the filamerdatiIn a second experimental arrange-
ment, depicted on Fig. 8(b), the continuum generated by fd@dint in argon was further dis-
persed by a diffraction grating (order -1 blazed, efficiedByo at 410 nm). The setup was used
to observe the noise reduction induced by self phase maaoiulan the central wavelength. For
that purpose, after the dispersion of the beam on the gramgis was placed in the Fourier
plane of two cylindrical lenses in order to filter out the edigguencies of the continuum. The
remaining part of the beam was then detected on a photoitnedttpbe (PMT) connected to
a boxcar amplifier. Another PMT, located before the argoediltell, was dedicated to mea-
sure simultaneously the laser input fluctuations. Acdois# of about 2000 laser shots have

Cexp()\la)\z) = (12)
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Fig. 8. (a). Correlation measurements setup up: the second harnf@nid:8a laser pulse

(at 410 nm) is focused in a cell filled with argon. During its self-channelegagation

in the cell, its spectrum is broadened by self phase modulation. The sagtbérmoad-
ened pulses on a neutral target is collected on a spectrometer via anl fipécaCross-
correlationsC(A1,A2) are then calculated for several argon pressure to retrieve corralation
maps. (b) Noise reduction setup: in that case, after their propagatsem,gdalses are dis-
persed onto a grating before entering a spectral filtering setup cothpbs@ adjustable

iris in the Fourier plane of two cylindrical lenses. The filtered broadentsp® (collected

on PMT2) is then compared to a sample of the input spectrum (PMTL1) ar twcbbserve
noise reduction as a function of the argon pressure in the cell.

been performed for each pressure and/or each position aaafkthe iris in order to retrieve
histograms of the signal prior and after nonlinear progagéh the argon filled cell. Optimal
parameters maximizing the Signal-to-Noise Ratio wererdeteed from these histograms.

3.2. Results and discussions

Figure 5(b) shows the broadened spectrum as a function alrtfen pressure in the cell. As
described by Mlejnek et al. [22], the pulse propagation @18 bar domain results from equi-
librium between self-focusing and plasma effects and cath e stable propagation. Typically,
the nearly Gaussian input spectrum (FWHM = 3 nm) is broadege¢er induced selfzphase

modulation, while propagating through the cell. At 1 bag thitical power,P;, = 2,;%“2 is
about 0.5 GW in argon arount = 410nm At higher pressures, the critical power decreases
and therefore lowers the threshold, yielding to a largenbeming of the input pulses. As ex-
pected fromy® induced broadening processes, two photons from the purpaaie annihilated
to produce one photon a4 and its conjugated photon At (through the conservation of the
energy,% = i + i) , which produces correlations in the spectrum. The ocoge®f correla-
tions essentially depends of the physical parametersvaddh the propagation (input energy,
argon pressure). Figure 9 shows cross-correlation maggeaf/iite-light continuum retrieved
from typically 1000 spectra for several argon pressureseifmte propagation through the cell.
In this latter case ("Reference” in Fig. 9), only positiveredations are observed. This is the
signature of overall intensity fluctuations on the incidiser pulses. It indicates that fluctu-
ations on the intensity of each wavelength are coherentpfapagation at low pressure (i.e.
2 bar), positive intensity correlations are observed inomg corresponding to nearly conju-
gated wavelength as well as in the trivial case= A», whereas negative correlations form a
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Fig. 9. Experimental cross-correlation maps as a function of argesspre for an input
pulse energy of 27%uJ. Before propagation (Reference), only positive correlations are
observed for fundamental wavelengths (consistent with initial ovesakent fluctuations

on the incident intensity). After propagation, for low pressure (2 tzatgiitional positive
correlations are observed for conjugated wavelengths (pairs of )osdereas negative
correlations appear between these wavelengths and input wavelengihisaged in they3
process. At even higher pressure (5 bar), cascading events(eisible through additional
strips) which blur the reading of cross-correlation maps.

dark cross centered oky. Up to 3 bar, the increase of the positive correlations aeflaats
further broadening of the input pulse and the creation ojugated wavelengths. At higher
pressure (for example, 5 bar on Fig. 9), cascaded eventesgpensible for the occurrence of
new negative correlations (additional dark stripes). Ascdbed previously in the calculations
section, when the spectrum is broadened enough, one or bojphgated wavelengths can be
involved in a secondary event involving the third order piaktion, which partially destroy the
previously formed correlations.

The appearance of negative correlations also highligletéatt that a reduction of the noise
on the intensity of the input spectrum is measurable. Inrddebserve fluctuations on the noise
intensity, spectral filtering has been realized as desgribb¢he experimental section Fig. 10
shows histograms of the signal intensity befdsg @nd after &) (with spectral filtering [406-
414 nm]) propagation through the cell (argon pressure 2 Bar)compared to the incoming
beam, filamentation yields a SNR increase of about 7 dB. Thisenreduction disappears if
spectral filtering is applied only to one side of the spectassPM rejects the fluctuations to
the two edges of the spectrum.

Noise compression can also be visualized by plotting trensities of the spectrally filtered
continuum &) versus the intensities on the channel before filament#8gnIn Fig. 11, such
plots are given as a function of the gas pressure inside thé-oepressure lower than 2.5 bar,
S is an affine function 08, (S ~ 0.9S,). The broadening does not take place, nothing is filtered
out. Up to 2.5 bar, the evolution & is no longer proportional t& but a plateau appears for
a range of input intensities (between 1.5 and 2.5 arb. ufiihjee intensity regimes can be
defined, labeled from I to Ill. In interval I, the incident éntsity is too low and consequently
SPM generation is not efficient enough to induce noise réotludinterval Il corresponds to the
range of input intensities for which noise reduction is oyati. Although the input intensit$;
increases by a factor 2, the spatially filtered output intgr$ remains stable. The fluctuations
of § versusS, 5—212, rise up to 5 in this interval. Fundamental incident pairgpbbtons are

5
efficiently converted in pairs of conjugated photons by FWMahihresults in a reduction of
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Fig. 10. Histograms of the fluctuations on the pulse intensities beforerieh&pand after
(channel 2) propagation in a cell filled with 2 bar of argon gas. Theagesenergy was set

at 275uJ. Statistic on 2000 laser shots. (a) Histogram made with no filtering applied. No
noise reduction is observed. (b) The same experiment made with afd@B8.4 nm] filter.

An increase of 7 dB on the SNR is clearly visible on Channel 2.
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Fig. 11. Statistics on the intensities after propagat® for a large panel of input intensi-
ties (1) at several argon pressures. The average energy was sétjai 1t low pressure

(2 bar), an increase of the input intensity is correlated to a similar lineagaserin the
intensity after propagation. At higher pressure, the behavior canviediin 3 intensity
regions. In the low intensity case (region I), the power is too low to create/rpairs of
conjugated photon and induce a significant noise reduction on the inpetengths. The
intermediate input intensities case (region 1l) is the region where noisetied is the
highest. For a fluctuatiod$S; on the input intensity, a reduction of about 5 is observed on
0. In region Il (high intensity cases), noise reduction is lost becauseadad events
start to add wavelengths to the broadening.
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the noise on the incident spectrum. In interval lll, casogdgirocesses take place which result
in a further increase of the noise.

4, Conclusions

We investigated both experimentally and theoreticallyftlz@nentation process at 400 nm in
Argon. The shape of the spectrum can be tailored with cdabil@ parameters as initial chirp
and cell pressure. Because of its highly nonlinear natdaenéntation is sensitive to the input
energy noise which limits its use in closed-loop optimiaatalgorithms available for pulse
pulse shaping applications. We show in this paper that sgiditering can be used to signifi-
cantly reduce the fluctuation.

We propose, as further experiment, a two-steps 400 nm filexggmeration. In a first low-
pressurized Argon cell, a weak filament is generated and #tehe exit of the cell, the spec-
trum is filtered out in order to increase significantly therfailgto-Noise Ratio. Then the chirp
generated by the propagation through all the dispersivaar{gthss windows, lenses, Argon)
and by the filamentation process itself has to be compenséatacadapted chirped mirrors.
This stage is necessary for increasing the peak power ofulse pefore the second filamen-
tation stage. In a second quite high-pressurized Argon @&éting filament is created in order
to broaden the spectrum as much as possible. Finally, the gbherated by the second prop-
agation stage is compensated by another chirped mirrorp&Hermance of this procedure is
currently under study.
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