LUND UNIVERSITY

Characterization of pulsed gas sources for intense laser field-atom interaction
experiments

Altucci, C; Beneduce, C; Bruzzese, R; delLisio, C; Sorrentino, G. S; Starczewski, Tomas;
Vigilante, F

Published in:
Journal of Physics D: Applied Physics

DOI:
10.1088/0022-3727/29/1/012

1996

Link to publication

Citation for published version (APA):

Altucci, C., Beneduce, C., Bruzzese, R., delisio, C., Sorrentino, G. S., Starczewski, T., & Vigilante, F. (1996).
Characterization of pulsed gas sources for intense laser field-atom interaction experiments. Journal of Physics
D: Applied Physics, 29(1), 68-75. https://doi.org/10.1088/0022-3727/29/1/012

Total number of authors:
7

General rights

Unless other specific re-use rights are stated the following general rights apply:

Copyright and moral rights for the publications made accessible in the public portal are retained by the authors
and/or other copyright owners and it is a condition of accessing publications that users recognise and abide by the
legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study
or research.

* You may not further distribute the material or use it for any profit-making activity or commercial gain

* You may freely distribute the URL identifying the publication in the public portal

Read more about Creative commons licenses: https://creativecommons.org/licenses/

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove
access to the work immediately and investigate your claim.

LUND UNIVERSITY
PO Box 117

221 00 Lund
+46 46-222 00 00


https://doi.org/10.1088/0022-3727/29/1/012
https://portal.research.lu.se/en/publications/126c2f11-3166-40c0-a8af-42814885985b
https://doi.org/10.1088/0022-3727/29/1/012

IOPSClence iopscience.iop.org

Home Search Collections Journals About Contactus My IOPscience

Characterization of pulsed gas sources for intense laser field - atom interaction experiments

This article has been downloaded from IOPscience. Please scroll down to see the full text article.
1996 J. Phys. D: Appl. Phys. 29 68
(http://iopscience.iop.org/0022-3727/29/1/012)

View the table of contents for this issue, or go to the journal homepage for more

Download details:
IP Address: 130.235.188.104
The article was downloaded on 08/07/2011 at 08:52

Please note that terms and conditions apply.



http://iopscience.iop.org/page/terms
http://iopscience.iop.org/0022-3727/29/1
http://iopscience.iop.org/0022-3727
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience

J. Phys. D: Appl. Phys. 29 (1996) 68-75. Printed in the UK

Characterization of pulsed gas
sources for intense laser field—atom
Interaction experiments

C Altucci f, C Beneduce {, R Bruzzese {, C de Lisio 1,
G S Sorrentino 1, T Starczewski  and F Vigilante

t Istituto Nazionale di Fisica della Materia (INFM) and Dipartimento di Scienze
Fisiche, Universita di Napoli ‘Federico II', Mostra d’Oltremare Pad. 20-80125
Napoli, Italy

1 Department of Physics, Lund Institute of Technology, PO Box 118, S-22100 Lund,
Sweden

Received 2 June 1995

Abstract. We describe the application of a tunable differential interferometer to the
characterization of pulsed gas valves, operating in the low-pressure regime

(< 100 Torr). The spatial profile of the pressure in the gas jet has been studied for
piezoelectric and electromagnetic valves in various experimental conditions, for
both Ne and Ar gases. Moreover the time response of the valves has been
investigated by using, for the first time to our knowledge, the third harmonic
generation process. The number of third harmonic photons has been determined
as a function of the delay time between a Nd:YAG pump laser pulse and the
opening time of the valve, thus allowing the determination of the jet temporal
profile. The time dependence of the local pressure in the jet has been studied for
various gas pulse durations.

1. Introduction [5] and a technique based on a Mach—Zender interferometer
[8]. We present here the application of a tunable differential
In recent years pulsed gas beam sources have beefnterferometer [9] to the characterization of pulsed gas jets
extensively used in harmonic [1,2] and x-ray [3,4] (Ar a 1 ms) operating in a regime of relatively low local
generation experiments. The use of pulsed gas jets a”0W3pressureslf,M, — 10-100 Torr). This technique, already
the simultaneous fulfilment of two typical requirements of applied to continous flow studies [9], has several advantages
this kind of experiment [5]. Firstly, relatively high atomic \yith respect to other methods. Firstly, it is more stable than
densities can be easily achieved in the laser—gas interaction,e interferometric methods because the paths of the two
region. Secondly, modest average gas flows are injectedine tering beams are not physically separated. Moreover,
Into the vacuum chambers, thus requiring simple vacuum ,¢ gescribed in the next section, it has a tunable sensitivity
systems. which allows the maximization of the signal-to-noise (SNR)

Gas 'medlum features, su'ch as the Ipcal density and theratlo by choosing the most appropriate dynamical range.
geometric shape of the density distribution, play a relevant . -
. . - . These features turn out to be of fundamental importance in
role both in harmonic and x-ray generation experiments .
the low-pressure regime.

[5,6]. Thus, the characterization of the spatial profile of .

the injected gaseous pulse is of importance. In particular, . We have also analysed _the temporgl profile OT th_e gas
a good knowledge of the gas jet dependence on parameterdEt Py means of a new technique: the third harmonic signal,
such as the gas backing pressug.i,, and the distance produced by focusing a Nd_:YAG Iaser_pulse into the jet, has
between the nozzle orifice and the laser focus is often P€€N measured as a function of the time delay between the

required. rising edge of the electrical signal driving the valve and the
The use of pulsed gas sources introduces the problemlaser shot. Since the harmonic yield scales with the square
of synchronizing the gas jet and the laser pulse. Thus, Of the local pressure [6], this technique shows a sensitivity
detailed characterization of the temporal profile of the gas higher than that of previous methods [10].
jet is also necessary in order to make the laser pulse cross  This paper is organized as follows. In sections 2 and
the medium when the local density is at its maximum. 3 we discuss, respectively, the interferometric technique
A number of different techniques have been used to and its application to two different types of valves, namely
characterize the spatial profile of pulsed gas jets. Amongstelectromagnetic and piezoelectric. In particular, both
them we quote, e.g., the induced fluorescence techniquethe valves were actually used in harmonic generation

0022-3727/96/010068+08%$19.50 (© 1996 IOP Publishing Ltd
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Figure 1. Schematic view of the differential interferometer
set-up realized to characterize the gas jet spatially. Figure 2. Detected signals: Isy(x) (M) is the intensity
distribution of the signal with gas jet, /r(x) (®) same as
lsig(x) but without gas jet, and lp(X) = lrer (X) + lgo(X) (A) is

. h idi i di . f the total incident intensity distribution where lgo(x) is the
experiments [5, 6], thus providing on-line diagnostics of iciibution relative to the perpendicular polarization

the gaseous medium. In section 4, we describe the gas jetomponent without gas jet.
temporal profile characterization. Finally section 5 presents

some conclusions. . L
ust I (x) after the polarizer P is given by [9]

. 1
2. The differential interferometric technique 1) = Jo(x) sir? {5[6% Mk MS""'(X)]} @)

The scheme of the tunable differential interferometer is where Io(x) is the incident intensity, and¢y, 8¢., (x),
presented in figure 1. A sheet of He—Ne light polarized at é¢si¢(x) are the phase differences between the interfering
45 to the vertical, passes through a calcite crystal C 20 mm beams due to the crystal tilting anglethe phase error due
long in the light propagation direction. The horizontally to the crystal's wavefront distortion, and the differential
and vertically polarized components are thus displaced Phase signal from the gas jet respectively. The procedure
by a given amountx. Thus, the crystal superimposes for measuring the gas jet dependent differential pltigse
perpendicularly polarized rays which have travelled parallel is the following. At a fixed distance between the nozzle
paths through the gas target separated by exactly the samérifice and the laser focus one measures:

distanceéx. A polarizer P, positioned after the crystal, (i) the intensity/,;, (x) in the presence of the gas jet;
selects the common polarization component &t #bthe (ii) the intensity,., (x) in the same condition a;, (x),
vertical, of the two orthogonally polarized waves. The pyt with no gas jet;

resulting interference pattern is a function of the gradient (iii) the intensity Igo(x) with no gas jet and with the

of the path-integrated refractive index. The sheet of He—Ne output polarizer axis rotated 90n order to measure the
collimated light is realized by a confocal system consisting incident intensity distribuition/o(x) = ref (X) + Tgo(x).

of a cylindrical lens L (f., = 6.35 mm) and a spherical

mirror S (fs = 250 mm). Thex-dimension of the O.ncels,-g.(x), [rey (), ar.]dI‘?O(x) have been measured,
propagating light sheet is about 40 mm. The detector the differential phaséd,i,, is given by

PD is a fast photodiode with a response time~o# ns.

It is mounted on a precision translation stage in order Ssig (x) :2sin‘1( Isig(x)>_28in_1< Iref(x)>. @)

to scan the interference pattern. The cylindrical lens L ‘ To(x) To(x)

(fL, = 60 mm) vertically focuses the beam onto the active i .

cell of the photodiode in order to intensify the signal and to 11US, Py using this method the phase errors due to
increase the detector dynamic range. It is worth Stressingcrystal wavefront distortion are automatl_cally removed in
that the refractive effect of the gas medium [11] on the He— the me_asur_ement procgdure. By assuming the_perfect gas
Ne beam, as well as wavefront distortion due to gas targetapproxmanoq and cylindrical symmetry,' the integrated
turbulence, are negligible in our case. In Xe, for instance, phasegy;, (x) is related to the pressure fielH(x, y) by

the atomic polarizability is 4< 10724 cm® so that, for a the Abel integral relation [12]

2 mm diameter cross section of the jet and a local pressure 2
of ~ 100 Torr, a ray crossing the jet with an incidence angle bsig(X) =
of ~ 45° is displaced bysx,cfrac ~ 2 x 1072 mm. This

displacement is negligible with respect to the typical spatial where Py and no are the atmospheric pressure and the
separationdx ~ 0.1 mm, of interfering rays which are refractive index at atmospheric pressure respectively. We
superimposed by the crystal. The final intensity distribution have assumed cylindrical symmetry for the gas jet due

no o
— P(x,y)d 3
}\HefNe PO —00 P ( )
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Figure 4. Pressure distribution in Ar and in Ne (——) for
z =0.5 mm and Ppacking = 950 Torr with superimposed

b) Gaussian fits (------ ). Relative errors of experimental
points are around 20%, as shown in the case of the points
at r=0.25 mm.

amplitude ofI;,(x) is always observed at the same time,
independently of. As a consequence, the pressure field
in the jet P(r, r) evolves in time in a stationary way, at
least for a long time interval centred within the aperture
time of the valve. Thus we can separate space and time
variables: P(r,r) = P(r)g(t), g(¢t) being a slowly varying
time envelope. Moreover, the time interval spent by the
laser in crossing the gas jet is so shart 10 ps) that the
pressure fieldP(r)g(t) can be considered frozen during
this time period.

Figure 3. (a) Comparison between a Lorentzian pressure Once ¢,;, is measured, in order to reconstruct the
d!str!but!on (full curve) and the numerically reconstructed pressure tranverse profileP(r), we have numerically
distribution (broken curve) for §x = 0.2 mm; (b) same as (a) solved equation (4) by using a code based on the MART

for a top hat distribution (full curve) and the correspondent . .
numerical reconstruction (broken curve). In the simulations algorithm [12, 13]. The code also calculates the uncertainty

P(Tor)

e

the peak pressure into the jet is 25 Torr and the FWHM is in the pressure profile. This uncertainty is due to both
1.0 mm. numerical accuracy and experimental error on the function
¢sig (x)

Abel inversion formula [11, 12] to equation (3), the pressure 1.5mm, itdoes not define a narrow vertical resolution in the
field P(r) reads: object plane. Thus the vertical resolution of the apparatus

is the vertical thickness of the light sheet in the gas jet.

_ MHe—ne Po [ debsig (x) The spherical mirror S (figure 1) vertically focuses the light

2 2\—1
P(r) = 2 nol, dx (7 —rf)Trde (4) onto the gas jet to a sheet thickness of about380which
represents our vertical spatial resolution.
wherer = /x2+ y2. In figure 2 typical behaviours of The horizontal resolution is determined by two factors:
Lig(x), Lrer(x) and Ip(x) are shown for the case of Ar. how accurately the gradient of path-integrated refractive

It is worth noting that since the pressure derivation is index, §¢s/8x, is estimated and how large is the
independent of the: value, we can reconstruct the full detector active cell along the horizontal dimension. The
pressure fieldP(r,z) by repeating the measurement at first factor is related to the displacemedt of the
different values of;. two orthogonal polarizations and it turns out to be less

We have also perfomed resolved gas jet diagnostics. critical, according to our numerical tests. By assuming
The typical aperture time of the valve has been set arounda given pressure distribution into the gas jet, we have
1.2 ms. The three detected intensitidgg(x), Ir.r(x), analytically calculated the path-integrated refractive index,
Igo(x) have been measured at each paintacquiring the 1/[6x f_o"oo 8¢sig(r)dy].  Then, by considering different
maximum amplitude of the detected waveform. While incremental ratios corresponding to different displacements
I,.; and Igg are obviously constant in timd,;, changes, dx, we have numerically reconstructed the initial pressure
following the gas jet temporal profile. In different profile using the MART algorithm. Two pressure profiles
conditions of the experiment we have observed that the have been investigated: the Lorentzian profile and the
temporal behaviour of the pressure pulse does not dependtop hat' profile. In figure 3 we show the comparison
on the coordinater and, in particular, the maximum between the initial ‘true’ distribution and the reconstructed
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Figure 5. Pressure profiles in Ar for z =0.75 mm and ©
300 < Pbacking < 950 Torr. (b)

50 4
one for a displacemerdtx = 0.2 mm, for both Lorentzian 0
and top hat profiles. In the case of the top hat profile there § N
is a rather evident discrepancy between the two curves S
in proximity of the discontinuity att = 0.5 mm due to n.i‘ o
numerical uncertainty in the code. In any case, the test
has shown that, changirig by a factor of ten between 50 v <
and 500um, the difference between the reconstructed and .
initial profiles never exceeds 10%. 50 o5 W i 20

The second factor affecting the horizontal resolution is z (mm)

the width of the diode active area: in our case, in order to _. . .

have a better resolution, we have placed a L@0 wide E;gzu fxg'reg)eg ,ﬁ]akmz?g?l;s:t g ”(aﬁ’;’?nggréhzrg'a(f)'ﬂaerzgn; \;a(l)l;eg

slit just in front of the photodiode active area. Therefore, (@). The straight lines represent best fits of equation (9).

our horizontal resolution is- 100 um. (b) Ppeak against z for Ppacking = 950 Torr in Ar. The plotted
Unlike other interferometric methods, the sensitivity of curve represents the behaviour of equation (9) for the

the tunable differential interferometer can be continuously S&Me Phacking Value.

tuned by tilting the birefringent crystal so that one can

choose the most appropriate interferometer response. Dugyas ¢ 1 bar), present on the other side of the valve. At
to this tunability, a sensitivity as high as 1/50 of a fringe, the end of the voltage pulse, coil and poppet are pushed
corresponding to a local pressure of about 1 Torr, is down by the pressure force, thus closing the valve orifice.
correspond to the reconstructed pressure profile uncertaintytime, ranges within 0.1-10 ms, while the repetition rate is
which is also affected by the computational error intrinsic 120 Hz. In particular, the following results were obtained

in the inversion procedure of equation (3). with a repetition rate of 10 Hz, an opening time of 1.2 ms,
and a pulse voltage of 100 V.
3. Spatial characterization of gas jets In order to obtain a more collimated and regular gas

jet, an Al cylindrical collimator is attached to the orifice
We have used the previously described interferometric of the valve. The collimator is 6 mm long and has an
technique to characterize the pulsed gas jets producednternal diameter of 0.8 mm. The backing pressBi&yine
by two different gas valves, namely, a solenoidal and a measured by a capacitance pressure gauge immediately
piezoelectric valve. This characterization is discussed for before the body of the valve ranges within 10-1000 Torr.
both the cases in the following subsections. We have investigated the jet features for two different
gases, Ar and Ne, in the range 50 To® Ppucking <
1000 Torr. Furthermore, we have characterized the jet for
a laser focus—collimator orifice distangeranging within
We have first characterized the behaviour of the gas 0-2 mm. It was not possible to perform jet diagnostics for
jet injected into the interaction chamber by a solenoidal greater; values because of a too low signal-to-noise ratio.
valve designed and realized at CEA laboratories in Saclay The experimental points in the following data represent an
(France) [5]. In this valve a driver provides a relatively average of 1000 gas pulses.
high-voltage pulse (50-100 V) to a coil which generates a The jet pressure profiles show a rather regular shape in
magnetic field: an iron cylinder, coaxial with the coil, is good agreement with a Gaussian distribution. In figure 4
moved up by the magnetic field, carrying the valve poppet the pressure profiles for both Ar and Ne are plotted for
against the surface force due to the high-pressure backing: = 0.5 mm and Pyqcrine = 950 Torr. The two profiles

3.1. Solenoidal valve jet
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are consistent within the error bars even though for Ne the
signal-to-noise ratio is lower due to a smaller refractive 2,0
index of the medium (the Ne polarizability is 5 times ]
smaller than that of Ar).

In figure 5 the pressure profiles in Ar are plotted for
z = 0.75 mm and different values @i, (in the range
300-950 Torr).

Some of the most important gas jet features, such
as peak pressureb,..., and jet diameterD, depend on
Pyacking @ndz. In particular, we define as the full width
half maximum (FWHM) of the transverse pressure profile.

In figure 6 the peak pressuré),.., is shown as a
function of Pyu.in, for three different values of (a), and o o 0 0 "
versusz for Pycking = 950 Torr (b). ’ ’ ’ ’

In figure 7 we show the gas jet diametdp, versus z (mm)

z, for Ppcting = 950 Torr.  The slope of the linear rigyre 7. Jet diameter L(Z, Ppacking) against z for

fit represents the total aperture angle, of the gas jet. Py, = 950 Torr in Ar. The total aperture of the jet, , is
In the above conditionpg = 32°. In general,a does equal to 32°.

not vary critically with Py, @S expected, ranging
between 30 and 35 within the investigated interval of making a relevant error Untd Ppucismg < 1000 mm Torr,
backing pre_ssyres_ (10&: I.)”“C""”g = 1900 Torr)_. The In such a casel)(z) increases linearly with independently
pressure distribution relative uncertainty, estimated by Of Pyyosine, SO that

propagating the experimental error through the code, turns acting:
out to be around 20%. This error takes into account D(z) = 2do + diz (8)

both the experimental error of théd;,/6x curve and

the computational error of the algorithm. From the and the jet can be represented as a cone of semi-aperture
measurements of figure 7 we can infer that the function tan1(d,). Putting equation (8) into equation (7), we obtain
D(z, Pyacking) describing the dependence of the jet diameter for P,.q:

on z and Pygcring is Of the form:

Pbacki“g =950 Torr

1,54

D(z) (mm)

COPbacking
P ea , P acking) = NG 9
D(Z, Pbacking) = 2dO + d1Z + dZZ Pbacking (5) P k(Z back g) (Zo + C]_Z)Z ( )

where the coefficientsy, d; andds are given by: where the constants, and c¢;, obtained by fitting the

experimental points with equation (9), are given by:
do = 0.444 mm dy = 0.542 mm

d» = 0.000 198 Torr® co=00238mnf ¢, =0.395
2= U .

The coefficientdy in equation (5) represents the
collimator nozzle radius; its nominal value is 0.4 mm. All
the measurements of the jet diameterfes 0 and different
backing pressures show thBt(0, Py,cking) = CONstant. By
fitting the experimental points with equation (5) for= 0
we obtain 2y = 0.87 mm. Such good agreement between

The straight lines of figure 6(a), are the result of a
linear fit to the experimental data with equation (5). The
agreement with the experimental behaviour is very good.
Similarly, thez dependence contained in equation (9) is in
optimum agreement with the measurements, as shown in
figure 6(b).

the nominal and the measured value represents a test of the Th? following conclusions can be drawn from our
experimental method. analysis:
Moreover, the small coefficient, takes into account o the gas jet behaviour is gas independent;

the weak dependence @ on Py,cing. By assuming the o the peak pressurel,.., increases linearly with the

perfect gas approximation, the gas flow conservation is backing pressure;

expressed by: e P,.q decays withz in good agreement with a law of
/oc rP(r.z)dr =k (6) the form (;o + constantx z)~2 derived from the gas flow

0 conservation;

wherek depends only on the temperature. If we assume for ~ ® the jet diameted (z, Pracking) increases linearly with
the pressure field the form (r, z) = Ppear (z) f (r?/ D?(2)) z and is only slightly dependent oPycing-
with the function f maximum and equal to 1 if = O,

equation (6) reads: 3.2. Piezoelectric valve jet
1 00 5 -1 The piezoelectric valve [10] differs from the electromag-
Ppear(z) = DT(Z)k</ pf(p )dp> . ) netic one mainly because it utilizes a piezoelectric crystal
0 to open and close the valve.
where p = r/D(z). The coefficientd, is so small that The piezoelectric crystal is driven by a voltage pulse,

the third term in equation (5) can be neglected without usually of the order of 100-300 V. In this case, the poppet
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Figure 8. Pressure distribution against radial coordinate for
three different values of z: z =0 (a), z = 0.5 mm (b) and

z =1 mm (c). For each z the profiles are measured for five
different values of Ppacking: 380 Torr (——), 570 Torr
(—-—), 760 Torr (------ ), 950 Torr (— - - —), 1140 Torr

(= —-). It can be noticed that the shape of the pressure
profile is rather smooth and unchanged under different
experimental conditions.

is fixed to the crystal: when the voltage is applied, the
crystal bends up, letting the gas flow into the interaction
chamber; with the voltage off, the crystal comes back to its
rest position and the poppet closes the valve.

This kind of valve can produce a gas pulse of duration
ranging between 10Qus and several milliseconds. It
can be operated at a very high repetition rate (typically
~ 750 Hz), namely at repetition rates considerably higher

than those of electromagnetic valves. In particular, we have
characterized a commercial Lasertechnics valve (model
LPV), realized to produce continuous or pulsed atomic and where P’?

molecular beams. The piezoelectric crystal is driven by

Characterization of pulsed gas sources

" P ockin g=760 Torr
A P =1140 Torr

backing

P e (TOIT)

z (mm)

Figure 9. Exponential decay of the peak pressure Ppeax
into the jet against z-coordinate for two different backing
pressures: Ppacking = 760 Torr (M) and

Pbacking = 1140 Torr (A)

Nd:YAG laser

Figure 10. Schematic set-up for the harmonic generation
and detection: a Nd:YAG laser pulse is focused by the lens
L onto the gas jet. The harmonic signal is detected by
means of a monochromator and a photomultiplier.

diameter is 0.8 mm. The generated gas pressure profiles
are shown in figures 8 and 9. In figure 8 the pressure
distribution is plotted against the transverseoordinate
for different values ofPy,cine and for three values of.
Going fromz = 0 (just below the valve orifice, figure 8(a))
to z = 1 mm (figure 8(c)) one can notice that, for each
value of Py.iing, the profiles are rather smooth and the
peak pressuré®,..x goes down, while the diameter of the
jet, i.e. the FWHM of the profile, increases. The peak
pressure behaviour is approximately linear with the backing
pressure within the investigated rangeRf,cing-

We have plotted the decay a,.. with z for two
different backing pressures, as shown in figure 9. The
experimental points, averages of 200 gas shots, are well
fitted by a decreasing exponential:

Ppear(z) = PR €/ (10)
vak 1S Ppear(z = 0), i.e. the pressure just below
the output orifice, and represents the decay length of the

100 V pulses and the backing pressure can range within 0O—gas jet. We obtained = 0.5+ 0.1 mm andi = 0.4 &+
10 atm. We have operated the valve at a low repetition rate 0.1 mm for Pyacking = 760 Torr andPpgcrine = 1140 Torr

(5 Hz) in order to match the repetition rate of a Nd:YAG

respectively. Such a result suggests thas not crucially

laser simultaneously used to generate harmonics into the gaglependent 0Py, cking-

jet [7] and with 300 Torr< Ppcking < 1200 Torr. A5 mm
long collimator is connected to the nozzle orifice whose

Finally, we have measured the total divergence aagle
of the jet which turns out to be about28r z = 1 mm.
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electromagnetic valve has been used. ’ . . - ""
044 .'. - : .
4 L
4. Gas jet time profile g 02- .'h FL .
[ ]
In order to characterize the temporal profile of the gas jet M‘i : '.
we have employed a new technique. With reference to 1.0- .. . )
figure 10 a Nd:YAG laser pulsé.(= 1064 nm,r = 30 ps, i :.,,_'.‘, R
Epuse = 15 mJ) is focused by the lens Lf (= 25 cm) 08- . - '_
onto the gas jet injected into the interaction chamber ﬁ .
through the valve system. The third harmonic radiation _E 0,6+ 5 .
generated is detected by means of a monochromator whose 3 1 - .
output slit is connected to a photomultiplier. We have 044 . s
used a fixed deflection angle configuration {(1%and a g 1 «" =1
normal incidence, spherical, holographic grating (Jobin— 021 = .
Yvon), with 1080 grooves mmt and a radius of curvature ool "
1 m. At the third harmonic wavelengthh & 354 nm) the 104 “ s d
grating and photomultiplier quantum efficiencies are 22% ~ "an s den
. L ] 1 .n'f-" ey,
and 25% respectively (see [7] for a full description of the 08+ . .
experiment). 3 - -
We have realized an acquisition system that temporally 064 =, .
drives both the laser source and the valve driver unit. We .
can thus set the time delags between the laser pulse 044 o
arrival into the chamber and the opening time of the nozzle g . .
orifice, and store the detected harmonic signal shot by shot. 024 .
In such a way we have studied the third harmonic signal . "y
as a function of the delay time&¢. The third harmonic 4oz o 0 50

signal, due to the coherence of the generation process,
is proportional to the square of the pressure experienced at(ss)
by the laser pulse [14,5]P%(r). Thus, the detected  Figure 12. Third harmonic signal against the delay time At
number of harmonic photons, through ti#é dependence,  for an aperture time of 1.2 ms, by using the piezoelectric
can be used to monitor the time profile of the jé(z), valve without the collimator (a) and (b) corresponding to
in a more sensitive way with respect to other methods. Valve aperture times of 0.6 ms and 1.2 ms respectively;
Moreover, since the laser duratiorr G0 ps) is negligible and with a collimator (c) and (d), corresponding to aperture
- ) g . times of 0.6 ms and 1.2 ms respectively.

on the timescale of the gas jet evolution, we can monitor
the gas pressure instantaneously. Analogously, the laser
pulse transit time through the gaseous medium is negligible In figure 11 we report the third harmonic signal against
(< 10 ps). delay timeAr for an aperture time of 1.2 ms in the case of

We have characterized the temporal profile of two the electromagnetic valve. It is possible to notice that the
pulsed gas jets, the first one produced by a commercial curve is quite regular, with its FWHM corresponding to the
electromagnetic valve (General Valve SERIES 9) operating valve aperture time. In figure 12 the temporal behaviour

at 120 Hz repetition rate, and 1 at Pyyerine < 85 atm, of the piezoelectric valve jet is shown. The temporal
and the second one produced by the piezoelectric valveprofile has been analysed in two different configurations
(Lasertechnics) described in the previous section. of the output nozzle. In the first case, we have used the
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standard configuration of the valve, whose nozzle orifice scales with the square of the local gas pressure (in the
has a nominal diameter of 0.8 mm. We have observed laser—gas interaction region), this technique turns out to
two different types of gas jet time profiles corresponding be particulary sensitive.

to distinct values of the aperture timesz. Figure 12(a) Therefore, such a technique can be considered a
(At = 0.6 ms) shows a regular shape, whereas a doublewell established tool to characterize gas jets in harmonic
peak structure appears when the aperture time increasegeneration experiments. In particular, it lends itself
to At = 1.2 ms) (figure 12(b)). Such behaviour agrees very well to the optimization of the conversion efficiency
with the temporal response of other similar valves [10] and [16] and of the optical quality of the harmonic radiation
is probably due to mechanical oscillations of the poppet. produced, and in the domain of the stimulated emission in
In fact, in the case of long\t the high backing pressure the x-ray region.

could make the crystal partially come back and obstruct the

orifice, causing an irregular injection of the gas jet and a
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