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REEDEAA D ABEINERIZDFRRAE
Study of Hattori Lab. for lon Linear Accelerator

RFQ Linac :9 DT Linac:9 Synchrotron:2 New electron accelerator :1 C60 accelerator:1

1.(1982)Heavy ion 4vane RFQ Linac (LITL) A/Q=7, 5keV/u to 100keV/u, 100MHz, Design, Const., Acc.
2.(1983) POP INS type IH Linac A/Q=4,10keV/u to 160keV/u, 100MHz, Design, Const., Acc.
3.(1984)Titech IH Linac for HI irradiation, A/Q=4, 240keV/u to 2.4MeV/u (p CI), Design, Const., Acc.
4.(1985)Test Medical 4vane RFQ Linac A/Q=7,7keV/u to 0.8MeV/u, 100MHz, Design, Const.,Acc.
5.(1986)Titech 2nd IH Linac for HI irradiation, A/Q=4, 2.4MeV/u to 3.4MeV/u, Design, Const., Acc.

6. (1988)POP-IHQ Linac, Proton 0.8MeV to 2MeV, 100MHz, Design, Construction, Acceleration
7.(1984-96)SC-RFQ (POP,Test, Rl acceleration) A/Q=28, 2.1keV/u to 178keV/u, Design, Const., Acc.
8.(1993)Compact Storage Electron ring for Free Electron Laser, 300MeV, 100MHz Design, Const.
9.(1994)Deuteron(3.4) IH Linac for PET-RI, A/Q=2, 100keV/u to 1.7.MeV/u, Design, Const., Acc.
10.(1994)Titech Heavy ion 4 vane RFQ Linac, A/Q=16, 5kev/u to 220keV/u, 80MHz, Design, Const., Acc.
11.(1997-09)Fullerene C60 Accelerator, 200eV to 300keV, Design, Const., Acc.

12.(1998)IHQ Linac for Semiconductor, A/Q=16, 20keV/u to 120keV/u, 33MHz, Design, Const., Acc.
13.(1999)POP of APF-IH Linac for heavy ion, 10 to 90keV/u, Design, Const., Acc.

14.(2000)POP of Electron Accelerator(Ridgetron) for Sterilization, Ee=2.5MeV, 2.8mA, Design, Const., Acc.
15.(2003)Siberian Snake Magnet of BNL-AGS Synchrotron for Polarized Proton, Design, Const., Acc.
16.(2004)Test 4 rod RFQ Linac by DPIS withC4+ Laser ion source, 60mA, Design, Const., Acc.
17.(2004)APF-IH Linac for Cancer Therapy of C4+, 60keV to 2MeV, Design, Const., Acc.
18.(2008)APF-IH Linac for CW Heavy ion Implanter P1.5MeV, Design, Const., Acc.

19(2009) POP 2 beam RFQ-IH Linac for multi-beam, 5keV/u to 60keV, C2+108mA, Design, Const., Acc.
20.(2010)POP of Hybrid Single Cavity(RFQ+DT) Linac for C cancer therapy, 0.05 to 24MeV, Design, Const.
21.(2011) Variable Energy Implanter of APF-IH Linac, B1.7MeV, 65MHz, Design, Const.,

Application Accelerator: 11 Accelerator and elementary physics : 10
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Design of heavy ion cancer therapy system

15t Design study of heavy ion cancer therapy system(HIMAC) (at INS 1979)
Design study of ECR ion source and Injector Linear accelerator at Titech(-1990)

QH Secanning Hag.

Vertical Boam Delivery

Ground Level
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HIECR lon Source

15.(1988-91)6.4,10GHz ECR Heavy lon Source Z{lIECREA A& Suzuki, Hirata

23.(1994)14GHz ECR Heavy lon Source

Katayose

43.(2004) ECR lon Source, Cavity resonance freq. vs Mulch Charge lon Takano
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8.(1987-90) Design study of Injector Linear accelerator and ECR ion source for HIMAC
15t dedicated Synchrotron Facility for Heavy lon Cancer Therapy(HIMAC) 1993
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1st dedicated Synchrotron Facility for Heavy lon Cancer Therapy(HIMAC)

(1987-90) Design study of Injector Linear accelerator and ECR ion source for HIMAC

HIMAC, the first machine for heavy ion radiotherapy in the world

HIMAC 1s the first machine in the world specially constructed for researches on heavy ion radiotherapy.
The mussion of HIMAC is to verify the effectiveness and safety of carbon ion radiotherapy and to develop
new medical technologies. HIMAC consists of various instruments shown below.

g ECR IS

£yl
L

i

@) Alvarez Linac (2 RFQ Linac (1) ECR Ion Source
Linear accelerator for medium Linear accelerator for low speed This type of ion source produces
speed ions. Length:24 m/up to ions. Length:7.3m /up to 4% of highly charged ions.

11% of the light speed | the light speed
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13.(1999) POP of APF-IH Linac for heavy ion, 10 to 90keV/u

Acceleratlon Stand of POP APF IH Linac

1999 APF-IH type Linac POP Accelerator APF focus,10-90kev/u Acc Matw Yamamoto
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APF-IH type Linac of C**Acceleration for Cancer Therapy

4

21.(2004)APF-IH Linac for Cancer Therapy of C4+6OeV/u to 2MeV/u, Yamamoto




ARERDE A A2 WA RERINESR DB

Keil series PM-ECR 1on source

Kei2 source KeiGM

Magnetic field production
All permanent magnet

Microwave

Frequency 9./5-10.25 GHz
Operation mode pulse
Extraction voltage 30 kV@C#

HIMAC, Gunma U., Saga pref. Kanagawa pref. Operation 2010
(2001-2005) PM type ECR ion source for Carbon cancer therapy,
Design, Const., Operation Muramatu
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Gunma University Heavy 1on Medical Center in Japan

Compact Synchrotron Facility for Carbon 400MeV/u  Operation 2011

Requirement for carbon ion radiotherapy
(Range 25cm, Field size 15cm, 5GyE/min. Irradiation port H&V)

Treatmentroom |\ - Synchrotron |2

y

) o

rtemie P\VI-ECR |0 (g0 ONAS | APF-HLinac (RPN
- T v' S Nl A 4 ‘fh A

. 21.(2004) APF-IH Linac for Cancer Therapy of C4+, 60keV to 2MeV, Design, Const., Acc
221(2005)PM type ECR ion source for Carbon cancer therapy, Design, Const., Operation
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UHABEINRZR DRFEME
BT 5 X < AGTE (DPIS) & ALk R effi iniE4E & B 22 RIHE A STER 2 iniE 25

(2009-2010) HSC parameter: final design based on cavity simulation Lu
Image of 6mA HSC linac final desigh & sandwich type fabrication

Semi-cylinder
Center plate

— "[---_.
L-tuner GBP structure L=
f,/x x/ // 1 B |8 o 1\\\\\
The final design which inner linac is 1800mm include s 1Ll ] A
ERT-tuner, L-tuner, GBP structure and 65mm EXITFF ” Not= | A1 % /)
discussed before. \\ | TTH =t //
I S P
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WARBERDOERE TS AT AL (DPIS) Z ALk FRefliNERE & B2 RIHE! A SHR 7 I0EES
6mA HSC parameter: final parameters

Main Parameter

Coordinate RFQ GBP+DT
Frequency (MHz) 100

Particle Ce+

Total inner length (mm) 1800

Power (kW) 94kW

Q value (MW-S) 14486

Max. field (Kilpat.) 1.8

Cell Numbers 41 1+16
Synchrotron phase -90,-30 0,-60,-30,30,30...
W, (KeV/u) 25 220

W, (KeV/u) 220 2MeV

Input beam current (mA) 20 13.1

Output beam current 13.1 3.88(Gau-dis: 5.98)
Diameter (mm) 280 650

Length (mm) 679.58 1120.42
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MABBADEE TSR T ASHE (DPIS) % FIL\ i SR6fliin s & B 22 MIHE A SR s i 55
Structure of POP Accelerator of Hybrid Single Cavity (HSC) Linac
by DPIS with LIS

RFQ and DT structure (Hybrid) in IH type Single Cavity (HSC) Linac
by Direct Plasma Injection Scheme (DPIS) with Laser ion source (LIS)

| 4 rod RFQ structure‘ DT o tiichie
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PABBADEETSZ T AT (DPIS) & AL i Re iR & B2 RIHE A SHR R N2
= ARFERBOBREELD: FEDHEIYIMUE—F VR

s ST ZE R D BGD Fa—=F

10053 MHz  95%  99kW B —HKLT\S HHEHEL 103@7\);)\

N UE—R R
Z.=V?/PL  V:acceleration voltage  P:power L: cavity length
TIalb—iaViE: A . ,
y =[(24—O.3)><10 /6/cos30° /TTF]

. =123.0 (MQ/m
c 94x10°x1.8 ( )

PoP Ik DETEE:  Zpse =123%x0.95=116.8(MQ/m)

EBAI & HEHHIE: Ziso =5 ngt (f, VA dz)=115.4 (MQ/m)
:\#’Li—f‘o)ﬂﬂﬁi,ﬁﬁ ZHSC :Cﬁ—ZDSfS.S

T—A—DRBRMLDEFEE: 1 7,0046582x0.51°x100 **107 =110.0(MQ/ m)

20
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MABERDERT X< ALtE (DPIS) & AL B R6ffi iiRE & B ZERIHE A STHRFZINESS

Acceleration Test Stand of Hybrid in IH type Single Cavity (HSC) Linac

&
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G H

(=%

. _‘-""—‘_—/ . 4
Nd-YAG Laser : RF Coupler =S
TMP 1000L/s
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WNABBRRADERTSXTALGHE (DPIS) & AL R SRefMi iR & B2 FIHE A SRz iR a8
Compact type heavy ion cancer therapy

Injected HSC type Linear Accelerator in Small type Carbon Cancer Therapy

Size:1/2-1/3

DT IH Linac RFQ Lin

ke I S

24.(2010)POP of Hybrid Single Cavity(RFQ+DT) Linac for C cancer therapy, 0.05 to 24MeV
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Boron Neutron Capture Therapy (BNCT)
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1. RFQIEHINEIFIC LD KA EMED20HFEL DT L—I R )L—

RFQ type linear Accelerator (Break-through of high intensity acceleration)

1975: ITEP: RFQ Design, Construction and Acceleration
Principle of RFQ proposed by Kaphinsky & Teplyakov

1980: LANL: POP 4 Vane RFQ Linac RFQ Design, Construction and Acceleration
PARMTEQ soft produced by Jameson, Swenson...

Principle of RFQ Acceleration

Vo cos ot

-V, cos wt
-Vp cos mt

V, :Particle Acceleration

Vycosart
AR ER B _ _
No modulation Modulation V¢ : Particle Focusing

F=qe(E+17xB)

/

Electric(E) is higher than Magnetic(B) focusingat low energy ( several 100 keV )




1. REQIRH IR EF I KD RAENED 20t LD TL—IRIL—
Principle of RFQ proposed by Kapchnsky & Tepylyakov (1969)

4 Vane RFQ Cavity

TE,,, like mode Resonator
Electric-quadrupole cross section

Unit cell

Two-term potential function

U(X,Y,2,t) = V—[§ X2 = y2 |+ Al (kr) cos(kz)}sin(a)t p

2
! !

Focusing Acceleration
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20 Century Development
* 1975 RFQ Linac Acceleration at ITEP
* 1980 RFQ Linac 95% Accelerate at LANL
* 1982 HI RFQ Linac Acceleration at INS

Break-through of 20 Century for high intensity acceleration

* FMIT, IFMIF 21 Century construction
* SNS (USA, Japan) 21 Century construction
* Design of Heavy ion Inertial Fusion (HIF)
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FMIT RFO Linac at LANL(USA)

L Lo
kJ"

%
FMIT(D100mA) RFQ at LANL
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SNS RFQ Linac at JAEA ( J-PAC)

Proton RFQ Llnac for SNS -
: oy o
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Li INLET PORT (280°C)

Heavy lon Inertial Fusion (HIF)

Li OUTLET Q MAGNET

PORT(470°C) ||
‘-..-":‘ﬁ b ;‘ G

Parameters of HIF(HIBLIC)

Particle Pb ( Bi)
Beam Energy 4 MJ
Target Gain 100

Output Energy 400 MJ
Beam Power 160 TW

lon Energy 15 (10)GeV ‘
Pulse Width 25 ns 2
Beam Current 10.7kA (= =, FIGIAL L7 Y
Beam Size 3.2 mm : Of=
Repetition rate 10 Hz

% EACTOR CHAMBER

JWALL (HT-9)
SN -
‘ 3 - -

Ratide
Xy | 29 Im

aﬁocanﬁ
"HIBLIC-I" REACTOR CONFIGURATION
m—-.
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Hohlraum - Radiation

ooy
100

lon Beam ...-:. _-" .- K .-_-.-_-'-..:'-:
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Converter

.......

L

.929%9;

......
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, g Fusion Pellet :
0 Ry Ry R: R,
! ;
‘?“" L

~
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Turi Souree (JEF AFO{LE] TH=a (B} IH-8{4] Aluaraz=p {2}

Rl e mae s 1GW Power Plant of HIF in 1984

e
-,

T v Snevul 62 (0. JHe Au) 0L 24Gav 1. 2HeV ) 0 UEGeV 4. SHe Y u) Histor Of HIF
e y

20 Century

1975 RFQ Linac Acceleration at ITEP
1980 RFQ Linac 95% Accelerate at LANL
1982 HI RFQ Linac Acceleration at INS

' Break-through

L 1980~1984 Designed Power Plant (LGW)
f on HIF (Germany, Japan, USSR)
T RFQ 30mAx16sets=480mA(Pb+)

[ R 11, PR TR

hlvarez=

| N S S I )
O apa mue 0 T00 w

S —

Layout of an inertial confinement fusion reactor plan named HIBLIC in Japan
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1GW Power Plant of HIF in 1984

Tum stu-eeuﬁl RPOULEL TH-A (8} IH-B(4] Aluapaz=p {2} HIF drlver ACCGleratOI’

o - T P Te 1T S0mMiiz LanHiiz

3. ToeW
[ R 11, PR TR

skl on Lin
e —

WWWWWW

OILY zpo mue
S — : e Lc) Atvarez

Layout of an inertial confinement fusion reactor plan named HIBLIC in Japan
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Direct Plasma Injection Scheme(DPIS): BE#£75X < A§ti%
« ERISIXTAGE BT S XT AL

L—H—AFVRTHRELE7IL—30TSXTE
RFQ#EIZINRFICEEAS THEIZKY,
100mALL E D K& EE — L INERA A RE

HRDET R F—AF 2 E— LGEIE

PEE D MZES %
—AFVRNEEEA—SFTILEIZHY, NEER
A E—LIFHEBL X OBELVXGET
RSN T=DH , RFQHRFZ MIEER I A ST - ME
Y (%)
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s

Measurement of charge states

distributions of Laser ion source gl =o Experimental equipmen
ILh. e
FPAZNG-YAG Laser A

\

Detector . B] TEACO2 Laser
= T NaCl Window
A |_ l
4.6m L 3.1m

Electric Analyzer

S




3. l/_-|j-,r7_|—~/;ﬁjé1ﬁﬁﬁ Lf:l—g1%7°5z‘7 ] Current of the different charge states

ASTEICESHRFQILED B Ih

Result by analyzer

Current measured by analyzer
IS estimated by integrating

(Signal from Analyzer) /y and
current at F.C. and comparing

Y:secondary electron emission coefficient

More high charge state
was produced by Nd-
YAG than by CO2

—power density

| CQ, laser produce plasma

64 ——C"2.6x1¢°

L=31m e C?2.9x10°

5 ch=30 mm . 0

Cc*4.5x1d

g ——C*8.2x1¢°

= cH®2.1x1¢°
o
]
=]
O
2

-
1

o
1 L

—
o
-
(8]
[he]
o
el
(8]
o
[ ]
W
(8]
I
o
.
(&}
(8]
o
o
(8]

Time, s
Current of the different charge states

1.44 Nd-YAG laser produce plasma
. o L=3dm ——C*1.6x10
: | dFC—30 mm C+3 3.1X1d
1.0- —=—C"6.3x10
T - C*6.0x10
D84 —=—C*3.8x10
c
L)
£0.6
=5
O 4
0.4
0.2_- .
o_o_- .__/\\_‘:H‘
0.2 -

T T T 7 T T T LI | L | LI | T T LI | L T T T T T T 1
8 10 12 14 16 18 20 22 24 26 28 30 32 34
Time,us
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Charge State Distribution with Nd-YAG laser (0.5))

Distribution at 1.31E11W/cm?2

current

Time[ us]

Charge state distribution depends on
laser power density on the target.

-1.58E+11W/cm?is best for C®* production

(C%*is important for injection into synchrotron without stripper foil)

integral

O C4+

W C5+

—— 0 C6+

1

1.72E+10 2.08E+10 3.26E+10 5.80E+10 1.31E+11 1.58E+11

power density [W/cm2]
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jon current (mA)

Charge State Distribution with Nd-YAG laser ( 2.5) )

418 —
=7 J;
— l|H 4
| ] &
314 — l[ - e
- M
- |‘ o] s .
209 — ,.,| | 00 05 12 .afs —g
tttttttt 1
\ 5
| c
_ . c
= 4\ 3
1 05 — I|II E
- a
N - -
O — 4 — LA A RS
] | T
0.0 0.6 1.2 1.

1.20E+011 +

1.00E+011 A

8.00E+010 4

6.00E+010 <

400E+010 4

2.00E+010

0.00E+000 —

3 4 5 6
charge state
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Laser Plasma Target Chamber

Insulator C Target Laser Wavelength: | = 10.6 mm
(MC nylon) i /(Rotateable) Focusing Mirror: f =250 mm
{ Diameter of Laser Beam: D = 50 mm
/ Focal Spot Size on Target Surface:
7H i d=1.22f I/D = 647,um

’\ Laser Beam
Na ClI
Vo2t

Slit 4mm W

Properties of the laser plasma
Energy of the ions : about 100 eV/u
Emission angle : less than ®20 degrees

------------------------------- o=
l{ -
:
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Measurement of the accelerated beam-just after the RFQ

mA
24 |

20

16

Peak Current: 25mA

Averaged Current: 8mA

C 1on beam
219 keV/u

Pulse Width (90%): 1.24 ps

032 RFQ
Bending m
Magnet A,
g Y
. 4H-E—H—’:\\ - }W
- J
e N /
r/r \“(\\ \‘ / ,”/‘
/ N Fap Laser /
~d 35 degree C Plasma
A Ion Source
‘F‘ararla}'
Cup 2 Laser
Radiat
TEA COj Laser
Faraday Cup 1
7 T
~ T
| |
6 - ,f 4..,««'..“«..NAJ'..,W..H«..N‘.N ]
! N
! * ;
g .
4 |- ,%«. g ..,«,;. I
i * '
[ :
2 i SR o
1 [ :
[ 4 :
1 . », » 'n
YRV ASUUPUPY " SN USUPUPIUUPRNINUPS. ) WONNIUR  JOPISPPRNE SN SRS
T“ * ah & S F et
.'; » . L
0

i
3.97 10

3.98 10 3.991 100
Time [s]

410°

Bunched Structure !!
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First Acceleration of POP-RFQ linac by DPIS with Laser ion source

10 mA of C* beam was accelerated at TITech RFQ Linac
(design 1.3mA)

Parameters of RFQ

Total Length 4.4m
Frequency 8OMHz
Injection Energy  5keV/u
Output Energy  219keV/u
Chargeto Mass  1/16
Transmission  68%
(6.8mA)

RF Power(1/16) 100kW

Out put intensity
of designed C* 1.3mA

2001 4/23

2001 Titech RFQ Linac accelerate as POP of DPIS Takeuchi, Okamura,Hattori
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Why ? Designed current C*1.3mA and Accelerated 9.6mA

Multi-charge beam acceleration
From PARMTEQM to pteg-HI (made by R.A. Jameson)

e Ht 10uA/div abLit,0.2nA/div
x H%,20ua/div o/Li*,5.0n4/diy
@ 3Het,2uA/div

o
T

Qutput Beam Current
wn

70

Intervane Voltage (kV)

Vane Voltage vs Accelerated Beam Current (INS Heavy ion RFQ Linac)
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Movement of Focusing Strenqgth(B) and Defocusing Strength(A)
in 15t stable reason of Mashu equation

= IBO'D‘II_' L 1-| I i |

Focusing Strength B

[-3 7
STABILITY LIMIT

| |

0
“1.5 -1.0 D 0 05
RF Defocusing Strength A,
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C*and C®* beam Test 4 rod RFQ Linac cavity design and construction

C4 and C°*
Input 20kev/u
Output  100keV/u

Calculated by Jameson
with pteg-HI soft

Designed and Construction
by Shemp and NTG Comp.
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Test 4 rod RFO Linac by DPIS with C#* Laser ion source

Basic parameters of the RFQ

eTotal Length 20m
4+ . eFrequency 100MHz
C 60mA Acceleratlon e|njection Energy 20kev/u
eQutput Energy 100keV/u
. Aperture 6.6mm
100mA Test RFQ linac by DPIS Maximum voltage 190 KV
v vl f *RF power 230 kW
eQutput Intensity
at 100 mA C* 76 mA
Ce* 51mA

f

. Carbon target

2004 Rod type RFQ for test high intensity acceleration C*60mA, C6*18mA
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Typical pulse shape at just after the RFQ Linac

60

a0 l

-

C*60mA

accelerat

fion

B~
o
L

[o%]
o
_ 1

Current[mA]

o
o
1

10

Time[ £ s]

C4 ion by CO, Laser(8.4J)

current[mA]

20
18- C5*18mA accelation
16-
14-
12-
10-

— F.C. current
averaging (10 points)

2

0
1

1 ! | ! 1 L | k 1

0 15 20 25 30 35 40
time[  s]

C%*ion by Nd-YAG Laser(0.5J)
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Time dependence beam ellipses *5“3\ 1
by IGAN simulation 200 |

PETT

o
.-""‘ Charge state distribution

~Vain 150

w
b R
£
&

Py ) 12 1 2
@A s b0 g
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0 (1] |
ENCE " — o &

M= oirh A0 i

an 124 1E0
o — 25
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Experimental beam
distribution

Simulation beam distribution
using IGAN

Experimental beam
distribution

Simulation beam distribution
using IGAN

w-
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-
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Interdigital H (IH) & i03E ZE i
IHESREMERSEIRIILX—EETEMNEENOIEEZRED

IHE T /DR, BB HE I AMNESRFICRE

* 103 MHz TIT

((2ENERIFE TIXIHB LA R LY) &TUM-TH

200 48MHz TIT-IH"

150 | .
100MHz TIT-THQ
P=V2/ZL \%Mﬂz
; TIT-1H

P: Power loss

V: Acc. Voltage

Z: Shunt impedance

L: Linac (Cavity) length

=
%o

27MHz Wideroe

)
=

W
=

I H=z
lez

2,,=9Zy s (If)

P\y=Pos/9

If same power inject IH cavity
Vig=3Vos. 10 .
Li=Los/3 & Py=Pos /3 : £ T R

Beam Velocity ( 5% )

HFEEICHT HEFRORTINERBEDNZ

Flectric Power Efficiency
( Shunt Impedance M{2/m.)

]
=
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Multi beam RFQ Linac
Shunt impedances of different structures

4 vane type

4 rod type

—e—4-vane

—e—4-rod
: : —o—|H

== L J S— omeeeee e Rt —e—2-beam 4-rod
: | o—2-beam IH

N100 © N _________ RFQ-IH type is best
N ! : : i i

0 25 50 75 100 125 150
[MHZz]
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Multi beam type RFQ-IH Linear Accelerator

Multi beam Type RFQ-IH Structure

1 Beam 2 Beam

Schematic drawing of 4 beam type RFQ-IH Linac

4 Beam 9 Beam
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2 Beam type RFQ-IH Linac structure for POP of Multi-beam

2 beam RFQ-IH linac Photograph of 2 beam RFQ-IH Linac

o
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2 beam YAG Laser lon Source

= - ‘;
BK7 window
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2 beam RFO-IH linac and Laser lon Source
Accelerated 54mAx2=108mA

Acceleration Test Stand

k,
] !,.‘
"
¥ o L. S
Pt
v 3 -
VT -
P, 1
5 =
)
]

Main parameters of two-beam type RFQ-IH Linac

Charge to mass ratio 1/6(C2+)
Input energy(keV/u) 5
Output energy(keV/u) 60
Resonance frequency(MHz) a7
Beam current (mA) 54x2=108
Beam loss (kW) 35.6
Wall loss (kW) 31.5
Total power (kW) 67.1
Average bore radius (cm) 0.76
Focusing strength B 8.75
Defocusing strength 0.216
Rod length (cm) 148.1
Total number of cells 150
Cavity diameter (cm) 49.2
Maximum field (Kilpatrick) 1.8

2009 2 beam RFO-IH Linac accelerated 54mAx2=108mA
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2 Beam RFQO-IH Linac succeed to accelerate
108mA by DPIS with LIS

Reproduce of acceleration beam

Beams of channel 1 and 2
700 5 : Q :
—C2+,18kV i ] . |
600 [ : ol I ¥ & T N
| —C3+,13kV PLI) TR S Y m—
1 ] I ] anne
500 “““““““i— __________ _c4+ 9 kV i 40 _________ E _______ 3_-__ e (R
i g < o V.| ——channel2 | ___|
g | £ [r—if-);
o AOL) [ § — ; no accelerated C2+, 3 kV |- TRV SRR SRS USSSMU A———
i3 300 b1 ¥ Rl . Sttt it SRR
5 el e [t B e e s
200 T W I i --------------- e e N
10 s saeTence s, R s e e ey
100 By """"" 7 5 r"'”"'"“"*i“*"*'“"‘l ~«~-wﬂ: vvvvvvvvv
Ayl l“l ¥ “" Wiy bty I
0 “‘h_j“ukhu ...l.'-.: ! 11 %‘h iJld 0
0 5 10 15 20 25
0 5 10 15 20 25 Time [us]

¥fEl [us]
2 beam RFQ-IH Linac accelerated 54mAx2=108mA
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2 Beam RFQO-IH Linac succeed to accelerate
108mA by DPIS with LIS

Reproduction of output beam channel 1 and 2
50 i i i | 55
45 ol <0l DN Ty ¥ T |
40 E E E E ol RN . W mm——r—ctl N
I‘E' gz ___________ —channel2 | ___|
) BN N, | NSNS S-S el 1 W .
3 R . W N
A S B s e [Ny U NSRS . WO SRR SO
i [of] WO .. TS SRR WS T S U DU U S— S—
T e B . . T e N . it R O R et
0
0 5 10 15 20 25
0 5 10 15 20 25 Time [us]
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ST NWE—=LO—T 42128115 NERE

60

S e e e i —
g A0 g T
£ | | | | |
030 | R
e f - | | g
) | |
| 20 feeeeebee B Sk
] ; ; —e—2-beam loading

10 e """ —e—single beam loading

0

1 2 3 4 5 6

Evo7vITEE V]
-G NWE—LO—T 4 TlE 2E—LMRICHEFESE=BADSHLE—LIXHTDE
HEOVEHERED ERD-HITFEHATESE-O. ALEBRAZTATE—LERINEKX,
HETE —LAE$955.6 mATEIFILTEY  2E—LO—T4 T ICEVWTIRARFE HESS
[CHEOT L COEICINEFTEHEEZbNSD,

67
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History of HIF RF Driver

20 Century

* 1975 RFQ Linac Acceleration at ITEP

* 1980 RFQ Linac 95% Accelerate at LANL

* 1982 HI RFQ Linac Acceleration at INS

Break-through

1980~1984 Designed Power Plant (LGW) on HIF (Germany, Japan, USSR)

RFQ 30mAx16sets=480mA(Pb+)

21 Century

* 2001 RFQ accelerated 10mA by DPIS with Laser IS at Titech (Japan)
2004 New RFQ accelerated 60mA at Titech, Riken and NIRS (Japan)

* 2009 2beam RFQ-IH linac accelerate 108mA at Titech (Japan)

Break-through
Application accelerator of high intensity beam (p,d,He,HI...n)
201 ? HIF Multi beam Test and Basic study facility in Japan

One Cavity with 4 beam channel 100 mAx4=400 mA for HIF
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Injector Linac design of 1Gw Power Plant

2620m

A F iR RFQ-IH DT-1H DT-IH DT-IH SC
Pb+ R INREFE R RFQ-IH(A) DT-IH(B) DT-IH (C) DT-IH(D) SC(E)
AG | | AS | e | AST et | AST | g | AS | H5t

IAR)LF¥—(MeV/iu) [0.005 0.3 |0.3 1.2 [1.2 47 |47 |10.0 [10.0 |50.0
R #(MHz) 10 20 40 80 160
EF(MA) 115 220 400 400 400
E—L% 4 2 1 1 1
N0 GLHE () -90—-30 -45 -45 -45 -45
N0 3 Z-(MV/m) 0.23 1.0 1.5 2.0 7.0
WS AE(K/em) | - 12 22 60 62
IEEBE(MV) 0.287(Vane) | 187 728 6510 8320
EHMREEKY) | - 285 428 700 1574
B(vic) | 0.025 |0.050 | 0.0507 | 0.053 | 0.100 | 0.145 | 0.135 | 0.315
+ILECm) |- 19.0 [38.0 |19.0 (375 |[18.8 |27.23|13.6 |29.52
*yyvI7ECm) |- 6.33 |12.66/6.33 [125 |6.20 [9.07 |3.53 [9.84
DTE(cm) |- 13 25.34|12.67 |25.00 [12.5 |18.16 | 9.08 |19.68
Z2 R B (cm) 160 133 133 73 1500(5 X)
2K (m) 231 187 485 3255 1189
L3 1385 656 1702 9300 5283
4y E % 20mx11 20mx9 20mx24 20mx28 20mx59
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History of HIF

Luvi Sourge (JEF RPOOLE| TH=a (B} IH-8{4] Aluaraz=p {2}

't Lo Srne i TET1 B SOmMliz 100KHz 20 Century

e 1975 RFQ Linac Acceleration at ITEP
_‘_fﬁ:l—a——; P =5 1980 RFQ Linac 95% Accelerate at LANL
=—— e 1982 HI RFQ Linac Acceleration at INS
;-:.i—T#_sff} —— . Q
:———;:____u;fmd_:__“:a:_

_]Htvﬁm.v.-'m b2 (0. IHe Y u) O 2dGev [l 2HeV u) 0. U4GeV 4. 5HeY  u) Brake_through
- 1980~1984 Designed Power Plant (LGW)
on HIF (Germany, Japan, USA)
RFQ 30mAx16sets=480mA(Pb+)

21 Century
* 2001 RFQ accelerated 10mA
[ by DPIS with Laser IS at Titech
H 2004 New RFQ accelerated 60mA
at Titech and Riken
3. 76ev * 2009 2beam RFQ-IH linac accelerated
RS 108mA at Titech

Brake-through
_ 20. ? HIF Multi beam Test facility in Japan
P o0 s S s One Cavity with 4 beam channel

— e e —

hlvarez=

Layout of inertial confinement fusion reactor 1GW plan named HIBLIC in Japan (1984)



5. 21 D2 DD ITL—JRI—IZ LS RKBEEFEAAVE—LIEANDERH
HIFER R AR E DEET

BEAAVEEREBMEHIF)RSA/N\N—IZEITARIERIER

VDEAAVIEDVEDI—AVRE N (ZERERDR)IZTL
> TKBEE —LZIET HEERMERD/NEE D F il
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3 E—LDFZBINKRLAE—7 v MR D H il
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4 beam RFQ-IH linac and HIF Driver for Basic Study
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4 beam RFQ-IH linac and HIF Driver for Basic Study

Parameters of 4 Beam RFQ-IH model

Parameters of RFQ-IH model Cavity

Type of cavity RFQ-TH (4 Rods) type
Focus of beam 4 beam of 4 rods
Operation frequency (MHz) 22
Cavity diameter (mm) 670
Cavity length (mm) 1100
Length of ridge (mm) 880
Distance of ridge to ridge (mm) 335
Length of rod (mm) 1080
Diameter of rode (mm) 16
Diameter of bore (mm) 16
Total number of cell no modulation
Distance of 4 beam(mm) 68

Distance of electric disk(mm) 135
Length of cutting ridge (mm) 205
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