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Abstract charge states that maintain the non-destructive feature of

A charge stripper using low-Z gas is an important can}—:]e;wédl_i]' :Sogivciréd:ﬁzggobu;gzes(;hg]f%ﬁeeg%l%t'?tn g‘;
didate to replace existing carbon foil strippers for appli- 2 gas | val u meutty

cation to high-intesity?**U beams. Here, the maximum preparing thick windowless gas targets. Furthermore reli-

mean charge state and the charge evoluticht beams able charge-changing cross sectiong#8U colliding with

injected at 10.75 MeV/u were investigated using thick H alow-Z gas at energies around 10 MeV/u are not yet avail-
%Ie. In the present study, the maximum mean charge state

and He gas strippers. The charge states achievable with ﬁke mean charge state reaching a maximum aradually be-
low-Z gas strippers (around 65+) are superior to those g g . 9 y
comes lower because of energy attenuation) and the charge

-2 ) .
medium-Z gas strippers around 55+. evolution of?33U beams injected at 10.8 MeV/u was inves-

INTRODUCTION tigated using thick K and He gas.

A critical issue at the RIKEN RI-beam facility (RIBF) TARGET SYSTEM
[1] is the need to improve the present intensity2dfU

beams 0.8 pnA) towards the intensity goal of L, A key component for realising a massive low-Z gas

L : charge stripper is a windowless connection between the
which is expected to provide an enormous breakthroughf%righ-vacuum beamlinex(10-* Pa) and the high-pressure

exploring new domains of the nuclear chart. The construc- ) . . .
tion of a new injector, RILAC2 [2], which has a 28-GHz Su_?argaei;[dreH%on. The dlf;(?rennal pumping performf’;\nce fpr
2 gas is much lower than that in comparison with

erconducting electron cyclotron resonance ion sourge . . .
b g Y cel at for ordinal medium-Z gases such as RF8U colliding

was gomplgted a.t the end of 2010. This was an |mporta\r/1wth alow-Z gas has lower electron-loss (EL) and electron-
step in the intensity upgrade U beams.

Before high-power®U beams are realised with the capture (EC) cross sections th&tU colliding with N,.

o . dAs a result, the injected ions have a larger mean free path
powerful injector, various problems must be resolve

X . . 0f the injected ions, which causes slow equilibration. A
These problems are associated with the acceleration of S . . .

. ) . simple estimation of the charge evolution using theoreti-
beams 100 times more intense than previous beams in

the facilitys four cyclotrons: the RIKEN ring cyclotron cal EL and EC cross sections for He [9] indicates that a
(RRC) [1], a fixed-frequency ring cyclotron (fRC) [5], an thickness greater than 1 mg/2is required for 10.8 MeV/u

intermediate-stage ring cyclotron (IRC) [6] and a su ercor1238U beams to attain the maximum charge state. However,
g gey P a value of only 0.4 mg/ctis required for N [10].

ducting ring cyclotron (SRC) [7] at the RIBF. The develop- e -
. _ X I To overcome these difficulties, two dramatic improve-
ment of a reliable, efficient electric charge stripping noeth : ;
ments were made to the gas accumulation method in the

applicable to high-intensity uranium beams is a key issue ) .
affecting the overall acceleration performance. present study: (1) a long gas strippesd( m) was used

In the present acceleration of uranium beams at tl"lbg which the low-Z gas was directly accumulated in the

RIBF, two carbon-foil charge strippers [8] are used after th eamline and (2) the design of the differential pumping sys-

RRC and the fRC, respectively. Although solid carbon—foi}ems. was _opt|m|sed and |mp_roved. To accumulate th_'Ck
%as in a high-vacuum beamline, a long gas-filled region

charge strippers provide good charge—stripping eficienc ith conductance limiting tubes having small apertures is

two serious problems are emerging, especially in the ﬁr:?avourable However, a long stripper increases the lateral
foil stripper: (1) a short usable time and (2) non-uniform : ! 9 stripp

thickness. Uranium beams having intensities as low asg:)read of the beam. Further, the narrow apertures intercept

10 pnA passing through the simple carbon foil becomes obf ;eor;txzsbgat?ﬁiz-rezebdisgg;g;rgze t%aessed;?)?;;:gfsp;%
of the acceptance of the subsequent cyclotrons afterlas lit y P y con: 9

: i he calculated beam trajectories.
as 12 hours presumably owing to radiation damage [8].

) : - ) . . The charge-stripping system consists primarily of two
A charge stripper using low-Z (Z: atomic number) gas | huge differential pumping systems located at either end of

a possible candidate for replacing the existing carbon fO{ e 8-m charge stripping section and a gas inlet line con-
strippers [8]. Because the electron capture process is sup:

pressed, low-Z gas is expected to provide high-equilibriume .ted 0 th-e gas-handiing system (Fig. 1). In the differ-
ential pumping systems, the conductances among the vac-

*imao@riken.jp uum chambers are limited by the diameters of the tubes,
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Figure 1: Cross-sectional view of the charge strippingesyst

which are 6-10 mm (UAP1-3 and DAP1-4). In the current hibited high differential pumping ability; its performagc
setup, the gas-cell system used in the previous system [M¥s more than 3 times better that of the DDP. Although the
was fully devoted to one-sided evacuation as a differentig¢ngth of the UDP was as small as 1 m and the diameter of
pumping system on the downstream side (DDP) (Fig. 1). the beam passage was more than 6 mm, a pressure transi-
For the upstream system (UDP), a new tube-separattidn from 15 kPa for He (3 kPa for ) to 10-2~10-* Pa
three-stage differential pumping system was designed am@s achieved. The pressure of the upstream beamline was
constructed. Vacuum was achieved in stage 1 of the UD#he order of magnitude lower than the third-stage pressure.
by using a powerful mechanical booster pump backed by a In the current 8-m charge-stripping system, a thickness
rotary oil pump. A high-throughput turbomolecular pumpof 1 mg/cn¥ for Hy and 5 mg/cri for He was achieved
was used in stage 2 and an ordinal one was used in stagevBile maintaining a tolerable beamline pressure. These are
Flow-disturbing plates were placed between UAP1 anteasonable values for achieving the maximum charge state
UAP2; they were specially designed to slow the flow ofor 10.8 MeV/u?*®U beams. The achievable gas pressure

the supersonic gas jet from UAP1 to UAP2.

in the two differential pumping systems is limited by the

Performance tests of the UDP and DDP were performegeerformance of the DDP. ThesHyas pressure is also lin:
separately by shutting down the system not being testeited by the flow limit of 20 SLM, which was determined on
The measured pressure distributions farahd He gas in the basis of the facilitys safety regulation standards.
the UDP and the DDP are shown in Fig. 2. The UDP ex- The effect of the flow-disturbing plates on the differen-
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tial pumping performance is shown in Table 1. Note that
the maximum gas pressure is greater by a factor of approx-
imately three in the presence of the plates.

Table 1: Effect of the Flow-disturbing Plates
gauge index PO P1 P2 P3
[kPa] [Pa] [Pa] [Pa]
w/o disturber 6.3 1045 56.0 8210°°
with disturber  16.2 433.0 46.5 5410°

EXPERIMENT

In the experiment, the 8-m-long low-Z gas-charge-
stripping system was placed on the beamline between'the
RRC and the fRC at the RIBF. The 0.68 MeV/dy
beams extracted from RILAC were accelerated to 19.8
MeV/u using the RRC. The beams extracted from ihe
RRC (1006-200 enA in the present measurements) passed
through the 8-m-long gas charge stripper. We transpcited
the 238U beams passing through the 8-m charge stripping
section with up to 50% transmission efficiency by fine ad-
justment of the magnet parameters on the basis of =al-
culations. The charge distributions of the beams passing

Figure 2: Pressure distributions in the UDP and DDP. {hrqugh the stripper were analysed with the two dipcle
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magnets and the faraday cup downstream.
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MEAN CHARGE-STATE EVOLUTION CONCLUSION

- In this study, the charge state evolution?tU beams
The fraction,F'(g;), of the charge statey, was deter- . . :
(2:) g % Ujsected at 10.8 MeV/u was measured using ¢hs tar-

mined by using the same procedure as that used in previoI . X
measurements [10]. We used the measured injected-begms with a thickness of 0.111.05 mg/cni and He gas tar-

currentsl;,; and the analyzed onds,, with a dipole mag- gets with a thickness of 0.201.73 mg/cm and the newly

net to deduce(q;)=1/N{(Luna/qi)/(Iin/aimi)}, Where developed low-Z gas target system. The obtained maxi-

N andg;,; are normalized factor and the initial charge statd'um mean charge_sta_te for the low-Z gas targets was ap-
(equal to 35), respectively. Gaussian functions were ﬁt_proxmately 65", which is considerably higher than that of

ted to the obtained’(¢;) for Hy, and He gas to determine medium-Z.gas targets such a@&hd Ar (around 5.5)' The
the mean charge stateg,..,. The mean charge,..on results indicate thqtacharge-gtnpplng system_lnvglﬂm_
for the H, and He strippers are plotted as functions of th&lS€ Qf low-Z gas IS an attracuve choice for high-intensity
calculated gas thicknesses (Fig. 3). For comparison witffantum beams with energies near 10 MeV/u.
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