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A B S T R A C T

The Super Separator Spectrometer-Low Energy Branch (S3-LEB) is a low-energy radioactive ion beam ex-
periment under commissioning as part of the GANIL-SPIRAL2 facility. It will be used for the production
and study of exotic nuclei by in-gas laser ionization and spectroscopy (IGLIS), decay spectroscopy, and
mass spectrometry. We report recent results from the off-line commissioning of S3-LEB, including first laser
spectroscopy measurements in both the gas cell and the supersonic gas jet, the determination of the transport
efficiency of laser ions from the gas cell through the RFQ chain, and time-of-flight measurements with the
multi-reflection time-of-flight mass spectrometer PILGRIM. The measurements were performed using erbium,
introduced by evaporation from a heated filament in the gas environment. The reported laser spectroscopy
results include a characterization of the pressure broadening in the gas cell, proof-of-principle isotope shift
measurements, and hyperfine-structure measurements.
1. Introduction

The SPIRAL2 facility of the Grand Accélérateur National d’Ions
Lourds (GANIL) is a radioactive ion beam (RIB) laboratory enabling the
study of rare isotopes. Its linear accelerator is designed to deliver heavy-
ion beams with some of the highest intensities ever produced [1,2]. To
exploit them, the Super Separator Spectrometer (S3), a high-resolution
recoil separator, will use these high-intensity beams to produce exotic
nuclei via fusion–evaporation reactions and is designed to separate the
reaction products from the intense primary beams [3,4]. The facility
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will extend the capabilities to study exotic nuclei with low production
rates and short lifetimes. One of the setups to be installed at the focal
plane of S3 is the Super Separator Spectrometer-Low Energy Branch (S3-
LEB), which is aimed at the study of neutron deficient and heavy nuclei
via a combination of low-energy techniques, after stopping them in a
thermalization and neutralization gas cell [5–8].

The key feature of the setup is the possibility to apply the in-gas
laser ionization and spectroscopy (IGLIS) technique, which allows the
study of the exotic nuclei by laser spectroscopy at the proximity of
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Fig. 1. Layout of the S3-LEB setup: Inset (𝑎) shows a zoom of the gas-jet region of the setup with 𝜆1 and 𝜆2 indicating the first-step and second-step laser paths and (𝑏) shows the
applied laser scheme for resonance ionization of the Er atoms. See text for details.
their stopping point. Furthermore, as shown in [6,9], a high-resolution
tunable laser system will be used to selectively ionize and probe the
radioactive atoms in the low-density and low-temperature environment
of the hypersonic gas jet emerging from the cell. The gas-jet laser
spectroscopy technique benefits from the reduced pressure and Doppler
broadening of the spectral lines, as compared to traditional gas-cell or
hot cavity laser spectroscopic setups [10–12].

In this manner, S3-LEB will offer improved spectral resolution
as well as high ionization efficiency, enabling measurements of the
ground-state and isomeric-state isotope shifts and hyperfine structure
as previously demonstrated at the Leuven Isotope Separator On Line
(LISOL) facility [13]. The coupling of a multi-reflection time of flight
mass spectrometer (MR-TOF-MS) called Piège à Ions Linéaire du GANIL
pour la Résolution des Isobares et la mesure de Masse (PILGRIM) [7]
and a decay station called Spectroscopy Electron Alpha in Silicon bOx
couNter (SEASON) [14] at the S3-LEB setup offers opportunities for
further mass measurements and decay-spectroscopy studies of high
purity RIBs with the suppression of isobaric contamination.

Recently, the setup of the entire S3-LEB, including the gas cell,
radiofrequency quadrupole (RFQ) ion guides, ion cooler and buncher,
and MR-TOF MS was completed and commissioned using laser ions
produced in a gas environment. In this article, we present an update
on the characterization studies of the setup, including the first off-line
laser spectroscopy measurements.

2. S𝟑-LEB setup

The S3-LEB setup is currently being tested off-line at Laboratoire
de Physique Corpusculaire (LPC), Caen. The complete layout of the
installation in its current configuration is shown in Fig. 1. For the first
in-gas cell/jet measurements, all the components from the gas cell to
the MR-TOF-MS have been installed, connected and aligned. SEASON
is not included in the current system.

In on-line conditions at SPIRAL2, the S3 ion beam will enter the gas
cell through a titanium or Mylar entrance window of a few microm-
eters thickness. The cell will be filled with ultrapure argon buffer gas
under constant flow, reaching a pressure of 200–500 mbar for efficient
stopping of the atoms. The geometry of the gas cell has been designed
for maximal flow rate thus minimal extraction time of the atoms [6].
The window will separate the vacuum region of S3 from the higher-
pressure region of the gas cell. The radioactive ions will thermalize
and neutralize in the buffer gas. For off-line studies, the gas cell was
operated as it will be in on-line conditions, but the entrance window
was replaced by a blind flange. Two tantalum filaments were installed
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in the gas cell, on which stable isotopes of the element under study
were deposited in solution form, allowing their evaporation as neutral
atoms directly into the gas environment through resistive heating.

The atoms are flushed out of the gas cell through a convergent–
divergent (de-Laval) nozzle installed at the exit, which creates a homo-
geneous argon gas jet [15]. Two ion-collector electrodes installed be-
fore the exit nozzle of the gas cell enable suppression of non-neutralized
species or surface ions resulting from the heated tantalum filament.
During operation, argon is injected into the gas cell through a heated
getter gas purifier model Saes PB4-MT3-R-2. The gas flow is pumped
out of the gas cell chamber by an Edwards pump model GXS450/4200.
The background pressure is matched to the gas-jet pressure, imposed
by the Mach number of the nozzle to obtain a homogeneous and
collimated gas jet [12,16], using a motorized gate valve of variable
opening between the chamber and the GXS pump.

Multiple lasers are used for selectively ionizing the atoms of in-
terest, either inside the gas cell or in the gas jet. The laser system
installed for the off-line measurements consists of two titanium sap-
phire (Ti:sapphire) lasers with a repetition rate of 10 kHz which are
part of the system reported in [9,17–20]. Following ionization, the
resulting ions are extracted through an S-shaped RFQ (S-RFQ) and
mini-RFQ (m-RFQ) from the residual pressure of the gas-cell chamber
into a high-vacuum ion-transport system. Following the m-RFQ, a
quadrupole mass filter (QMF) is installed as a pre-separator according
to the ions’ mass-to-charge ratio, 𝐴∕𝑄. The QMF can be operated in
high-transmission mode (without mass selection) as well as in mass-
filtering mode. The voltages used in this work for the S-RFQ, m-RFQ,
and QMF are adapted from those reported in [8]. The ion beam from
the QMF is guided to the RFQ cooler-buncher where the ions are
buffer-gas cooled in helium at a pressure on the order of 1 × 10−2

mbar, obtained by a continuous flow of 90–120 mL/min. Ions are
continuously accumulated and bunched with a repetition rate of 20 Hz.
Following extraction from the buncher by switching the voltages of the
last electrodes to an extraction gradient, the ions are re-accelerated
to 3 keV mean kinetic energy by a switched pulse-up electrode and
injected into the PILGRIM MR-TOF-MS for time-of-flight separation
and mass measurement. For detection of the ion signals, micro-channel
plate (MCP) detectors are installed behind the m-RFQ (MCP1), QMF
(MCP2), and pulse-up electrode (MCP3) and a MagneTOF Mini detector
is installed after PILGRIM. MCP1 and MCP2 have 10% transmission
grids installed in front of them to attenuate intense beams and can
also be used to measure ion current. MCP3 has two 10% transmission
grids and a phosphorous screen allowing to observe the spatial beam
profile using a camera. The second transmission grid can be biased and
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used as a retarder to determine the energy spread of the beam. For
laser-spectroscopy measurements, the MCP counts are digitized with
respect to time with a resolution of 4 ns/bin using a time-to-digital
converter (TDC) developed by KU Leuven and synchronized to the
20 Hz cycle of the buncher. For mass measurements using PILGRIM,
the Fast Acquisition System for Nuclear Research (FASTER) developed
by LPC Caen [21] is used.

3. Off-line measurements

For the initial off-line measurements of S3-LEB, stable Er was used
s a test case. The laser ionization of the Er isotopes was performed
ith the two-step laser scheme, developed and reported in [22], and is

ndicated in Fig. 1. The Er atoms were promoted from the ground state
f126s2 3H6, J = 6 to the first excited state (FES) 4f12(3H)6s6p, J = 5 by
laser tuned to 415.2 nm vacuum wavelength and then ionized via an

utoionizing state above the ionization potential (IP), 4f12(3H)5p66s1∕2
= 13/2, by a laser tuned to 396.6 nm. For the first excitation

tep in gas-cell ionization, we used a frequency-doubled, dual-etalon
i:sapphire laser cavity, with an average fundamental linewidth of
.8 GHz FWHM. For the same step in gas-jet ionization, we used
frequency-doubled, injection-locked Ti:sapphire laser seeded by an

xternal-cavity diode laser [19]. A TEM Messtechnik Laselock lock-
n amplifier was used to stabilize the injection-locked cavity to the
requency of the seeding diode, resulting in an average fundamental
inewidth of about 35 MHz. For the ionization step in both configura-
ions, we used a frequency-doubled, single-etalon Ti:sapphire laser of
verage fundamental linewidth ≤ 5 GHz FWHM.

The laser systems were installed and set up similarly to the work
erformed in [9]. For laser-spectroscopy scans, the dual-etalon laser
as controlled using stepper motors. The thick etalon was tuned to

he required angle based on a proportional controller to achieve the
esired wavelength, while the thin etalon was adjusted to guarantee
onstant linewidth, following a calibration curve [18]. The wavelength
f the injection-locked laser was set by controlling the grating angle
f the seeding diode, while the Laselock adjusted the cavity length
ccordingly.

.1. Production and transport

To produce Er ions, a 30 μL Er2O3 in HNO3 solution was deposited
n each of the two tantalum filaments installed in the gas cell. One
f the filaments was resistively heated by ≈ 13 A (4 V) current. At
he exit aperture of the gas cell, a de-Laval nozzle of Mach number

= 8.11(12) was installed to create a hypersonic gas jet [15]. The
istance between the nozzle and the first entrance electrode of the S-
FQ was kept about 5–6 cm. For gas-cell ionization, the first-step and
econd-step lasers were sent transverse and counter-propagating to the
tomic beam, respectively.

The combined efficiency of the S-RFQ and m-RFQ had already been
easured to be close to 100% using an alkali source placed approx-

mately at the jet position, although having a much larger emittance
han the laser ions produced in the jet [8]. After passing through the S-
FQ and m-RFQ, the Er ions were sent through the QMF in transmission
ode to obtain close to 100% transmission. A minimum ion-collector

oltage of −40 V in the gas cell was required to completely suppress
he surface ions produced by the filament. The filament current was
djusted to obtain around 6300 cps at MCP 2 after the QMF. A mass
can was then performed with the QMF in filtering mode, by scanning
he RF and DC voltages such that, for the requisite masses, a Mathieu
arameters 𝑎 = 0.225, and 𝑞 = 0.706 would be obtained, with an RF
requency of 500 kHz (knowing the QMF field radius of 10 mm). Fig. 2
hows the resulting mass spectrum, where only ions in the Er mass
ange can be seen along with a small side peak which corresponds to
dducts of Er with water molecules, formed after laser ionization. In
he filtering mode, the QMF transmission was 60%, with respect to the
104
Fig. 2. QMF mass scan of gas-cell ions obtained by scanning the RF and DC voltage,
with the gas cell ion-collector voltage ON.

Fig. 3. Time-of-flight spectra of laser-produced Er ions in a shoot-through mode of the
MR-TOF MS with the ion-flight path length of ≈ 4.2 m from the buncher extraction.

aximum number of ion counts detected in the non-filtering mode.
ndividual Er isotopes could not be resolved after the QMF, which
owever is capable of selecting a range of about 10 mass units without
major loss in efficiency. For the rest of the tests, the QMF was kept

n transmission mode.
The continuous beam from the QMF was then sent to the cooler-

uncher. A detailed study of the bunching parameters was performed to
nderstand the optimum spatial and energy distribution of the bunches
or injection into PILGRIM. These results will be reported in future
ublications. The preliminary buncher transmission efficiency in the
unching configuration is 40(10)%. The relatively low value could

be due to an observed misalignment of the buncher, which will be
investigated in more detail in the future. The spatial profile of the 20 Hz
cycle ion bunch at a He flow rate of 110 mL/min was measured to be
1.5(4) mm on both the vertical and horizontal axes as seen from the
phosphor screen of MCP3. The energy distribution of the ion bunch was
also measured at a 3 keV mean kinetic energy resulting in a FWHM
= 13(1) eV after the pulse-up electrode. The transmission from the
buncher (in bunching configuration) to the end of PILGRIM without
trapping was found to be 50(20)%. Fig. 3 shows the obtained PILGRIM
shooting-through time-of-flight (TOF) spectrum of all the stable Er
isotopes, with first-step and second step lasers kept at a fixed frequency,
agreeing roughly with the natural isotopic abundance. The obtained
TOF width for 170Er without trapping was with mean TOF ≈ 84.4 μs
from the buncher extraction to the end of PILGRIM and FWHM of
179(8) ns, with optimization still in progress. The preliminary resolving
power obtained is 𝑅 ≈ 80, 000 for 1000 revolutions which can be
improved to the order of 𝑅 ≈ 105 as seen from the tests with alkali
elements [7,23,24].

3.2. In-gas-cell laser spectroscopy

For the laser spectroscopy measurements, the saturation curve for
the FES transition was measured before the gas cell chamber and the
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Fig. 4. (Top) Resonance ionization spectroscopy of Er in the gas cell for different
gas pressures (color) compared to the gas-jet spectroscopy of 170Er (black) for the FES
transition relative to 𝜈0 = 721,995,050 MHz. (Middle and bottom) Collision FWHM and
centroid shift were determined for the spectra as a function of pressure. A linear fit is
applied to the data to extract the pressure broadening and pressure shift coefficients
discussed in the text.

laser power was kept at 0.1 mW, well below the saturation power
where no more power broadening of the spectrum was observed. The
second-step laser power was kept at 50 mW. In the gas cell, the
collisions of the atoms with buffer gas cause collisional broadening of
the spectrum [25,26]. This broadening can be several GHz wide, which
limits precise measurements of atomic isotope shifts and hyperfine
constants. The ionization efficiency can also be strongly influenced by
the gas effects such as the collisional de-excitation [27]. In-gas-cell
resonant laser ionization of Er atoms was performed and characterized
for different gas cell pressures. The broadening of the Er excitation
spectral lines was studied by scanning the laser frequency over the FES
transition resonance peak. Fig. 4 (top panel) shows the gas cell FES
transition spectra as a function of argon gas cell pressures from 90–500
mbar, compared to a single resonance measured for 170Er in the gas
jet. The laser frequency measurements for the in-jet spectroscopy were
performed with a HighFinesse WS7 wavemeter with an accuracy of 30
MHz (fundamental), while the gas cell measurements were performed
with a WS6 version, having an absolute accuracy of 600 MHz. It can
be seen that the resonances broaden and experience a centroid shift
to lower frequencies with an increase in the gas cell pressure [12].
The reference transition frequency corresponds to the in-jet resonance
of 170Er which is 𝜈01 = 721,995,054(60) MHz. The value is within
the wavemeter accuracy of the transition frequency deduced from
the atomic beam unit (ABU) measurements (𝜈01 = 721,995,048(60)

Hz) [9]. The natural spectral linewidth depends on the transition
robability (9.6 × 107 s−1) and can be calculated to be 15.3 MHz
hich is negligible compared to the collisional broadening effect [28].
he first-step laser linewidth for gas-cell ionization was an average
f 1.8 GHz FWHM. The Doppler FWHM for the FES transition at an
stimated gas cell temperature of 𝑇 = 353(16) K was calculated to be
.75(2) GHz [12].

Spectra for the different gas cell pressures were fitted with a Voigt
rofile, using the Statistical analysis toolbox for laser spectroscopy
SATLAS) package [29]. For individual gas cell pressures, the Gaussian
WHM (calculated from the Doppler FWHM and the laser FWHM
inewidth) were fixed to 2654(226) MHz in the fitting procedure to
btain the resonance center and the Lorentzian FWHM, the latter being
ntirely due to the collisional broadening and the natural transition
105
linewidth. A linear least-squares fit was applied to the resulting col-
lisional FWHM and resonance shift data as a function of different gas
cell pressures from which the collisional broadening coefficient (𝛤𝑐𝑜𝑙𝑙)
and the shift coefficient (𝛤𝑠ℎ) were deduced to be 11(1) MHz∕mbar
nd -4(1) MHz∕mbar, respectively. The data (blue) and the resulting
it (orange) are shown in the lower two panels of Fig. 4. The centroid
hift from the fit line extrapolates to 398(143) MHz for zero gas cell
ressure. Since argon is used as the buffer gas, the shift coefficient
as a negative sign, i.e, the centroid is red-shifted [25]. For the mea-
urements, ion counts were detected after the QMF and therefore the
ndividual isotopes could not be distinguished. However, this should
ot affect the measured values as the isotope shift between the different
sotopes is in the order of 100 MHz, whereas the broadening of the gas-
ell spectra is several GHz. The spectral FWHM for a gas cell pressure
f 300 mbar was measured to be on average 4.5(2) GHz.

.3. In-gas-jet laser spectroscopy

To perform resonance ionization spectroscopy in the gas jet, the gas-
et chamber was pumped to a pressure of 1.25 × 10−1 mbar for a gas
ell pressure of 300 mbar. This was to match the background pressure
ith the gas jet pressure in order to obtain a homogeneous jet for laser

pectroscopy studies. Two laser configurations were used and charac-
erized, with the first-step laser aligned either counter-propagating or
ransverse to the gas jet, while the second-step laser was transverse
nd counter-propagating, respectively. For the transverse laser path in
he jet, a laser beam sheet of width 2 mm and length 50 mm was
repared using a combination of two cylindrical lenses (focal length, 𝑓 1
-20 mm and 𝑓 2 = 250 mm). A saturation curve for the FES transition
ith the injection-locked laser was measured. For the transverse con-

iguration, the first-step laser power was kept below 1 mW (measured
efore the laser sheet) to minimize the power broadening. The second-
tep laser power was kept around 170–200 mW. The second-step laser
as reoptimized to obtain higher count rates for gas-jet spectroscopy
easurements and hence the higher power compared to the gas-cell

pectroscopy measurements. Measurements performed in both laser
onfigurations gave a spectral resolution of less than 300 MHz FWHM.
ig. 4 (top panel) shows a comparison of the gas cell (color) and
as jet spectra (black). The values were scaled to 1 for comparison.
he obtained gas jet ion counts were more than triple compared to
he gas cell ion counts for the same second-step laser powers. More
ystematic studies of the jet ionization efficiency will be performed in
he future. Resonance-ionization laser spectroscopy of stable Er isotopes
except 162Er) in the gas jet using first excitation was performed. The
epresentative spectra are shown in Fig. 5. The weighted average of
he spectral FWHM obtained is 281(5) MHz. The isotope shifts (IS) for
70−164Er with 170Er as the reference isotope as well as the hyperfine 𝐴
nd 𝐵 constants of the odd isotope 167Er were determined (see Table 1).
o perform the measurements, the laser frequency was scanned over
he resonances for the individual isotopes, and the MagneTOF counts
fter PILGRIM were recorded using the Leuven TDC. The bunched ions
ere trapped for three revolutions in PILGRIM to have an increased

ime-of-flight allowing to separate the Er isotopes. The spectra were
itted with a Voigt profile, using the SATLAS package as shown in
ig. 5, fixing the relative intensities of the hyperfine components by
he corresponding Racah coefficients for 167Er. The hyperfine 𝐴 and
𝐵 constants were determined in two ways, firstly by keeping the 𝐴
and 𝐵 parameters for the 4f12 6s2 3H6 ground state free and secondly,
by fixing them to literature values, leaving free only the parameters
of the excited state, for the fit. The results of both methods of fitting
are in agreement with the literature [9,30–32]. The total uncertainties
were estimated following the approach detailed in [9], considering the
statistical uncertainties, the scattering of the values from the individual
scans, and the systematic errors of the wavemeter.

For estimating the Mach number of the jet, defined as the ratio
of stream velocity (𝑢) to the local speed of sound (𝑎), calculations
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Fig. 5. Laser spectroscopy of stable Er isotopes in the gas jet using the first excitation step relative to 𝜈0 = 721,995,050 MHz. The first-step laser was sent in a transverse geometry
nd the second-step laser in a counter-propagating direction to the Er atomic beam. The measured data points (black) are normalized by the laser powers of both steps and the
it is shown in red. The weighted centroid for 167Er is marked as the blue dashed line.
Table 1
IS values 𝛥𝜈𝐴′ ,170 = 𝜈𝐴′ - 𝜈170 of stable 168−164Er isotopes with respect to 170Er and hyperfine 𝐴 and 𝐵 constants, for the 4𝑓 126𝑠2 3𝐻6 and 4𝑓 12(3𝐻)6𝑠6𝑝 𝐽
= 5 atomic states of 167Er deduced from the gas jet measurements, are shown and compared with the literature values reported in [9,31,32]. Fit values
with A and B for the ground state kept free and fixed are shown. 𝜎(𝛥𝜈𝐴′ ,170), 𝜎(𝐴), and 𝜎(𝐵) indicated in parenthesis represents the total uncertainties
[9].
𝛥𝜈𝐴′ ,170 (MHz) 167Er HFS coefficients

4𝑓 126𝑠2 3𝐻6 → 4𝑓 12(3𝐻)6𝑠6𝑝 𝐽 = 5 4𝑓 126𝑠2 3𝐻6 4𝑓 12(3𝐻5)6𝑠6𝑝 𝐽 = 5

Mass number gas jet ABU [9] Method 𝐴 (MHz) 𝐵 (MHz) 𝐴 (MHz) 𝐵 (MHz)
168 96(6) 97(8) gas jet −122(3) −4847(237) −148(4) −2230(200)
167 138(8) 132(10) gas jet −121.8(fixed) −4563(fixed) −147.1(7) −1936(24)
166 196(7) 193(8) ABU [9] −121.80(75) −4563(53) −147.66(83) −1888(58)
164 283(7) 298(7) [31,32] −120.487(1) −4552.984(10) −146.6(3) −1874(16)
based on [12,16] were performed. For the calculated values, a weighted
average of the centroid and FWHM values from the SATLAS fits were
considered for the 170Er resonance. The transverse first-step laser con-
figuration was used to determine the atomic transition frequency (𝜈01)
f the 170Er atom 𝜈01 = 721,995,054(60) MHz. The local temperature
f the gas jet was determined from the Doppler FWHM and atomic
ransition frequency. The Doppler FWHM was calculated from the
WHM of the 170Er resonance after subtracting the contribution of
he natural and laser linewidths. The resulting value was 268(5) MHz
rom which the local temperature of the jet was deduced to be 46(2)
. The atoms flushed out with the buffer gas in the jet are assumed

o have the same velocity and temperature as that of the buffer gas
toms. The counter-propagating first-step laser configuration was used
o measure the Doppler shifted centroid of the 170Er resonance 𝜈02

721,993,693(60) MHz from which the stream velocity of the jet
= 565(35) m/s was calculated. The Mach number was calculated to be
= 4.5(3) from the stream velocity (𝑢) and speed of sound (𝑎) derived

rom the temperature of the gas jet. The deduced temperature in the
as cell is 𝑇0 = 353(16) K for the deduced Mach number. The deduced
ach number is lower than the value reported in [16] which might be

ue to a possible misalignment in the laser path or inhomogeneity of
he jet.

. Conclusion and outlook

The first off-line laser ionization and spectroscopy tests were carried
ut with the S3-LEB setup. These results show the potential of the setup
o perform high-resolution laser spectroscopy for on-line studies. These
esults show an order of magnitude better resolution than those in
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onventional gas cell experiments, as seen for Er, which at this stage
of development, gives encouraging prospects for laser spectroscopy of
heavy elements. The in-gas-cell and in-gas-jet resonance laser ioniza-
tion were explored in detail and the transmission across the whole
setup until the MR-TOF-MS was optimized to obtain a preliminary
transmission efficiency of 20% from the gas jet to the end of PILGRIM,
assuming an efficiency close to 100% for the S-RFQ and m-RFQ.
This overall efficiency includes the ion bunching efficiency and the
subsequent transmission to PILGRIM. The transmission from the cooler-
buncher to PILGRIM is currently 50%. In the future, the connecting part
to PILGRIM will be replaced by a 90◦ bender to couple to SEASON.
The foreseen re-alignment of the ion cooler-buncher unit gives room
for improvement of the transmission efficiency. The collisional effects
in the gas cell ionization were quantified for the transition used to
study Er isotopes. The isotope shift and the hyperfine constants were
measured and they are in good agreement with the literature values [9,
30–32]. The determined Mach number of the jet is below expectation
requiring more systematic studies of the jet conditions which will
be performed in the future together with a relative measurement of
the laser ionization efficiency in the gas cell and the gas jet. With
these off-line measurements, the setup is validated for future on-line
experimental studies at S3.
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