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1937, Bohr in Japan
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1919

BEG BESR BHRBRO%E

Ernest Rutherford discovers the proton by artificially transmuting an element

(nitrogen into oxygen).

1930

1931

1932

1587

1932

1934

1938

1938

Ernest O. Lawrence builds the first cyclotron in Berkeley.

Robert J. Van de Graaff develops the electrostatic generator.

James Chadwick discovers the neutron.

J. D. Cockroft and E. T. S. Walton first split the atom.

Lawrence, M. Stanley Livingston, and Milton White operate the first cyclotron.
Enrico Fermi produces fission.

Otto Hahn and Fritz Strassmann discover the process of fission in uranium.

Lise Meitner and Otto Frisch confirm the Hahn-Strassmann discovery and

communicate their findings to Niels Bohr.
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August 2, 1939 Albert Einstein writes President Franklin D. Roosevelt.
September 1, 1939 Germany invades Poland.

bctober 21, 1939 The Uranium Committee meets for the first time.
Spring-Summer 1940 Isotdpe separation methods are investigated.

February 24, 1941 Glenn T. Seaborg's research group discovers plutonium.

March 28, 1941 Seaborg's group demonstrates that plutonium is fissionable.

May 3, 1941 Seaborg proves plutonium is more fiSsionabIe than uranium-235.
June 22, 1941 Germany invades the Soviet Union.

July 2, 1941 The British MAUD report concludes that an atomic bomb is feasible

December 7, 1941 The Japanese attack Pearl Harbor.

December 10, 1941 Germany and Italy declare war on the United States..
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December 18, 1941 The S-1 Executive committee gives Lawrence $400,000 to
continue electromagnetic research.

May 23,1942 The S-1 Executive Committee recommends that the project move
to the pilot plant stage and build one or two piles (reactors) to produce plutonium and
electromagnetic, centrifuge, and gaseous diffusion plants to produce uranium-235.

September 17, 1942 Colonel Leslie R. Groves is appointed head of the Manhattan
Engineer District. He is promoted to Brigadier General six days later.

November 22, 1942 On the recommendation of Groves and Conant, the Military
Policy Committee decides to skip the pilot plant stage on the plutonium, electromagnetic,
and gaseous diffusion projects and go directly from the research stage to industrial-scale
production. The Committee also decides not to build a centrifuge plant.

November 25, 1942  Groves selects Los Alamos, New Mexico as the bomb laboratory
(codenamed Project Y). Oppenheimer is chosen laboratory director.

December 2, 1942 Scientists led by Enrico Fermi achieve the first self-sustained
nuclear chain reaction in Chicago. -
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Conventional Charge -
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Uranium 238
Hollow Plutonium Sphere

Polonium-Beryllium Initiator

Conventional Explosives
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Avg power t"”250 KW

COST - 0.75 Millio'n (1948$)
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(L) Dr. Lee Davenport (R) Dr Norman Ramsey
June 10 1949
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Materials Testing Accelerator (MTA), was found at the Livermore Auxiliary Naval
Air Station
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FFEAG-ADS Project

To study

Accelerator Driven Sub-critical Reactor (ADS)

lon
source

100 keV

2.5 MeV

@ Booster

- Narrow energy spectrum of n beam
- Energy and Flux of the n beam

can be easily controlled.

20 MeV

Main ring

150 MeV

Critical Assembly
(KUCA)




Accelerators for ADS

Injector Booster Main Ring

Focusing Spiral, Radial, Radial,

' 8 cells 8 cells 12 cells
Acceleration Induction RF RF
Field index, £ | 2.5* S, 7.5
Energy (max) |[0.1-2.5 MeV* | 25-20 MeV - | 20-150 MeV
PSP P 5.00(Max) 2.84 2.83
Average orbit | 0.60-099m [142-171m |[454-512m

radit

* Output energy of the injector is variable
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Injector

Spiral sector magnets
spiral angle = 42 deg

Induction acceleration
500 V/turn

Variable field-index k,

by means of trim-coils

il
LY

Design  Achieved
E,, 0.1MeV 0.12MeV
E.. 2.5MeV 1.5MeV
Curr. 10nA(lim) 10nA

Rep. 120 Hz 118 Hz




FFAG-ADS-BSTR

BOOSter Design  Achieved
— — E. 25MeV 1.5MeV

inj

' ' il fl E.. 20.0MeV 11.6MeV
' RF Core ! f!Be:a\rITyLir}e Curr. 1nA(lim) 1nA
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FFAG-ADS-MAIN

Main Ring

Design  Achieved
E. 20.0MeV 11.6MeV

inj

E.. 150MeV 100MeV

Rep. 60Hz 29.5Hz
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SC spoke
cavities:
350 MHz,

1 section (?)

'IETI 600-Me!
B =0.47 B =065

SC elliptical cavities: Beam dump
700 MHz, 3 sections

~ 100 keV 3-5MeV

B =0.85

~ 100 MeV 200 MeV ~ 500 MeV

20 MeV (?)
Spallation targe

Independently-phased & s"’:;t‘f:'*'“'
Superconducting Section

] M”mﬂuuﬂ;;“o | = bl = DA
B -£* O &t 5

Figure 1: European ADS accelerator conceptual scheme.
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Figure 2: The reference linac front-end.
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Figure 1: General layout of the GENEPI-3C machine.

Figure 6: Accelerator GENEPI-3C assembled at LPSC

(March 09).

Table 1: Characteristics in pulsed and continuous mode.

ADSHFZE F/NE

J—0Ovw/\OFHE

Parameters Values

Energy 140 up to 240 keV (deuterons)

Pulsed mode Peak current: 40 mA on target
pulse duration ( FWHM) < 1us
Repetition rate up to 5 kHz

Continuous DC current: 1 mA on target

mode Beam interruptions: 20 ps to 10 ms

Beam trip rate: 0.1 to 100 Hz
Rise/drop times: ~ 1 ps

Beam diameter

GENEPI-3C 1s a neutron generator for ADS purposes.
~ 20 mm on target

Stability

194 It will be mnstalled at Mol (Belgium) after commissioning
—~ ]

Beam power

210 W at Grenoble (FRANCE)

mode)

on target (contmuous




Table 1: European Transmuter Main Specifications

Table 3: Independently-Phased Linac Overview

Transmuter demo Industrial transmuter SC cavity type #Cav. Energy Section
(XT-ADS / MYRRHA project) (EFIT) #Cryom.  range length
50 — 100 MWth power Several 100 MWth power 352 MHz 2-gap f0.35 60 cav 17 ~90 50
Spoke 20 eryo MeV u
kg value ~ 0.95 kg value ~ 0.97
. ; . .. 704 MHz 5-cell p0.50 30 cav 90 ~ 190
Highly-enriched MOX fuel Minor Actimide fuel Elliptic af cell B 15 eryo MeV ~60 m
Pb-Bi1 Eutectic coolant & target  Pb coolant & target 704 MHz 5-cell B0.65 42 cav 190 ~ 450 som
Elliptical 14 eryo MeV
704 MHz 6-cell B0.85 16 cav 450 ~ 600 35m
Elliptical 4 cryo MeV l

Table 2: Proton Beam General Specifications

Transmuter demo

Industrial transmuter

(XT-ADS / MYRRHA project) (EFIT)
Proton beam current 2.5 mA (& up to 4 mA for burn-up compensation) ~20mA
Proton energy 600 MeV ~ 800 MeV

Allowed beam trips (> 1sec)
number

~ < 5 per 3-month operation cycle

~ < 3 per year

Beam entry into the reactor

Vertically from above

Beam stability on target

Energy: + 1% - Current: + 2% - Position & Size: + 10%

Beam time structure

CW (w/ low-frequency 200us zero-current beam holes for sub-eriticality monitoring)
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-AE
70keV neutron

proton beam
10MeV

internal target
Be ~10(5)micron

FFAG-ERIT

Is(circ. current)

rf re-acceleration
Vrf ~ 200kV

la(inj. current)
50micro-A



Schematic layout of FFAG-ERIT

|

|

|

H- lon Source RFQ DTL

F-D-F Magnet

RF cavity



lon source

particle: negative hydrogen
extraction energy: 30 keV
rep. rate : 200Hz (goal : 500Hz)
beam duration : 2%, maximum
beam current:

100u A(ave.)
1-5mA (peak)

nor. emittance : <1mmm-mrad

HV power supply

H- ion source

.

beam chopper



LINAC (RFQ/DTL)

: L
l
= ‘

- lon speces

- Injection energy

- Extruction energy
-beam current

-rf duty(tube)

-Rep. rate

i
30keV
11MeV
>100uA
~ 2%
20-200Hz



Figure 2: Photograph of FFAG-ERIT ring.
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Figure 4: Neutron yield and spectrum simulated
Figure 3: Schematic configuration of neutron moderator.  MCNP/PHITS.
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HEXD BBk 5 1E

(in percentages)

Project EU JA Sum
IFMIF-EVEDA 14.4 7.6 22.0
IFERC 12.0 18.7 30.7
Satellite Tokamal 23 6 23 6 47 3
Programme
Total 50 50 100

The overall EU contribution is 339 MiEuro value May 2005, and

The overall JA contribution is 46 Byen value May 2005.

Mostly in kind.



Schedule of the BA Projects

Project 1 2 3 4 5 6 7 8 9 10

IFMIF EVEDA e T —

IFERC Site&Buildings o —
Computer Simulation Center pacnnndnoa .. | e |
DEMO Design R&D Co. Center —l
ITER Remote Exp. Center ceeeeafunnaalass s | —
Others —

Satellite Construction

Tokamak

Programme Operation S
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Figure 11: Layout of the prototype accelerator in the
IFMIF/EVEDA accelerator building.




Table 1: Main RFQ parameters.

Particles D+
Frequency 175 MHz
Input current 130 mA
Input emittance 0.25 m.mm.mrad
Max Surface field 256 MV/m
Vi i
Length 9.78 m ACHIMQPe 8
yd

Voltage min/max 79/132 kv P4

¥ 5, P 7
RO min/max 4.1/7.1 mm i
Transmission (Gaussian) 96 % & ‘

N ) i

B Ve

Power dissipation in Cu < 650 kW & M

Figure 5: Schematic view of the RFQ.

IFMIF/EDEVA D #E&RFQlinac



Table 2: Main parameters of the HWR Linac.

Cryomodule 1 2 3&4
Cavity geometric B 0.094  0.094 0.166
Cavity length  (mm) 180 180 280
Beam aperture  (mm) 40 40 48
Nb cavities / period 1 2 3
Nb cavities / cryostat 1x8 2x5 3x4
Nb solenoids 8 5 4
Cryostat length (mm) 4.64 4.30 6.03
Output energy (MeV) 9 14.5 26 —40

Figure 6: Overview of the EVEDA cryomodule.
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Figure 9: RF power stations for the prototyp

Figure 10: Removable RF power module.
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Figure 13: Power density at BD surface (W/cm’).
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Figure 14: Mechanical design of the beam dump.



_Site Layout

I----

Rokksho Site for Broader Approach

AT

T— T
TP e —
Y L —

-
|
\

-

« _{
wﬁm Ty Q JJ I‘-l L\ ye
gy S rra "
. -_1::":” —— CSC & REC

sz =

———
e

-

E- % % B g
“ R T T —
\ i (I SRR e
A\ ‘l /£ 7 — / d =
g ‘, “
— il

DEMO R&D
. building
\ , =%
\ ' . Administration &
\ [ Research Buﬂdlng
Power Station e - 0
| P, ? "10 oo

Scale In metres

IFMIF-EVEDA Accelerator
Test Facility

Sepiember 4th, 2007



WRFL " R

~l
%

Fundamental science

wEe LHD

FBR

BEiR- B2
KART

PiEFFIA

RF NS EFDRRRAAEDIEEH

% o
B ’?ﬁ =
i :: X
%
( Efi 5’.?2 2 ( F)
Basic research Fgé‘%
ITER
Development Industry
JT60 IFMIF
w5 / = — p AR
o
FCA+

“(KUR-M) S3\TF

J-PARC JRR3

>ga ST I - FEEHF

|

R AR

RKRIFF KEKF

XHEBERMEVIR 2 REERERTRR 2 REEXF

JAEA ¥ B -Spring- 8 RE B & EXoF



FHFALRL D= OEHTESRIC

BFEMEE (EYR).
BFHHEE(IT$R).
BEFhSRss - EhEErEHRE

AEHLTIRY S,
ERQBFIE AT REASL



CEHIEAYHSSSVELE



