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PEACE :
a Prototype of the Energy Amplifier for a Clean
Environment
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Accelerator choice

OCyclotron = OLinear accelerator =
MODULAR, realised on Solution for Research Centres
industrial scale & highly centralised

Cost effective ; applicable in production

isolated regions ;applicable for
desalination & cogeneration

Futu-e of ADS in China
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<Linear accelerator =

Solution for Research Centres & highly
centralised production

¢ Cyclotron =
MODULAR & INDUSTRIALISED

Cost effective ; applicable in isolated regions ;
applicable for desalination & cogeneration (heat)

ACCELERATOR-DRIVEN SUB-CRITICAL REACTORS
FOR RADIOACTIVE WASTE TRANSMUTATION
AND ENERGY PRODUCTION

EN/REIREE => Carlo Rubbia

Energy Amplifier
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DEMO Facility reference configuration:layout

ACCELERATOR

BUILDING
Plana Cross Saction
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Partial Longitudinal Cross Section

(Accelerator design.AIMA)

(Source: ANSALDCO)

36

B 0000
1. Eviom
&

e MR Ny =) [
’ e

Ett£905E
= R, FRTH
TR

INIE SR BT L £ K
RSPV L
£, HEMERF
ZNYR

#E OCPA iREF#K:

" [ wyrHa: | ==

applicationy

| MYRRHA »
i | Engineering N aeckcabine
: on the design
{ | RS0 programma #[.  reactor, a multi

Forthese reasons MYRRIHAfavours thi
For these reas

Linac versus cyclotron

i | Lmac

1 Large space requirement {few hund)

Reactor
« subcritical mode (60-100 MWith)
= critical mode (~100 MWith)

Accelerator
(600 MeV — < 4 mA proton)

4 mA

Spallation source

1

Multipurpose:

flexible 2]
irradiation | 4 f;:‘:l‘::: i s
facility Lead-Bismuth

coolant

e

Expensive

i | Less efficient power conversion

Modularity provides redundancy
i || Uparadable in energy

Straightforward beam extraction

Capable of high beam current (100 ma) 100 mA Modest beam current capability (5 ma) 5 mA
4
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Cheaper in construction

More efficient power conversion
No intrinsic redundancy
Difficult to upgrade in energy

Difficult extraction and related beam losses

Types of high power accelerators £S5

GHING SPOLLATION NEDTRON SOURGE
@ CW facilities

QOFEALASR, AHAEVIH. B
aDri by a high i i
m.?ﬁnw é]:alxlcl,icJ (Pl ZESNS (1 mA, IMW)

Y Long.(ms) puls_e ff HZAJ-Parc (330pA, IMW)
o Driven by a high i .

a1 MW LANSCE (L T CSNS  (62.5uA,100kW)
@ Short (us) pulse { a4t

o Driven by a combination ot Tmacs and Fings

aPartial energy linac and rapid-cycling synchrotron(s):
@ ISIS (RAL) driven by 70 MeV linac/800 MeV RCS
@ J-PARC driven by 400 MeV linac/3 GeV RCS/50 GeV MR

a Full-energy linac and an accumulator ring:

@ PSR (LANL) driven by 800 MeV linac/accumulator
9 _SNS ((-)Dl\" ) driven H\IJ 1 Ge\ linac/accumulator
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Paper presented at Cyclotrons and their Applications 98, Caen, 14=19 June 1998 369

HIGH INTENSITY PROBLEMS. REVISITED or
CYCLOTRON OPERATION BEYOND LIMITS

TH.STAMMBACE

P51, 5232 Villigen-P81, Switzerland

1998$ PSI, T Stammbach,
1 In . a5 a step
egv in .Ih(‘
2 High Intensity Problems. Revisited |55
tory of o ar and the
or Cyclotron Operation Beyond
Limits
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RFQ/N# 25 LEDA

HEANREER: 75keV
BIHEER: 6.7MeV
H)FEsE: 100mA
SEHTHE: 0.67TMW

{4385 / Beamstop

Waveguide
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however, it will not be possible to upgrade the = {0k Ridge)
LANSCE facility to reach the 1-to 2-MW level.) [,

Front-End Systems Accumulator Ring
(Lowrence Berkeley) (Brooakhaven)

(Los Alamos and

— FEE H1996FETTFaE e, 20065 Hi R 1t b+ Jefferson)
PESNSE 1%, H61DOE [ 2525 = (Argonne, nstrument S

Brookhaven, Jefferson, Lawrence Berkeley, Los (Argonne and Oak Ridge)
Alamos, and Oak Ridge) BEA T, B v 9% 2
H116.47TIC NIRRT, SFFESR P LR =

— iz g i ERs R R 2 1L.AMW. 2006 . SNS MR 4t
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N B 253l JG 291. 4 225
E%}J7OOKW[9]; E HUﬁ@JlMW o ek AN ] 24.04 | 18.56

<@ OCPA IniRLB kK

J-PARC schematic layout LSNS J-PARC in phases LSHS

GHINA SPALLATION NEUTRON SOURGE GHINI SPOLIATION NEUTROK SOUBGE

Japan Proton Accelerator Research Complex
* Similar cost, similar schedule (due 2006 ~ 2007)

* Ring clusters with expandable energy range; multi Phase 1 SEESEL LS blmnel sl
ng clusters with expandable energy range; mu(égﬁig?FPARC) Phags 2 8 GeV Synchiotron Materials and Life :
SRS B, T JAERI Portion (25Hz) Experimental Facility

Nuclear
Transmutation

Linac
(Superconducting)

50 GeV

Linac
Synchrotron

Neutrinosto, . o
SuperKamiokande

— Phase 1 + Phase 2 = 1,890 Oku Yen (= $1.89 billions if $1 = 100 Yen).
— Phase 1 =1,527 Oku Yen (= $1.5 billions) for 7 years.
— JAERI. 860 Oku Yen (56%) KEK:. 667 Oku Yen (44%)
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smm— Upgrade

@ Project responsibility: IHEP

@ Accelerator, Target &
instruments: IHEP, IPHY in
collaboration

@ Site to be in Guangdong

SIHEEE: 1.6GeV
—RIIR: 62.5pA (Z#: 315pA)
SEHTE: 0.1MW
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history of max. current in the PSI accelerator

license operation with
- 2.2mA given: 1.3MW
4 CuResonatorsin |

| Ring complete

new Ring cavities

4 beam current is limited
1.5 + \ | | by beam losses and
’ upgraded RF resulting activation;
amplifiers 3

upgrade measures kept
absolute losses
constant

peak current [mA]
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Q FFH A
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Q F&BFR: 2. 2mA

72MeV 10°th
harmonic buncher
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PSI Upgrade Plan ‘
10 plot: selected

F=IMW \AYRRH% ESSEssz ke liam O sy | 2CCElerators
Siqul energy @ planned current vs. energy
: s @ SNS2 @ operating POWET o current-energy
»
SN
LANSC SNS‘“”"?& Li J
T E ook OO @FELING ]
= TRIUMF {cen) power
E b JPARCI Y
& .ISIS %SNS” l P =10MW
0.1 ¢ css! LP-SPL El
(CERN)
. IPNS RcSDGeV
0.01 ' 2009~
0.1 1 10 100 E
Epeam [GeV] 20104_:'3&
Cyclotron: max Power, 1.3MW, Beam time on target: 5000 hrs
Linac: max Power, 1.0MW, Beam time on target: 2000 hrs
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Proceedings of IPACT10, Kyoto, Japan TUYRAD3

PRODUCTION OF A 1.3 MW PROTON BEAM AT PSI

M.Seidel, $.Adam, A Adelmann, C.Baumgarten, Y.J.Bi', R Doelling, H Fitze, A Fuchs, M. Humbel,
J.Grillenberger, D.Kiselev, A.Mezger, D.Reggiani, M.Schneider, 1.J. Yang ', H.Zhang, T.J. Zhang’

PSI. Villigen, Switzerland
‘CIAE, Beijing, China

Abstract Walton pre-accelerator and a chain of two isochronous

With an average beam power of 1.3 MW the PSI proten eyclotrons, the Injector I and the Ring cyclotron. The
accelerator facility is presently at the worldwide forefront 1‘9 am 1s I-"‘-‘d““’d n LL‘“”““‘-““ WG tL “] 1”“"_5 at a

e )i f A BTLIF’WEE/HLIJJ$ He
B Fil. 1 3mwﬁﬁbu@aﬁﬁﬁﬁﬁ@57i i o
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. ¥ fi %wﬁﬁﬂ 72MeV 1L fEY $D590 1
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FACILITY OVERVIEW

neutrons are moderated in volumes filled with heavy
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MOPECO085 Proceedings of IPAC’10, Kyoto, Japan

STATUS OF THE SNS POWER RAMP UP*

M. Plum, on behalf of the SNS accelerator team,
Oak Ridge National Laboratory, Oak Ridge, TN, USA

Abstract beam-power-limiting factor.
The Spallation Neutron Source accelerator complex A recent history of the beam loss per unit beam charge

consists of a 2.5 MeV H~ front-end injector system, a i the superconducting linac is shown in Fig. 2. The data
186 MeV normal-conducting linear accelerator, a 1 GeV ~ show significant improvements from December 2008 to

supercondu.ct'mg linear accelerator, an accumulator ring, Ir)ecemberVZOOQ, Pfimﬂfﬂ}" due to a new, empiri_ca.lly
S £ [ [ 19964 FF AR BT, 20064F Hi 3R ) et
v ’é&%&qﬂﬂﬁ SNSE#iTRl, H6IDOE g
Wy [E| 7% SEI0 = (Argonne, Brookhaven, e

i) Jefferson, Lawrence Berkele €y, Los ;ﬁj“ﬁiﬁelj‘}ﬁ
l Alamos, and Oak Ridge) BR & . high povir
b U7 2 2 H A4 2/1.0MW.

h at 30 cm,

ration levels
a design output beam power of 1.5 MW, comprises an H “‘:A:"l"“T" - ;. 'ﬂ“ })‘ T ‘l“‘ “ﬂ' I-h ,fthel SCL.
ion source, an RFQ. a DTL, a CCL. and finally an SCL, history of the beam loss in the Ring is shown in

with design outout beam energies of 0.065. 2.5. 87. 186. Fig. 3. ,[u this case the improvement in thg 1055, per

1tk 5505 7 T 2 S 2 R S R MR AR 2 D |

(=)~ Grid to Beam Power Conversion Efficiency

for industrial application, transmutation etc., the aspect of efficient usage of grid
power is very important

PSl: ~10MW Grid — 1.3MW Beam

P lD m(S/_PiO_S)MW+ 0.8 IMW-/[mA]

n - x x
Anstieg: dP/dl = 0806 MW/mA — | |
gemessene Leistung am 31,1008 ca 1130 -« ||

contains many loads azt ]

not needed for |

optimized ADS facility! " —rre !
| g 08 A A

= 0.590
: - - b+ = =73%
- differential measurement of 0.806

electrical power vs. beam l
power (total PSI power shown) e i T i e me ak i

beam curment [mA]
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W g ~ 7 OPAL-CYCLFEFFE
€ v { Bl Ewf . { # PSI Injector 11
o (jd0 " @ _11- 1 1mA, 3MeVHIRH
g o g S g ERERA AR E
B o R T e ey e TR &” B{l Eﬁ‘ﬁﬁzﬁﬁﬁ °
longitudinal (mmj longitudinal (mm| longitudinal {mm|
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. ] ™ | 0. 5F 10 B; FHM
Evof =\ (£~ £ ol EBLERRNE 20, 30
Ty .=
% [ =) g o E Cl| %ﬂ‘“} @o
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- at buncher last turn in Injector-2 cyclotron
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X1590MeV Ring A R4 464H 58 3R B14T A BB

— behavior of short bunches, generated by 10’th harmonic buncher
— optimum parameters of flat-top cavity at these conditions

after 100 turns!

-multiparticle N 2
simulations
-105 macroparticles W
- precise field-map w S
- bunch dimensions: kil g N )
o_z _ 2, 6, 10 mm, 408 004 002 0 002 0# Uﬂ D0 004 002 0 oo w“&%
ny ~10 mm adial/long. bunch distribution, varying initial bunch length

R a 2
— operation with short il N ' "

0.01] L1+ L1 .
bunches and reduced i 0 A \‘\ . n\'\\ -
flattop voltage seems o o m
possible o o ou

I.‘“I Liialaaslansl 1 oy Lasadiialoialioal -ul Liael I Lasidasal

206004007 0 0 0 GNNN ﬂm”m i 006004007 ﬂmﬁ
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[ beam profile scan of outer turns in Ring Cyclotron
| comparison of simulation and data

10° ¢ .1130 y I}géa Jl11%1%a? L.1ss

Arbitrary unit
ED

[—measure
-~ OPAL

Extraction electrode
Placed between turns

=2

10

2380 4300 4400 4410 4420 4430 4440
r (mm)
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Beam dynamics in high intensity cyclotrons including neighboring bunch effects:
Model, implementation, and application

1.J. Yang (b 8). 22 A, Adelmann.>" M. Humbel,” M. Seidel.” and T.J. Zhang (7K K Eh'
' China Institute of Atomic Energy, Beijing, 102413, China
2Paul Scherrer Institut, Villigen, CH-5234, Switzerland
3l)ep(udmcm of Engineering Physics, Tsinghua University, Beijing, 100084, China
(Received 16 March 2009; published 14 June 2010)

Space-charge effects, being one of the most significant collective effects, play an important role in high
intensity cyclotrons. However, for cyclotrons with small turn separation, other existing effects are of equal
importance. Interactions of radially neighboring bunches are also present, but their combined effects have
not yet been investigated in any great detail. In this paper, a new particle in the cell-based self-consistent
numerical simulation model is presented for the first time. The model covers neighboring bunch effects
and is implemented in the three-dimensional object-oriented parallel code OPAL-CYCL, a flavor of the
OPAL framework. We discuss this model together with its implementation and validation. Simulation
results are presented from the PSI 590 MeV ring cyclotron in the context of the ongoing high intensity
upgrade program, which aims to provide a beam power of 1.8 MW (CW) at the target destination.

DOL: 10.1103/PhysRevSTAB.13.064201 PACS numbers: 29.20.dg, 29.27.Bd, 41.20Cv

Nonlinear space-charge effects in cyclotrons are com-

L INTRODUCTION plex because of the complicated magnetic topology (refer-

Since the invention of the classic cyclotron several
decades ago, increasingly higher beam intensities are re-

ence trajectory with nonconstant curvature). Typically
there are two approaches to deal with this difficulty: one

B OCPA MMikBEE:
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Two more important firsts occurred recently using parallel beam
dynamics codes that illustrate the increasing complexity of modern beam
dynamics models: ... and this year the first parallel beam dynamics simulation of
neighboring bunch effects in a cyclotron was performed using OPAL-cyc/ .
(Invited Talk, EPAC08, p. 2947-2951, Genoa, 2008).

bugﬂmuw&ﬁ%gbuﬁa&%ﬁm BaartmannZEHB' 084 i &

il

The space charge code OPAL-CYCL is now developed to the point that
it can model a bunch surrounded by 9 (radially) neighbouring bunches. The new
result is that the effect of the space charge from the nejghbours is to sharpen
the bunches further, making for better turn separation. THhis is a surprise.

(Proceeding of HB08, Nashville, 2008)
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o ZE[EMIT, J. M. Conrad and M. H. Shaevitz, Multiple Cyclotron
Method to Search for CP violation in the Neutrino Sector,
Phys.Rev.Lett.104:141802,2010

o RRWMINFN, L. Calabretta et Al , A Multi MegaWatt Cyclotron
Complex to search for CP violation in the Neutrino Sector, ICC2010

» They proposed to use high-power proton accelerators able to deliver
a proton beam whit energy 800 MeV, 1.5 MW power and duty cycle
of 20% (100 msec beam on, 400 msec beam off).

* It consists in a two cascade cyclotron complex. The injector
cyclotron, is a four sector machine, which accelerates a beam of H2+
up to energy of 35 MeV/n. The extraction radius is set around 130
cm and the energy gain is fixed at 1.1 MeV/turn, to obtain a turn
separation of about 11 mm and then to make very efficient the
extraction by the electrostatic deflector. The beam is then injected
inside a 8 sectors Superconducting Cyclotron Ring. The energy gain
is set at about 3 MeV/turn to reduce the number of turns inside the
Ring cyclotron. The beam is extracted by the stripper method.
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A New Method to Search for CF violation in the Neutrino Sector

J.M. Conrad! and M.H. Shaevitz?
1 Massachusetts Institute of Technology and
Columbia University

A 250 MeV, 1 mA cyclotron is under construction
at MIT and a GeV-energy, megawatt-class

cyclotron is presently under design.

I. INTRODUCTION

With the discovery of neutrino oscillations, particle
physicists have been inspired to develop theories that
explain very light neutrino masses. The most popular
models invokes GUT-scale Majorana partners which can
decay, producing a matter-antimatter asymmetry in the
early universe through the mechanism of C'P violation.
Observation of C'P violation in the light neutrino sector
would be a strong hint that this theory is correct.

To incorporate C'F wviolation, the light-neutrino mix-
ing matrix is expanded to include a C'P violating phase,
dgp. Sensitivity to dgp comes through muon-to-electron
flavor oscillations at the atmospheric mass-squared dif-
ference, Am3;. The oscillation probability, neglecting
matter effects, is given by [1]:

2

BARE OCPA MEBLK

The ne{ rino sources would be based on commercially-
developed fsmall (2.5 m diameter), high-power proton cy-
clotron allelerators that are under development [7]. A
250 MeV, 1 mA cyclotron is under construction at MIT
and a GeV-energy, megawatt-class cyclotron is presently
under design. When in production, because of new, inex-
pensive superconducting technology, these machines are
expected to cost 5% of a conventional proton accelerator
(< $20M). These machines will demonstrate the beam
physics and engineering needed for this experiment.
This experiment requires accelerators that target 2
GeV protons at 2.6 mA during a 100 ps pulse every
500 ps, delivering 9.4 x 1022 protons per year to a beam
stop. The result is a high-intensity, isotropic, decay-at-
rest (DAR) neutrino beam arising from the stopped pion
decay chain: 77 — vy +ut followed by ut — e+ﬁppg.
The flux, shown in Fig. 1, has an endpoint of 52.8 MeV.

AR -2 Th & i A R 2
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ADS drivers: Linac & cyclotrons
/I\ AXEI.. )J_.-( Dr. Klaus Bongardt, July 21, 2010
) FEFERRINZEI~SMWAFE, BEREnE PSRV SRS I A e T
BAFEAR ERAITH, 2% (BFE&EN IMWETFHR (CW) e 50~100MW [ 73

MBITHA) ERAHEMEH.

>100MWHEFER (CW) wemmmp  3GW RN HE

JIIBUESTE
»Linac: 5mA, 0.6GeV (CW)
»Cyclotrons: 3mA, 1GeV (CW)

HXJE OCPA INEE¥#: 73J@ OCPA 1niEZFHK




ADS drivers: Linac (CW?)

0.6 GeV, 5 mA MYRRHA H" Linac, 240m: NC(#i#)+SC G&ES)

SC spoke
cavities:
350 MHz

l [zse mTlmgp
p=035 p=047 p=0.65

17 MeV a0 MeV

8C elliptical cavities:
700 MHz

600 MeV

L J
\/ Spallation targe
Independently-phased 2 ’"mmd
Linac Front End Superconducting Section

AU . ~20m:

RFQ(3MeV, 4.5m)
NC-CH-DTL(+2MeV)
SC-CH-DTL(+17MeV)

#HXJE OCPA INEE¥#:

ADS drivers: Linac (CW?)

0.6 GeV, 5 mA MYRRHA H* Linac, 240m: NC(##)+SC (&5
A% . ~20m:

SC-CH-DTL(17MeV): JL4Bk, #Sigs

SC - CH 45 IEAE IS, 20114 7E AR [E I GS I Nk

Re-buncher-1 Re-buncher-2
cryo-module 17 MeV

3 MeV 5 MeV ﬁ

r n W sc SC mg SC | sC
ECR |LEBT | 4-Vane-RFQ cu-qw CH-2 CHC-W"A‘C;F-E X crns M cha ,

triplets sc solenoids

#E OCPA iREF#K:

ADS drivers: Linac (CW?)
0.6 GeV, 5 mA MYRRHA H* Linac, 240m: NC(##)+SC G&S)
Jadi « 350/700MHz, ~220m:
SC-CH-DTL(>0.6GeV): FL3E, 15747 $E TR (1 SCHE A&
_ : A—NELMEREX
H— - - — &l b ln e BT
P R RAABRIT T ELN
Section #2 (8-0.5 elliptical section) ﬁ%&lz_:ﬂ‘ECWito ﬁ
: 5 REHR, WEE
Mﬁ_.f] LEDA-RFQ, &AF,
T 65 50 65 20 %H‘JCW'RFQEEE
Section #3 (5-0 65 elliptical section) iﬁl:‘:" rﬁ*ﬁkmo

Section #1 (-0.35 spoke section)
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ADS drivers: Cyclotron (CW! )

Cyclotrons: 3mA, 1GeV (CW): PZK IR IE S
B 7JR: 100 keV , >5mA

AR M 4% : 100MeV, >3mA
JaknlE ik sy : 1GeV, 3mA

PSIHREIMITF4 : 3mA > 1.8 MW

X FIMWZES KRTInEsS, [BI5ERIT7 5 ELERELSE
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2004-C.Rubbia Group: No machine of this type has been constructed
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up to now, 2005-Nantes, 2008-INFN-LNL, ORNL, 70MeV, coioict

Integrated Project on European Transmutation:
EUROTRANS
Steps towards a Demonstrator

EUROTRANS has started on April 1st, 2005

(with 23 M€ EC contribution and 43 M€ total eligible costs)
Huangzhou February 23-24 2006

DOE Roadmap’s scenario \

Performance parameters of ADS plant (Sample case) &
M Proton beam: 1.5GeV, 40mA .8
® Electricity Ssles @ 43milis/kiWh
neutrons per incident proton: ~30 E 5 =
0 Spallation target and coolant : Lead-Bismuth B f k N
s 3
flow speed: 2m/see 2 / .
0 Fuel material: Nitride ~ MA : Pu=60: 40 53 ¥
14 ’ Taial l&gm Costs.
O Thermal output(fission power): 820MW g E— —— —
coolant temperature: inlet/outlet = 330/430°C = 1 W \
0 Effective neutron multiplication: initial/max/min = 0.95/0.95/0.94 " __//‘—\,/ i N |
O Initial inventory of MA: 2500kg o 20 40 60 80 100 120
@ MA transmutation (fission) rate:250kg/y Yoars
Accelerator Separations Spent Fuel
Technology Te:hnnlngy & ot
Waste
Form i —
( Segregated Residual
Waste Diwa
Transmuter T
(Target & () / Power Pmducllcn
Blanket) T
Technology
ﬁ Povmr to Grid: -m
Power to Accelerator: ~10% 26




DOE/RW-0519

Powar o Aocelarator =19%

A Roadmap for Developing
Accelerator Transmutation
of Waste (ATW) Technology

A Report to Congress

October 1999 LANL - ATW
88758 OCPA NiEEREH:

A REVIEW OF LINACS AND BEAM TRANSPORT SYSTEMS
FOR TRANSMUTATION

J-M Lagniel, CEA-Saclay
DSM-DAPNIA-SEA. 91191 Gif-sur-Yvette Cedex. France

Nl 1l | ::.';:':

iy

350 M 700 MHe 00 Mz 1001
[E | | =082 ] i. i o
(Mg TV  FIT —
i lnoml\| 4. 55 Wi | 54 4.4 Wi | B ﬁ_mfﬁ—iif P i 7
ekt Gt A i
Ty TMV oMV 31k i 1750 Mo A
SMeV 29 MeV BS MeV
Figure 3 APT layout for a S-'yr production rate (Linac lemath = 1230 m}
vorger | 490 ey 48 ma

perees I Figure § | TRISPAL layoust

| e 86 Linae e

45 ma

B -_— w

Bear Cnopoe $000 M AF Soimee

Tinramusers

Figure 2.2 Refrrewee Acceleratur aud Bew- Transport Concept for the Deplapent-Drieen ATW plar)

LANL - ATW

Fipure 4 Layout of the JAERT Neutron Seiace Project (10p) and |5 GV lisse desizn fbotion) _(from [111)
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Japanese Proposal (JAERI/KEK)

Super conducting Proton L\NAC

20~30%
Froton Beam

W Nitride fuel
A Thermochemical stability
Nuclear Power Flant

A8
41§

,ommercial Fuel Cy:

Level Waste
Spent Fusi _19_.,
Reprocessing A, LLFP 1
Pamhonng __4 /——> 8
b LLER w Subcritical Core
Fuel Manutacturing with MA Fuel
Final Geological Disposal Partitionini ransmutation _20mm_
log P 9 yr:ln fﬂ'ld Stratum Metal Pu from PuN
- ] —

Ratli-namilras\év.;s:eivézlhnul Flepruoessmg o A s
Shorter than 500years ok gl S LLFP : Long-lived Fission Products

A Good thermal property
A High heavy-metal density
W Pyraprocess
Bhdin A Compaet facility with minimum envelope
ciric Power E, e F
Craitlin 1 Easy recovery of N-15

4 st Stratum <) Spallation

Target {to avoid C-14 from N-14)

27
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LBE-cooled Gas-cooled MYRRHA
XADsS XADS
Core Power (MW) 80 80 50
Primary Coolant LBE Helium at ~6 MPa LBE
Core Inlet 200 200
Temperature (°C)
Core Outlet 450 350
Temperature (°C)
Coolant Flow Rate in 61,6 2500
the Core (Ka/s)
Coolant Velocity in ~30 <2
the Core (m/s)
Core Pressure Loss 60000 = 200000
(Pa)
Secondary Coolant Water Water
IHX Sec. Coolant 25 140
Inlet Temperature “C)
IHX Sec. Coolant 65 170
Outlet Temp (°C )

Design Data (nominal) of the three XADS design
2o Huangzhou February 23-24 2008
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Major Container Ports in the ;
world
- 1st Hong Kong :18,1 MTEU/y
- 2nd Singapore : 17,0 "
- 5th Rotterdam : 6,2 "

. \ \1"(. INDIAN
-F-am»r:t ( ,‘(( REEEN
L RCEAN Lf

Movement of containers®
TEU m, 2001

-Le Havre (F) : 1,5 " | J ey =
TEU/y = Twenty Equivalent Feet i |4 o I s o
Unit per Year Sanure: B Drewy T

Of all the world’s great industries, shipping is arguably the most international, and today the
global commerce is more accurately defined as international trade by ship.

In fact approximately 95% of the world’s cargo moves by ship. That translates into over 200
million cargo containers moving between major seaports around the world each year.

It is estimated that less than 10% of all containers are checked to verify that transported
goods corresponds to the declared content. The very large movement of containers around the
world increases the risk that the containers could be used by a terrorist group. As a result,
the maritime industry must take any potential threat for disruption of the trade very seriously.
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Introduction to LANSCE

LAMICE— A Key Facility for Magional Seisnce and Defense 2
Eurt F. Schormberg and Pawl W. Lizowski

LAMICE—Where Seisnce Meets Mational Secusity 18
An interview with Founder Lowis Rosem

Nuclear Weapons: Now and in the Future

LANSCE and the Maclear Wespans Frogram 20
Phil Goldstone

Frocan Radiopraphy 32
Christopher Morris, John W. Hopsom, and Philip Goidstone

A Mew “Camera oo a Chig” for pRad Movies 46
Eris Ewiatkowski, Nickalas Kinp, and Vincent M. Dowence

Fumdamensal Muclear Data for Piming down the Performance of Muclear Weapons 52
Robert C. Haight, Mark B. Chadwick, and David J. Vieira

Stardust and the Secress of Heavy-Element Production 70
Rene Reifarth

Neutron Capturs Physics for Nuclear Weapens 2nd Naclear Astropkysies 71
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Donald W, Brown, Robert E. Hackenberp, David F. Teter. and Mark A. Bourke

Flitoium under Presmuze 84
Intreduction 85
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Thamas Frofien and Takeshi Egami
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Thomas E. Proffen, Eatharine L. Pape, Ram Seshadri, and Anthomy Chestham
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Plutonium under Pressure

temperature (°C)

1500
1000

500

Ac Th Pa u Np Pu Am Cm

Figure 1. Kmetko-Smith Composite Phase Diagr:

This diagram shows how the structures and melting p of the light actinides
vary across the periodic table. The deep minimum in m{ Sng point is coincident
with maximum structural complexity near plutonium’s ition.
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(a)
Object Detector

At the detector

18

(b} Lens
After a lens
un T £ -
o -
i i = m
m Pt e
i L] iy
:: - o
o
S N 2

EENEEE]

Figure 1. Demonstrating pRad with Magnetic Focusing
A beam of protons (188 MeV in energy) from the P3W channel at LAMPF was sent through an object—a 6-mm-thick
steel plate with the words LANL P-RAD machined halfway through—and the positi and trajectories of the d

protons were recorded by a layered proton (see di

the proton ies ded at the d

i a blurred radiograph (green) showing the positions of the p as they i the d but by proj

(a) With nothi the object and the detector, we

back to the object, the letters on the sign b visible (red radi h)

(b) The purple radiograph (inverted image) was i by

lacing a triplet of g pol the object

and the d and directly ding the positions of the protons entering the detector. Because the magnets act like a

proton lens, g the p at the

they allow a clear image to be recorded. Magnetic focusing makes flash

radiography possible because each proton does not need to be individually measured.
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Figure 6. Measurement Results of n,2n on Plutonium at GEANIE
vs Previous Data
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200 - . f)
i a) classical cyclotrons
b) frequency modulated cyclotrons
| c) AVF or sector focused cyclotrons
] d) separated sector cyclotrons
1504 €) superconducting cyclotrons
] f) cyclotrons for commercial use

100 -
) e)
d)
4 c)
50 - L
- . b)
0 ——a)

1930 1940 1950 1960 1970 1980 1990
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Malignant tumors Neuroendocrine tumors Neuroendocrine tumors Bone metastases Glucose metabolism Inflammation ~ Dopamine reuptake D2-receptors ~ Dopamine synthesis
18F Fluorodeoxyglucose 68Ga DOTA-GOC 11(; 5-Hydroxytryptophan 18F-Fluorine 18F Fluorodeoxyglucose *'C D-Deprenyl 1C BCIT 11C Raclopride 18F Dopa
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[ 35
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. Amino acid uptake Blood flow Oxygen Consumption Central BZ-receptors Microglia activation
Parathyroid cancer Adrenocortical tumors Pheochromocytomas Prostate cancer 11C Methionin 150 Water 150 Oxygen 11C Flumazenil 11C PK11195

11C Methionine 11C Metomidate 11C Hydroxyephedrine 11C Acetate

Glucose metabolism Oxidative metabolism Adrenergic innervation
18F Fluorodeoxyglucose 11C Acetate 11C Hydroxyephedrin

[
2
4

Lactate metabolism Blood flow Anatomofunctional fusion
11C Lactate 150 Water
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(E.Pedroni,
PSI)

Accelerators used for proton therapy in 2006

Total Non Hospital Specific/Hospital
Cyclotrons 15 11 4

Synchrocyclotrons 4 4
Synchrotrons 6 2 4

HCL FHBPTC
1949-2002 2001 -
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Proton energy [MeV]
R 1 AN EE a0 © e AR
PET Cyclotron Energy on target (MeV) Yield (mCi)
CYCIAE-14 14 5600
GE PETtrace 16 2600
IBA Cyclone 18 18 4000
ACSI TR19 19 4200 +
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i
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f‘ , % Request for Proposal
[ _‘ . L
Regional

Health REP # 10- 04

Supply and Install (1) Cyclotron

L |
&
o) FbR: 15MeV B FEHNHE 2%
o) A F=Mo-99, Tc-99m
=
— _ . . _
O Thunder Bay Regional Health Sciences Centre
e B | (rBRESO)
. Participating Agency Thunder Bay Regional Research Institute
"JJ' (TBRRI)
Q Date issued May 17. 2010
PR Closing Date June 8. 2010 i




Non-reactor-based Isotope Supply
Contribution Program

Hhr: 35MeV[BIFEINEE 2% A F=Mo-99, Tc-99m

Request for Project Proposals
Applicants’ Guide
(June 2,2010)

Ce document est aussi disponible en francais. Veuillez envoyer un courriel a nisp-ppin@nrcan-
rncan.gc.ca en indiquant a la ligne Objet «Guide du proposant» (sans les guillemets).

I* l Natural Resources  Ressources naturelles
Canada Canada
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Welcome to visit CIAE
Tjzhang@ciae.ac.cn
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