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Injection to RRC
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CW mode operation T Sactor
e |sochronous magnetic field Magnet
Acceleration at the top of the RF == ==/
longitudinal acceptance *+3°

e RF fixed frequency operation

Frequency 18.25 MHz
Harmonic9 ST
Voltage 230 kV/turn
Number of turns ~325

e Extraction

Electric Deflection Channel / }

Turn gap ~ 5.5 mm
Beam Loss at EDC
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AN N T E R
Requirement for the injector

I_I_l—

® Bunched beam

18.5 MHz (CW)
® |ons
23835+ and 124Xe2%+ (g/m~6.8)
® Energy
0.67 MeV/u
® RF errors

|AV/V]| <0.1%, |A®|<0.1°

@ Beam stability
|AT| << 0.2 ns (= 3deg. of 18.25 MHz)
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' IE NA 2. New Injector RILAC2
Overview of RILAC2

e Construction: FY2009, Installation: FY2010
e Beams: Xe and U, 0.67 MeV/u

First Beam: 2010/12/21 124Xe
Beam Service: 2011/12,2012/6 1%4Xe, 2012/12 238U

Rl s

eMain Components

lon Source: Superconducting Magnet
w/ 28 GHz Gyrotron constructed in FY2008
Prebuncher (BUN): 18.25 MHz (CW)
4-Rod RFQ Linac: 36.5 MHz (CW)
Drift Tube Linac: 36.5 MHz (CW), 3 Cavities

Bird’s-eye view of RILAC2
6/20 LINAC12 10/SEP/2012



A\ YWINRNHN 2. New Injector RILAC2
e e i

SC-ECR

e 100 times more intense 238U3>t than those from RIKEN 18GHz-
ECRIS.

® Set of six superconducting trim coils:

Large plasma volume 1100 cm3

Flexibility of various magnetic field distribution on axis “G. D. Alton and D. N. Smithe, Rev.
Sci. Instrum. 65 (1994) 775

from classical Bmin to so-called “flat Bmin *

Schematic drawing of SC-ECRIS Main parameters of Ion source
Maximum Biy; 3.8T
n system _‘____ Bmm <10T
B[S Sotcnod cor [ B 22T
Bext 23T
\ ___s—=ms e RF frequency 28GHz
_— max. power 10kW
‘ Microwave guide |
" ' Plasma chamber diameter 15cm
,
rro— d - o length 52cm-
= Typical base vacuum 1x10-°Pa
[ iron yoke extraction voltage 22kV

23835+ ~60 e U A, 124Xe25+ ~250 e u A (July 2012)
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E RFQ

Recycled a 4-rod RFQ linac kindly provided by Kyoto University.

Ml g
_| m— O T

N

N

K. Yamada et al., LINAC10

33.8 MHz B | L Crigna  36.5 MHz VGICRAE & S | Modified
B , = /’;/ —.,.\ ; ° ; - ol « ‘
A\ el

. ] 2
k
9.0 - o=
} 'l l
L r
f '

r
&

Frequency
Duty 100 %
m/q ratio 7
Input energy 3.28 keV/u
Output energy 100.3 keV/u
: 2007
Input emittance g o
k| 8
Vane length 225.6 cm
Intervane voltage 42.0 kV — " u o
Megn.anpiia (o) i Resonant frequency f, : 33.8 MHz — 36.5 MHz
Max. modulation (m) 2.35 : {
Focusing strength (B)  [6.785 m/q = 7 ions accelerated to 100 keV/u without
Final synchronous phase [-29.6° .
TR A et changing vane electrodes.
Shunt impedance ~50 kQ Unloaded Q : 5400 — 5000 (measured)
Required rf power ~18 kKW
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4 C E R

|
N T

I_I_l—

¢ 36.5 MHz (CW)

QWR T
Low- 3 : 0.015-0.038 |
Capacitive Coupler, directly jp
coupled with the amplifier
e Low-power tests | »
Q: 78 % of ideal Eiirkﬂ)

Resonant Frequency was 0
0.2 % higher than MWS
K. Suda et al., TUPB095
eAmplifier:

based on Tetrode (EIMAC 4CW50,000E)
load resistance of the tube —700 Q

Filament

L IJ;I\ II I J
/ Pickup EIectrode\
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‘yNI INA 2. New Injector RILAC2
CLE N LTl R

RF errors
® Long-term operation test

® RF errors
|AV/V| < 0.1 %, |A ®©|<0.19, stable operation with high reliability
eAnalogue feedback:
Auto Gain Control, Auto Phase Lock, Auto Frequency Tuning

e Monitoring system based on the RF Lock-in amp, SR844

0 4 e | ] 1 I I 1 I ] |l | I | 1 I 1 I I L] I I fod

- RFQ —DTL1 —DTLZ2 R Cavities Lock-in amp. SR844 to RF amplifiers ¢
A s or %‘_E- of accelerators
ﬁ E_ .................................................................................................. -] Phasefrobes ‘ -" Y ;.f..:;. T
E e N . n § o 3 L fnrﬁﬂilﬁgfi
e i 0 L G G I e e witc o W Switc
oz~  £0.1 %  WEAEEY BE : G i 2, 3, 6, 90
- = é_ o % I : =
—04=_1 1 l Al lal b I Ll gy l LoLil g I Ll =4 T = O ' I <>
P +
0.4 w0 I . e i G I e it et L I Jean gl vt I JhEias cg %3 : or : GPIB/LAN Power
. - | i divider
0.2F S EE R :
0 " O O . 18.25 MHz
ﬁ 0.0 - Beam Master oscillator
o [, . chopper - - (E4426B)
< n o - Control PC ’l\
—0.2 |— =
n +0.1 1 —— :Single coaxial cable (EabV IEW) 110 MHz
—0.4 — 1 Lo itgl } | Lipl ¢ i) I L Lyt ) i) I AN -9 : MUltlple coaxial cables Rb freq' standard
0 5 10 15 20 —>: Ethernet cable i = o (FS725)

Elapsed Time [h]
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L-\%!;\I II\IJEITIEI\ZIAR 3. Beam Commissioning
Beam Commissioning

m—

eAcceleration test (RILAC2 stand alone)

First Beam:
2010/12/21 124Xe
Beam Energy and Transmission Efficiency
Beam Stability

e Commissioning to RIBF (injection to RR()

Beam Service:
2011/12,2012/6 124Xe,
2012/12 238U

Acceleration Efficiency of RRC

Short life time of charge stripper

12/20 LINAC12 10/SEP/2012



.\; NIESHINA 3. Beam Commissioning

Acceleration Test (Energy and Transmission Efficiency)

lon Source Bldg. AVF Hall | 450 |
1
SC-ECRIS . LEBT BUN RFQ REB DTL HEBT
o — E BV “'DQ I'DQ _5& > gDQ DQ TQ TQ § — TQ
v ' b = i T > 74
=={ ot T — 1fe 41!
em | [ w- ! .
e Solenoid e F r | el | I
Faraday-Cups U10 B12 B12 B20 B2 B31 B41 B50
a) 100_ A ) b):llllllllll]]]]llIIlllIIIl]]Il:
s — RS : 2 — - 21 f-
Transmission: ~75 % ¥ 80 1 F N C .
o 238(;35+ = = ]
5. 60 : ] - > .
! O : ®: 2012/06 33 uA@C21 S Lo .
TOF: 0.67 MeV/u S P ©:2012/04 21 paeczi | SE 8 SN ERE— :
g 40 0:2011/08 18 nA@C20 -1 © .
L‘ - r — —
Bunching Efficiency:80% 2 | DTL3 ]k . B
g y & 20 |- DTL2 4 E £~20% ¢ 8
£ - IS RFQ DTL1 i 4 4%
AN * :
@ O | | | | | | | | what el . « n i 4 A,
U10 B12 B20 B22 B31 B41 B50 C21 0 25 50 75 100 125 150

Faraday Cups TOF[ns]
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Acceleration Test (Stability)

Beam intensity and Injection timing of the beam accelerated by RILAC2

RF Stability, Double-Rebuncher — Stable enough for injection to the RRC

il N nARERARABEAREEARAE IRARARNENE] BuBRERERET R EEE IS —yto .20
[ S 7 1 18.25 MHz 36.5 MHz

I_I_l—

IS Unstable 1( S71 RRC
WM
i |

J
RILAC2
y~ 36.5-MH
%/‘
=

36.5 MHz
B7

Intensity [a.u.]
o
-

D15 AOla
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|
|\
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3. Beam Commissioning

Injectlon to RRC (Acceleration Efficiency)

Acceleration Efficiency =50 ~ 60 %

Why?

1. Bunching efficiency ~ 80 %

2. Poor Turn separation
—Low Acc. Voltage
—Emittance mismatch?

Transverse?
Longitudinal?
—|mperfect Magnetic fie

Beams

—
ain Probe
Differential Probe scan__ [

Beam@ensity [a.u.]

Main Prob

N

0.5mm

15/20

18.25 MHz

1S S6
——U10 36.5 MHz

i RRC

N T

U = H9, 18.25 MHz

< o

—rs — — SLIT

= C21 B —_] FaradayCup
’ PP-RRC
D15 a %7 Beam Dump

J_PP D15 CS1
fRC < ()] Rebuncher
109.5 MHz

o
U10slit: H =5 mm,V =5 mm

il

W \

Ul

AL BT i
1000 1500 2000 2500 3000 3500
Probe Position [mm]
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3. Beam Commissioning

Injectlon to RRC (Acceleration Efficiency)

Acceleration Efficiency =50 ~ 60 %

Why?

1. Bunching efficiency ~ 80 %

2. Poor Turn separation
—Low Acc. Voltage
—Emittance mismatch?

Transverse?
Longitudinal?
—|mperfect Magnetic fie

Beams

—
Main Probe
Differential Probe scan__ [

0.5mm

Beam@ensity [a.u.]

N

15/20

E-Sector: Upper coil short
between pancakes

Ny S6
18.25 MH= 36.5 MHz
N| RRC
G % HY, 18.25 MHz
<< o SN
E ?% C21 — — SLIT
\ m— %—RRC —_] FaradayCup
— | Beam Pickup
365MHZ D15 A01a %7 Beam Dump
1 C51
fRC < e £ ()] Rebuncher
109.5 MHZ
~t—=t-—ttt+t++ Tt
U10slit: H =1 mm,V £2 mm
il W |
1000 1500 2000 2500 3000 3500

Probe Position [mm]
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‘yL\“ INAR 3. Beam Commissioning

E N

_|

Lifetime of the stripper foil

~10e uA@FCAOaT
» Lifetime in MT(Nov, 2009) 12hrs@1pnA
DEC2011

IS
U100 ,20,.

0.35 mg/cm?

—
(00)
nN
o1
<
=
N

oL RRC

AN T

U = H9, 18.25 MHz

<

. — — suT

o C21 —_] FaradayCup
1 PP-RRC
D15 @ &7 Beam Dump

I CS1
fRC < i (O] Rebuncher

189:5 MHz

- Rotating Stripper
H. Ryuto, et al., Nucl. Instru. Meth. A569(2006)697.

- CNT-SDC

Carbon nanotube/sputter deposited carbon

Frequency of exchange : 1 time/4-5days providing ~3.5 pnA
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gAY CIEINIT Fl R

Lifetime of the stripper foil

X@ ~33euA@FcAoat

JUNE2012
S S6 —
18.25 MHz__U10 36.5 MHz Y -§ i —t 1+
I RRC 3 o8 3 PP-RRC
O = s [, &
o H9,1825 MHz 3 ;H - I AAM( [ l,
) = =/} <
- — — SLIT <0
6e 1 E “pF
\ OEI e 1 Faraday Cup <”81. e e e e et e o e e e e e
Beam Pickup ‘=
365MHz p15 AOla = iy PP-D15
B7 J_ CS1 ®¥ Beam Dump r ” , |
fRC - i < (O] Rebuncher g“
109.5 MHz E
» Carbon foil became significantly thinner
z
due to the heat load. 5 >

0 1 2 )
Exchange : 2-3 times/day providing ~25 pnA Elapsed Time [h]
17/20 LINAC12 10/SEP/2012



Rl s

Contents

™M Introduction of RIBF accelerators
M Design and performance of RILAC2

M Results of beam commissioning

0 Summary and Plan

18/20 LINAC12 10/SEP/2012



X

L-\%!;\I H'NAR 4. Summary and Plan

|
Summary
® RILAC2 was successfully commissioned

m—

RF errors, |AV/V| < 0.1 %, |A®|<0.1°
High Reliability, down time due to the RILAC2 RF was < 0.3 %

® Acceleration test

Transmission efficiency (RILAC2) ~75 %

Stable beams were provided as an injector to cyclotron (| AT| < 0.2 ns)
® Beam commissioning to RRC
Acceleration efficiency of RRCis 50-60 %
® Beam Intensity at SRC (345 MeV/u) was greatly increased as:

2381) :3.5 pnA, %4Xe:24 pnA

® Synthesis of SHE and RIBF experiments were performed
simultaneously.

19/20 LINAC12 10/SEP/2012
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4Y C ELR

|
Plans
U and Xe Beam Service scheduled (Oct-Dec, 2012)

I_I_l—

CS1: He Gas Stripper (<0.7 mg/cm?)
238|J35+—238|J65+ 10 kW Beam Dump

inside the analyzer magnet

%
Repair to the layer-shorted coil §§ f
\Q PR
<

New Injector
RILAC2

N

Ay

Q

=

<
S
)

X ler
L IErefrerer A of
1S:238U3>+, 60 e u A

CS2: Rotation foil for U
K upgrade of fRC N2 gas for Xe

Beam current(Oct-, 2012): 238U > 5 pnA, 1#4Xe > 30 pnA

20/20 LINAC12 10/SEP/2012



A 4. Summary and Plan
R

— 1.0 E E —

q < s §

3. B | )

S s '

| e O F s

Repalr to th % - i 12‘%X652+ .

S ool LA

Newlnjj 5 ¢ ® RILAC2 i

wNoe > Oct, 2012 g :

S B | _

0 § : é

28GHz IS | m E I particle (pA) =1 electric (A)/ q | E
IS:238U35+ ] ] ] | L 11 || | [ |1|(|)

f—

10

Mass Number

Beam current(Oct-, 2012): 238U > 5 pnA, 1#4Xe > 30 pnA
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(The 13t Heavy lon Accelerator Technology Conference)

September 6 -11, 2015

YOKOHAMA, JAPAN

RIKEN Nishina Center

Thank you.
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Design Parameters of DTL

Frequency (MHz)

Duty (%)

m/q ratio

Input energy (keV/u)
Output energy (keV/u)
Length (cm)

Height (mm)

Gap number

Gap length (mm)

Gap voltage (kV)

Drift tube aperture (mm)
Peak surface field (MV/m)
Synchronous phase (deg.)

DTL1
36.5
100
7
100
220
80
1320
10
20
110
17.5
8.9
25

DTL2
36.5
100

220
450
110
1429
10
50
210
17.5
9.4

2. New Injector RILAC2

DTL

DLT3
36.5
100

450
680
130
1890

65
260
17.5
9.7

Schematic of DTL1 and DTL2 cavities.

DTL1
Side View Front View
Pickup Top
I:f°f T B g0 e M
Y
=! E - R =2t H [I;‘I
i R I :‘%ﬂ i
pey ¥ Coupler 200) Tuner
200 1 e
1 elznol LTI
- — L = Y
[ N [T ]
Plate
Plckup ;;OP Pz
5 2 o t
= — Y
3ﬁ£ﬁgﬁgﬁgﬁc 124,{—% H ﬂ;‘l
847_—1 |_]
L e 5 2000 [
oupler -« Tuner
=
— ® 1100 -
E— e : :
=R R SEI===mi==b

Plate
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A 1. Introduction
R

] : i

ORCEC]  SRel i |

New Injector . 8 "“ inuy
RILAC2 & 2f ‘ ‘
& @$ N 2f

2o TR 5

S _— % RIBF Experiment |

SearA MR efaterrer R

ey
~
"

1. Cyclotron cascades consist of RRC, and new booster cyclotrons with an injector linac.
RRC fRC IRC SRC
K (MeV) 540 570 980 2600
Number of Sectors 4 4 4 6
Velocity Gain 4 2.1 1.5 1.5

LINAC12 10/SEP/2012
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A 1. Introduction
R

New Injector
RILAC2

N

2
G-
O§\/
&L §_ O

;O-M.
QQJ

1. Cyclotron cascades consist of RRC, and new booster cyclotrons with an injector linac.

of

H=12

RIBF Experiment

2. Fixed energy mode dedicated for the acceleration of U and Xe to 345 MeV/u.

RILAC2 RRC fRC IRC SRC
Energy (MeV/u) 0.67 10.75 51 114 345

LINAC12 10/SEP/2012



A 1. Introduction
R

New Injector
RILAC2

N

<
)
¢ L o B |

O
& $ ic] °"  RIBF Experiment
e <IL2f 2t 2 2f r2F < i

3f
Carbon Foil Strippers

1. Cyclotron Cascades consist of RRC, and new booster cyclotrons with an injector linac.

2. Fixed energy mode dedicated for the acceleration of U and Xe to 345 MeV/u.
3. Charge Stripping is made twice at the injection to FRC and the injection to SRC.

1S RILAC2 | RRC fRC IRC SRC
U 35 = o /1 36 €
Xe 20 & = 46 52 <

LINAC12 10/SEP/2012
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4| C N T E R
Xe and U acceleration

m—

Double Rebuncher

New Injector
RILAC2

N

25@

<
\Q
<

1f 2f 2f2f 2f 2f

Rebuncher

28GHz IS

1. Cyclotron cascades consist of RRC, and new booster cyclotrons with an injector linac.
2. Fixed energy mode dedicated for the acceleration of U and Xe to 345 MeV/u.
3. Charge Stripping is made twice at the injection to FRC and the injection to SRC

4. Rebunchers compensate the beam energy error keeping the injection timing constant.

LINAC12 10/SEP/2012



N 1. Introduction

New Injector
RILAC2

N

i
QO N
o O

238|J35+ 124X @20+ ;O-Om
S8CHy IS Hfrref 2figfi2f2f

No Charge Stripping
1. Cyclotron cascades consist of RRC, and new booster cyclotrons with an injector linac.

2. Fixed energy mode dedicated for the acceleration of U and Xe to 345 MeV/u.

3. Charge Stripping is made twice at the injection to FRC and the injection to SRC

4. Rebunchers compensate the beam energy error keeping the injection timing constant.
5. Intense uranium and Xe beams from IS are accelerated by RRC without charge

stripping before injection.
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