
News from the RIKEN RI-beam factory
Michiharu Wada, RIKEN

 RIKEN RIBF, commissioning in 2007
 Experimental Facilities of RIBF
 SLOWRI: universal slow RI-beam facility

the world 
heaviest 
cyclotron

SRC 1998-2006
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Configuration of the 
RIBF accelerator 
complex

   - Energy=   345 MeV/u up to U ions             
400 MeV/u for light A ions

   - Intensity= 1 pµA up to U ions (6x1012 par./sec)

   - Max. beam power= 83.3 kW  (238U at 350MeV/u)

-> Production reaction: in-flight fission of U 
beams as well as projectile fragmentation

Goal performance of RIBF cyclotrons

Several modes in the 
cascade operation



First beam accelerated at SRC K2600MeV
16:00 28th  Dec., 2006

27AL10+ 345MeV/u
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First 
identification 
of isotopes at 
BigRIPS

86Kr + Be(2mm) 
at 345 MeV/u

Bρ setting for A/
Z=2 isotopes

March 13th, 2007
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First RI-beam 
production with 
238U beam at 
BigRIPS

238U + Be(5mm) 
at 345 MeV/u

Bρ setting for 
76Ni isotope

r-process path and A/Z=2.5 line were drawn by T. Nakamura, T.I.Tech. 

March 
27th, 
2007
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Identification from Bρ, TOF, ΔE, E
with an empirical matrix for optics

δ(A/Q) = 0.05% (AZr, at 1σ)

June 2007
new isotope
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A/Q

Z

A+3

A-1

96Rb (Z=37)
delayed γ (1-2 µs)

Identification from Bρ, TOF, ΔE, E
with an empirical matrix for optics

δ(A/Q) = 0.05% (AZr, at 1σ)

Pd (Z=46)

122Pd
123Pd

124Pd

125Pd (27 counts)

122Pd45+

121Pd45+

120Pd45+
119Pd45+

123Pd45+

126Pd (3 counts)

3.6×1012 238U86+ beam
   (4x107 s-1, -1day)
        - 10-5 of the goal

June 2007
new isotope



March, 2007
  12th    86Kr31+ beam at 345 MeV/u  several pnA.
  13th    First Production of RI beams with 86Kr beam
  23rd     238U86+ beam at 345 MeV/u  0.002pnA
  27th  First production of RI beams with 238U beam

May 16th-June 3rd with 238U beam at 345 MeV/u and ~0.03 pnA max
             Optics with primary beam and secondary beam
             Reconstruction, Detector performances, etc
             Rough yield measurements w/ Be and Pb targets
 Search for New Isotopes (Kubo et al) (5days)
 
June 29th-July 2nd, with 238U beam
  Detector tests (IC, NaI), etc
             Yield survey for 80Zn, 130Cd, etc

Recent Achievements and 
Commissioning Runs at BigRIPS

Nov. 2007   with 86Kr beam   Accelerator commissioning

only 4 months operation budget in FY 2007



Summary of the present accelerator performance

86Kr34+ 1.1 eμA (30 pnA)
238U86+ ~5 enA (0.04 pnA)

345 MeV/u

345 MeV/u

Tuning of Accelerators, BT
Flat-Top operation (phase acceptance)
Stripper, 
New Injector, New IS

εtrans <3% (~50% ^ 5 accelerators)
εstripper (RRC-SRC) <5% (15% * 30%)

IRRC ~15 pnA

Nov. 10th

Jun. 29th

10 pnA U

1 pμA U
feasible in coming year

need more investigation, 
investment

x100



Independent 
operations

of RILAC-GARIS 
(SHE, ..)
and RIBF

Injector system 
dedicated for RIBF

new injector

U35+

U71+

U86+
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2

1
6

1: 86Kr+Be
2: 136Xe+Be
4: U+Pb fission
5: U+Be Frag
6: U+Be fission

Expected RI-beam intensities 
78Ni    ~10 pps     (238U)   
132Sn  ~107 pps     (238U)   
100Sn  ~1 pps       (124Xe)

 I(primary beam) = 1 pµΑ.

Estimation based 
on the GSI data 
and the ABLABRA 
and EPAX2 formula  

Estimation of RI-
beam intensities 
@BigRIPS

Courtesy 
of T. Suda



135 MeV/nucleon
     for light nuclei 350 MeV/nucleon

      up to U

fRC

IRC

SRC

BigRIPS

zero degree
(spectrometer)

SHARAQ (UT)
(high-resolution
Missing mass)
       2006-2008

RIBF current and future plans

Slow RI
(gas stopper)

new injector

use of IRC beams
(moments, applications)

SAMURAI 7
(multi-particle)

Rare RI Ring
(mass)

SCRIT (e-RI)

free

1)

2)

1)1)

3)

4)

5)

6)

7)



Zero-degree spectrometer 

particle ID / momentum analysis

    e.g. Doppler shifted γ-ray measurements
 with identification of products
 (angle-integrated cross section)

γ

132Sn

From BigRIPS
γdetector

132Sn
133Sn

131Sn

DALI2 (NaI)

GRAPE (Ge)

Commissioning  in early 2008FY

β Spectroscopy
 without 2ndary target

Multi-function BT line
Medium resolution 

p/dp ~2000 - 4000
pacc ±3%

H. Sakurai et al



ZeroDegree/RI-beam delivery line



SHARAQ

SRC
beam

 line 
(disp
ersio
n ma
tchin
g)

SHARAQ
(CNS)

High-resolution spectrometer
with dispersion-matched beam line

 RI beam as probes
  e.g. double charge exchange
   

Bρ = 6.8 Tm
p/dp ~15000 (1mm obj)
Ω=4.6 msr,  dp=±1% QQ D DQ

S. Shimoura et al

swing 



SHARAQ construction

Magnets installed in 2007
Dispersive BT  in 2008
Commissioning in 2008?

dispersive BT line

sc-QQ

sc-QQ



SAMURAI７

Large solid-angle
spectrometer

  particle correlation
 unbound sates
 (p,2p)
 astrophy. (p,γ)
 nucl. matter

   SAMURAI7 (Superconducting Analyzer for MUlti 
Particles from RAdioIsotope Beams with 7 Tm)n-detector

RI beam
（from BigRIPS ）

target

p
heavy projectile fragment

n

vac. chamber

coil

pole（2m dia.) 80cm gap
return yoke

focal plane det.

turn table

super conducting 
magnet (3T)

Phase 2
T. Kobayashi et al



Spin polarized RI beam 
 IRC-based production

 nuclear moment
 condensed matter physics
   

RI spin lab.

Beam line 

RIPS

ＩＲＣ

target

ＳＲＣ

Pol. ＲＩ
beam

Phase 2
H. Ueno et al

use of old RIPS with IRC beam



Beam sharing by RF BEAM-SPLITTER + Lambertson magnet

Lambertson Magnet
    Pole Gap  : 40 mm
    Radius    : 2500 mm
    Bending angle  : 20°
    Path Length  : 870 mm
    Magnetic field  : 1.7 T

V

BigRIPS RIPS

f ∼ 19 MHz

courtesy by H.Ueno

IRC

to SR
C

to RIPS



Independent beam-intensity control

Independent beam-intensity control 
between BigRIPS and RIPS can be 
realized by installing second ion 
source

Beam-sharing operation:
1st and 2nd ISs are adjusted 
to the BigRIPS & RIPS 
phases, respectively

Double intensity to BigRIPS:
simply transport merged 
beams to SRC

In addition …
electrostatic 
beam
combiner

5M$ investments 2x 500M$ facility!

bunched

bunched



Rare RI ring

Isochronous ring 
with individual injection

 mass measurement for
 short-lived rarely-produced 
  nuclei

Isochronous ring

kicker magnet

TOF (particle ID)

ＲＩ
（from BigRIPS）

~100% injection
    < 100 s-1

Mass δm/m~10-6*
for 1 atom/day

* 200 keV for A=200

Phase 2

PI in BigRIPS

A. Ozawa et al

trigger



SCRIT

Self Confining RI Target

 electron-RI scattering
   

electron 
injector

storage ring

Ion source

RIs trapped by the electron beam

Scattered electron
SCRIT

e beam

SCRIT

105 pps injection
     -> L~1026 /cm2/sSuccessfully tested @ Kyoto U.

Phase 2

Charge form factor

M. Wakasugi et al

diffraction pattern of 
elastic scattering of Cs 
was observed
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Ion trap

collinear laser

MR TOF

SLOWRI

Universal Slow RI beam production
based on the rf ion guide method



RF carpet ＳＰＩ
Ｇ

Phase 1.5 M. Wada et al
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Phase 1.5 M. Wada et al

“Super ISOLDE”



RF
 io
n g
uid
e c
ell

Isotope
separator

slow RI beam

Ion trap

collinear laser

MR TOF

SLOWRI

Universal Slow RI beam production
based on the rf ion guide method



RF carpet ＳＰＩ
Ｇ

Phase 1.5

1. Wide Range of Nuclides
       No Chemical Processes in Production & Separation

2. High Purity
       No Isobar No Isotone Contamination

3. Small Emittance
4. Variable Beam Energy 
       1-50 keV Slow Beam,  <1eV Trapped RI, 1MeV/u (future option)

5. Human Accesibility during On-line Exp.

M. Wada et al

“Super ISOLDE”



200 mmφ

RF Ion GuideTM

nozzle  0.7mmΦ
He 100Torr x 2m

～2MeV/u
(0~10MeV/u)

€ 

EDC < 10 V / cm

M.Wada et al, NIM B204 (2003) 570.24

>100MeV/u



200 mmφ

RF Ion GuideTM

nozzle  0.7mmΦ
He 100Torr x 2m

～2MeV/u
(0~10MeV/u)

€ 

EDC < 10 V / cm

€ 

v = µEDC

Static Field:
  transports ions

€ 

µ: mobility 
~ 150 cm2 /Vs

finally stick to
the cathode

M.Wada et al, NIM B204 (2003) 570.24

>100MeV/u



200 mmφ

RF Ion GuideTM

nozzle  0.7mmΦ
He 100Torr x 2m

～2MeV/u
(0~10MeV/u)

€ 

EDC < 10 V / cm

€ 

v = µEDC

Static Field:
  transports ions

€ 

µ: mobility 
~ 150 cm2 /Vs

finally stick to
the cathode

M.Wada et al, NIM B204 (2003) 570.
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Edc

Eeff

~RF gradient Field:
          Ion Barrier

€ 

E eff in gas
max =

mµ 2Vrf
2

er0
3

€ 

2r0 ≈ electrode distance

€ 

F = − e2

4m
1

(Ω2 +1/ τ v
2 )
∇E rf

2 (r)

€ 

(E(r,t) = E rf (r)cos(Ωt),  τ v : relax time)

RF-Carpet
24

>100MeV/u



Cylinder DC-Electrodes
in Gas CellRF Carpet 

Central part is made of RF 
ring-electrodes with 0.28mm 
interval. An exit of 0.7 mmφ is 
located at the center. 

SPIG
RF six-pole ion beam guide 
made of ６-0.8 mmφ Mo 
rods transports ions to 
high vaccum. 

SPIG & Nozzle

Photo Gallery

25

13MHz 150V

22MHz 200V

OPIG rf octopole beam 
guide made of CFRP



Va
c

Vdc

AC-DC Dependence of Yield

alpha decay

Overall Efficiency:  ~5% max
(Ion guide Efficiency:  ~33% max)
Yield of 8Li:           24 kcps max

Yield and efficiency of 
slow Li-8 ions

~100 A MeV  8Li ions from RIPS
 8Li:  delayed alpha decay
          reliable measurements
          very light ion

M. Wada et al, NIM B204(2003)570
M. Wada, NIM A532(2004) 40
A. Takamine et al, RSI 76(2005) 103503

26 R&D at old RIPS



cylindrical

dc electrodes

wedge
degrader

RIPS

gas cellrf carpet

SPIG
quadrupole

mass filter
linear

Paul trap

channeltron

for spectroscopy

beamchenneltron

laser

He gas

-10

50

p
o

te
n

ti
al

 [
V

]
Laser Spectroscopy of Trapped Be ions @prototype setup

cooling 
  109 eV to 10-4 eV in kinetic energy

10-13 fold reduction! 

27

Isotope Shifts        charge radii,
HFS spectroscopy 
(BW -effect)      valence n radiii
  are in progress.

T. Nakamura et al,  PRA 74(2006)052503.
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10Be+ 22S
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T.Nakamura et al, Opt Comm 205 (2002) 329.

€ 

A = −625 008 835.23 (75) Hz
′ g I / gJ =  2.134 780 33 (28) ×  10-4

Pumped State by
σ+ Laser

Pumped State by
σ- Laser

Zeeman Splittings of the Ground-State Hyperfine Structure of 9Be

Double, Triple Resonance Spectroscopy of 9Be+

to determine A and g

€ 

WF (mJ ,mI ,b) = −
A
4
− (mJ + mI )γb

                      + mJ A2 ( 1
2 + I)2 + 2A(mJ + mI )(γ −1)b + (γ −1)2b2

                        b = gJµBB0 / h,   γ = gI ′ / gJ

Breit-Rabi's Formula:

28
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SLOWRI in 2009

1. Mass Measurements (MR-TOF-MS)
2. Charge Radii (Collinear Laser Spectroscopy)
3. Hyperfine Structure (Trap, Laser-MW Spectroscopy)
4. T1/2, Qβ, B.R.(βγ-delayed particle spectroscopy)
5. Nuclear Moments (hfs, β-NMR, PAC)
6. Fundamental Symmetry (β-decay in free space)
7. Atomic half-collision (Li-8, B-8,  2α-decay)
8. Charge form factor (with SCRIT)
9. Antiprotonic Radioactive Atoms
10. Inbeam-γ, Astrophysics (post acceleration)
11. ...



BigRIPS to SLOWRI

D(6o）
QQ

400φ hole

HEBT

BigRIPS D5



RF Ion Guide Gas Cell location

Gas CellISOL

B3Fへ



to B3F

5300
1200



SLOWRI Experiment Room (B3F)

Traps
Collinear fast beam
βNMR
MR-TOF MS
BeGaN
etc
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Estimated Yield
of Slow RI-Beams

U 10 pnA
Xe 0.5 pu!A
Kr 0.5 pu!A

with
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Assuming present performance
Including T1/2 and Space charge effect

107 cps

1 cps

Yslowri = Ybigrips*εtrans*εstop*Veff

Veff :Effective Volume =
1.0 (T1/2 > 0.4 s)
∝ T1/2 / 0.4{
1.0 ( Edeposit < 4.3 MeV*104 /s)
∝ Edeposit-0.5{

Edeposit ≈ 1.2A MeV/ion  (>Na)

Lifetime 
effect：

Space-charge 
effect：

34

>2800 nuclides will be available
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isotope scan
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Estimated Yield
of Slow RI-Beams

U 10 pnA
Xe 0.5 pu!A
Kr 0.5 pu!A

with

!!"#$

!%&'!"#$

($$)*+,-!#./$/,0!#/.12.*3,"/
4,"5)6+,-!7!89!/11/"0:!;#3"/!<=3.-/!/11/"0

Assuming present performance
Including T1/2 and Space charge effect

107 cps

1 cps

Yslowri = Ybigrips*εtrans*εstop*Veff

Veff :Effective Volume =
1.0 (T1/2 > 0.4 s)
∝ T1/2 / 0.4{
1.0 ( Edeposit < 4.3 MeV*104 /s)
∝ Edeposit-0.5{

Edeposit ≈ 1.2A MeV/ion  (>Na)

Lifetime 
effect：

Space-charge 
effect：
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>2800 nuclides will be available

isotope scan

isobar scan

isotone scan



• RIBF started operation

• Many different experimental facilities

• SLOWRI provides slow RI-beams of all 
elements

• ISOLDE users are welcome to RIKEN
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Multi-Reflection TOF Mass Spectrometer
ion mirror ion mirror ion detector buncher

Mass Resolving Power
60,000 (TOF~2ms)

Accuracy Check (Triplet)
δ=5.1(17.8) keV/c2

δM/M=6x10^-7

1) Short Meas. Time (~2ms)
2) Simple Operation
 Independent from
  Accelerators, RIPS..
3) Simultaneous Isobar meas.
 easy Mass reference
4) High efficiency
     Measurements/ beamtime

200,000 has been achieved with 7ms meas.

Y. Ishida, H. Wollnik et al
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>0.01cps

>0.0001cps

Boxes: known mass nuclei
Audi et al NPA 729(2003)3

1 ppb

1 ppm

N=28

N=50

N=82

Z=28

Z=50

Z=82

(A):BigRIPS

(B):SLOWRI

Accuracy of known mass
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primary beams:
 U 10 pnA
 Xe 500 pnA
 Kr 500 pnA

Candidate Nuclides to 
be measured at RIBF

Recent results from ESR, JYFL, etc. are not included!

A=80 isobars



BeGan ( βγn counter)

Paraffin

He3 n-Proportional Counter

HP-Ge Detectorslow RI beams from
SLOWRI

Tape Transport Plastic Scintillator (beta)

Photo multiplier

~４００φ

T1/2, Qβ, Branching Ratio measurements
for pure RI at low background

absolute efficiency: β 90%, γ 5%@1MeV, n 40%plan



Experimental Results on Be-10,9, 7

T. Nakamura et al,  PRA 74(2006) 052503

ε(Mn) =
µ

me



ε∞ +
1

Mn

〈
N∑

i<j

pi · pj

〉



= ε∞ − µ

Mn
ε∞ +

µ

Mn
K,

hνobs = εa − εb = hν∞ − µ

Mn
hν∞ +

µ

Mn
κ

ε = ε(Mn) + FS

Specific Mass Shift :   K
 (Mass Polarization parameter)  
Unshifted Transition Energy:  

present precision: 30̃120 MHz

determined for the first time
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FIG. 4: Histogram of observed peak frequencies of buffer gas-
cooled 9Be+ ions. The average value (•, 957 396.538(93) GHz)
is in agreement with the obtained value of the 2s 2S1/2 →
2p 2P3/2 transition (◦, 957 396.515(14) GHz) from the opti-
cally pumped 2s 2S1/2, F = 2, MF = −2 → 2p 2P3/2, F =
3, MF = −3 transition frequency ($, νpump) of laser-cooled
9Be+ ions. The 2s 2S1/2 → 2p 2P3/2 transition frequency in a
literature (!) [11] is also indicated for comparison.

average value of 957 396.538(93) GHz is in good agree-
ment with ν9. From these analyses, we conclude that the
peak frequencies measured in the buffer gas-cooled spec-
tra correspond to the transitions between the centers of
gravity of the hyperfine splittings within the experimen-
tal error. Therefore, we take ν7 = ν7

g.c. and ν10 = ν10
g.c..

However, the width of the fluctuation in these analyses
should be added to the systematic error in ν7 while it is
not necessary for ν10, since there are no hyperfine split-
tings in 10Be+.

III. DISCUSSION

The final results of the resonance frequencies of the
2s 2S1/2 − 2p 2P3/2 transition ν7,9,10 of the 7,9,10Be+ iso-
tope ions and the values of ν∞ and κ obtained by fitting
with Eq. (1) are tabulated in Table I. To clarify the dif-
ferent contributions to the isotope shifts, νA is plotted
as a function of µ/Mn (Fig. 5). The deviations of each
resonant frequency from the fit are indicated in the bot-
tom of Fig. 5. The open box at A=9 is an old value from
the literature [11]. This large discrepancy from the fit
supports our assumption that the extrapolation from the
high magnetic field caused a systematic error.

The present experimental results are compared with
three different theoretical calculations [14–17], as shown
in Table. II. Since all the theoretical values are calcu-
lated for the energy levels of 2s 2S and 2p 2P states,
ν∞ for the 2s 2S → 2p 2P transition is evaluated to be
957 503.83(28) GHz using the fine structure splitting of

TABLE I: Experimental results for the 2s 2S1/2 − 2p 2P3/2

transition of 7,9,10Be+ (ν7,9,10) and results of the fit with
Eq. (1) (ν∞, κ/h). All the frequencies are in units of THz.

A µ/Mn [10−5]a νA

7 7.819 781 82(13) 957.347 369(124)

9 6.088 204 76(29) 957.396 515(14)

10 5.479 285 28(24) 957.413 839(35)

11 4.978 033 7(31) 957.428 07(36)b

∞ 0 957.569 55(28)

κ/h −1 884.5(46)

aAtomic masses M are taken from ref. [13] and Mn = M − 4me
bEvaluated from the fit values ν∞, κ, and the mass of 11Be

300

400

500

600

0 2 4 6 8

ν
 -

 9
5
7

 0
0

0
 [

G
H

z]

µ/M
n
 [10

-5
]

ν
7

ν
9ν

10

(ν
11

)

ν
∞

NMS

SMS

(µ/m
e
) ν

0

0.2

0.4

0 2 4 6 8

d
ev

ia
ti

o
n
 [

G
H

z]

µ/M
n
 [10

-5
]

∞

ν
9
literature

FIG. 5: Resonance frequencies νA (2s 2S1/2 − 2p 2P3/2) are
plotted as a function of µ/Mn to indicate the two contribu-
tions — the NMS and the SMS — to the isotope shifts. The
deviations from the fits are also indicated at the bottom.

197.150(64) GHz [11] and the dependence of K on the
total spin J is ignored. Chung et al. [14, 15] used
a full-core plus correlation (FCPC) method with mul-
ticonfiguration interaction (CI) wave functions for the
2 2S state and a restricted variation method (RVM) for
the 2 2P state including a relativistic correction. Yan et
al. [16] used high-precision variational wave functions
in Hylleraas coordinates. Yamanaka [17] used a config-
uration interaction (CI) wave function with Slater-type
orbitals (STO). For hν∞, the FCPC and RVM methods
with relativistic correction give the best value, but it is
still smaller than the experimental value by six σ. Other
non-relativistic calculations disagree with the experimen-
tal value by more than 0.06%; this is much larger than
the quoted uncertainties or displayed digits. It should be
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three different theoretical calculations [14–17], as shown
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tom of Fig. 5. The open box at A=9 is an old value from
the literature [11]. This large discrepancy from the fit
supports our assumption that the extrapolation from the
high magnetic field caused a systematic error.

The present experimental results are compared with
three different theoretical calculations [14–17], as shown
in Table. II. Since all the theoretical values are calcu-
lated for the energy levels of 2s 2S and 2p 2P states,
ν∞ for the 2s 2S → 2p 2P transition is evaluated to be
957 503.83(28) GHz using the fine structure splitting of

TABLE I: Experimental results for the 2s 2S1/2 − 2p 2P3/2

transition of 7,9,10Be+ (ν7,9,10) and results of the fit with
Eq. (1) (ν∞, κ/h). All the frequencies are in units of THz.

A µ/Mn [10−5]a νA

7 7.819 781 82(13) 957.347 369(124)

9 6.088 204 76(29) 957.396 515(14)

10 5.479 285 28(24) 957.413 839(35)

11 4.978 033 7(31) 957.428 07(36)b
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FIG. 5: Resonance frequencies νA (2s 2S1/2 − 2p 2P3/2) are
plotted as a function of µ/Mn to indicate the two contribu-
tions — the NMS and the SMS — to the isotope shifts. The
deviations from the fits are also indicated at the bottom.

197.150(64) GHz [11] and the dependence of K on the
total spin J is ignored. Chung et al. [14, 15] used
a full-core plus correlation (FCPC) method with mul-
ticonfiguration interaction (CI) wave functions for the
2 2S state and a restricted variation method (RVM) for
the 2 2P state including a relativistic correction. Yan et
al. [16] used high-precision variational wave functions
in Hylleraas coordinates. Yamanaka [17] used a config-
uration interaction (CI) wave function with Slater-type
orbitals (STO). For hν∞, the FCPC and RVM methods
with relativistic correction give the best value, but it is
still smaller than the experimental value by six σ. Other
non-relativistic calculations disagree with the experimen-
tal value by more than 0.06%; this is much larger than
the quoted uncertainties or displayed digits. It should be
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Carbon OPIG

41

cross section

transport ions for >60cm, from 1 mbar to 10-9 mbar

radial confinement: rf multipole filed
axial transport: continuous DC field

cylindrical

dc electrodes

gas cellrf carpet

SPIG
quadrupole

mass filter
linear

Paul trap

channeltron

for spectroscopy

replace

CFRP rods (resistive)

Transport Efficiency: 
~70%

(preliminary, on-line exp)
Li-8

Patent in prep.



Yield and Total Efficiency for Different Beam Intensities
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(Ion guide Efficiency:  ~33% max)
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Comparison by another definition

Definition
Condition

€ 

efficiency∝1 Intensity
Space-Charge effect

€ 

charge density∝ Intensity

€ 

efficiency∝1 charge density

€ 

charge density: 10-17 ~ 10−15  C / mm3

} Different Numbers

Be careful for misleading numbers
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New Ion Guide Gas Cell

- Fully covered RF carpets (planer & cylindrical)
- Cryogenic cooling by thermal isolation



N

S

He

High Energy
Ion Beam

Thin
Degrader

RF-Rings

SPIG-TrapCyclotron-RF-Ionguide

I. Katayama et al. / Cyclotron ion guide for energetic radioactive nuclear ions 167

Figure 2. A trajectory of a 5 MeV/u 11Be4+ ion coming out of a proper Ta energy degrader at R = 50 cm

and 5000 Pa He gas. The ion starts with an azimuthal velocity of vx = 3.1 × 107 m/s and vz =
4.2× 105 m/s at (x0, y0, z) = (−500, 0,−3) mm. The charge state of ion is assumed to follow a charge
equilibrium given in [8]. Magnetic field is taken to be Bz = B0(1 − 0.25r/R) and Br = 0.25B0z/R
with B0 = 17 kG. The result shows (a) the ion orbit in (z, r)-plane, and (b) the ion orbit in (x, y)-plane.

dc field is also schematically shown in figure 1. Ions should drift along a line which

is perpendicular to the equipotential and come to the exit of the gas cell. Another

very crucial point in the present scheme is an employment of the potential barrier

(we call ion barrier) along the vessel wall generated by an rf field applied on ring

electrodes. Since the electrodes themselves form the local peak potential, so, if they

were at dc potentials only, quite a number of ions would be collected on the electrodes

and lost by neutralization. The hint of this structure comes from the so-called ‘electric

curtain’ which has been devised by Masuda and his group [10]. It has been used for

transportation of microparticles for industrial use. The ring structure of the present

scheme is discussed in the next section. The ions drifted to the exit of the vessel, then

extracted to vacuum in a usual way of ion guide method, go through the molecular

dissociator section and are collected by SPIG.

3. Ion barrier

Among several configurations of ‘electric curtain’, one example is such that an

infinite number of rod electrodes of diameter d are arrayed on a plane keeping a
distance b between two surfaces of the neighbouring rods [11]. Every alternative rod
is connected together in this case and is applied with the same phase of an ac potential.

The ion motions in the ac field are expressed with two components, i.e., a weak but

fast vibrating motion with the ac phase and a slow drift component. Due to a field

gradient generated by the rf field, the equation for the slow drift motion of the ion for

- Long stopping length
                 >10 m
- Short drift path < 30cm
- Isolated 
 high space-charge &
 drift path

Ideal condition for:
Fast extraction &

High Intensity

Hyp. Int. 115 
(1998)115. 



room for post accelerators?  (B1 floor)
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B3 exp room
9m x 11m
H 2m

B2 exp room
8.5m x 14m
H 8m

gas cell

isol-Dv

isol-Dh

B1 exp room
10m x 30m
H 2.5m (option)

(cyclotron ion guide)

lift

Laser Hut
3m x 5m
(clean)

DAQ  Hut
3m x 5m
(calm)

Decay Studies
(tape transport)
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MR-TOF-MS

combined trap
for HFS

Buncher

Buncher

Buncher

Quad-Q
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shield shutter

spiral 
staircase

Post Acceleration

B1 exp. room (10mx60m)

RFQ

IH-1

IH-2

Cyclotron Ion Guide
D4

Cyclotron Ion guide

17800

B1F Exp Room

to RFQ Linac

BigRIPS

If cyclotron ion guide provides high 
intensity slow RI-beam,

post acceleration is feasible.
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 number of energetic incident ions [cps]

Ca38/K37 @MSU
(L. Weissman et al, NIMA540(2005)245)

Li-8 @ RIKEN 
(A. Takamine et al, RSI76(2005)103503

Comparison by another definition

Definition
Condition

€ 

efficiency∝1 Intensity
Space-Charge effect

€ 

charge density∝ Intensity

€ 

efficiency∝1 charge density

€ 

charge density: 10-17 ~ 10−15  C / mm3

} Different Numbers

Be careful for misleading numbers



ρ0=5x10-18 C/mm3

ρ0=5x10-17 C/mm3

ρ0=5x10-16 C/mm3

N0=104 ions/s

N0=106 ions/s

N0=108 ions/s

Ion Trajectories under space-charge 
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Ion Trajectories under space-charge 




