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Introduction to RIBF Operation of RIBF for 12 yrs

KEN RI Beam Factory

The first of the second-generation in-flight facilities

Accelerators

RILAC :RIKEN Heavy-ion linac (1981~)
AVF :K70-MeV AVF cyclotron (1989~)
RRC :RIKEN Ring Cyclotron (1986~)

fRC :fixed-frequency Ring Cyclotron (2006~)
IRC : Intermediate-stage Ring Cyclotron (2006~)
SRC : Superconducting Ring Cyclotron (2006~)

RILAC2 : (2011-)

RC : Ring Cyclotron

Research instruments

RIPS, BigRIPS : Fragment separator
GARIS : Gass-filled Recoil lon Separator
ZDS : Zero-Degree Spectrometer
SAMURAI : Superconducting analyzer
SHARAQ : SHRAQ spectrometer
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Budget-friendly version

Optimized ring for the 2" stripper at the RIBF
* All beams circulated recovering the energies
* Isometric ring for all charges to hold bunch
* Extracted simultaneously when our desired
charge states

Bending magnets
(1.8T)

Quadrupole array:
designing with HITACHI ENG. (C. Hori)
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Goal of RIBF

e Great expansion of the nuclear chart (new 1000 kinds of isotope, exotic nuclei)
e Challenge to solve the big puzzle of element genesis (r-prosess = U-synthesis)
e Promotion of industrial and biological applications

. How to produce Rl beams
( \

Stable
Accel. ion beam Rl beams
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(Productivity larger than 1 particle/day)

Yop 28

neutrons

e Rl beams are produced through fragmentation or fission of high speed heavy ion
beams.

e This method requires accelerator complex to produce high speed heavy ion beams
with high intensity. 3
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Acceleration modes

Accelerate ALL ions (from H,* to U), up to 70% of the light speed, in CW mode
3 injectors + 4 booster ring cyclotrons

1) AVF-injection mode (< 440 MeV/u) : d, He, O, ...
2) Variable-energy mode (< 400 MeV/u) : Ar, Ca, Zn, K, ...
3) Fixed-energy mode (345 MeV/u) : Xe, U ...

RRC /K540

RILAC2

28-GHz
SC-ECRIS

ST4 BigRIPS

T°" fRC /K700 IRC / K980
R'LAC Booster SRC / K2600
L%g'ﬁsz @ ] [ ] GARIS
Super Heavy Element Fixed de (Kr. Xe. U
14.5-GHz AVF /K70 ixed-energy mode (Kr, Xe, U)
ngfz ST1 Variable energy mode (Ca, Zn..)
ig[_E,gR'S RIJCRIB e AVF injection mode (d, N, O..)

(deuterons)
STn: charge stripper
5



Specifications of RIBF ring cyclotrons
Challenging

( 1';:§~) fRC IRC
K-number (MeV) 540 700 980
Rinj (cm) 89 156 277
Rext (cm) 356 330 415
Weight (tons) 2400 1300 2900
Sector magnets 4 4 4 6
itk BN )
Trim coil currents (A) 600 200 600 fg(())(()) ((;(é))
RF resonators 2 2+FT 2+FT 4+FT
Frequency range (MHz) 18~38 | 54.75 18~38 18~38
Acceleration voltage (MV)* 0.28 0.8 1.1 2.0
Turn separation (cm)* 0.7 1.3 1.3 1.8

*uranium acceleration
SC : superconducting, NC : normal conducting, FT : flattop resonator
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History of accelerator availability
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Major upgrade during 2011-18 for U-beam

RILAC2
/

j_ RF power: 1.3 kW
- Consumption rate: 4 mg/h
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Helium-gas stripper fRC upgrade
/ for the 15t Charge stripper (K570=>K700)

ighly-oriented graphene sheet \

for the second stribber
No damage
@ 1.4 x10" uranium ions!!
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Lessons learned from the operational experiences

e Itis very tough business to operate the accelerator complex where four cyclotrons
are connected in series. (Inj./ext. four times, energy matching between the
cyclotrons and single turn extraction)

e Multi-step charge stripping should be avoided and thickness of the charge stripper
should be as thin as possible.

e Space charge effect is very intense in the low energy ring cyclotron (RRC)
e About 20% of beams from the ion source can reach at the exit of the SRC.

(cf. PSI ~30%) For uranium beam: excluding c.s. efficiency
1.0
(pLA)  RRC IRC SRC s \\ O 2014/10/19
' O 2015/03/27
I_lim® ‘ 4.7 6.6 5.1 2015/05/02
=S O 2015/11/06
| req. 1 1

0.4

* Current limit according to Baartman’s paper
R. Baartman, Proc. of Cyclotrons2013 WE2PBO1.

0.2




Outline of a new upgrade program

Goal
— More than 1 puA of uranium beam with the energy of 345 MeV/u
— Synthesis of the super heavy elements (element 119 and 120,,,,)
Components
— Increase the space charge limit in the low energy cyclotron of RRC
e Remodel of the RRC cavity to get higher voltage

— Skip the first stripper. The existing FRC should be replaced with the
new one so as to accept U35+

e Design and construction of the new FRC
— Upgrade of the RILAC by adding the superconducting RF linac
Constraint

— We can’t afford a new building (We have to install the new FRC in an
experimental room of the existing building.)

12



RIBF upgrade proposal in 2016

SRC
RRC o fRC IRC 36.5 MHz
Present |RILAC2  18:25 MHz facilty 54.75 MHz 36.5 MHz
| ‘36.5 MHz ' BigRIPS
b ifusse | B Ueas | L2 User
Ca, Zn
> Lo+ GARIS (SHE) ST: charge stripper
RILAC Booster
Upgrade plan ?Io!lt New-fRC Intensity
Y 36.5 MHz > 1 puA
U35+ A
BigRIPS

U8oe+

28GHz A éRemodeI RF | U35+
SC-ECRIS 1 36.5MHZz

gl 3| SHE (>[119]) & RI production
RILAC SRF

13



Upgrade Plan of the RIKEN Heavy lon LINAC (RILAC)

m RILAC consists of RFQ and 12 DTLs to provide intense heavy-ion
113

beams to perform super heavy element search (SHE) experiment. N h

m For 113 element 7°Zn'#* (Alq = 5) was accelerated to 5 MeV/u. Nihonium

m To continue SHE experiment challenging the 8th row of the periodic table of
elements (A=119), accelerating voltage upgrade is undergoing aiming to
provide intense heavier ion beams with higher energy.

w1 o [T ‘wl‘l Ny NP
i ge el

o | bege

m Upgrade Goal: lons A/q = 6 will be accelerated up to 6.5 MeV/u.

m The last four DTL tanks will be replaced by superconducting linac
based on quarter wave resonator. The 18GHz ECR ion source will be
replaced with the 28 GHz ECR ion source.

22-26/0c¢t/2018 HIAT18@Lanzhou N. Sakamoto
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m The last four DTL tanks will be replaced by superconducting linac

based on quarter wave resonator. The 18GHz ECR ion source will be
replaced with the 28 GHz ECR ion source.

22-26/0c¢t/2018 HIAT18@Lanzhou N. Sakamoto



R Overwew of SRILAC ‘-\'/ y‘RS TI A

RN ENTER
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p— — - = T : {: -L—:]-. - k—;%’ 1
Nelee— 5 O . T | | , ﬂ =1 030
;—"~ CM1 ' || ‘ Anﬂl ‘Im“m“
- ._ Edas II'I L1 [ I-IIM![J! qul g : T
o A
LU e - - e e - - - ‘
Differential Pumping System
Side Vie

7540 mm
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R N

@ Design Specification of SRILAG= NiSHiNA

= ETN ETH
Design Parameters _
Number of cavities 10 QWRs
Frequency (MHz) 73.0 (c.w.)
Einj (MeV/u) 3.6 (A/q = 6, &xy=3 mm - mrad)
Eext (MeV/u) 6.5
Gap Voltage (MV) 1.2 MV
Synchronous Phase (deg.) -25
Eacc (MV/m) 6.8
Target Qg 1%x10° at 4.5¢
Beam Current (pA) <100 pA
RF bandwidth(Hz) +60
Qext 1x10° — 4.5%10°
Amplifier Output Power (kW) 7.5

Overall acceleration voltage of the SRILAC is 18 MV for Alq = 6

22-26/0c¢t/2018 HIAT18@Lanzhou N. Sakamoto



Production of QWRs
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R Validation of Bulk Cavities =%/ NiSHNA

m Validations of six bulk cavities were finished.
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Parameters -

Frequency
(MHz)

Optimum 3
Rsh/Qo (Q)
G (=Rsh/Qo)
Vacc(MV)
Eacc (MV/m)
Epeak/Eacc
Bpeak/Eacc
Target Qo

73.0(c.w.)

0.08
578
22.4
2
6.8
6.0

9.5
1x10° 4 k)

. Sakamoto



R Schedule %/NiSHINA

FY2016 FY2017 FY201§
Items alslnolnluzlslzla afsTef7efoTwolnf2[1J2Ta]afsTel7TeTolg[ni]12] 123
Application for Japan High Pressure Gas regulation|
Cavity
|
VTI#S-I-
Coupler |
Test#1-2 Test#5-10
Prototype CM test
c dul Parts Cooldown Test
1 aalasam Assembly CM1I
i B CM2
lntegr'atlon of CM to Liqg. He System I

22-26/0ct/2018 HIAT18@Lanzhou N. Sakamoto



3 Schedule = Nl SHINA

I FY2016 FY2017 FY2018
D MZI 123l alsTel 7Tl ololnnl 2l 1T 2Tala4lslel 7T o gl nal12] 11213
Application for Japan High Pressure Gas regulation|
Prototype VT@KEK VT@RIKEN
Cavity Cavity Production #1-4
VT1#1-4
Cavity Production #5-10
VTI#S-I-
Coupler Production#1-10 |
Test#1-2 Test#5-10
Prototype CM test
Cirvomodule Production of Parts Cooldown Test
£ Assembly CM11
Integriation of CM to Liq. He System [} CM2
a8 by | ows M

We had started experlments for the element 11 9 usmg RILAC2+RRC.

It will contlnue untll completlon of the SRILAC

22-26/0ct/2018 HIAT18@Lanzhou N. Sakamoto



RIBF upgrade proposal in 2016 SRe

RRC  oid fRC IRC 36.5 MHz
‘ Present ‘RILACZ 18.25 MHz_facilty 54.75 MHz 365 MHz
36.5 MHz |

BigRIPS

A 4| U35+ | L=—d| yeg+ | L— US6+

Ca, Zn

> Lo ! l—» GARIS (SHE) ST: charge stripper
RILAC Booster

Intensity

Upgrade plan

> 1 puA
U35+
BigRIPS
28GHz
SC-ECRIS L :
- - SHE (>[119]) & RI production

RILAC SRF
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Structure of the cavity for RRC

Coaxial type cavity (Half wave length )
Frequency tunable: movable box %y

Frequency 18.0-45.0 MHz

Acc. voltage at 45.0 MHz 300kV e Rkl i
RF-power dissipation at 45.0MHz 150 kW
Q-value at 45.0 MHz 12000 [~

Size 3.5m (L) x 1.6m(W) 2.1 m (H)

21



Towards Higher Acceleration Voltage of RRC

v’ 70 pnA (uranium beam) is nearly the space charge limit of RRC.
low acceleration voltage + too low operating frequency
v Modify frequency characteristic by introducing the slanted stem structure

Original Converted
@ 18.43 MHz @ 18.22 MHz Stem Movable box
[ : = l :‘ | |
22.5 mm 43 mm
small gap! \ doubled!
Cavity wall Dee Trimmer
20 - 46 MHz RF frequency 16 - 38.8 MHz
61 - 594 kQ Shunt Impedance (calc.) 78 - 451 kQ

48 kQQ @ 18.43 MHz
~90 kV @ 18.25 MHz

Shunt Impedance (calc.)
RF Peak Voltage

99.4 kQ @ 18.22 MHz
~150 kV @ 18.25 MHz

22



Towards Higher Acceleration Voltage of RRC

v’ 70 pnA (uranium beam) is nearly the space charge limit of RRC.
low acceleration voltage + too low operating frequency
v"Modify frequency characteristic by introducing the slanted stem structure

Original Converted
@ 18.43 MHz @ 18.22 MHz  Stem  Movable box
| l/j //
- S | The remodel was finished.
: T‘ It is working at 120 kV.
22.5 mm 43 mm
small gap! \ nearly doubled!
I
Cavity wall Dee Trimmer

20 - 46 MHz RF frequency 16 - 38.8 MHz
61 - 594 kQ Shunt Impedance (calc.) 78 - 451 kQ

48 kQQ @ 18.43 MHz
~90 kV @ 18.25 MHz

Shunt Impedance (calc.)
RF Peak Voltage

99.4 kQ @ 18.22 MHz
~150 kV @ 18.25 MHz
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RIBF upgrade proposal in 2016 SRe

RRC  oid fRC IRC 36.5 MHz
‘ Present ‘RILACZ 18.25 MHz_facilty 54.75 MHz 365 MHz
36.5 MHz |

BigRIPS

A 4| U35+ | L=—d| yeg+ | L— US6+

Ca, Zn

> Lo ! l—» GARIS (SHE) ST: charge stripper
RILAC Booster

Intensity

Upgrade plan Old

> 1 puA
U35+
BigRIPS
28GHz :
SC-ECRIS :

B~ }-T3— SHE (>[119]) & RI production
RILAC SRF
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Conceptual design of the new FRC
— Specification and Plan view

_ New FRC EXiSting FRC Sector Magnet

K-value 2200 700 P o ifzmizesonati/ﬂ\\
Sectors 6 4 y 7 S \\ s / [ \
Rf-Cavities  4+FT 2+FT / / %\\ /)

< { Vs \ mIct ;/% & \
Rf-frequency  36.5 54.75 = ¥ Z (A FA S \ )\
(MHz) . 7> “N\) -

EBM /)] e [

Rinj. (m) 2.76 1.56 __ // = \\, — EDC
Rext. (m) 5.67 3.30 A - f 3 75

K/ \ N // \ %
Velocity gain 2.1 2.1 \ /| \\‘\ ,

: \ \ \ ¢
Diameter (m) 19 10.8 \\\,/// «é , — ¥\ ~_/
Height (m) 6.6 3.34 “‘ !

5m
Weight (ton) 8100 1320 |
(7500%)
Ar (cm) 1.5 1.3

*prospect for weight reduction 24



Conceptual design of the new FRC

— Specification and Plan view

| NewFRC |Existing FRC

K-value 2200 700
Sectors 6 4
Rf-Cavities 4+FT 2+FT
Rf-frequency  36.5 94.75
(MHz)

Rinj. (m) 2.76 1.56
Rext. (m) 5.67 3.30
Velocity gain 2.1 2.1
Diameter (m) 19 10.8
Height (m) 6.6 3.34
Weight (ton) Very heavy
Ar (cm) 1.5 1.3

*prospect for weight reduction
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Budget friendly version for upgrade of intensity of
uranium beam without change of the goal

e Charge Stripper Ring
— Aim at increasing of stripping efficiency up to 100%
(Normally 6% in two step charge stripping)
e Low Charge state ion source
— Aim at high brightness ion source with low charge state
(Highly charge ion source tends to increase beam
emittance as beam intensity increases.)
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Concept of stripper ring

Present scheme at RIBF (conventional)

He gas stripper

U35+ 11 MeV/u
18.25MHz —— )

charge distribution

20% S
f\ . ued+ ~ 20%

61 62 63 64 65 66 67 6

F

Stripper-ring scheme

S 1y
o 1 >
. . . .% 08 /.—f‘.———‘
Injection e oas st € Se2ae
charge exchange injection © gas stripper _g 0.6 | |
2 04 !
£ 75% for 5 turns,
U35+ 11 MeV/u éo.z / ?4"/0 for 10 turns
18.25 MHz 20 e e , ]
0 2 4 6 8 10 12

turn number

extraction

electrostatic septum

energy recovery

U4+ ~~ 100%?7??

The bunch structure must be preserved to match to acceptance of the

subsequent cyclotrons (e.g., 18.25 MHz at RIBF).
H. Imao



Charge stripper ring (CSR)

10.8 MeV/u 50 MeV/u SRC
28GHz RRC fRC

SC-ECRIS

\ to BigRIPS

1. He gas stripper 2 . Rotating C-disk stripper
35+=64+ (20%) 64+=86+ (30%)
Total charge conversion efficiency < 6%

L 6 238, 80+ 2 2 + 238 (T 6 238, B+
FRIB uses multi-charge acc. | I
To T,
E E
IS INJECTOR LINAC SC-LINAC > -3 > -3
5 5
12 -06 00 06 12 -12 -06 00 06 12
X (mm) Y (mm)

= aiming effective efficiency of 85%
Q. Zhao, HB2014

1 H stripper ring 1 stripper ring 2
Charge stripper rings berin e perrin

28GHz

SRC
o 0/ SC'E.CR'S- g 3 g \ to BigRIPS
Efficiency ~100%: RILAC2 . W,

H. Imao et al., Cyclotron2016, TUC02 . . .00 64+2386+ (30%722) H. Imao



Design of CSR at 50 MeV/u

Bending magnets Optimized ring for the 27 stripper at the RIBF

 All beams circulated recovering the energies
.  Isometric ring for all charges to hold bunch
""""" » Extracted when our desired charge states

Quadrupole array:
designing with HITACHI ENG. (C. Hori)

Re-buncher
Cavities for energy recovery

Injection

H. Imao



Longitudinal and transverse motions

15m

5n

o» CSR2

BM3
(B=1.8T)
79+
64+
1@ 16 i
BM1 o f
(B=1.8T) . (B=18T) i
TQ2 Reb. Cav.2 Cav.1 Stripper TQ1 61
o mn:ﬂ'lmn:ﬁl 1 e I - f\. m o == IEEI IEEI IEEI Py \‘/ 0.85 puA
sT4 LLI:IJll:l:lJLHJJDiag_ box2 ST3 NIPANY ST2 Diag.box1 ST (2.7 kW loss)
219MHz  73MHz  73MHz Ao
250kvx4d 06 MVx2 0.6 MVx2 .
3 mg/cm? (13 um) | Planning test
energy loss ~900 W} experiment in autumn
Longitudinal motions Transverse motions
initial beam at fRC 86+ beams at extraction Eigen ellipses at stripper
=22 E85%i ' A .
= 02;85 % is egtracted /f\\
AMSy 004637 % = ) 5 — _ =5 ‘ —33
g | ‘ = E -
of s AK }s 1ls _zz Sis 43f E 5 a5 _:Z
S
ns (£5°) 5 7 5 e
Ll Tl 3 X [eml ¥ [cm




Low charge state ion source to get high brightness beam

“No change in accelerators after RRC. Just increase in beam from the ion source
*Beam emittance increases as beam intensity from the ion source.

"Increase of beam intensity from ECR keep the transmission of succeeding accelerator
same.

- We need high brightness ion source. (Low charge state ion source)

q 10+ 10+ 33+ 33+ 64+ 86+ 86+
E [MeV/u] 1.7 0.68 10.8 50 115 345
| [pHA] | 68 68 15 15 3 1 1

mor o tOR T 88138

RFQ RILAC S-RILAC DSRF
(DC) SRC

H, Gas He Gas C-foil
Stripper Stripper Stripper




Structure of DC-EBIS to be studied

Superconducting solenoid

Repeler Intermediate extraction

Electron gun

ur ] |

Oven
Trap electrodes

Collector

L INERR /1] J.
)m"u’\u §\

Ext. electrode

i

Differential pumping Differential pumping

*Operation mode: Transmission mode
— DC beam can be generated

*Oven for uranium in the trajectory of electron beam
- Low emittance beam can be generated thanks to
electron beam with high quality




Review

Introduction to RIBF Operation of RIBF for 12 yrs

KEN RI Beam Factory

The first of the second-generation in-flight facilities

Accelerators

RILAC :RIKEN Heavy-ion linac (1981~)
AVF :K70-MeV AVF cyclotron (1989~)
RRC :RIKEN Ring Cyclotron (1986~)

fRC :fixed-frequency Ring Cyclotron (2006~)
IRC : Intermediate-stage Ring Cyclotron (2006~)
SRC : Superconducting Ring Cyclotron (2006~)

RILAC2 : (2011-)

RC : Ring Cyclotron

Research instruments

RIPS, BigRIPS : Fragment separator
GARIS : Gass-filled Recoil lon Separator
ZDS : Zero-Degree Spectrometer
SAMURAI : Superconducting analyzer
SHARAQ : SHRAQ spectrometer

RRR :Rare RI Ring

/; ' a ;K“f’:?l' g
/ i@/ ( = BRR

=~/

Tokyo)

An upgrade plan

Sector Magnet

rf-Resonator

MDCL

Mic1 o
MDC2 - &

&

"ﬂ“ EIC -
i EDC

| MiCc2
EBM

5m

TBO B 1

1000 |-

100 ¢

10

pnA

0.1

001\ o
07 08 09 10 11 12 13 14 15 16

Budget-friendly version

Optimized ring for the 2" stripper at the RIBF
* All beams circulated recovering the energies
* Isometric ring for all charges to hold bunch
* Extracted simultaneously when our desired
charge states

Bending magnets
(1.8T)

Quadrupole array:
designing with HITACHI ENG. (C. Hori)
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Introduction to RIBF

RIKEN RI

Beam Factory

The first of the second-generation in-flight facilities

Accelerators

RILAC :RIKEN Heavy-ion linac (1981~)

AVF :K70-MeV AVF cyclotron (1989~)

RRC :RIKEN Ring Cyclotron (1986~)

fRC :fixed-frequency Ring Cyclotron (2006~)
I

 What is RIBF?

RC : Ring Cyclotron

Research instruments

RIPS, BigRIPS : Fragment separator
GARIS : Gass-filled Recoil lon Separator
ZDS : Zero-Degree Spectrometer
SAMURAI : Superconducting analyzer

&

Tokyo)

An upgrade plan

EBM

Sector Magnet

rf-Resonator

MDCL

Mic1 o
MDC2 - &

MICc2 Qq
N

T

5m

Review

Operation of RIBF for 12 yrs

1000
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10
pnA
1

0.1
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“LightZetie
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T80 U1 ! T ! T
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07 08 09

10 11 12 13 14 15 16

Budget-friendly version

Bending magnets
(18T

Optimized ring for the 2" stripper at the RIBF
* All beams circulated recovering the energies
* Isometric ring for all charges to hold bunch
* Extracted simultaneously when our desired
charge states

Quadrupole array:
designing with HITACHI ENG. (C. Hori)
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The first of the second-generation in-flight facilities
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RRC :RIKEN Ring Cyclotron (1986~)

fRC :fixed-frequency Ring Cyclotron (2006~)
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 What is RIBF?

RC : Ring Cyclotron

Research instruments

RIPS, BigRIPS : Fragment separator
GARIS : Gass-filled Recoil lon Separator
ZDS : Zero-Degree Spectrometer
SAMURAI : Superconducting analyzer
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Budget-friendly version

Bending magnets
(18T

Optimized ring for the 2" stripper at the RIBF
* All beams circulated recovering the energies
* Isometric ring for all charges to hold bunch
* Extracted simultaneously when our desired
charge states

Quadrupole array:
designing with HITACHI ENG. (C. Hori)
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Introduction to RIBF

RIKEN RI Beam Factory

The first of the second-generation in-flight facilities

Review

Accelerators

RILAC : RIKEN Heavy-ion linac (1981~)

AVF :K70-MeV AVF cyclotron (1989~)

RRC :RIKEN Ring Cyclotron (1986~)

fRC :fixed-frequency Ring Cyclotron (2006~)
I

 What is RIBF?

Research instruments
RIPS, BigRIPS : Fragment separator

GARIS : Gass-filled Recoil lon Separator
ZDS : Zero-Degree Spectrometer
> SAMURAI : Superconducting analyzer

Requirement to the accelerator.

RC : Ring Cyclotron

/

Tokyo)

A "?//._g [ ’E/

An upgrade plan

EBM

Sector Magnet
rf-Resonator

moc1

Mi i
s &

&

"ﬂ“ EIC -
R EDC

5m

Operation of RIBF for 12 yrs

N B | :{O S R S R R N
1000 | @t mmm L —
e
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A Successful operation
' Lessons learnt
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07 08 09 10 11 12 13 14 15 16

Budget-friendly version

Bending magnets Optimized ring for the 2" stripper at the RIBF
(1.8T * All beams circulated recovering the energies
it * Isometric ring for all charges to hold bunch
* Extracted simultaneously when our desired
charge states

Quadrupole array:
designing with HITACHI ENG. (C. Hori)
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Review

Introduction to RIBF

RIKEN RI Beam Factory

The first of the second-generation in-flight facilities

Accelerators

RILAC : RIKEN Heavy-ion linac (1981~)

AVF :K70-MeV AVF cyclotron (1989~)

RRC :RIKEN Ring Cyclotron (1986~)

fRC :fixed-frequency Ring Cyclotron (2006~)
I

 What is RIBF?
Requirement to the accelerator.

Research instruments

RIPS, BigRIPS : Fragment separator
GARIS : Gass-filled Recoil lon Separator
ZDS : Zero-Degree Spectrometer
SAMURAI : Superconducting analyzer

RC : Ring Cyclotron

An upgrade plan

Sector Magnet

rf-Resonator

moc1

MICI i

nnnnn ity

Intensity upgrade of uranium beam
Search of super heavy elements

4

5m

Operation of RIBF for 12 yrs

1000

100

10

pnA Su
' Lessons learnt

0.01

Bending magnets
(18T

P

“LightZetie

T T8O H ]

ccessful operation

07 08 09 10 11

Budget-friendly version

12 13 14 15 16

Optimized ring for the 2" stripper at the RIBF
* All beams circulated recovering the energies
* Isometric ring for all charges to hold bunch
* Extracted simultaneously when our desired
charge states

Quadrupole array:
designing with HITACHI ENG. (C. Hori)

Injection



Review

Introduction to RIBF Operatlon of RIBF for 12 yrs

PUCoNN

RIKEN RI Beam Factory 1000 L

The first of the second-generation in-flight facilities

Accelerators Hesonrdh insiramenits 100 L. pol-Gasl i
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RE s g Eydonn 00 o ”

 What is RIBF? pnA Successful operatlon
Requwement to the accelerator 1 Lessons learnt

>/
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07 08 09 10 11 12 13 14 15 16

RC : Ring Cyclotron

An upgrade plan Budget-friendly version

Sector Magnet Bending magnets Optimized ring for the 2" stripper at the RIBF
rf-Resonator (1.8T) + All beams circulated recovering the energies
— S * Isometric ring for all charges to hold bunch
MDC1 A » Extracted simultaneously when our desired
/ K charge states
Mic1 f

nnnnn el o'

Intensity upgrade of uranium beam
Search of super heavy elements

Charge Strlpper Ring
Low charge ion source with high
brightness

Energy recovering y

S cavities 2
Rot. GC stripper
or gas stripper
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