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Rl Beam Factory (RIBF)

Operation of RIBF (1997~)
The world’s most intense Rl Beams over the whole range of atomic masses

Powerful Heavy lon Accelerator (Projectile Fragmentation)

Existing Accelerator
Complex
18GHz ECRIS

400MeV/u (Light lon)
350MeV/u (Very Heavy lon, Uranium)
18GHzECR+RILAC+RRC+fRC+IRC+SRC | = 1puA (6 x 10%2 #/s)

New Cyclotron System




Specifications of RIBF ring cyclotrons

Challenging
RRC
fRC (1986-)
K-number (MeV) 700 540
Rinj (cm) 156 89
Rext (cm) 330 356
Weight (tons) 1300 2400
Sector magnets 4 4
Number o_f trlm_ coils 10 26
(/ main coil)
Trim coil currents (A) 200 600
RF resonators 2+FT 2
Frequency range (MHz) 54.75 18~38
Acceleration voltage
(MV)* 0.8 0.28
Turn separation (cm)* 1.3 0.7

*uranium acceleration

SC : superconducting, NC : normal conducting, FT : flattop resonator o
P J J P Courtesy of N. Fukunishi



SRC: the World’s First Superconducting Ring Cyclotron

power of extracted beam from
the cyclotron

K: the maximum bending rw‘“‘ \
" to BigRIPS

P

K =2,600 MeV

Max. Field: 3.8T (235 MJ)
Rf frequency: 18-38 MHz
Weight: 8,300 tons
Diameter: 19m Height: 8m
Total acceleration: 640 MV

Sector Magnets :6
Rf Resonator :4
Injection elements:
Extraction elements:

Self Magnetic Shield
Self Radiation Shield




Intensity upgrade at RIBF
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Intensity (pnA)

R&D studies on charge strippers (motivation)
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History of R&D on the 1ststripper

Rotating cylinder with a CNT-SDC foils

large foil (User run in 2011)
Carbon '
NanoTube foil

A

Slow rotation

—

f
Charge states in N,, Ar, CO, Technical challenge: Conflnement o

Is lower than acceptable charges.  He gas stripper

Foil

8 m and 0.5 m prototypes

Cross section of e-loss
and e-cap in Low-Z gas




Fundamental data for the 15t charge stripper

Charge evolution o(1le-loss) and o (1e-cap)
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Windowless He accumulation system

7 kPa (0.7 mg/cm2) He gas target
e b5stage differential pumping system
e Recirculation by Mechanical booster pump array (oil free)

APC valve
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He-gas stripper @ 11 MeV/u (1st stripper)

H. Imao et al, Phys. Rev. ST Accel. Beams 15 (2012) 123501 TMP

TMP

Mechanical booster

| 7 kPa (50 cm) 0.7 mg/cm? of He
i gas (windowless)

U 64+

Large beam aperture: > ¢ 10 mm
8 order pressure reduction: 7,000 Pa => 10 Pa
5 stage differential pumping: 21 pumps

He circulating volume: 300 m3/day

—

EFEOMRECHENDT T
(unique recycling system) : : -’
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FIG. 4. Equilibrium charge state Z,, for I——H. The target is
either 10-eV hydrogen plasma with n, =10' cm ~* or cold hy-
drogen gas of the same density; dielectronic recombination is
not considered.

1 Collisional ionization by ions

2 Coulomb collision with free electrons

3 bound electron capture

4 radiative electron capture = sigma(3) x 1/100
5 Dielectronic recombination



Cross section (cm2)
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WHWETTE A (20ug/cm2&{RIZLT)
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Thickness=17ug/cm2

T5XTNEH

J&:10717/cc



F—OTSXIDIXT A DE>001
Difficulty in accumulation of low-Z gas

The existing gas stripper . He ~15 ug/cm? (0.7 kPa )

(cf. N, 1.3 mg/cm?)
~1mg/cm? of low-Z gas is necessary to be accumulated to get higher charge state.
- A new device to make it possible ...

Plasma Window (1995-)
Inventor : Ady Hershcovitch (BNL)




Plasma Window (Wall Stabilization Theory)
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Schematic sketch of the low-Z gas stripper using
two plasma windows

Plasma Window

L1 L
He input
U 35+ beam R ’ U 7?7+ beam
j_[;:]r He output ﬁ[;:]_t

| | Scrol | Pump Gas Cel | Scrol | Pump | |
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R&D on Plasma Window at RIBF (-March 2011: Kuboki)

Plasma Window
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Viewing flow )
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Scroll Pump (NW40)
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Results: Ar 2 He,d =2 mm =2 6 mm (~2013)
gas cell with one plasma window

Restart: toward Larger aperture of 1~¥2cm (Sep. 2015, Ikoma)
Spectroscopy of arc plasma (with help from Prof. Namba)
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