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Abstract A new gas delivery system is designed and installed for HIRFL-CSR cluster target. The original
blocked nozzle is replaced by a new one with the throat diameter of 0.12mm. New test of hydrogen and argon
gases are performed. The stable jets can be obtained for these two operation gases. The attenuation of the jet
caused by the collision with residual gas is studied. The maximum achievable Hs target density is 1.75x10"
atoms/cm?® with a target thickness of 6.3x10'? atoms/cm? for HIRFL-CSR cluster target. The running stability
of the cluster source is tested both for hydrogen and argon. The operation parameters for obtaining hydrogen
jet are optimized. The results of long time running for Ho and Ar cluster jets look promising. The jet intensity

has no essential change during the test for Hy and Ar.
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1 Introduction

HIRFL-CSR, a (CSR)
projectm, is the upgrading system of the Heavy Ion
Research Facility in Lanzhou (HIRFL). It consists of

a main ring CSRm and an experimental ring CSRe.

cooler-storage ring

The cluster target is located at one straight section of
CSRe which can provide the gas target of inert gases
and small molecular gases with the expected density
of > 10"?atoms/cm? for the experiments with highly
charged ions'”. HIRFL-CSR cluster target has been
finished and installed in the due position of the ring.
The test experiments have been done for N, and Ar
gases. The target thicknesses of 1.2x10"atoms/cm?
and 1x10%atoms/cm? are obtained for N, and Ar
gases, respectively. The first test with hydrogen is not
successful since the pumping speed of Leybold turbo-
pumps (T1600) for hydrogen drops dramatically

down at the inlet pressure range of 107'—10~?mbar
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and it is not possible to obtain a stable hydrogen jet
in that case. Stable hydrogen jet is finally obtained
after replacing the two Leybold T1600 turbo-pumps
with two Varian Turbo-V2000HT turbo-pumps at
the nozzle stage, and improving the conductance of
the connecting line between the roots pump and the
turbo-molecular pumps of the cluster source. The
maximum target density of 6.6x10'2atoms/cm? is
obtained for hydlrogen[g]7 but it is not stable due to
the problem of nozzle blocking.

In the further test experiments the running of the
cluster target system is troubled with the frequent
blocking of the nozzle with a diameter of 0.1mm. The
system may run for a long time only when liquid ni-
trogen is used as the inlet gas. The stable jets can-
not be obtained for other operation gases. The noz-
zle blocking is mainly caused by the impurity coming
from the inlet gas. The gas purity in the gas source

and the cleanness of the gas pipe connecting the gas
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bottle and the nozzle stage should be improved. Thus
a new gas feeding system including the high purity
gas sources (99.9999%), the gas pipeline of electronic
grade, the metal valves, the standard fittings, and
the effective gas filter is designed and installed. The
original blocked nozzle is removed from the source
and a new one having a throat diameter of 0.12mm
is installed. The nozzle and skimmers have then been
carefully aligned.

New testing of hydrogen and argon gases have
been performed at the HIRFL-CSR cluster source
with the new gas feeding system. The stable jets
can be obtained for these two operation gases. The
jet formation under different nozzle pressures is stu-
died, and the running stability of the cluster source is
tested both for hydrogen and argon. The operation
parameters for obtaining a good hydrogen jet are op-
timized. The results of long time running for H, and
Ar cluster jets look promising. The jet intensity has

no essential change during the test for H, and Ar.

2 Results and discussion

The cluster jet source consists of three vacuum
chambers (Fig. 1). The first chamber is the source
part of the cluster target; the second one is the in-
teracting chamber where the jet interacts with the
ion beams and the third one is the jet dump cham-
ber. The source part includes four stages: nozzle-1st
skimmer stage (1st stage), 1st skimmer-2nd skimmer
stage (2nd stage), 2nd skimmer-3rd skimmer stage
(3rd stage) and 3rd skimmer-4th skimmer stage (4th
stage). The clusters are produced during the expan-
sion of the gas in the supersonic part of the nozzle.
The cluster beam is formed while passing through the
set of the skimmers, giving an intense beam with a
well-bounded intensity profile. To get good clusteri-
zation, it is necessary to keep the temperature of the
nozzle in the range corresponding to the saturation
vapor pressure at a given working pressure. The noz-
zle is thus placed on the second stage of the cryohead
and allows the temperature changing from 20K to
300K by using a heater wrapping on the nozzle. The

gas flowing into the nozzle is first cooled in the heat

exchanger and then cooled down to the temperature

of the nozzle.
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Fig. 1.
PE: gauge, EV: electropneumatically valve,

Layout of the cluster target.

NV: needle valve, MP: mechanical pump, IP:
ion pump, DRY: dry pump, RP: roots pump,
TP: turbo pump.

2.1 The pressure distribution in the cluster

source

Testing of the H, and Ar gas jets was performed
at the HIRFL-CSR cluster source. A liquid nitrogen
trap filled with charcoal was used during H, test to
clean the gas coming into the source. Fig. 2 shows
the results of pressure measurements in the different
chambers of the cluster source versus the nozzle pres-
sure (P,,) for hydrogen. P1, P2, P3 and P4 are the
pressures in the 1st, 2nd, 3rd and 4th vacuum cham-
ber for H, gas, respectively.

The measurements were done for the possibly low-
est nozzle temperature (7,,) when the nozzle heating
supply was switched off. The increase of nozzle tem-
perature in Fig. 2 may be explained by the gas flow
heating. Fig. 3 presents the results of pressure mea-
surements in the different chambers of the source ver-

sus the nozzle pressure (P,,) for argon. P1, P2, P3
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and P4 are the pressures in the 1st, 2nd, 3rd and 4th

vacuum chamber for Ar gas respectively.
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Fig. 2. Pressure reading in different chambers

of the cluster source and temperature in noz-
zle versus the pressure of the nozzle stage for

hydrogen.
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of the source and flux in nozzle versus the pres-

Pressure reading in different chambers
sure of Ar at the nozzle stage.

As it clearly demonstrates that the P4 curves for
Ar (Fig. 3) and for H, (Fig. 2) differ greatly from
each other. The intensity of the Ar jet increases in
the whole range of P,, but the intensity of the H, jet
increases only in a limited range of P,, (up to 350
mbar) and after that the jet intensity goes down, and
the maximum flux of the H, jet may be achieved at
P,,=350 mbar. The hydrogen jet may be attenuated
by the collision with the residual gas, but the atten-
uation effect is small in case of the argon jet since
heavy clusters will hardly be attenuated through the
collisions with the residual gas. The pressures in the
1st and 2nd chambers increase as the P,, increases,
and the attenuation by the collision with the residual
gas will lead to the decrease of the pressures in the
3rd and 4th chambers until the increase of the jet flux

and the decrease due to the attenuation achieve the

equilibrium. The co-influence of the increase of the
jet flux and the decrease due to the attenuation leads
to the fluctuation structure of the P3 and P4 in case
of hydrogen jet as shown in Fig. 2, and P3 and P4
increase monotonously as the increase of the P,, in

case of argon jet as shown in Fig. 3.
2.2 The maximum H, jet density

The main parameter of the cluster source is the
maximum possible jet intensity that could be ob-
tained for a stable vacuum condition of the source!® .
One can determine the target intensity by measuring
the pressure change in the 4th chamber when the gate
valve connecting 4th chamber and interaction cham-
ber is changed from close to open[G].

Considering the pumping speed in the 4th cham-
ber is about 2300-1/s for H2[6], the H, jet flux at the
nozzle pressure of 350mbar could be estimated by the
products of the pressure change and pumping speed

of the 4th stage for H,:

Q = 1.3x 10 ®mbar x 2300-1/s=3 x 10 *mbar-1/s =
7.35 % 10"°mol/s. (1)

Here 1.3x10~%mbar is the pressure change at the 4th
stage when the valve connecting the 4th chamber and
the interaction chamber changes from close to open.
The density of H, jet in the centre of the interac-
tion chamber (interacting point) could be calculated

as follows:
n=p/v/S., (2)

where p(atoms/s) is the intensity of atoms in the jet,
v(cm/s) is the velocity of the clusters, S(cm?) is the
cross section of the jet. In the present case the velo-
city of the Hy clusters v=8.4x10%m/s at the nozzle
temperature of 34K. The jet diameter at the interac-
tion point estimated from the size of the 4th skimmer
is D;;=3.6mm and its area is S=10.0mm?*=0.1lcm?.

The jet density is:
n = 2x7.35x10'/8.4x10*/0.1=
1.75 x 10" (atoms/cm?), (3)
which corresponds to a target thickness of d =

1.75x10%x0.36 = 6.3x10'?(atoms/cm?). The gat jet
target at ESR, in Darmstadt, Germany has typical
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target density of 1x10'*3atoms/cm? for H, after cool-
ing the nozzle down to 77K with liquid nitrogenm.
The H, jet density we have obtained is higher than
that of the ESR internal target, and is also better

than the expected value of 1x10'atoms/cm? for H,.

2.3 The temperature dependence of the H,

jet intensity

The temperature dependence of the H, jet inten-
sity for a given total flux through the nozzle was in-
vestigated. The measurements were done for the flow
rate of 14.1mbar-1/s. The temperature of the nozzle
was controlled by a copper sensor and changed by a
heater located on the nozzle. Fig. 4 shows the mea-
sured results. In Fig. 4 one can see the H, cluster jet
intensity decreases dramatically with the increasing

of the nozzle temperature.
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Fig. 4. Pressure reading in different chambers
of the cluster source versus the temperature of
the nozzle.

2.4 Running stability of the cluster source

To understand the long time running stability of
the cluster source, the measurements of pressures
reading in different chambers as a function of run-
ning time were performed. The test was done both
for Ar and H, gases. The results are shown in Fig. 5
and Fig. 6. Fig. 5 shows the pressure reading in differ-
ent chambers of the source and the total flux through
the nozzle versus the running time for Ar gas, and
the nozzle temperature was 139K. Fig. 6 shows the
pressure in different chambers of the source versus
the running time for H, gas, and the nozzle tempera-
ture was 34K. The total flux through the nozzle was
13mbar-1/s. As one can see in Fig. 5 and Fig. 6, the

results of long time running for Ar and H, cluster

jets look promising. The jet intensity is no essential

change during the test time.
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Fig. 5. Pressure in different chambers of the

cluster source and flux in the nozzle versus
the running time for Ar gas.
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3 Conclusion

New test of hydrogen and argon gases are per-
formed. The jet formation under different P,, and
the attenuation of the jet caused by the collision with
residual gas is studied. The maximum achievable H,
target density is 1.75x10"® atoms/cm?® which corre-
sponds to a target thickness of 6.3x10'* atoms/cm?
for HIRFL-CSR cluster target. The H, jet density
achieved is higher than that of the ESR internal tar-
get, and is also better than the expected value of
1x10"%atoms/cm?® for Hy. The results of long time
running for H, and Ar cluster jets look promising.
The jet intensity has no essential change during the

test for Hy and Ar.
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