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Abstract
The Frankfurt Neutron Source at the Stern-Gerlach-

Zentrum (FRANZ) [1] delivers neutrons in the energy

range from 1 to 300 keV at high intensities. The neu-

trons are produced using the the 7Li(p, n)7Be reaction

with 2 MeV protons. The linac accelerator cavities (Ta-

ble 1) consist of a 4-rod-RFQ [2] coupled with an 8 gap

interdigital H-type drift tube [3] section with a total cavity

length of 2.3 m (Fig. 1). It accelerates the 120 keV beam

to 2.03 MeV at a frequency of 175 MHz. The combined

cavity will be powered by one RF amplifier to reduce in-

vestment and operation costs. The inductive power coupler

will be located at the RFQ part. The coupling into the IH

section is provided by direct inductive coupling within the

cavity. The coupled RFQ-IH combination is investigated

with CST-MWS-simulations [4] and by an RF model. The

linac combination has to match the resonance frequency,

flatness along the RFQ and the voltage ratio between both

cavity sections. Beam operation will be cw (a few mA)

and pulsed 250 kHz, 50 ns (up to 50 mA and beyond). The

thermal cavity losses are about 200 kW and the cooling is

the challenging topic.

INTRODUCTION
The coupling of RF components is useful for accelera-

tor developments to reduce the RF amplifier cost and profit

from short drifts between accelerator structures and com-

pact devices. In case of FRANZ the coupled system is an

RFQ-IH-DTL with the same resonance frequency and both

structures are coupled inductively. The coupled structures

can be driven in 0 and π mode. The coupled RFQ-IH-DTL

combination is investigated for the 0 mode and a mode

switch would need an extra drift between both structures.

The coupled combination is investigated with simulations

and by an 2:1 RF model to optimize the layout design of

the RFQ-IH-DTL [6, 7, 8]

COUPLED RFQ-IH COMBINATION
The inductive coupling connects through a large aper-

ture the RFQ and IH-DTL. The coupled structures are op-

timized by simulations and by a 1:2 scaled radio-frequency

dipole-IH model. The RFD-IH model has shown the func-

tionality of the coupled combination [5]. In the coupled

RFQ-IH system the resonance frequency, the balanced field

distribution of RFQ electrodes (flatness) and the voltage ra-

tio between both structures have to be matched. The chal-

lenge is the tuning of the coupled system, because only the

resonance frequency can be tuned in the simulation to an
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Figure 1: Cross sectional view of the coupled RFQ-IH-

DTL combination for FRANZ. The RFQ is on the left

side and the IH-DTL on the right. In copper color are the

RFQ-electrodes and stems. The IH-drift tubes are colored

in cyan, the magnetic quadrupole triplet lens is shown in

green and in the dynamic tuner is represented in red.

Table 1: Parameters of FRANZ-RFQ-IH combination at

140 mA (in brackets 50 mA) beam current.

Parameter Unit

Particle Proton

Frequency MHz 175

Current mA (50) 140

RFQ Input-Energy keV 120

IH-DTL Input-Energy keV 700

IH-DTL Output-Energy MeV 2.03

RFQ Thermal Losses kW 139

IH Thermal Losses kW 75

RFQ εtrans.,norm.,rms
in mm mrad 0.4

IH εtrans.,norm.,rms
X,out mm mrad 0.9

IH εtrans.,norm.,rms
Y,out mm mrad 1.09

IH εtrans.,norm.,rms
Z,out keV ns 5.2

RFQ - # of Cells (97) 95

IH - # of Cells 8

RFQ - # of Stems 18

IH - # of Stems 6

RFQ - Aperture mm 4

IH - Aperture mm 22-24

RFQ - Dimension mm 300x340x1825

IH - Dimension mm 412x642x560

Electrode voltage kV (61) 75

Coupling constant 0.03

Q - Factor 8000

IH - Shunt impedance MΩ/m 69

Proceedings of IPAC2013, Shanghai, China THPWO017

04 Hadron Accelerators

A08 Linear Accelerators

ISBN 978-3-95450-122-9

3797 C
op

yr
ig

ht
c ○

20
13

by
JA

C
oW

—
cc

C
re

at
iv

e
C

om
m

on
sA

tt
ri

bu
tio

n
3.

0
(C

C
-B

Y-
3.

0)



Figure 2: Cross sectional view of the construction layout of the IH-DTL and CH-ReBuncher with the three qudrupole

triplet lenses for FRANZ. The acceptance is investigated for this sub-part of the LINAC section. The structures will be

connected with a flanged bellow (green) and the phase probe (yellow) can be used for the time of flight.

accuracy of 1 %. The simulations are showing significant

error bars for flatness and voltage ratio and deviated from

the measurement.

The last cell of RFQ electrode is essential for the cou-

Figure 3: Beam envelope from the entrance of the IH-DTL

to the end of the second external quadrupole triplet lens for

140 mA [9].

pling. The RFQ output matcher must meet the acceptance

of the IH-DTL. The orientation of the ellipses in xx’ and

yy’ have a great impact on the further beam transport along

the IH-DTL and down to the bunch compressor. Therefore,

the steerer behind the RFQ will have the capability to act

as a ’weak’ quadrupole singlet additionally to improve the

matching if needed.

BEAM DYNAMICS
The beam dynamics program LORASR simulates the

RFQ output distributions with all gaps (IH-DTL, CH-

ReBuncher) and magnets (Table 2) for 140 mA beam cur-

rent. The transmission and output emittance at the end

of the second external qudrupole triplet lens are optimized

with the simulations. The MEBT (Medium Energy Beam

Transport) technical design is shown in Fig. 2.

The envelope describes the maximum distance of the

particle trajectories of the beam axis for 99 % of the par-

ticles (Fig. 3). The particle trajectories have a high fill-

ing degree in the aperture of the drift tubes and drift sec-
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Figure 4: Beam transmission in the LINAC section for

140 mA. The beam losses at the end of the linac section

are 1.4 % [9].

Table 2: Parameters of the ideal FRANZ-Quadrupole

Triplets in LINAC-Section at 140 mA beam current [9].

Quadru- Int. 1. Ext. 2. Ext.
pole

a 54.0 43.5 39.0

Gradient [T/m] b 51.5 49.0 46.5

c 54.0 43.5 39.0

a 41

Eff. Length [mm] b 61

c 41

a 300

Current [A] b 440

c 300

tions of the accelerators at FRANZ, and particle losses are

expected. In cw operation FRANZ will neutron activate

probes with a few mA of proton driver beam. In pulsed

operation (1 % beam duty factor), the beam has to match

the acceptance of the bunch compressor [1]. Due to the

available cost frame and space requirements this linac lay-

out was an acceptable compromise to fulfill the requests

of both operation modes. The beam transmission in the

LINAC section is shown in Fig. 4 and the transverse output

emittances are plotted in Fig. 5.

CONCLUSIONS
The coupled RFQ-IH-DTL combination for FRANZ

shows promising results in simulations and in model mea-

surements on the 1:2 scaled RFD-IH model. The last com-

ponents of the accelerators should be fabricated during

2013. The 50 mA proton source is ready for operation.

Running in of the LEBT has started, including the 250 kHz

chopper, to match the beam into the RFQ acceptance.
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[5] M. Heilmann, D. Mäder, O. Meusel, U. Ratzinger,

A. Schempp, M. Schwarz

A Coupled RFQ-IH Cavity for the Neutron Source FRANZ,

Proceedings of LINAC2012, Tel-Aviv, Israel, THPB008,

p. 858

[6] A. Bechtold, U. Bartz, G. Clemente, M. Heilmann,

P. Kolb, H. Liebermann, D. Mäder, O. Meusel, H. Podlech,
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