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World wide inventory of accelerators, in total 15,000. The data have been collected

by W. Scarf and W. Wiesczycka (See U. Amaldi Europhysics News, June 31, 2000)
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Accelherators for FLASH-‘RT [ Ctarge cariabe 000003 -2 ]
Wy hl Ih energy e- | Il:;r:ﬂhzed emittance 3- l;) ([)n;;l;:;ad]
| ' equency 2
S : e g | J Repetition rate 50 [Hz]
:*' & 's-banldt RF <gun+ Llnac (HG) Bunch length, rms <10 [psec]
Energy spread, rms <02%
.’ Bunches per pulse 1

Platform for Research
- and Applications
wnth Electrons

BEIXRILF¥— (100-200 MeV) , EHFE (<500 ms) , E#RE (60-200 Gy/s)
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UTURE PERSPECTIVES
Accelerators for FLASH-RT

““

FLASH e-

Kinetron Curie 4.4 MeV 0.1-300 Gy/s 10x10 cm? Preclinical studies
Clinical studies for superficial
tumours

Oriatron CHUV 5.5 MeV 0.1-1000 Gy/s 10x10 cm? Preclinical studies
Clinical studies for superficial
tumours

Modified linac Stanford 20 MeV 0.1-250 Gy/s 10x10 cm? Preclinical studies

Modified linac Lund 20 MeV 0.1-250 Gy/s 10x10 cm? Preclinical studies

FLASH p
RARAF 4,5 MeV 0.05-1000 Gy/s Round 11 mm Biological studies

CPO-Orsay 130-198 MeV 40 Gy/s 12x12 mm? Preclinical studies

FLASH 12C ????
RAON 310 MeV/u 0.03-33.3 Gy/s 20x20 cm? Under study
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Credit: SLAC/Stanford University
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CERN

TERA'™: TULIP-Turning Linac for Protontherapy )

Beam production and transport system Beam application system

750 MHz
CERN RFQ

RFQ, DTL
HIMAC 100 MHz

BEKXKE 200 MHz

S. Benedetti, A. Grudiev, A.Latina, High Gradient LINACS for Protontherapy
PhysRevAccelBeams 20 040101 2017

Introduction Methods Results Conclusions

26



New Trends in Proton, Carbon Therapy Linacs

S. Benedetti, CERN
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ADAM-LIGHT

radiofrequency side-coupled drift- coupled-cavity

quadrupole (RFQ) tube linac (SCDTL) linac (CCL)
750 MHz 3 GHz
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Boron Neutron Capture Therapy

1. PABREICIBZESUER%ZKS5L, PAMREICEKET S,

2. FEFZBICEHEIY, ERIDICKYREET S TILT 7HIF
ETLIfRICEK Y, DAFRDHERRIICIKIET S.

[RFIFTIIZ L DEBHLHH 5D,
r_lz# L— N%T “He
 (EER(ENZE

\/
INEZFR—ZXDBNCTHHE,

— - 778IEZT¥FEHIJ ) BNCT%TJ‘E?&

T~ — I

KEKIZ, 20115, VY =77y o ~R—RXADBNCTHREICEZF.
1X1F, ERMERE % ZERk.
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Moderat

B fcf2L, 2 ERZE1Y 54 X MOV THRE), .C g

Duty A% J-PARC & D #7 1 1L,
- HIRER - Fa—F— < BHKEED _ _
ﬂi“ﬁﬂ%ﬁﬁ' LJT%IE Beam Expander Beam Transport
- HRTREGAIVTII Y NMERFFIHI AT Lb,
B ETIH/O0MOYARICLENRT, BREHE #KIE<ER, E1LHARAEHE,
7 A X ERHIR.
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Schematic Figure of R. Katayama (KEK)
Superconducting BNCT System

Superconducting

ECR lon
RFQ (SC-RFQ)

Source

Specification of SC-RFQ
Operated Frequency: 162.5 MHz
Accelerated Particle: Deuteron or Proton
CW Current: >20 mA
Particle Energy: 5 MeV
Operation Temperature: 4.2 K
Accelerated Length: <5 m
Material: Niobium

Transmission Rate: > 99% . .
Fig2. Superconducting RFQ (81 MHz)

operated at INFN-LNL [2]

Reference: [1] Optimization of Neutron Collimator in The Thermal Column of Kartini Research Reactor for in vitro and in vivo
Trials Facility of Boron Neutron Capture Therapy using MCNP-X Simulator [2] Superconducting RFQ’s ready For lon Beam
Operation at INFN-LNL, G. Bisoffi et.al, Proceedings of EPAC 2002, Paris, France
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14

T XJL¥— 800 MeV
TRk CW 10 mA

> ] EUVlight will be provided
to several EUV exposure
systems, simultaneously.

) L
L"'é)%\' !
N 2™ Arc I ,
. 'y “Injector Linac
20 5y~

A ©Rey. Hori/KEK Facility of EUV-FEL light source
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The Beam Business

Well-established Commercial Applications
Electron and Photon Cancer Therapy (~$1,800 M)

lon Implantation - semiconductors and materials (~$1,600 M)
Radioisotope Production (~$170 M)

Electron Beam Material Processing (~$180 M)

Electron Beam Materials Irradiators (~$160 M)

Developing Commercial Applications
Proton and lon Cancer Therapy (~$800 M)

Neutron Generators (~$50 M)

Non-destructive Testing & Inspection Linacs (~$160 M)
lon Beam Analysis (~$50 M)

Synchrotron Radiation (?)

« Estimate > 100 commercial accelerator vendors
worldwide

« Estimate > $5,000 M in sales/year

R&M Technical Enterprises, Inc.

R. W. Hamm, An Exploration of Proton and Electron Accelerator Business Opportunities
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