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Administer boron-
containing drug

Neutron irradiation Neutron react with boron:  Cancer cells are destroyed:
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A boron-containing drug The affected site is irradiated Emitted alpha particles and These particles only travel a
that selectively accumulates with an energy-adjusted lithium particles destroy distance of one cell width
in cancer cells is used. neutron beam. cancer cells (about 10um), allowing for

» Pinpoint treatment at cell level cell-level treatment.

Alpha beam and lithium particles, with energy three times higher than regular X-ray radiation, selectively
destroy the DNA helixes of cancer cells.
» New treatment of refractory cancer
Including invasive cancer, multiple cancer, recurrent cancer, radiation-resistant cancer, cancer patient
not indicated for surgery of radiation therapy, etc
» Causes minimal stress and provides high quality of life
Treatment is completed in only one session of 30-minute irradiation without incision. Indication for
medication can be determined with PET in advance.



Position of BNCT in cancer therapy



Position of BNCT in cancer therapy
Coverage of BNCT

Brain malignancy

Head neck cancer

Malignant melanoma

Lung cancer

Multiple liver cancer

Mesothelial cancer
asbestos exposure victim)
Recurrent breast cancer
Various recurrent cancer

Cancer drug

Surgery treatment

Neutron Source: Replace the Research Reactor with Accelerator
=» Accelerate Drug development



@32 7FO—F(EK. WESE, A 5—)



Basic configuration of proton linac for i-BNCT

lon Beam
Transport &
Source
Expander

H* 50 keV

> 10°n/cm?/s
0.5eV~10keV

1.2 MW
Klystron

324 MHz Waveguide

Peak current Max. 50 mA Target
Moderatg

Max. 1 ms

Pulse repetition Max. 200 pps
Duty 20%

Beam power 80 kW >

Beam Expander Beam Transport
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Design using MCNPX

Neutron energy spectrum at the E
Be target for various production MY IS Y

angles Neutron energy spectrum at the patient
Primary proton energy is 8 MeV position: 0.5 eV ~ 10 keV
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REFISVIR & BERS 0.5eV~10keV Neutron flux

Neutron < 0.5 eV Y-ray
1.8 X102 0.74Gy/h 4.7 X103
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Installation of RF system and beam transport by 2014

Modulator

1 ms, -90kV,
[ 1.2 MW Klystron ] 337 200 Ha [ Beam transport & expander

3 - A
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First beam commissioning was completed in December 2014

‘[ Very low peak current: ~ 1 uA ]—




ECR lone source for Ibaraki-BNCT

Ridge waveguide

DC break and RF window

Magnetron




LEBT

Beam dump to remove
unnecessary ions H,* and H;*

Differential evacuation
© L OLLY oL
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1+ Beam Diagnostics (for high current)

lon Source & RFQ

LEBT

3 ACCTs
4 BPMs
5 WSMs (wire scanner monitor)
2 FCs (Faraday cup)

2 FCTs (fast current transformer)
1 IR camera

9 Thermocouples on target

Issues:
RKERTHEASIE—LEN L

/ Target

9 thermocouples
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OIST-BNCT possible configuration: 3MeV (RFQ) + 5 MeV (DTL) + 2 MBK case design

80kW
eV -
TON 70keV 3MeV BEAM SIZE
SOURCE TERT RFQ (3m) s NEBT DTL (3m) E]mm EXPANDER - ~I MODERATOR PATIENT
eam transport &
H* 50mA J_ _l_ monitors (50mA x 3. 3ms@flat top x 8MeV x 60Hz)
WODULATOR l—- RF MONITOR -—I MODULATOR REQUIREMENTS OF RF WAVE'FORMS
POWER SUPPLY — /] POWER SUPPLY 1x10° n/cm?/s
34KV, 37A, 3. 5ms, 60H 34kV, 37A, 3. 5ms, 60H FLATNESS@TOP L
PEAK: 1.?;\" ‘ GIRGULATOR PEAK: 1.?;* ‘ s Y == L STABILITY
Pue: 264kW r H"VV\_ JWH 1 Pawe: 264kW —‘,‘" \\_ RISEf \FALL

0.1 to 3.5ms (@flat tpp)
single & 1 to 60Hz

352MHz
+10kHz

@ [ L Pin-DRV. 1Q-MOD.

BEAM PARAMETERS

ITEM VALUE

BEAM ENERGY [MeV]:

BEAM ENERGY JITTER [%]:

PEAK BEAM CURRENT [mA]:
AVERAGE BEAM CURRENT [mA]:
BEAM POWER [kW]:

PULSE WIDTH@FLAT TOP [ms]:
MAX. REP. RATE [Hz]:

MBK PARAMETERS
FREQUENCY [MHz]:  325+0.1
OUTPUT RF POWER (max.) [kW]: 2600 (<625)
BEAM VOLTAGE (max.) [kV]: 31 (<34)
BEAM CURRENT (max.) [A]: 33 (<37)
GAIN [dB]: >33.8 @600 kW
EFFICIENCY AT SATURATION [%]: >55

MODULATOR POWER SUPPLY SPECIFICATION (for each)

ITEM VALUE

8 (3 +5) Ppeak (max.) [MW]: 1.0 (1.3)
ctos P (Max.) [kKW]: 215 (264)
VOLTAGE (max.) [kV]:  31(34)
50 CURRENT (max.)[A]: 33 (37)
10.5 PULSE WIDTH@FLAT TOP [ms]:  0.1to0 3.5
a2 RISE & FALL TIME (0 to 100%) [ms]: <0.1
0.1t03.3
60 FLATNESS @TOP (RMS): <5 X 10
STABILITY @TOP (RMS): <5 X 10

REP. RATE [Hz]: single & 1 to 60



MBK: multi beam Klystron

One of the key technologies iI-BNCT Klystron system E37619

Single beam, 1.2 MW, -90kV, 33A

TOSHIBA Multi-Beam Klystron
(MBK) E3736 for ILC & XFEL(SRF)

Collector
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OIST-BNCT Klystron system: 6 beams, 600 kW, -31kV, 33A
Advantage of MBK by comparing with SBK:
®higher AC to RF power conv. eff. (61/54 %)
®lower modulator power supply voltage (31/91 kV)
=» compact and reliable modulator power supply

Electron gun : 6 beams
®Longer cathode life due to lower cathode loading
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Small scale neutron source
Low flux, but
Taylor-made studies

Large scale neutron source
High flux, but We need
limited machine time both !!

® HUNS:

Hokkaido

University

Neutron

Source

® 45MeV Electron linac

® RANS:

Riken

Accelerator-driven

Neutron

Source

® 7MeV, 700W proton Linac



@ High current, high duty RFQ + DTL

@D ECR ion source @ long pulse
® High current Klystron modulator

® Easy to maintenance el

¥

® First and second compact BNCT (proton driver) construction
=» Ibaraki BNCT, full commissioning will be very soon (POC machine)
=» OIST-BNCT six years construction program has been just started
The role is to establish the first mass production model
® Technologies for BNCT are common with front-end of
the large scale machine
® BNCT linac can be applied as a compact neutron source for
material/life science and industrial applications




