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The Mission of RIBF
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“Constructing an Ultimate Nuclear Model”
“Try to Clarify the Origin of Elements”

“Explore new Industrial Applications”



What is Ultimate Nuclear Model?

® A nuclear model that describes all
properties of all atomic nuclei.

We are very much behind the goal.
Not sure whether it is possible or not.

“An atomic nucleus is an elephant” f

Jacek Dobaczewski

no way to describe an atomic nucleus with a few parameters



| st things to do:
Accumulate more knowledge on atomi
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Mass Prediction by different nuclear models

I

Good agreement for
measured nuclei, while
large discrepancies for
unknown nuclei.
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No exp. are needed if “Ultimate
Nuclear Model” exists.

G Audi and AH Wapstra, Nucl Phys. A585 (1995) 409

S Liran and N Zelders, At Data Nucl. Data Tables 17 (1976) 43
T Tachibana et al, At Data Nucl. Data Tables 39 (1988) 251

Y Aboussir et al, Nucl Phys. A549 {1992) 155

P Moeller et al, At Data Nucl. Data Tables 59 (1995) 185

WD Myers and WJ Swiatecki, Nucl Phys. A601 (1996) 141

H von Groate et al, At Data Nucl. Data Tables 17 (1976) 418

J Duflo and A Zuker, private communication. 1996



Mass predictions for Cs isotopes
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Fig. 42. (Color) Differences in mass predictions of various theoretical mass models and experimental data to predictions of the Duflo-Zucker mass
model [312] as a function of N for cesium isotopes (Cs, Z = 55). Since the model parameters are adjusted to measured masses, the agreement is
very good where masses are known. The used mass models listed in the legend are from [287,301,302,305,312-321] or private communication. The
possible region where the proton S, (around N = 60) and neutron Sy, (around N = 125) separation energy gets zero is indicated. The rapid neutron
capture process path could cross between N = 108 and 112, depending on the astrophysical conditions.

K. Blaum, Phys. Rep.



“Try to Clarify the Origin of Elements”



“Try to Clarify the Origin of Elements”
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“Try to Clarify the Origin of Elements”

Nucleosynthesis in the r-process

JINA

Joint Institute for Nuclear Astrophysics

L s ssass

2002

Movie H. Schatz, T. Elliot
NSCL, Michigan State University

Calculation : K. Vaughan, J.L. Galache,
and A. Aprahamian, University of Notre Dame

Model - B. Meyer, Clemson University
and R. Surman, North Carolina State
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Available Nuclei @SLOWRI

>1 mpps with U 100pnA,
Xe 500pnA, Kr 500 pnA

, T = _____i=_..-|
Z_50

Experimentally Measured
Masses & Accuracies

=— 1PPM AME2003+2004-08
=— 1 ppb nuclearmasses.org



static properties

Mass measurements
ion traps

Decay studies Slow or Trapped
pure, thin source R]

Radii, Spin, Moments, ...

optical spectroscopy
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Precision Mass Measurements with Penning Trap

Mass Spectrometer
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~6 facilities (20years of history)
~500 Nuclides
relatively close to stability

40 60 80

T ' T ' T ' T
100 120 140 160

NI

ISOLDE (ISOL) runs out
JYFL (IGISOL) 3000 hours/y

(elements, life-time)

(relatively close to stability)

|
180




N 60-

Precision Mass Measurements with Penning Trap
Mass Spectrometer

120

SHIPTRAP (38)
1004 HEEEREED)
CPT (29)

80 -

40 - ~6 facilities (20years of history)

~500 Nuclides

20 - relatively close to stability

0 | ! | ! I ! | ' I

' | ' | ' | ' | ! |
0 20 40 60 80 100 120 140 160 180
N




comprehensive study of RI I S O I ISOLDE, OSIRIS, TRISTAN,

since ‘60s TISOL ....

High Yield, but difficult for
Refractory elements,

Chemically active elements
Isobaric contaminations

ionization in IS

=50 keV

rnn T3—

o ion source EMIS

1

N
thick target

stop in target, diffusion, evaporation

ISOLDE (SC, Fact Sheet)

note: laser ion source I
just supports fﬁm ~700 R| = 0 o
ionization process, i = 103 cps
P @ 10M cps

not in target



First Beak Through: IGISOL @)YFL

lon Guide ISOL
J.Arje, K.Valli: NIM 179(1981)533.

ISOL for All Elements, Fast Extraction

J 01mbar,

Problems:

|) Poor Emittance (Gas Collision)
2) LowYield (Thin Effective Target)

Recoil ions to
mass separator

BEAM TARGET HEL IUM WINDOW

Ptc
| e i . ‘
> | AR B
‘ (- —— =t = ——————— = -

SPIG @INS
RF sextupole ion beam guide for IGISOL
Fbgts opts /\Tnf Large Cell? Slow Extraction!
g - u) % % = Electric Field in Cell!
on o K Jﬁ‘ ﬁJﬁ /L \/// RF lon Guide

H. Xu, M.Wada, |. Katayama et al: NIM A222(1993)274.
S. Fujitaka, M.Wada, |.Katayama et al: NIMB126(1997)386.



Brief History of Development

~ Rome was not build in a day ~

e RFTrap (W.Paul, 1953)

® Electric Curtain (Masuda,
1972)

® |GISOL (J.Arje, 1981)

® SPIG (1993)

® Cyclotron lon Guide(1997)
® RF-ionguide (1997)

® Off-line experiments (1998~)

® On-line experiments (2000~)

w o L
RF Voltage%\ “w

RF-ION-GUIDE
M.Wada: IGISOL-5, Dubna, 1997

M Proposal

He Cell

Ring Electrode

~~$
mean potential

Barrier for wall collision RF field

Accelerate* to exit DC field

No Gas Flow is Required
Fast Extraction
Small Exit Hole

Small Pumps

Electron Supress



nozzle 0.7mmo

~2MeV/u 0 0 0 7 A O = MR TATR
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RF gradient Field: (o

Barrier D
Fo_e 1 z o,

- VE_ (r 9)

Am(Q+1/70)
(E(r,r) =E , (r)cos(Qr), 7,: relax time) l

2y 72
_muV,
ff i - 3
ett 1n gas ero

2r, = electrode distance

max

SN,
.

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

Proposed in 1997, Proof of Principle in 2000, 100MeV/u Li8 in 2003,

used for Be spectroscopy in 2005-09, standard technology in worldwide



Yield and efficiency of slow Li-8 ions

gas cell °Li from RIP!
RF carpe< e .

detector \ T T - )

alpha decayll

SPIG

/ wedge
degrader

cylindrical
dc electrodes

~100 A MeV 8Li ions from RIPS

8Li: delayed alpha decay
reliable measurements
very light ion

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

M.Wada et al, NIM B204(2003)570
AC-DC Dependence of Yield M.Wada, NIM A532(2004) 40



Charge & Magnetization Radii of Be Isotopes

Our Works
Be7 Be9 BelO Bel |
HFS constant A (MHz) 742.77228(43) | -625.0088370529(11) i 12677.302988(72)
Nuclear Mag. Moment (n.m) | [ -1.39928(2) ] _1.177432(3) i [ -1.6812(5) ]
by beta-NMR (-)1.6816(8) *Plglv_.g'a’e(iﬁh;;sl
S12-PY Z(SITZ')T ransition | g5-347372.4(1.6) | 957396618.7(0.6) | 957413945.1(0.9) | 957 428 188.9(2.9)
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HFS Spectroscopy of "Be* (T>=13.8s)
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Microwave Frequency [kHz] - 2677 MHz
B = 0.6980(3) mT
u-wave gate=76 us

Fitted to Breit-Rabi formula :
i W0 = /A2 + B2g2pd (1 - )2

» All = —2677.3( MHz (3 2 10_8)
— —1.68 ik AR Eet 0=
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A. Takamine et al., to be submitted




http://physics.aps.org/synopsis-for/10.1103/PhysRevl ett.101.212502

PhySTCS —

spotlighting exceptional research
[ RSSFeed | Emai Alerts

Home About  Cumentissue  Archives For Contributors ~ APS Joumals I SEARCH

APS » Journals » Physics » Synopses » How do you trap a very high-energy lon?

How do you trap a very high-energy ion? EQPRL

maving physics forward

PRL Celebrates 50
Years
» Editorials and Essays

Precision Measurement of the Hyperfine Structure of Laser-Cooled Radioactive “Be* lons
Produced by Projectile Fragmentation

K. Okada, M. Wada, T. Nakamura, A. Takamine, V. Lioubimov, P. Schury, Y. Ishida, T. Sonoda, M.

Ogawa, Y. Yamazaki, Y. Kanai, T. M. Kojima, A. Yoshida, T. Kubo, . Katayama, S. Ohtani, H. + Milestone Letters
Wollnik, and H. A. Schuessler & PREL Timeline
Phys. Rev. Lett. 101, 212502 (Published November 18, 2008) « Special Events

Coming Soon in
Physics

» Iron strength for magnetic
Measurements of nuclear moments give details about nuclear structure that cannot be obtained in any other way. However, semiconductors

ShareThis - MNuclear Physics

traditional methods like nuclear magnetic resonance (NMR) and nuclear quadrupole resonance (NQR) require large numbers of

stable nuclel to make a measurement and cannot be applied to unstable radioactive nuclei, which are usually produced in very Now in Focus

Light Bends Glass
make sensitive measurements. The challenge is to take nuclei that were created in a high-energy collision and slow, trap, and December 10. 2008

small numbers. Instead, these unstable nuclei are best measured in traps, where atoms can be held for a long enough time to

cool them to make a precision measurement.

An experiment showing that

Writing in Physical Rewview Letters, a group at the newly commissioned Slow Radioactive lon [SLOWRI) facility at RIKEM in an optical fiber recoils as light

Japan repaorts they have trapped and measured the magnetic moment of unstable "Be ions. The group starts with 7Be ions from exits it addresses a century-
a high-energy fragmentation reaction and cools away 15 orders of magnitude in their kinetic energy, leaving trapped ions with old controversy over the
temperatures less than 10 mK. The RIKEMN team then used a laser method to measure the atomic hyperfine structure of the ions mamentum of light in

tn dedure the nuclear maanatic moment of 7 Re transparent materials.



Next Gen. lon Guide Gas Caell

I. contaminants from impurity in gas
2. space charge effect at high intensity

} w— |
]
20 keV beam

i

Degraders

1 \

Cylindrical RF Carpet

l Beam Diagnostics

>«

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

MSU: lon surfing (traveling wave)
KVI: big cryogenic gas cell for FAIR LEB



Gas Cell Genealogy

FAIR-LEB
GSI

Re-Acceleration

future plans

HE SLOWRI prototype SLOWRI2.0
=|00MeV/u RIPS RIKEN | PALISr”| RIBF RIKEN
RF carpet \NRIKEN
LEBIT
MSU ==/ -Nmeaeea
ME more yield
~10MeV/u REIGISOLI— SHIP TRAP
INS - GS|
RF_funneI
Cyclotron
GARIS+IGISOL RF nne,\ GARIS+RF IGISOL
INS - RIKEN =
'CARIBOU
ANL
RF IGISOL -
Sendai Cf fission source

|IGISOL

Res. lonizatipn

RIKEN

JYFL

:

LIS+IGISOL

Leuven

more selectivity

LE
~| MeV/u



Universal Slow _RI-beam Facility
“SUPEI’-’SOLDE” ~ SLOWR’@R’B’:-,/’ SLOWRI S~
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" RF-Carpet A ISOL " ~~ .

Ri-Beam Factory

Super Conducting
Ring Cyclotron
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y
X4
N e e = ===

High Energy RI—Begm Mass Measuremen
>200 MeViu "~ _

Heavy ion beam .
400 MeVlu g

Y

" all elements
high pure
low emittance
0-30 KeV




Yield evaluation for SLOWRI

primary beam:
U 100pnA

Xe 500pnA

Kr 500pnA

Sdgd
EEEEE
Smill Smill
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53 56 Sn &7 SnSNSN SN SN SN SN 57 Sn ¢ Sn 48
53 85 (58 86 (57 s Iy 5 sa (68 (54 54 83 53 83 (53

Cd/s7 Cd ss CACACd|s7 Cd s Cd 84 i8] 48 7 i3 &5
82 (55 57 a8 58 [sa Ag 57 Ag 84 54 u; u.......

186 52 (53 54 (54 58 Zr Zn Zr 56 Zr 56 5 48

52 (53 53 (54 (88 [s6 Y6 [53 83 (52 [s2 [s1
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EREEE s 57 o0 Ge s GeGeGe *s Ge 1 [0 [45
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The numbers in this chart means
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Assuming present performance
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Available Beam Time
RIBF

Mass

% Ijraser
rap
Qiii::::jDecay
etc
5 months/y

2 weeks/y for SLOWRI 77




Available Beam Time
RIBF

Mass
Laser
\ Trap
Decay
etc

5 months/y
2 weeks/y for SLOWRI 77

5 mon./y for SLOWRI !




Yb YD

Projectile Fragmentation I

Ho
Dy Dy DyDyDyDyDy

from, e.g., 350A MeV Xel36 0.5puA ot o

Sm Sm Sm Sm

dNd  NdNd  Nd

Al/Z=-5%

Many nuclides are i s
. - L[ [ | e Te| |TeleTe ‘r
simultaneously produced from s o #:V

ngle ion b = e T
a singie ion beam =
: A A 7= 45%

[ [ | Ag| | Ay
[ ] Pd|" PdPdPd

Xe O0.5puA
(3*10M 2 pps)

—1 Gpps
o
{1 Mpps
[
=1 kpps
When other one plays with 78N, =1 pps
Many nuclides are freely available at FI & 1 mpps
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Yieldat F1 (5cmc

Pri. Beam: U 100
Main Beatrr—Ni78
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S S S
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Si Si Si 3537
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Development of the prototype PALIS system (2010-2012) 1 c5noda

PALIS laser system (old setup)
New laser setup will be built soon in 2012.

TMP 300L/s TMP 300L/s

Channeltron

1000mm

Excimer -
laser (Lpx240)
200Hz/150m)J/p

YLF Laser
1kHz

%
(argon ~1 atm\f

]
Quadruple mass separator (10°mbar)

q‘!

TiSa laser collaborated W SextuPole lon Beam Guide (260mm)

(10°mbar)

Lasers

H. Tomita, C. Sakamoto . g
, /] ] _ -4
T. Takatsuka, T. Noto (Nago _lmm exit hole i (10 10 mbar)
- |
lonization inside gas cell and its extraction to the high vacuum . -
— lonization inside gas jet
250 ) ' ) ' ) ! ! ' 14 'bu ! —
200 | Fe niaion 12] | normalized——s—1. In Gas jet
1mi |
B 63737cm-1 Z10[ N 1 4000 i In Gas cell
2 150 493.8 nm 12 4 o i |
= = 2
% 100 229817 nm — § °l Mmé o | § Fe
c L F=2 ] L |
= 50 |84 m| o 2000 . o Recently we also
ot . tested for INb.
0] 4A.l-* ¥ N L L L ® LY
22983 22985 22987 22989 22991 02 44232 244236 24424 244s o o {u g
First step laser wavelength (nm) First step laser wavelength (nm) -10 -5 0 5 10 15

We also ionized for Co, Ni, Ti, Sn, Pd, Nb. Frequency(GHz)



Gas Cell Genealogy

HE SLOWRI ;‘ SLOWRI
=|00MeV/u RIPS RIKEN| | PALIS | RIBF RIKEN
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ME more EId
uture plans
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INS 1 Gl \
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INS - RIKEN > RIKEN
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SLOWRI 2011 original plan

Superconducting Cyclotron

|||||
""""""

Fast Rl from
BigRIPS

ce lonization Laser

Resonan

Vertical Mass Separator

Avgon 2% Yol

Flow waies™

(Decay Spectrometers)

P
S
"B

@\ Mass Analyser

(Laser Spectroscopy &
beta-NMR setup)
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SLOWRI 2.0 floor plan

To be constructed in -
FY2012 (approved) F B Ji@m
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] main beam
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i parasitic beam
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beam(2200h)

PALIS at F2 chamber (plan B)

screw pumps ||||

beam(1500H)

| I % ¢
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The 30m BTL can be inclined by 1.2 degree
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238U beam Beam tuning
124Xe beam

acceleration
acceleration
D2 current / RI Intensity
\ |

iy

B {0.00:766\37) -[ﬂ 0:765.04) ™ (-0.14:1952.91 LOC )

| w 750
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12/4 12/8
9:00 9:00
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HH  BigRIPS /ZDS 238U 345MeV/u (Max 5pnA)

12/12 12/1
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AR BigRIPS 124Xe 345MeV/u (Max 10pnA)




beam tuning

. beam tuning
180 beam acceleration
- | ' JFreeChart Fpr Time Plots | -
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4-8, Dec.2011,Aoi et al, (Sn135)

1.140054E+/
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al--.-..000. .0 -AEN
= 0 - OoooEEEEEs - BEE e -
2 - -8 -0 -HE0E - & -aa0:
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141Xe 4.45e+5

238U 10pnA (ions/s) 140Xe 9.12e+3

138Xe 1.84e+4
146La 4.13e+4 1411 1.85e+5

145La 4.27e+5 1401 8.39e+4
144La 2.13e+4 1391 153e+3
145Ba 1.97e+5 1371 1.64e+3

135Sn v

+10~50mm

144Ba 2.60e+6
143Ba 4.23e+5
142Ba 4.22e+3
144Cs 2.70e+5
143Cs 3.92e+6
142Cs 1.03e+6
141Cs 6.84e+3
143Xe 7.45e+4

142Xe 1.57e+6

1361 3.47e+3
1351 1.31e+2
139Te 5.44e+3
138Te 1.80e+2
134Te 1.40e+2
137Sb 3.97e+0
133Sb 8.37e+1
131Sn 1.25e+0
130Sn 4.37e+0
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4-8,Dec. 201 |,Aci et al, (Sn135)

u - u - ! - u - 238U 10pnA (ions/s)
135Xe 2.52e+4
136Xe 5.46e+4
EN| EXN 137Xe 1.26e+3
13715 71e+1
1361 1.79e+4
o | en | o || m | 1351 9.446+5
1341 1.43e+6
136Te 1.11e+2
.Cs 135Te 5.54e+4
- 134Te 3.81e+6
133Te 6.82e+6
132Te 1.33e+5
on| o [l v [ v | e s
134Sb 3.72e+4
133Sb 4.28e+6
u (135 J| 130 |37 ) 132Sb 7.32e+6
131Sb 1.95e+5
134Sn 3.59e+1
133Sn 7.08e+3
u - H 2 Eﬁ = (5 132n 1.39¢+6
131Sn 2.57e+6
m 130Sn 6.20e+4
131§} |32 13 | e W 131In 1.34e+5
130In 3.5%e+5
B3 BB - R
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130 Bl 131 B 132
I
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Day Zero exp.

exp. during commissioning
Resonance lonization

Spectroscopy IS S NS JM
at PALIS and up to %/PALIS Gas Cel MEQQ(e)

74




Ex. RIS Spectroscopy in Gas Cell @Leuven 2008

P 2 il
— 1 & -
. . . 0 - i
Cu+ + e- Autoionizing state 5 S0 & g \ 65CU
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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).



m already studied by H. limura
laser spectroscopy JAEA
B stable
m Y
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In: very large hfs. *!In: double magic - p
easy to interpret

In (Z=49, N=66, 1=9/2)

L L /L /L L LS L LS
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1 I I N
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other RIS candidates

. 77-100
m already studied by Sr 50
laser spectroscopy 798
B stable e
Kr
u, Q _ -

5 | S _—~Co, Cu, Zn
collinear with 28 \ wa
bunching \[r N collinear with

44,45Ti - = bunching
1 = 39-50 775 ey
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3246 L] -
r
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T~ 36.47
2031 | H
17-28 \ SC y Tl ,V
Ne = 28
collision T~ \
L 27-33 .
fonizadon o Mg collinear and f-NMR
g11 20
Be
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Li two photon spectroscopy
6,8
8 He atom trap



Day One, Two exp.

® Direct Mass Measurements with MRTOF-MS

® Collinear Spectroscopy

o Deca)' Spectroscopy NN N s
LOWRI Exp Hall

¥
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Mass measurements at SLOWRI using MRTOF



Mass Measurements of Short-lived

Q-value (decay or :
reactlon) .
7Co :
27 ¢  indirect .+ direct
Q, =8400 8 .
00% 46, (523 S 6941 :
Universal R %ats L
Ambiguity from levels |2gNi et
R PennlngTrap

Cap electrode Magnetic field

Ring electrode &

Slow V ]
Ultra precision| | £ .. Y1
P ANV Y UAR(

Electric Field_/l(‘ (’ T \:/
New method
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Storage ng
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relative uncertainty

Relative Mass Uncertainty and Half-life

bject
A (Inflight) oPIeCts
< | - SPEG
\y\Q) (Ring [Isochronous]) A A
WO css2 %
b/ a8 ¥y
< sl dp
S A
\(\O‘ JYFL COQL
X 4_ B ’R
& (RING [E-cool]) ESR SMS . sub-shell
+
3: Wg MRTOF(expect
. * -?(- PT . _ halo
v € X i ¥ 4,;;'*-1!3‘1 | ~1-O 7 Preci sion
¥ x B ] weak-
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half life (seconds)
(from D. Lunney)



Penning Trap

Cap electrode

Mass

Maanetic Field

4
A

Ring electrode . ¢

m

Spectrometer vs. MRTOF Mass Spectrograph

ttof = L

mirror2

attof

m
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(3]
1
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o

Ton, =S
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Figure 1| Cyclotron resonance curve of >>>No”*. The solid line is a fit of the
theoretical line shape to the experimental data (filled black circles). Error

mass precision is
given by MRP and
statistics

MRTOF overtakes PTMS

Isochronous
YT Am 2 At vm
For short-lived heavy nuclei, Chemical

molecules, too

85 +
RO = |J|,ooo

92 T Magnet is

needed for Penning Trap
30 ns FWHM

16950 17000 17050 17100 17150 17200 17250

ToF - 8,420,800 ns



TOF—Mass: References are indispensable

—  Molecular lons provide references in large mass range -

Inten.(x10,000)

50

97
0 267 Methanol Water 1:1 +HCOOH 0.1%
30

6
20 443 847 925
874 4

10
00 ‘ h-

100 200 300 400 500 600 700 800 900 [m/ql
Electro Spray lon Source+ Small RF carpet ESI attached to MRTOF for measurements

Oxidation

Electrons

r pr—
P & Electrons

I I
High Voltage
Power Supply




Mass Determination Test with Molecules .| =) | (&)
Oding awo Tor references anti| | FBEE(precision) 0.38 ppm| (| — |
deduce one. f# & (accuracy) 0.21 ppm W).| &)
th I 37,000 .F'r.ecision
1O6=....|....|....|....|....|....|....|..|
1N=410 laps TOF3=13,551.1158(4) us
g 1 forA=93 TOF,=13,549.581 (3)us [2(C2HsO)+H]*
107 3 [C/Hg+H]* m3=95.068480 u
1| TOF1=13,548.665(3)us | |m,=93.069876 u ‘
4 ||CeH7/N* i /
10 1 m;=93.057300 u *PmM»=93.06990(4) u
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%103 il (M2-*Pm32)/m2= 0.21 ppm
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1 iy |
10 | “ i “ ‘
LI
oot T |
11.0 11.5 12.0 12.5 13.0 13.5 14.0 14.5 15.0
20Hz 9000s Time-of-FIight - 13,537.008 (MS)



Time Focus & TOF spectra at different laps
TOF spectra at N laps

A=97 A=97 ﬁ97
4DG -_|.||.J.|||||;|1||J....|-.|||

time
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o
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5 1
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]

|
\ 14 16 18 20 22 24 2
exit open , .

Time-of-Flight — N x 33.520 (us)

ejection from trap



Decay Spectroscopy

EURICA+Tape Transport ¢ Pure Low-Energy RI-beams

€: 10~28%,
high granularity

¢ Level Schemes

coincidence
¢ PAC

Magnet+ Isomeric states

¢ Delayed Neutron

radiochemical method



Energy [keV]

13340 —

8500

5200

B-delayed 1n and 2n emission from *Br

a Br \
Sn
B-

BKr

radio chemically detects
daughter or ground daughters

pure RI-beam allows simple exp.

94 KI’
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Delayed Neutron Multiplicity (Max)
(evaluated from AME2003)



Mass known:=2000 —> =3000 15X Expands
Opt. Spectroscopy =600 = >1200 2 X Knowledge

RF lon guide Optically e

Slow-RI

All Elements

Pure, 3/ o e e
Efficient

Laser Cooling . i L Expected Nuclides
RUEHEIE iy o @ SLOWRI = 3000

“Rapid & Accurate”

MRTOF

et m____w w
I ' ”
e Parasitic RIB

few ms measurements

R ~200 OOO 6 m/m:;;.l 0-7 “RIB for Everyday” '




Criticisms

. Main user frequently changes Bp
slide#35,36, fixed several days in many cases!

. Parasitic beam has never used at RRC

sharing primary beam always causes loss, while secondary beams
are always available without losses

. RIS limits Nuclides as ISOLDE

slide# 12, diffusion in target is the issue !

. RF Gas Cell should be located freely
accessible room, then 1.5 days between Main
exp can be provided for SLOWR|

It is good if € M more investment is allowed






Two type gas cell for SLOWRI

pros & cons

RF-carpet Gas Cell [ PALIS Gas Cell ISOL
elements ~all ~70% elements <50%
non.unal. ~10 ms ~0.1~1 s =~ls

extraction time
total efficiency ~10 % =~ %
availability < 2 weeks/year ~everyday

very complementary

daily exp. using PALIS,
particular nuclei using RF gas cell with main beam



Innovation of electric curtain with standing &
_traveling wave, in 1972

Senichi Masuda {
1926 in Imchon, |
Department of Elec
sity of Tokyo in ¢

He joined with C
Research Engineer
fessor at the Depar
University of Toky
i968. He retired f
1987 and 1S now
Technology. His r¢
of electrostatics and its applications, incly
pilse eneroization. electrodvnamics of char

() Cage type  (c) Ring type ' @1
Fig. 1. Principle and basic constructions
tric curtain,

Feoat Lines of force

X
(¢} Three-phase d:iv; " (d) Thnec-;‘tm ddv;; L
(phasedirec.: downwards)  (phase direc, : upwards)
Fig, 7. Electric hopper and its modes of opera- '
tion (polarity of particle charge: positive). K"
POLY-PHASE
(rj ? j ? ?_% —? T—T ‘ POWER SLPPLY
L‘j L g 1. Traveling-field-type ¢lectric curtain device.
(2) Single-phase drive (stand- (b) POI)"P;\;SC drive (travel- ¢ Innovatlon Of I’f hOPPer, Cu rtal n
ing-wave typc) ing-wave type) . . . .
Fig. 2. Electric enersization. * transport aerosol, organic cell ions in air

©1972 IEEE. Reprinted, with permission, from Electrical Engineering in Japan, Vol. 92, pp. 9-18,
IEEE, translation from Trans. IEE Japan, Vol. 92B, pp. 9-18 (1972).



2 or 3 Step Resonance lonization
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