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I apologize in advance for errors, omissions and
inaccuracies.

Please comments, corrections, additions, etc., to
make the report more complete.

I have followed IAEA conventions wherever
possible: alphabetical order.



Statistics (this conference)

Limitations (selfimposed) of summary:

1. No electron machines (only hadronic probes).
Refer to SM/EB sessions on Friday morning.

2. Emphasis on machine or whole system
development (less on ancillary equipment and no
applications).

* 4 specific sessions on (ion) accelerator technology:
Monday: AT/INT-01..05 (actual talks: 5 (3))
Wednesday: AT/OC(Operation-Control)-01..05 (4(1))
Wednesday: AT/RD (R&D)-01..05 (4(1))

Friday: AT/RD (R&D) (5(3))

TOTAL: 18(8). Others: 15. Grand total: 33(23).




Countries engaged in development of ion
accelerator technology (contributing to
this meeting):

* Argentina, Belgium, China, France, Germany,
Italy, India, Japan, Korea, Russian Federation,
Switzerland, Ukraine, United States.

* Green: well established main players
* Blue: some tradition and new active programs

e Red: newcomers
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Energy regimes and machines

Electrostatic devices and accelerators

0-80 keV: ion sources:

H- Ion source with ..Magnetron geometry (Baturin et
al., AT/P5-05).

High intensity ECR source (Roychowhury, AT/P5-17).
High brightness source (Storizhko et al., AT-P5-19).
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Enereov regimes and machines (Cont’

Electrostatic devices and accelerators

80-150 keV (kV): neutron generators (d-d, d-t)
Traditional vendors: France, USA,..

In this meeting: 1. NSD-Fusion (Sved): no target, reactions in gas-
plasma. 2. Adelphi (Fuller): open tube. 3. ULIS: portable.. (Le
Tourneur). 4. Powerful..(Gribkov).

150- 500 keV (kV): Smaller deuteron electrostatic accelerators
(Cockcroft-Walton type) for neutron production in ADS
systems (TiT targets), e.g.:

GENEPI-3C (see Baylac ADS/ET-01).

Yalina (see Yalina collaboration, ADS/et-02-..04).

India (see Nema ADS/INT-03).

Subcriticality facility at Kyoto (Pyeon et al., ADS/ET-03),..
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GENEPI-§C beam specifications

. GEnerator of NEutrons Pulsed & Intense
- Electrostatic Deuteron accelerator (240 keV)
- Neutron (14 MeV) production via T(d n)*He

. Accelerator capable of producing alternatively

DC mode
SRR - |

- Intense pulsed mode Mean current ': 160 pA to 1 mA

.
| 0.1 to 100 Hz

40 mA peak current " Beam trip rate

FWHM <1 us BeElm_Trs_p duration r A_ZT} ;1;1'0 10Oms |
repetition rate : 10-5000 Hz | T_r‘ﬂr:slfl.on_edgh; RN PP TG

- Continuous mode _Be_cm_spa'-s_l;{e_
DC beam TR S

Maximum n rate ~5.1019 n/s

|~ 1 ps

@~ 2040 mm

programmable beam trips

Pulse stability | ~1% 2!

- Designed & built by CNRS/IN2P3 collaboration
IPN Orsay - LPC Caen - IPHC/DRS Strasbourg - LPSC Grenoble




Enerov regimes and machines (Cont’

0.5-20 MeV protons (up to aprox. 10 MV): Single
ended machines (Cockroft-Walton, Dynamitrons),
Tandems:

Electrostatic accelerators of IPPE.. (Gulevich, AP/AM-
09).

Development of high power Tandem-ESQ (Kreiner,
AT/OC-01).






Enerov regimes and machines (Cont’

2. RF machines
« 1-5MeV: RFQ’s, cavities:

a. The 600 MeV EUROTRANS Proton Driver Linac
(Podloch et al, AT/INT-03)

b. China High-Intensity Accel. Developments...(Wei et
al., AT/INT-04)

¢. Recent High Power RFQ Dev. (Bechthold et al.,
AT/RD-01)

d. Design and Development of Quads for DTL(Malhotra
et al., AT/P5-18).

e. Proton LINAC FRANZ (Meusel et al., AT/RD-07).



Radio Frequency Quadrupole (RFQ)- Podlech et al.

cw operation @352 MHz - 4-vane-RFQ

A 100 mA, 3 MeV RFQ under
construction at CEA Saclay (IPHI)

For EUROTRANS a dedicated design for
lower beam current

- less RF power
—> shorter (L=4.3 m)

- more reliable




RF Power Test of rt CH-Cavity-
Podlech et al




4-vane RFQ- Wei et al

™

achieved:

— 3.5 MeV

— 49 mA @ 93%
— 15% rf duty

— 7% beam duty

— RF: =1%, = 1°




SARAF RFQ at Soreq Israel-Bechthold
et al
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Parameter Value
frequency f, [MHz] 176
input energy W,, [keV/u] 20
output energy W, [keV/u] 1500
max. mass to charge ratio A/q 2
inter electrode voltage V, [kV] 65
electrode length [cm] 390
duty factor [%] 100
thermal load [kW/m] 62.5

*Most recent high power 4-rod-RFQ in operation.

*Has proven stable operation at 47.5 kW/m (!),
which already exceeds the ever reached thermal
load on a 4-rod structure by a factor of 2.4

*85% dc reached at 250 kW (spec.).

*will serve as a prototype for upcoming high
power applications.




Enereov regimes and machines (Cont’

2. RF machines

e 5 MeV to GeV energies: LINACS (e.g., DTL,s,
Superconducting technology), Cyclotrons,
Synchrotrons.

a. The 600 MeV EUROTRANS Proton Driver Linac
(Podloch et al, AT/INT-03).

b. China High-Intensity Accel. Developments...(Wei et
al., AT/INT-04).

c. Multipurpose Accel-Accum ITEP-TWAC..(Sharkov et
al., AT/INT-02).



Experimental Results Superconducting solenoids
CH-Cavity, Podlech et al.
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= XADS goal

Gradient based on pA-definition




Superconducting 5-Cell Elliptical Cavities- Podlech

High power test foreseen in 2010

INFN Milano
L e
" Test#1 limited by strong field emission e 7501
i v 7502 - before conditioning | ]
LAAVRY: . \ B 7502 - after conditioning
Hung g Vv§ Y& Design Value
dol f
10 "l § %,
10 fine,,
// .
multipacting barriers
start of electron emission
9
10" -
1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 |
0 2 4 6 8 10 12 14 16 18 20

E [MV/m]

acc

Gradient based on pA-definition



Enerov regimes and machines (Cont’

2. RF machines

. S MeV to GeV energies: LINACS (e.g., DTL,s, Superconducting
technology), Cyclotrons, Synchrotrons.

a. Performance of the PSI High Power Accel. (Seidel et al, AT/RD-
10). Cyclotrons vs LINAC’.

R&D Prog. On ADS in JAE (Takei et al., ADS/INT-04).
JINR-Dubna, e.g. Nuclotron: SC Synchrotron for Q-G Plasma.
The Proton Eng. Frontier Proj. (Kim et al,AP/IA-08), LINAC.
ARRONAX, 70 MeV Cyclotron (Martino et al., AP/1A-11).
Very compact SC Cyclotrons (Lanza et al.)
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e I Telecommunication channels:
] " B 77 Gbps — November 2008,

i

Upgraded
Nuclotron-M (2009)

+ . . . .
NICA (2013-2014) Participating in LHC, RHIC, TEVATRON...
In future: FAIR, ILC ...

New reactor
IBR-2M f
2010 L
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Final remarks

* This meeting proves that there is a significant activity in accele-
rator development due to the highly relevant applications in
such fields as:

1. ADS programs for nuclear waste transmutation and power
generation.

2. Medicine: Proton and hadrontherapy (including BNCT),
Isotope production,..

3. Accelerator-based neutron sources for: cargo inspection,
neutron diffraction (material research..), nuclear physics
(astro, structure,..), ..

4. Accelerators for: industrial applications (implantation.,..), ion
beam analysis, damage simulation, environmental problems,
nuclear physics, education and training, etc., etc.

We thank IAEA, ANS, and all organizers and contributors for this
excellent meeting.
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