
SLOWRI: a universal low-energy 
RI-beam facility at RIKEN RIBF

SLOWRI BTL	

14th Mar 2014

Gas Cells	

31st Mar 2014

1997	
 Basic idea	
IGISOL6, Dubna (Hyp Int 115(1998)165)	

1998	
 Offline studies at INS, UT	

2000	
 Online studies with POP at RIKEN RIPS (8Li extracted)	

2002	
 RF-carpet with large gas cell (NIM B204, 570 (2003)	

2003	
 MRTOF offline studies (NIM B219, 468 (2004)	

2003      “SLOWRI” named (16th May, 2003)	

2005	
 space charge effect (RSI  76 (2005) 103503	

2006	
 Laser spectroscopy of radioactive Be (PRA 74(2006)052503	

2007	
 HFS of 7Be+ (PRL 101, 212502 (2008))	

2008      Garbage Collection idea (present “PALIS”)	

2009	
 Government Regime change	

2010	
 HFS of 11Be+ (PRL 112, 162502 (2014))	

2011	
 Earthquake	

2012	
 PALIS POP offline studies (NIM B295, 1 (2013)	

2012      MRTOF online studies (PRC 88, 011306(R) (2013)	

2013      SLOWRI granted (Abenomics)	

2014      SLOWRI (hardware) installed	




ISOLDE Workshop and Users 
Meeting 2007/2008 18 Dec 2007

Minor ISOLDE



ISOLDE Workshop and Users 
Meeting 2007/2008 18 Dec 2007



ISOLDE Workshop and Users 
Meeting 2007/2008 18 Dec 2007



Competitions

	
 	
 	
 	
 ISOLDE	
	
 	
 	
 SLOWRI(prototype)	
!
Laser Spectroscopy of Be isotopes	
!
Charge radii	
 	
 PRL 102,062503(2009)	
 EPJ 10883(2009)	

	
 	
 	
 	
 	
 	
 	
 	
 	
 sub. to PRC	
!
Hyperfine const.	
 	
 	
 	
 	
 	
 PRL 101,212502(2008)	

	
 	
 	
 	
 	
 	
 	
 	
 	
 PRL 112,162502(2014)	
!
First MRTOF online exp	

	
 	
 	
 	
 Nature 498,346(2013)	
 PRC 88,011306(R)(2013)	
!
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Laser-Cooled Trapped Ions @RIKEN
Collinear Laser Spectroscopy @ ISOLDE
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Future
	
 	
 	
 	
 	
 	
 	
 	
 	

!
Laser Spectroscopy of DIFFICULT Elements	
!!
MRTOF Mass Measurements of DIFFICULT & Short-Lived Elements	

	
 	
 	
 	
 Nature 498,346(2013)	
 PRC 88,011306(R)(2013)	
!
Ultra-High Precision Spectroscopy with Optical Lattice Clock

H. Katori	

Système Riken18-digits



SLOWRI 
Stopped and low energy  RI-beams of all elements for 

comprehensive precision spectroscopy
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Installed Mar 2014

BigRIPS

PALIS	

Gas Cell

RF Carpet	

Gas Cell

Universal RIParasitic RI

Mass Spectrograph	

Laser Spectroscopy	

Trap Apparatuses	

αβγn spectrometers

PALIS	

Gas Cell

Relativistic RI Beam

Low-energy or Trapped RI Beam

5 months/y 2 weeks/y



SRCIRC

Target

F2 F3

SLOWRI at RIBF

F1
D4

RF-carpet 	

Gas Cell

PALIS	

Gas Cell SLOWRI BTL

SLOWRI	

Exp Room

Lasers

BigRIPS

10m
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ABMR

MRTOF

Tokyo-EBIT

Laser Table
Tape+	


Total Abs	


BRIKEN	


implantation

B2F

Ito  PS1-C010

Schury  PS1-B023



 

Fast 	

RI Beam

<30 keV	

RI beam

2 m

high voltage cage

RF Carpet Gas Cell  -bird’s eye view-

cryogenic	

gas cell

pitch: 160 um (80+80)	

exit orifice: 320 umΦ	

diameter: 120 mmΦ

RF Carpet

Arai  PS1-C008

ion

RF carpet

2x175W@77K



Axial Curtain(PCB)

Exit Curtain(wire or PCB)

Fast RI beam

exit(wire)

Entrance(strip)

side(strip)
Bottom(strip)

top(strip)

Axial Curtain

100umW, 100um gap

ion surfing mode transport on a rf curtain

S. Masuda 1972, G. Bollen 2011
IJMS 299(2011)131

RF transport 
structure in the cell

270

160

1500
1500max 80max

<4ms<25ms

total:  30 ms max	

10 ms nominal



An Inconvenient Truth

N=Z

N=!3 Z

Xe 0.5 pu"A
(3*10^12 pps)
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Many nuclides are 
simultaneously produced from 

a single ion beam

When other one plays with 78Ni,	

Many nuclides are freely available at F1 or F2 slits

A/Z=+5%

A/Z=-5%

>99.9% are simply 
abandoned!



Low	  energy	  bunched	  RI-‐beam
Laser	  beams

movable	  gas	  cell	  
-‐60	  ~	  +160	  mm

Main	  Beam

700	  mm

offline	  installaBon	  
by	  Mar.	  2014	  
online	  installaBon	  
FY2015

PALIS Gas Cell

BigRIPS	  F2	  Chamber

Sonoda  PS2-C001

Resonance	  	  
Re-‐IonizaBon



DayZero exp. of PALIS

1st online comm.?

RIS spectroscopy for Cu, In isotopes @D3_out
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�1 = 244.164 nm

1 234

F=1

F=1

F=2

F=2

Cu+ + e- Autoionizing state

�2 = 441.6 nm

ground state

2

3

4
65Cu

First ionization
Limit 62317.4 cm-1

63Cu

59Cu

57Cu: 6 ions/s

40943.73 cm-1
4P0

1/2

2S1/2

�(ACu) = �(63Cu)
Ahf(

ACu)

Ahf(
63Cu)

T.E. Cocolios, A.N. Andreyev, B. Bastin, N. Bree, J. Buscher, J. Elseviers, J. Gentens, M. Huyse, Yu. Kudryavtsev, D. Pauwels,
T. Sonoda, P. Van den Bergh and P. Van Duppen Phys. Rev. Lett. 103, 102501-3 (2009).

This work

K. Minamisono et al.

GXPF1
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Ex. RIS Spectroscopy in Gas Cell @Leuven 2008



Day zero exp @ rf gas cell
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Ion Trap (New)

RF-Carpet Gas Cell

High Energy RI-beam

MRTOF

direct coupling of MRTOF to Gas Cell
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27.5 ms

65
                   Cr
23.8 ms
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             Mn
64.2 ms

66
             Mn
46.7 ms
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28.4 ms
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16.0 ms

69

                Fe
351 ms

66
                Fe
394 ms
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                Fe
188 ms
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                Fe
110 ms

69
                Fe
   77 ms
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                Fe
   28 ms

71
                Fe
   10 ms

72

                Co
329 ms
496 ms

67
                Co
200 ms
 1.6 s

68
                Co
227 ms

69
                Co
   113 ms
   500 ms

70
                Co
   80 ms

71
                Co
59.9 ms

72
                Co
   41 ms

73
                Co
   30 ms

74

                Ni
      68 s

68
                Ni
   11.5 s
     3.5 s
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   2.56 s
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   1.57 s
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                Ni
840 ms
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341 ms
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                Cu
638 ms
1.27 s
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                Cu
  2.85 m
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       33 s
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71
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   6.63 s
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                Cu
      4.2 s
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   1.63 s
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   1.22 s
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                Zn
      5.7 s
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   46.5 h
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    23.5 s
  13.0 ms

73
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   95.6 s
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         5 s
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   2.08 s
   1.05 s
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                Ga
    32.6 s

76
                Ga
    126 s
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   13.2 s

77
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   5.09 s

78

Wide band mass spectrograph
P. Schury et al, IJMS,  359(2014)19simultaneously 

measure multiple A 
nuclides

Different A ions have different # of laps,	

Identification of # laps is possible by a simple algorithm.

Schury  PS1-B023



• Lets see the results in ARIS 2017 in North 
America



Two type gas cell for SLOWRI

RF-carpet Gas 
Cell

PALIS Gas Cell	

Laser IS

PALIS	

IGISOL

ISOL

elements ≈all ≈70% elements ≈all <50%

nominal 
extraction 

time

≈10 ms ≈0.1 s ≈0.1 s ≈1s

total 
efficiency

≈10 % ≈1 % ≈1 %

availability < 2 weeks/year ≈everyday ≈everyday

purity ◯ ◎ △ ☓

pros & cons

very complementary
daily exp. using PALIS, 	

particular nuclei using RF gas cell with main beam

under reevaluation	

 by Sonoda
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