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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

W5~ p xen? 3 R s #F @I[35]

3P bt 1
1EZRFIAHFHEBREI R LS o BHNPFE 2
ANSTO & # 5 3 # 6w B4 > B ¢
FEWRY h3r @A A 3D FlE > AT R KRR R A~ £ 5
S E A S know-how o B 8 Jp* it @Ad R e 50 ARET Hen
B 29§ bt A BE[36,37] 0 % T W &
P ez kR Y 0 ¢ BRI X SR AP G T IE 5 AT i o
B? S ER SR AL 2 A RERE s 2 A2 hE A
MR BT R FHE Y Y Rl Bt >0 B R A
ER Y R R # [38-40]

F)RAP Y I EBEERAFREEE P I FPEFFHIEL R S
€ P

P RA - BPHAF AL RAHKY 0 L2 R ROE
FAFREE P IR NERERYF o 2 NP ILE € (American
Physical Society, APS) 74 ¥ £ B4 » ¥ I g g % 2 Lo {3
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g o Fald P 3R e B g [4l] e T E KFEY R ESFE P AT
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;2K ;%—;z B2l WRART L pzalﬁijiA TH P I
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R AHY IR EREE AT A 2020 £ ¢ F B
E PRI E e PEIR - IR E I RTIEM] A0 L
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WERFX HR)E P FHB R RBIE I AR P m R h e &
RIp 22 2 245k 3 (XER)F T ABIRE > 577 b’%%ﬁé%’gMMth‘
Al gt Bz ¥ o ARPE - pRDY FIREN o F LR
FRF PR FT L REHRAP RS > T ) BFE I G
FETRBALRE S o BREL TR ARELES
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?iﬁiﬁ”’/?‘?‘f{ffﬁ—‘fi’ PIEEHRALEHT R LS TR (A -3

g R R B HFER M LR -

(MTr/mm? : f 1mm’*#% $ VA E@ELEKA)
W{l&})ghl}p [TSMC Device Scaling (MTr/mm?)|

200 + -
100 + = '1751{3J
.
o g
RRNTTS

T i

03 S0, “0; "o, Y0, Yo, ‘05 YO

Yo U o b % Y » o
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100000
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10000 + +~ Hard error | | I
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21000 F
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1 | L L '

350 300 250 200 150 100 50
Design rule (nm)
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W7~ oM 5 o L B AR T 2L M 1R [46-48]

Byl B gF E a2 R A~ AL S AR D
THFAC LA g PR R P A HIPMATT c F R A
1990 # = $#3 3% 5 & F 4ot Br1e P 5 #0 W 7 F B% F (LANL) ~ v i %
LS AT SRR S ST RIS SiCE L O
FiCrocler e F % ~ 3 2P T T RTHRT RV KRELSD
ELEFEATP S BACELST CEARBEAT R FRR R
o £ NIST... % [46, 47] -
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22 Shi-Atex = (i ¥ 4ed B? FR)E A5 A F(RME 4 Be 5
H HUNS)E F» 2 B AR F R eh? I HEFFATTHRE - 5 K

R+ i 3 “f(KAERD* 2019 & B4 > 1% % %4 o1 RFT-30 i %
WE MR- AT L REEREF RS FT R - &
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PWEL IR EE I AL RFRS AP FHREFS
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& & 103.528 fg 2 ~ - Fp- 1] 2025 £ #aE 7] 20143 o E 0 T
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Fr g oM F R L (DBE o H0m P E B DR/ S 0 (2P
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iz ¥ Mordor Intelligence 2019 # %= 3 4§ £.” Global Nuclear
Medicine Radioisotopes Market” 7 # &2 71 [58] » 2 3k 2 7% F? =3
FAEER S el i AF?;%;}@% AR 2B B r g oA 0 TR B G
R (42.6%) ~ "6 73(26.9%) ~ A B ZE F L oW 16 AT o

ZBEE NS LR RS

(2019 Z=IKILA B L)

 Oncology (FE%E) W Cardiology (/{U\iEE2)
Thyroid (EBiRAR) W Neurology (ei4RES)

B Other Applications
Hth &

W16 P F £ obiLl 2k 3 (2 F £ 7 418 4 50

Vb pOoxstb R mF Al kg 0 BT F A R B S
-99m(Tc-99m)(76.3%) ¢ % #i - 18(F 18)(14%) ~ 45 -223(Ra-223) -
4% -201(T1-201)(2.2%) ~ 4--82(Rb-82) ¢z . -123(1-123)(0.3%) % % >
oW 17 “77% o
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: lodine (-123) (f#i-123)
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M Radium-223 (Ra-223) and Alpharadin ($5-223 & &{LiE-223)
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B Other Types of Radioisotopes E.th 387 5t 4 B =
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2.2% —

W17~ P F F sl 2% 3 F (R3Sl 2% 2 )

#4201 ERP P EG A PAA A2 30 MeV ¢ )i v
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REEE-SS SEER I R S LAl L LSS N
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BA®5 515 HmE x> 4ol 19 #5F o
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FH (X RP 10 )PfE o d S+iE2 Th-229 5 2 Benit o £ § 1
[+ &k 1-2 2 2(Ci)] > SE¥% 7 Rl & o F)pt i B g

e BHS L2 A % 02018 & T L AL P fy e g
Ac-225-DOTATOC 4= Ac-225-PSMA-617 5% 7 38 b]# S5 & i
B ’fr' 200 )= Bf]lf%',ﬁ Ao oo RF R E D m p B S
EFHEP T ARAILRL BREERICERFR o 0
Actinium Pharmaceuticals Inc. = & B 4§ 47-225 22 348 5% & aric it
By o k&Rt L HOES D DI REFTRE S DA
LTRRE AT F oo 2 AstellasPharmalnc 2> P F £ & 17 o H & &
Actimab-A # % > 2 1 > TP A A KRBE R P B o 47225 § -
BiZpr DIPRE 5K Pifd o i T F RS-~ g o 2017-
2025 i ¥ 47-225 7§ & # # £ % (CAGR) %) 14.48 % » 57 2 & 2025
EHEAE L 0346 BE & o 4of] 19 1T o

74



2017- 20254F §fi1-225 (Ac-225) Z E=EREFEULA(HEZEIT)
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B REF R et BRI e SRR o H-67 stk i
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RIT) » F14F-67 *x b e =% (£ % ¥ 61.83 -] FF)¥ 3 & o+ >
AR Tk 0.2 o4 0 2bF EEIS R E IS D F N R
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bR 2 > L ELETE Lt o 4F-11Tm bt 2
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75



(

)

FREF O AFF o F R T REE R ER D
117m bt fe =% « A & 5 3 i@ E o % - 1F@ /L BiE Sb-
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i S I I CRURREY/ b o & LS R TR S S EA b A
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DTPA ¥ F st dg i A g #rig = R A e g > & 72 € 5l4e
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g iE 42
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- 34T B
so & B G5 414 & Jennifer A. Doudna & #4viz Riks + §

L
o+
My

% 7 Emmanuelle Charpentier ¥ 4 ¥ j&(2020)# B £ b f v & gk
2o i g I §_ CRISPR/Cas9 £ Fl¥ 18 % st » CRISPRC/Cas9
AT iR s T - 61 E R W 04 Flekig 1 £ > CRISPR )%
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FRMREE RS i o2 £ DNA 0 53 R A TR
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T/ RNA I E o R EFROEY 2 £ 45 7
(CRISPR/Cas)2 2k F]je S BB g4 Z8 > & 5w # 3% 2 (1) STEP 1 ¢
sgRNA d CRISPR crRNA (crRNA) £ trans-activating crRNA
(tractrRNA) % 5 F 2 o crRNA B 7] @ 7 #3854 e (target) DNA o
tractfRNA E 7 ¢ ¥ &2 Cas9 3-v % & - (2)STEP2 : A= sgRNA &
CasO4f £ %8 - 47 £ 48 2 3 DNA p +: & fi=(DNA endonuclease)i& 1+ ©
(3)STEP3 : i = iz ¥ 2 ' DNA %74 (double-stranded DNA
cleavage ) - (4) STEP 4 : ;fﬁ d 2L Ut % 23 4% & (non-homologous
end joining; NHEJ)? 3% » :& {7 DNA 2 48 o 4[] 20 #7771 o

1 sgRNA (single guide RNA) 2 sgRNA + Cas8 protein
_Casd
| -
sgRNA _f'-.‘
S L
PAM sequence
(5-NGG-3')
T /
PRLLEELLLES AR TTTTTTTT T
Target specific tracrRNA | I T T T T Y Y |

erRNA sequence

~
Y

Your favorite gane

3 Target specific cleavage Aﬂ Cellular error-prone repair “knocks out” gene

lNHEJ

HHH

NHFI- Non-

B 20 ~ CRISPR/Cas # F] 2 Yof8 4k e 2

e 5 IE AR Fl Y BB R 4EBE 5 BT AT 0 sgRNA > & A
¥ o ooxikde A AT A AR 0 fF 4% Fe ) (off-Targeting Effect) o
ATrL o PR AT A ¢ B e d At e ik B st PRl

77



(

It

)

BF 8| pA

Fow o 305 B st #8138 CRISPR-Cas9 Hojir » #p 3 7 1o
Wi EE L F B2 2T o

FRREERAFNE R 4201 %bfil o ERPHFF - &
B P FATE AR L A AR
FEPTEINFEY o BB FREL LS P2 ) D et
® L - (9.6~18 MeV) 4 2 B i B+ i g te i B - 3 (70-230
MeV)(% 1) 7 e 3 i B977 A2 cnasflb e 102
o2 FGL: PFEF2ART IR B R ERE - RIS N F
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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-) “
* 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 ........cceceienennn. ~66 KAT

Magnet weight ... ~150 tons

Maximum magnetic field ... 1.6 T

€117 () AR a— 4 sector, deep valley
Hill sector angle .................. 50°

o] [+ | SO —— 6 to 4.69 cm

RF System

Resonator ..........c.cccceueueneene. 2 Dees (separated resonators)
Dee voltage .. .... 60 to 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
PUmpessiiaannmes Cryogenic pump system

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

Controllers .......ccceenane Siemens Industrial PLC Modules
User Console Color monitor

Interface ...... Graphical user interface

Networking .......ccoucueee 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
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Bejf ®Theratronics

The budgetary quotation is given below in USD and it is valid for 60 days:
1. BEST 70p 750 pA Cyclotron System .......cccooceveeeeeeeeceevecce . $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).......cccooveicvrecinercnnnne. ...... $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 ..........cocceoeeeeeeee e cseerree e s s $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 .......eccvcrnnnsseen e sessnsssssreresenenenene. 917,680,000.00

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

Includes:

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

AFRICA ASIA EUROPE LATIN AMERICA MIDDLE EAST NORTH AMERICA healthcare for everyone
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The budgetary quotation is given below in USD and it is valid for 60 days:

1. High Current Solid Target Station (HCTS)...cccoooeeeeieveecereneecceenens $386,000.00/each

35 kW power rating for metallic targets plated on a Cu substrate.

Pneumatic shuttle transport system based on rabbit design and 3” transfer lines,
Target insertion and recovery up to maximum 30 meters included.

Target control system and cabinet included

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 ..o vnsensesnsssesssssssssserssssssssnenens 37 72,000.00

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

Cyclone®70
highly efficient

and reliable

| MULTI-PARTICLE |
, CYCLONE®* 70 P =
PROBUEEN et RN RERNNE costs e erememma WU PARTICLE
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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 T3t (SLEF4R % > 2 Z 2 554 ¥ )

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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