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Motivation

applications and experiments using 
acceleraors

accelerator development for high 
intensity ion beams

Institut für Angewandte Physik Stern-Gerlach-Zentrum

• Injector for RHIC BNL
• Proton LINAC for p - Produktion (FAIR)
• UNILAC upgrate (FAIR)
• LINAC front end for XADS/EUROTRANS
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Motivation
Example for the accelerator development 

reference design for the XADS/EUROTRANS LINAC front end

© H. Podlech
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Motivation

transferring experiments from 
the Karlsruhe Van-de-Graaff 
accelerator to Stern-Gerlach-
Zentrum

Using a intense proton beam for the neutron production
© F. Käppeler et. al.
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FRANZ at a Glance

Neutron production

Neutron beam

Energy:                100 – 500 keV

Production rate:

Neutron flux at the target:  

Neutron production

target and detector – with kindly support by
FZK and GSI.

low energy proton beam

Beam energy:       120 keV

Beam current:       200 mA

Pulse width:          50 - 150  ns

7 7Li p n Be( , )®

Proton beam at the target

Final energy (adjustable):   1,9 - 2,4 MeV

Repetition rate:                   100 - 250 kHz

Pulse width :                       1 ns

£ × ® £ ×2 10 5 105 10n / pulse  n / s

£ ® £ × ® £ ×120 3 1 n / pulse  10 n / s  10 n / cm s7 7 2
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LINAC Front End for FRANZ

Technical layout of the neutron source
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High Current Ion Source

Defining of source requirements

Proton current:  I = 200 mA (DC)

Proton fraction:  ~ 90 %

Emittance (rms, norm.)erms < 0,15 p mm mrad 

prototype of the high current 
proton source 

© R. Nörenberg / K. Volk

redesign of the proton source

© R. Hollinger (2000)
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Performance of the prototype
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© R. Hollinger

© R. Hollinger

© R. Hollinger

High Current Ion Source
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Technical layout of the transport line

Low Energy Beam Transport

mapping of beam emittance into the 
accelerator acceptance

envelope equation for the description of beam 
transport

r´

r

Emittance 
of the    

ion source

r´

r

Acceptance 
of the 

accelerator

d
d z

r
r

K
r

z rS
S S

S

2

2

2

3= + -
e

k ( )



http://franz.physik.uni-frankfurt.deFrankfurter Neutronenquelle am Stern-Gerlach-Zentrum

Pulse formation of the proton beam

scheme of the magnetic chopper system
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Further experiments with 
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Time

Slit width
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Functionality of the RFQ

Beam 
matching

RFQ - AcceleratorIon source

four rod resonator

Radio Frequency Quadrupol
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RFQ Accelerator

Four-Rod-RFQ for high beam intensities

© P. Fischer© P. Fischer

view into an RFQ conditioning of the RFQ

SARAF – Project Israel

f0 = 176 MHz, I = 50 mA, P = 64 kW/m, cw - operation



http://franz.physik.uni-frankfurt.deFrankfurter Neutronenquelle am Stern-Gerlach-Zentrum

rt IH

E < 30 AMeV  
30 < f < 250 MHz

rt CH

E < 100 AMeV  
150 < f < 700 MHz

sc CH

E < 100 AMeV  
150 < f < 700 MHz

Drift Tube Accelerator

Different types of H – mode cavities

© H. Podlech
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Coupled RF Resonators

Reducing investment coast by the use of one 
RF –power amplifier 

© H. Liebermann / A. Bechtold
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Longitudinal beam properties - compressor mode

Bunch – Compressor
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Bunch - Compressor

Dipole magnets

TargetMagnetic Chopper

scheme of the Mobley type bunch compressor  

Nbunch = 9

Ipeak = 8,1 A

Ppeak = 16,2 MW

Target 
development ?
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Bunch – Compressor

Beam transport



http://franz.physik.uni-frankfurt.deFrankfurter Neutronenquelle am Stern-Gerlach-Zentrum

Final Beam Properties
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Final Beam Properties

transversal

Footprint of the proton beam at the target:
A ~ 6 cm2

rrrr peak = 2,7 MW/cm2

A ~ 6 cm2

rrrr = 10 kW/cm2

compressor mode dc mode ~ 30 mA
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Shielding

Technical layout

© D. Petrich
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Conclusion

• the planned neutron source open a wide field of experiments 
in cooperation with FZK, GSI and .... within Stern-Gerlach-
Zentrum

• all components of FRANZ determine the challange of the 
project

• FRANZ will be a test bench for the development of 
accelerator instrumentation

• FRANZ is a long-term project also to provide the education 
of students
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Thank you for your attention
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