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The Satellite Industry in Context

(2019 revenues worldwide, in billions of U.S. dollars)

Telecommunications
Television Aviation
Telephone Maritime
Broadband Road/Rail

Government >
Space Budgets &

Commercial / ' L3PX1: B Remote Sensing
Human Satellite Agriculture Meteorology

- ! : Resources Change Detection
Spacef"ght / $366 B Services Disaster Mitigation

. Global Space

' Economy

$271B

Science :
Earth Science Satellite
Space Science > Industry

National Security 74% of
= Space
$130.3B Network Equipment Economy
Ground Gateways and VSATs
: Network operations centers
sty Satellite news gathering equipment

Consumer Equipment

Sat TV, radio, and broadband equipment
Global Navigation Satellite Systems

$12.5B Satellite Manufacturing
$4.98B Launch Industry >
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Aomori Prefecture

Quantum Science

Center(20MeV, 50pA) | E3eHoik B
6.1x10°n/s/cm?
Thermal neutron

J-PARC

(3GV, 333uA)

RADEN: Cold neutron
~108n/s/cm?

HUNS(35MeV, 34pA)
~103-10%n/s/cm? ‘
Cold and thermal neutrons

RANS(7MeV, 100uA)
~fewX10%n/s/cm?
Thermal neutron

KUANS (3.5MeV, 100uA)
1.2x10°n/s/cm?
Thermal neutron’s

JRR-3 (Reactor)
TNRF: ~10%n/s/cm?
Thermal neutron
CNRF: ~107n/s/cm?
UR (Reactor): Thermal Cold neutron
SHI-ATEX E2: ~3.2x10%n/s/cm2@5MW
(18MeV, 20p:A) B4: ~5x107n/s/cm2@5MW
36 i - 5 2

WRABE | ~2x10%n/s/cm KURRI LINAC: Thermal

Thermal
ermalneutron | |5 3x104n/s/cm2@100uA
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" -~ Best Cyclotron 70p R 5 {r3F &

About Best Cyclotron Systems

Best Cyclotron Systems, Inc. (BCSI) has been established in Springfield,
Virginia, U.S.A., for the design and production of commercial
cyclotrons. The company is a subsidiary of Best Medical International, a
company renowned in the field of medical instrumentation and radiation
therapy. Cyclotrons are manufactured and tested at Best Theratronics in
Ottawa, Ontario, Canada. BCSI is currently focused on five different
energy cyclotrons: the 15, 25, 30, 35 and 70 MeV negative hydrogen ion
accelerators.

Best 70p Cyclotron

The BCSI 70p is a 70 MeV proton cyclotron. The energy provides access
to radionuclides produced by (p,xn) reactions and is a research
accelerator as well as a radioisotope production cyclotron. TeamBest® will
partner with the end user to create a facility that will satisfy the end user's
requirements and provide some of TeamBest's radioisotope supply
requirements, together with the opportunity for joint research
projects. Both solid and gas target systems can be added to the BCSI 70p
system.

External Production Targets

The cyclotron is supplied with high current solid target stations and high
current gas target stations.
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Best 70p Cyclotron

Type Of Cyclotron
» Negative hydrogen ion (H-) T“‘
* External ion source, multi-cusp 15 mA
» Simultaneous dual beam extraction

(multiple foil extraction cartridge)
* Up to 6 beam lines, custom design configuration
Beam Current

* 700 pA combined beam current
* Higher currents available (1000 pA)

Beam Energy
* 35 to 70 MeV variable energy extraction

Magnet

Magnet coil ........ccceueeicrennnn. ~66 KAT

Magnet weight ... ~150 tons

Maximum magnetic field ... 1.6 T

Geometry .... 4 sector, deep valley
Hill sector angle —)

HIl Q8D ciivsvivnissssionsmsssonians 6 to 4.69 cm

RF System

A EEODEEON s orunansenssrsasnanes 2 Dees (separated resonators)
Dee voltage ..........ccccuunee... 60 t0 81 kV

RF frequency .... .... 56 MHz, 4* harmonic
Power required ..... «.... 20 KW (per resonator)
Energy gain per turn ........... 240 to 300 keV
Vacuum System

Base pressure............... <1 %107 Torr

Operating pressure ...... <2%x 107 Torr
POmpesSi s Cryogenic pump system

Automated Control System
Computer System ........ Standard PC, Windows-based OS

Controllers .........ccceueun Siemens Industrial PLC Modules
User Console .......cc..... Color monitor
Interface ...... Graphical user interface

Networking Standard thin-wire Ethernet hardware

External Production Targets

The cyclotron is supplied with high current solid target stations and

high current gas target stations.
© 2014-2019 Best Cyclotron Systems, Inc.

Best Cyclotron Systems, Inc. 7643 Fullerton Road, Springfield,Virginia 22153 USA
tel: 604 681 3327 866 909 4647 www.bestcyclotron.com www.teambest.com

AFRICA ASIA EUROPE LATIN AMERICA MIDDLE EAST NORTH AMERICA

Best Cyclotron 70p 48 i (7 =t | F48iv)
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Bejf Theratronics

413 March Road, Ottawa, ON K2K 0E4 Canada
phone 613 591 2100 fax 613 591 6627 www.theratronics.ca

AFRICA

The budgetary quotation is given below in USD and it is valid for 60 days:
1. BEST 70p 750 pA Cyclotron System ......ccocoeeveeceeveeveccecervce . $14,000,000.00/each

BEST 70p cyclotron and the associated equipment to accelerate negative hydrogen ions
to extraction at 70 MeV with a guaranteed intensity up to 750 pA. This includes all
power supplies and electronics, the primary de-ionized water system and heat
exchangers as well as the control system.

2. Beam Line (generic).. ... $1,255,000.00/each
Beam Line to transport up to 70 MeV proton beams to a target station (one leg including

2-way switching magnet). Includes stands, quadrupoles(triplet), bending and steering
magnets, beam diagnosis, vacuum pumping station, monitoring and beam monitors.
The final configuration and will be determined in consultation with the customer and
based on actual site layout.

3. Beam line additional section ...........ccccooooeeeececeeieeesee . $585,000.00/ each

Beam Line section to transport up to 70 MeV proton beams from the switching magnet
to a target station. Includes stands, quadrupoles(triplet), steering magnets, beam
diagnosis, vacuum pumping station, monitoring and beam monitors.

For a B70P Cyclotron System and Beam lines to deliver proton beam to four target stations
(includes one item 1, two item 2 and two item 3) the total price is:
Total Cyclotron and Beam LiNes ........cceeerrnrernrerrsnessrermeresessessseseseararennnes 317,680,000,00

Additional on site upgrade to 1000 PA ..o e $957,000.00
Prices are in US Dollars. They include no credit financing or bank charges.

Includes:

s |Installation (excluding rigging) and commissioning.

* Training of up to 6 professionals at the cyclotron site for operations and
maintenance.

* Assembly drawings of all subsystem. Operations and maintenance documents
and manuals

* All taxes outside of Taiwan. Customer to pay taxes and licensing fees due for a
Taiwan installation.

* Insurance to the time of title transfer.

* Warranty for manpower and parts for one year. An exception is made for
consumables and parts failure due to operations errors.

ASIA EUROPE LATIN AMERICA

MIDDLE EAST NORTH AMERICA healthcare for everyone
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835f mTheratronics

The budgetary quotation is given below in USD and it is valid for 60 days:

1. High Current Solid Target Station (HCTS)..ccocooeeeeceve e $386,000.00/each
s 35 kW power rating for metallic targets plated on a Cu substrate.
s Pneumatic shuttle transport system based on rabbit design and 3" transfer lines,
e Targetinsertion and recovery up to maximum 30 meters included.
¢ Target control system and cabinet included
e Service manifold (water and air distribution panel) included.

NOT included is the DI water cooling system for target(s).

Total extended price for two (2) HCTS ..ot et see e e 37 72,000.00

Prices are in US Dollars. They include no credit financing or bank charges.

it = ~ IBA Cyclone 70 4% 5 {o3F i

Cyclone® 70 installed
over the world

IBA IS THE ONLY COMPANY ABLE TO PROVIDE A HIGH LEVEL
OF EXPERTISE AND SUCCESS WITH THE INSTALLATION AND
OPERATION OF A 70 MEV CYCLOTRON. ALL OVER THE WORLD,
IBA CYCLONE® 70 USER ARE
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CYCLONE®* 70 P
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Cyclone®70 Proton

High capacity

Target flexibility

Exclusive target system

Magnetic structure

Directly coupled RF System

State of the art of Injection system

Compact design

Minimal running cost

HVAC load (typ)

Low cooling requirements

Clean vacuum

IBA Cyclone 70 38 % F 3 (JRFE4F T > 7 7 2 4% H )

The scope of supply would be one Cyclone 70-Proton, four beam transfer lines
and two high energy solid target irradiation stations. The budget for such set-up
is about EUR 14.5M, delivered CIF, plus installation by IBA personnel.
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B2 B g & 83 (F /) 22 22 22 22 22 22 22 22 22 22
BExat EE 62, 628 83, 544 104,430] 114,873 114,873] 125, 316 129,494] 135,759 139, 937] 146, 203
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ST EF R EHEGR) 835 904 974 1,043 1,043 1,043 1,043 1,043 1,043 1,043
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A ES T FEEGR 1, 760 1, 760 1, 760 1, 760 1, 760 1, 760 1, 760 1, 760 1, 760 1, 760
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THRAAHT-AHES - ATRBPPHRT
Bl 2% Had Z1040 640 - BIFR A EE - Bk 208 0 88 1480 -

2. F&HEUHMEIARPIN AP ERIE O RERRRRF PHFUF

RBLREFLAS L s B HETH LT

W

=

#(MAG3) ~ % < 48
B BA|(MIBI) ~ fE5k o fa %6t BH(ECD)%E » 2 0f & A2 &

BT A 0 ok 68 T o

207



. 3 v»
2 U4~ H8UR-BHRETH L ETH MAG3) & it~ 174
EAH AT SRS A

AHBEES T REEE

JE B 1 24 34 44 54 64 T4 84 94 10
-4 A2 A ARG 800 800 800 800 800 800 800 800 800 800
FET S Y3 31 1 1 1 1 1 1 1 1 1 1
S E s A EGR) 8, 800 8, 800 8, 800 8, 800 8, 800 8, 800 8, 800 8, 800 8, 800 8, 800
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