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Abstract

MYRRHA will be a research infrastructure highlighted
4 by the first prototype of a sub-critical nuclear reactor
0 driven by a 600 MeV particle accelerator (ADS). This pro-
" Ject aims at exploring the transmutation of long-lived nu-
vclear wastes. A first phase is planned to validate the relia-
£ blhty of a 100 MeV/4 mA Protons LINAC carrying the
N beam toward an ISOL facility, prefiguring the real
£ MYRRHA demonstrator at 600 MeV [1]. This project is
; called MINERVA [2]. This paper presents the status of the
.2 beam dynamic studies for the high energy beam transport
2 lines at 100 MeV. In agreement with the project require-
% ments, we describe the specificities of these beam lines for
g which it is needed to implement a fast kicker-septum. This
£ system will separate the beam between two main lines: to-
£ ward the beam dump or the ISOL facility [3]. We also de-
2 scribe the studies on the Beam Position Monitor (BPM) se-
£ lected for MYRRHA. Part of this work was support by the
5 MYRTE project of the European Union [4].

INTRODUCTION

The high energy beam transport (HEBT) of MINERVA
requires the construction of three beam lines. The first one
named Energy Tuning Beam Dump (ETBD) line will be
Z dedicated to the commissioning of the accelerator and dur-
mg beam tuning phases. The beam will be stopped in a ded-
& icated beam dump station (Pmax = 400 kW). The second
5°line named Full Power Beam Dump (FPBD) line will be in
2 S charge to ensure a full power reception of the beam on a
o dump installed in a dedicated area. This line will be con-
8 ‘5 nect the Protons Target Facility (PTF) line. This third line
5 5 will be in charge to transport a given fraction of the Protons
5 = beam up to the building dedicated to nuclides production
o for irradiations, R&D and experimental physics. The
% FPBD line and the PTF line will have a common section
S and will be linked operationally. The beam transfer along
2 the PTF line or the FPBD line will be provided using a
= klcker and septum (see Fig. 1). Moreover, the HEBT lines
2 needs non- interceptive diagnostics to measure beam char-
gactenstlcs Among them, Beam Position Monitor (BPM)
é are used to centre the beam. Beyond the beam position, de-
Evices allow us to measure beam energy, beam ellipticity
2 and the beam current. This work describes the studies on
- the BPM selected for MINERVA, aiming to realise a para-
2 metric study and optimise the BPM sensitivity for a 100
2 MeV Proton beam.
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HEBT BEAM DYNAMIC

The HEBT beam dynamic studies are performed with the
Tracewin software [5]. Allowing beam dynamics simula-
tions and gradient’s optimisation of the magnetic elements
toward the beam lines as quadrupoles, dipoles, steerers.
Adding statistical errors on the beam characteristics and
the elements, an entire errors study can be achieved and has
to fit with the beam requirements.

The nominal Protons beam characteristics along the
HEBT will be 100 MeV at 4 mA. In the operating domain
of the machine, the three beam lines can receive 400 kW
maximum peak power. The maximum mean power in the
beam lines will be: 400 W for the ETBD, 400 kW for
FPBD, 50 kW for PTF. The mean power distributed along
the lines can be monitored with the beam time structure
suggested for the nominal operating mode at MINERVA
(see Fig. 2).
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Figure 2: Beam time structure requirements for MINERVA
in nominal operating mode.

Main beam

A large fraction of the beam is transmitted to the FPBD,
and periodically a fraction to the PTF. The bunch repetition
rate of MYRRHA is 176 MHz (a bunch each 5.7 ns), leads
a too short period of time to switch the beam between the
two lines. In the low energy section of the LINAC, the
chopper create holes in the time structure, expected in the
range from 5 ps up to 20 ps. These holes allow the rise of
field (T1 - T2), and the fall of field (T3 - TO), of a fast mag-
net aimed to bend the beam to the PTF line (see Fig. 2). As
a fast dipole, it is planned to design a fast kicker magnet
associated with a septum magnet.

Fast Magnet — Kicker & Septum

The kicker is activated in order to apply a short deviation
to the beam going to the PTF section. A septum magnet
must be installed in order to increase the beam deviation.
Main characteristics of the kicker are presented in Table 1.
The MYRRHA Kicker specifications are based on the ex-
isting CERN kicker build for CNAO [6].
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Table 1: Specifications of the Kicker Magnet for the HEBT
of MINERVA

IPAC2019, Melbourne, Australia

Effective magnetic length (m) 0.6
Beam rigidity (T.m) 1.483
Maximum field (T) 0.0209
Deflection angle (mrad) 8.47
Aperture w x h (m?) 0.12x0.12
Nominal current for the max Field (A) 200
Maximum voltage (V) 2000
Number of turns N 10
Estimated inductance (uH) 75.4
Fall time = Rise time (us) 12.6

The Septum magnet is a two parts element [7]. The first
part is magnetic field free for the non-deviated beam going
to the FPBD. The second part applies a stationary magnetic
field at the beam going to the PTF. The two parts have to
be separated with a «septum» along with a magnetic
screen. The magnetic screen must be robust enough to re-
sist strong mechanical stress from electromechanical
forces. The septum characteristics are presented in Table 2.
Specifications are based on the magnetic septa designed for
MEDAUSTRON [8].

Table 2: Specifications of the Septum Magnet for the
HEBT MYRRHA 100 MeV

Curvature radius (mm) 7420
Equivalent magnetic length (mm) 2022
Deflection angle (mrad) 273
Septum thickness + screen (mm) 10+ 1
Gap (mm) 120
Horizontal width in field (mm) 630
B nominal (Tesla) 0.2

The FPBD and PTF beam separation dynamic results are
presented in Fig. 3. In common use, two quadrupoles are
inserted after the kicker to ensure appropriate beam focus-
ing. These quadrupoles are aligned along the FPBD beam
axis. The beams are well separated and no power is depos-
ited in the septum.
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Figure 3: Horizontal beam density from the exit of the
kicker up to the septum.
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Beam Dynamic

Using the kicker and septum specifications, the beam dy-
namic along the PTF is calculated. Figure 4 shows the
beam transverse envelop at 6 RMS.
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Figure 4: 6 RMS beam envelopes along the PTF line from
the LINAC exit. In blue the horizontal plane (X), in red the

vertical plane (Y).

The PTF line is structured in three sub-sections for the
optics. The first one, connected to the LINAC, is common
to all HEBT lines, adapting transversally the beam in order
to obtain a well-known waist point. The second sub-section
is a long right-right deviation section including the kicker-
septum module. The third section is dedicated to the beam
preparation for the PTF.

BEAM POSITION MONITOR

The BPM selected for MYRRHA is a button type elec-
trostatic pick-up. This detector measure the charges in-
duced by the electric field of the beam particles on an in-
sulated metal plate [9]. For this purpose, four pick-up
plates are mounted crosswise at the beam pipe wall. The
beam position (centre-of-mass) is deduced with the differ-
ence signals of opposite plates for both transverse planes.
This work yields to optimise the MYRRHA BPM of the
HEBT, depending on the beam dynamic.

This work aims to realise a parametric study depending
on BPM geometry and beam characteristics. The E-field
can be estimated, for a Gaussian beam distribution, with
the analytical approach in Eq. (1) and Eq. (2). This expres-
sion depends only to the beam characteristics:
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With y the Lorentz factor, ¢ elementary charge, € vac-
uum permittivity, N Protons number in the Bd distribution,
Ox,y, z (~ 2 mm) the RMS bunch sizes in X, y and z plane.
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Figure 5 (a) shows the principle of a charges induction
in the BPM. The induction effects of the electrostatic field
on the pick-ups are calculated using the CST Wakefield
solver [10]. Figure 5 (b) shows the electrostatic field emit-
ted by the centered bunch in the longitudinal cut of the cal-
culated BPM using CST.
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< Figure 5: (a) Scheme of induced charges on a metal plate
= by a charged beam. (b) MYRRHA BPM transversal cut in
 electrostatic field results of CST with the wakefield solver.
£ Considering a BPM composed by a perfect electrical
& conductor, geometry leads to field boundary conditions.
£ We need to study the electrostatic field propagation along
2 = the BPM. CST simulations has been done with and without
othe BPM. Figure 6 compares the transverse electrostatic
—O field function of Y axis for a bunch at Z=0 (see Fig. 5 (b))
g = with and without BPM.
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Flgure 6: Electrostatic field along the Y axis with BPM (in
>\blue) without BPM (in red dashed line), and from analytic
< (in black).

The analytical estimation is close to the CST results be-
A fore and after the electrode position. The electrode in y =
v28 mm sets a boundary condition Ey = 0. With the BPM,
: we see a difference to 100 V/m near the pick-up. The in-
0 duced charges depend to the electrostatic field propagation,
othe analytic estimation of the electrostatic field need to
- S consider the BPM geometry.
®  The repetition rate allows the acquisition chain to digi-
© talize the output signal from the first harmonic (176 MHz)
£ to several harmonics. To quantify these harmonics, a Fast
3 Fourier Transformation (FFT) is applied. We study the sig-
£ nal transmission to the acquisition chain, with a specific
*::) frequency behaviour, characterized by its bandwidth. Fig-
= = ure 7 (a) shows the output voltage of the BPM from a cen-
< S tred beam, for different bunch RMS lengths o,. The FFT
g representatlon illustrates the beam length influence on the
i signal frequency components (see Fig. 7 (b)). -3dB attenu-
gatlon from the maximum indicates a high-cut frequency
>,fcut— 1GHz due to the pick-up capacity (Cgpm ~ 3pF) for a
E 50 Q termination. To use the same BPM along the HEBT,
5 5 the measurement has to be independent form the bunch
1ength extension in the line. The acquisition signal should
£ consider frequencies below 500 MHz. The longitudinal
5 rms size of the beam at the exit of the LINAC is 1.85 mm
= and about 20 mm at the end of the PTF line.
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Figure 7: Output voltage from an electrode of the
MYRRHA’s BPM, for a centred 100 MeV / 4 mA Proton
beam. Its temporal representation in V (a) and frequency
representation in dB (b).

CONCLUSION

The beam dynamic study of the MINERVA HEBT has
been achieved for the MYRTE project. A first modular so-
lution of kicker-septum has been specified. Its adaptability
will be improved by adding elements after the septum.

The electrostatic field propagation in the BPM has been
calculated analytically and simulated with CST. BPM
measurements on real beam will be done at IPHI facility
[11], SPIRAL2 [12], MYRRHA. These measurements will
confirm the parametrisation of the simulation.
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