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Abstract 

The aim of the MYRRHA project is to demonstrate the technical feasibility of transmutation 
in a 100 MWth accelerator-driven System (ADS) by building a new flexible irradiation 
complex in Mol (Belgium). The MYRRHA Facility requires a 600 MeV accelerator delivering 
a maximum proton flux of 4 mA in continuous operation with an additional requirement 
for exceptional reliability. This paper describes the current status of this ADS accelerator 
design and focuses on the specific aspects related to beam operation such as beam time 
structure requirements, beam power control and ramp-up strategies, beam reconfiguration 
schemes in fault cases and beam instrumentation needs. 
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Introduction 

MYRRHA (“Multi‐purpose Hybrid Research reactor for High‐tech Applications”) is a new 
flexible fast spectrum research reactor that is planned to be operational around 2023 in 
SCK•CEN Mol (Belgium) [1]. Composed of a proton accelerator, a spallation target and a 
100 MWth core cooled by liquid lead‐bismuth are especially designed to demonstrate the 
feasibility of the ADS concept in view of high‐level waste transmutation. To feed its 
subcritical core with an external neutron source, the MYRRHA Facility requires a 
powerful proton accelerator (600 MeV, 4 mA) operating in continuous mode, and above all, 
featuring a very limited number of unforeseen beam interruptions. The conceptual 
design of such an ADS‐type proton accelerator has been initiated during previous 
EURATOM Framework Programmes (PDS‐XADS and EUROTRANS projects). It is a linac 
(linear accelerator) based solution, which brings excellent electric efficiency due to the 
use of superconductivity and high potential for reliability using several redundancy 
schemes. 

R&D on ADS-type accelerators are being developed within the framework of the MAX 
project [2], supported by EURATOM FP7. This project aims to deliver an updated 
consolidated reference layout of the MYRRHA linac with sufficient detail and adequate 
level of confidence in order to initiate, in 2015, its engineering design and subsequent 
construction phase. To reach this goal, advanced beam simulation activities are being 
undertaken and a detailed design of the major accelerating components is being carried 
out, building on several prototyping activities. Emphasis has been placed on all the 
aspects that pertain to the reliability and availability of this accelerator with the 
development of a detailed reliability model of the MYRRHA accelerator and with 
dedicated R&D to experimentally prove the feasibility of the innovative “fault‐tolerance” 
redundancy scheme. 

This paper describes the present status of this ADS accelerator design and focuses on 
specific aspects linked to beam operation such as beam time structure requirements, 
beam power control and ramp-up strategies, beam reconfiguration schemes in fault cases 
and beam instrumentation needs. 

MYRRHA accelerator overview 

The energy of the proton beam driving a Pb or Pb-Bi ADS reactor must typically be around 
1 GeV. This value is the result of a compromise dictated by different criteria. The proton 
energy must be high enough to maximise the efficiency of the spallation reaction (and 
reach a typical yield of 25 to 30 neutrons per incident proton and GeV), but also to limit 
the energy deposited in the target and its window, thereby facilitating its design and 
usage constraints. On the other hand, cost optimisation of the accelerator promotes low 
energy. Therefore, a reference energy of 600 MeV has been chosen for the MYRRHA  
100 MWth demonstrator. For the record, this compromise has been set to 800 MeV for the 
industrial prototype 400 MWth version called EFIT [3]. 

Once the proton energy is fixed, the beam current necessary to ensure control of the 
reactor is mainly determined by the thermal power and the level of subcriticality of the 
core. In the case of MYRRHA (keff = 0.95), the required nominal average current is 2.5 mA– 
up to about 4 mA being foreseen for burn-up compensation through the cycle – while for 
EFIT (keff = 0.97) it would be about 20 mA, corresponding to a mean beam power of 16 MW. 
In the current state of technology, the only alternative to producing such a high beam 
power continuously (and reliably) is the use of a linear accelerator. It is partly for this 
reason that MYRRHA, as a demonstrator, has also chosen this option at the expense of 
the cyclotron option, following the recommendations of the 2002 workshop at the NEA [4]. 
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Besides the very high level of mean beam power to be produced by the MYRRHA 
accelerator (2.4 MW), the main challenge to address for this machine is the level of 
reliability required, since the number of beam interruptions should be limited to 
extremely low values: the current maximum limit is set to 10 beam interruptions per  
a three-month operating cycle, only interruptions of more than three seconds being 
counted, leading to a global accelerator MTBF (Meant Time Between Failures) of about 250 
hours. This extremely strict reliability specification, settled during the EUROTRANS 
project, is motivated by the fact that beam interruptions longer than a few seconds could, 
if repeated frequently, lead to unacceptably high thermal stresses on the highly 
irradiated materials of the target window, on the fuel claddings and more generally on all 
the reactor structures. In addition, such long beam interruptions will probably be 
systematically associated with reactor shutdowns that could also significantly affect the 
availability of the system since the considered restart procedures could typically last 
about 20 hours [5]. It is, however, to be underlined that other studies in Japan or in the 
United States [6] are quoting much less severe reliability specifications for similar ADS 
machines, highlighting that a lot of uncertainties still remain on this theme. However, it 
should be noted that the reliability target for the MYRRHA ADS accelerator will need to be 
significantly higher than the actual reliability recorded worldwide on comparable 
accelerators in operation today, like the SNS, which exhibits a MTBF of a few hours 
presently at best. This gap to be filled is illustrated in Figure 1 [7], which shows that 
reliability is indeed the main challenge for the MYRRHA accelerator. 

Figure 1. Beam trips frequencies as a function of their duration:  
Recorded in SNS, allowed by the Japanese ADS (JAEA), accepted for MYRRHA 

 

 

The conceptual design of the MYRRHA machine has been on-going for several years 
[8-11] and it should be noted that in order to be able to reach the reliability goal, the linac 
scheme should consist – apart from the final beam transport lines – of 2 distinct sections 
(see Figure 2), a low energy part, composed of two redundant compact injectors with fast 
switching capabilities, followed by a highly modular and acceptant 17-600 MeV 
superconducting linac based on independently controlled accelerating cavities yielding a 
strong tolerance to faults, as detailed after. 

Figure 2. Schematic overview of the MYRRHA linac  
(to scale, the SC linac tunnel being ~300 metres long) 
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Beam time structure and power control  

In nominal operation, the proton beam produced by the MYRRHA accelerator must meet 
the following needs: 

• Keep an “as CW as possible” beam time structure by avoiding producing beam 
interruptions longer than typically 100 ms; this is to eliminate any unnecessary 
thermal stress source on the reactor structures. 

• Periodically produce beam interruptions of at least 200 µs [12] to be able to monitor 
the subcriticality level of the core on line. 

• Feed in parallel and simultaneously an ISOL@MYRRHA Facility [13] by deviating up 
to 200 µA mean current from the MYRRHA beam by means of a fast kicker. 

In order to reconcile these requirements, it is proposed to produce the following beam 
time structure for the nominal operation of the MYRRHA Facility (see Figure 3), 250 Hz 
repetition rate with 3.8 ms beam pulses for the reactor needs and 0.19 ms beam pulses for the 
ISOL facility needs, each pulse being separated at low energy using the chopping system 
located at the proton source exit. At maximum intensity (4 mA peak current), such a time 
structure leads to a total available beam power of 2.28 MW for the reactor and of 114 kW for 
the ISOL facility. 

Figure 3. Proposed MYRRHA beam time structure for full power (~2.4 MW) nominal operation:  
Long 4 mA pulses (2.28 MW) are sent to the reactor while short ones  

(114 kW) are sent to the ISOL Facility 

 

 

Figure 4. Possible MYRRHA beam time structures for half-power operation:  
(top) varying the peak current: 1.14 MW to reactor, 57kW to ISOL,  

(down) varying the duty cycle (preferred solution): 1.14 MW to reactor, 114kW to ISOL 

 

 

 

To drive the reactor power, this mean beam power needs to be controlled and varied 
over a quite large range, from typically 20% to 100% of the maximum power [5]. The most 
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efficient and simple way to do this is to vary mean beam intensity, keeping the beam 
energy constant. In practice, this can be performed in two ways: by varying the overall 
peak current (see Figure 4, top), or by varying the duty cycle at constant peak current  
(see Figure 4, down). Even if the first option has the advantage of keeping a more “close to 
CW” time structure, the second method brings two considerable advantages as far as 
beam operation is concerned. 

• The peak beam current is always kept constant (4 mA), meaning that space charge 
effects and therefore beam dynamics remain exactly the same whatever the 
required beam power. This is a crucial advantage because in this case, the 
accelerator elements (especially the low-energy ones actually) do not need to be 
retuned while changing the beam power, which should bring a lot of simplification 
and reliability for the whole facility operation. Only the low-energy beam chopper 
rhythm needs to be changed to cope with a beam power variation demand. 

• Moreover, this second method allows varying the beam power sent to the MYRRHA 
reactor without affecting the beam power sent to the ISOL Facility, leading in a 
total decoupling of the two applications. Such independence is not feasible using 
the first option (unless the main beam pulse 250 Hz repetition rate is modified and 
therefore all the machine synchronisation retuned). 

The method using a pulsed beam at constant peak current is therefore to be preferred 
for beam power control, at least as a baseline approach, especially as it also ensures that 
beam interruptions seen by the reactor will never (apart from failures) exceed  
4 milliseconds during nominal operation. It is nevertheless to be underlined that, due to 
the pulsed nature of the beam, special attention should be paid to beam transients’ 
management. In particular, the beam space charge compensation rising time, which 
plays a significant role in low-energy magnetic beam transport lines, will need to be 
carefully assessed and its effect on beam stability minimised. This physical process, 
which mainly depends on the gas nature and pressure conditions in the beam line, is 
complex to model and understand [14-16]. In this regard, dedicated experimental 
measurements at the UCL MYRRHA injector test stand [17] are expected. 

Beam power ramp-up  

During the first beam tunings and the commissioning phases of the accelerator and of 
the whole MYRRHA plant, the duty cycle will need to be extremely low (typically 10-4 or 
lower) for machine protection and safety reasons. This will require the use of a much 
lower beam repetition rate of typically 1 Hz. From there, the beam duty cycle and 
repetition rate will then be increased step by step to reach nominal beam operation. A 
possible scheme for this power ramp-up is as follows: 

• Start the first tunings with a “pencil” beam, using for example 100 µs pulses at  
1 Hz with 0.1 mA peak current (i.e. a 6 W beam). After this phase, the longitudinal 
tuning of the linac should work well. 

• Increase, step by step, the peak current from 0.1 mA to the nominal 4 mA (i.e. 
increase the beam power from 6 to 240 W). After this phase, the transverse tuning 
of the linac should work well.  

• Increase, step by step, the repetition frequency from 1 Hz to 250 Hz (i.e. increase 
the beam power from 240 W to 60 kW). During this phase, attention should be 
focused on the minimisation of possible beam pulse transients. When reaching 10 
Hz (2.4 kW), the 100 ms threshold duration between two pulses is reached and the 
beam can be sent inside the reactor “careless”.  

• Increase, step by step, the pulse length from 0.1 ms to the nominal length (i.e. 
increase beam power from 60 kW to the nominal MW-class power). 
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Such a procedure will need to be followed in several cases: accelerator first 
commissioning phase (duration for a full power ramp-up: weeks/months), accelerator 
restarts after maintenance phases (duration: hours/days), reactor power ramp-up 
(duration: minutes/hours), fast beam restart after a less than three seconds beam 
interruption (duration: seconds, see after). The last case underlines that such a procedure 
will need to be managed by the machine control system in a complete automated way 
(which is very atypical in existing high power accelerator).  

Injector beam reconfiguration in fault cases 

The 17 MeV MYRRHA injector line [18] is designed to provide optimal acceleration 
efficiency with a minimised number of components. It is composed of a 30 kV ECR proton 
source and its 2-metre long Low Energy Beam Transport (LEBT), a 4-metre long 176 MHz 
4-rod RFQ [19], accelerating the beam to 1.5 MeV and operating with very conservative 
inter-vane voltage (30 kV), followed by a booster – still under fine optimisation within the 
MAX project – made with several room-temperature and then superconducting multi-cell 
CH cavities [20].  

To increase reliability, the philosophy consists in doubling the whole 17 MeV linac, 
providing a hot stand-by spare injector able to quickly resume beam operation in case of 
any failure [8]. The fault-recovery procedure is based on the use of a switching dipole 
magnet with a laminated steel yoke connecting the two injectors through a “double-
branch” Medium Energy Beam Transport (MEBT) line, as shown in Figure 5. In a fault case, 
the injector beam reconfiguration should last no longer than 3 seconds. The mains steps 
of the reference scenario are the following: 

• In the initial configuration, one of the injectors (e.g. Injector #1) provides a beam 
for the main linac. The other parallel injector (#2) is also fully operational but the 
produced beam is sent to a dedicated beam dump and continuously monitored. 

• A serious fault is detected during operation and the beam is immediately and 
automatically stopped at the source exit in both injectors by the machine 
protection system, by means of the LEBT chopper (as a first step).  

• The origin of the fault is analysed and diagnosed by the control system.  

• If the fault is indeed localised in Injector #1, the necessary injector retuning 
procedure is started, and a new beam path is set to be able to feed the main linac 
using Injector #2; especially, the polarity of the power supply feeding the MEBT 
switching magnet is changed and Injector #2 45 dipole is switched on.  

• Once steady-state is reached in the retuned magnets, the beam is resumed in 
Injector #2 first with very short pulses to control that the transport reaches the 
target; the duty cycle is then ramped within a second (“fast commissioning mode”) 
to recover nominal beam operation. 

• Once beam operation is resumed, maintenance is started on the failed injector #1, 
the casemate of which is supposed to be accessible during the operation of  
Injector #2. If the failure can be fixed, Injector #1 is then re-tuned, the beam is re-
commissioned locally on the dedicated beam dump. Injector #1 then stays in 
“stand-by-mode”, ready to relive Injector #2 in case of failure.  
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Figure 5. General layout of the MYRRHA medium energy beam transport line 

 

Main linac beam reconfiguration in fault cases 

The present architecture and main parameters of the MYRRHA main superconducting 
linac [21] are summarised in Table 1. It is composed of a periodic array of independently‐
powered superconducting cavities [22] with moderate energy gain per cavity and regular 
focusing lattices. The linac is designed to increase the tuning flexibility and ensure a very 
large beam acceptance in order to provide sufficient margins for the implementation of a 
fault tolerance capability by serial redundancy, where a missing element's functionality 
can be replaced by retuning other elements with nearly identical functionalities. Such a 
fault tolerance scheme can typically be applied to the failures of focusing elements or – 
more crucial because much more common – of RF units. Several beam dynamics studies 
have already been performed [23] [24], yielding the certainty of the theoretical feasibility 
of such a fault tolerant scheme. Furthermore, the scheme was verified experimentally in 
the SNS [25]. 

Table 1. Main parameters of the MYRRHA main linac 

Section # #1 #2 #3 

Einput (MeV) 17.0 80.8 184.2 

Eoutput (MeV) 80.8 184.2 600.0 

Cav. Technology Spoke Elliptical  

Cav. freq. (MHz) 352.2 704.4 

Cavity optimal β 0.375 0.510 0.705 

Nb of cells / cav. 2 5 5 

Focusing type NC quadrupole doublets 

Nb cav / cryom. 2 2 4 

Total nb of cav. 48 34 60 

Nominal Eacc (MV/m) 6.4 8.2 11.0 

Synch. phase (deg) -40 to -18 -36 to -15 

4 mA beam load / cav. (kW) 1.5 to 8  2 to 17 14 to 32 

Nominal Qpole gradients (T/m) 5.1 to 7.7 4.8 to 7.0 5.1 to 6.6 

Section length (m) 73.0 63.9 100.8 
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The present reference scenario for a fault-recovery procedure in the MYRRHA main 
linac is based on the use of a local compensation method, in which only adjacent 
elements are used to recover nominal beam operation. This procedure should last no 
longer than three seconds and is defined as follows: 

• In the initial configuration, the main linac is operational with all elements 
operating with nominal (derated) parameters. The typical needed derating level 
has been evaluated to be about 30% for cavities (accelerating field), 40% for 
amplifiers (RF power) and 10% for quadrupoles power supplies. 

• A serious fault is detected during operation (abnormal beam loss for example) and 
the beam is immediately and automatically stopped at the source exit in the 
operating injector by the machine protection system, by means of the LEBT 
chopper.  

• The origin of the fault is analysed: if it is successfully diagnosed and can be 
compensated, the fault recovery procedure is initiated (otherwise the beam needs 
to be stopped permanently). The proposed basic preliminary rules to be fulfilled to 
make the compensation possible are the following: 

– fault implying a cavity: the 4 nearest neighbouring cavities operating derated 
(i.e. not already used for compensation) are used for compensation, the 
maximum allowed number of consecutive failed cavities is 2 (in sections #1 and 
#2) or 4 (section #3); 

– fault implying a quadrupole: the whole doublet is switched off and the  
4 neighboring doublets are used for compensation, the maximum allowed 
number of consecutive failed doublets is 1. 

• The recovery procedure is then processed as follows (example of a cavity fault [26]): 

– The failed cavity RF loop is immediately disabled and the cavity quickly 
detuned by typically more than 100 bandwidths to avoid the beam loading 
effect when the beam is resumed (time budget: less than 2 seconds).  

– In parallel, new (voltage/phase) set-point values for compensating cavities are 
picked in the control system database; these values should have been 
determined beforehand, from past beam experience if the fault configuration 
has already been met, or from a predictive calculation using a dedicated beam 
dynamics simulation code if the fault configuration has not been met. The new 
set-points are then applied in the corresponding LLRF systems.  

• Once steady-state is reached in the retuned cavities (or magnets), the beam is 
resumed in the linac first with very short pulses to control that the transport 
reaches the target; the duty cycle is then ramped within a second or so (“fast 
commissioning mode”) to recover nominal beam operation. 

• Once beam operation is resumed, maintenance is started i.e. if the faulty element 
is located outside the tunnel. If the repair is successful, the opposite procedure 
could be envisaged to return to the initial configuration. 

As for the injector fast reconfiguration procedure, several points require further 
studies on R&D. The switching time of 3 seconds will clearly be a critical issue, with 
probably huge consequences on the required capabilities of the machine control system 
(efficient and fast fault diagnostics, fast automated beam restart and consequences). Also, 
an efficient predictive beam simulation code will need to be developed and benchmarked 
during the machine commissioning phase in order to be able to efficiently predict the 
optimal retuning set points in every fault configuration. On the RF cavity side, fast and 
reliable cold tuning systems and adequate LLRF digital systems also need to be developed. 
On these aspects, a R&D programme is on-going within the MAX project to 
experimentally demonstrate the main steps of this recovery procedure. 
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The proposed local recovery system has the advantage that a minimal number of 
cavity settings need to be modified, which should optimise reliability. A disadvantage is 
that a significant cavity voltage increase (up to 30%) is required to be reliably delivered in 
a short time (100’s of msec) after being run at the derated lower voltage for months. This 
issue needs to be evaluated and the capability of cavities to increase their accelerating 
field by 30% should be regularly checked at each maintenance period. Another back-up 
recovery approach could be to adopt a non-local recovery system, in which all cavities are 
running at maximum gradients while some “back-up” cavities are kept available at the 
high-energy linac end at full voltage but in a non-accelerating mode (at -90° or 90° 
synchronous phase). In such a recovery scheme, the phases of all downstream cavities 
between the failed cavity and the end of the linac are, therefore, retuned, but the 
accelerating field is kept constant everywhere. This alternative scheme is being analysed 
within the MAX project, and the first results tend to show that such a global retuning 
would induce more beam mismatching than a local one, making the compensation of 
multiple faults more difficult. The final choice of strategy (local Vs global) and of available 
acceleration margins (30% at present) will be re-assessed in the light of the results of the 
on-going MYRRHA linac reliability analysis [27], which will give information mainly on 
the expected maximum number of failed cavities to be compensated simultaneously. 

Beam monitoring and protection systems  

Beam diagnostics will need to be deployed all along the accelerator in order to monitor 
the beam properties from place to place and thus be able to tune the first beams, 
maintain normal operation according to specifications, and protect the beam line 
equipment in case of malfunctioning. Due to the high beam power in the MYRRHA linac, 
special attention should be paid to operate with the lowest possible beam loss (below 
typically 1 W/m) in order to induce a low enough activity for hands-on maintenance.  

Table 2 shows a very preliminary part-count of the MYRRHA needs in terms of beam 
instrumentation. Even if some intrusive sensors will be required for specific 
measurements (e.g. halo monitors during nominal operation, emittance-meters, wire 
profilers and bunch length monitors for first beam tunings at low duty cycle), only non-
interceptive beam sensors should be used at full power due to the large amount of beam 
energy deposited. Especially, the beam power directed at the reactor will be constantly 
monitored by means of a beam current measurement associated with a time of flight 
energy measurement located in the high-energy transport lines [28]. The obtained power 
value will be surveyed and will need to stay constant within ±2% (uncontrolled beam 
trips excluded) on a typical time scale of 100 ms. Any deviation will trigger a (controlled) 
beam shutdown, if necessary. The beam footprint on the reactor window, which needs to 
be circular 85 mm diameter within ±10% (with a donut beam distribution profile), will 
also be constantly monitored using a near-target profile monitor and associated safety 
collimators. It is to be noted that such a near-target imaging system, which could be 
similar to the VIMOS system developed at PSI [29] or to the SNS target imaging  
system [30], will have a crucial role in both the tuning of the line and the monitoring and 
survey of the beam footprint on target, and will require dedicated R&D to be adapted to 
the MYRRHA case.  
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Table 2. Approximate beam instrumentation needs for the MYRRHA linac 

 Double 
injector Main linac HEBT Used for beam 

tuning and adjust 
Used as input for 

MPS 

Beam position monitors 12 52 15 X tbd 

Beam transverse profilers 15 12 15 X  

Emittance-metres 4 - - X  

Beam current monitors 6 2 2 to 6 X X 

Faraday cups 8 - - X  

Beam energy monitors 2 - 1 X tbd 

Bunch length monitors 4 12 - X  

Beam loss monitors 4 52 > 6 X X 

Halo monitors and slits 5 - 13 X X 

Beam monitoring on target - - 1 X X 
 

For safety reasons, the MYRRHA proton beam will have to respect stringent 
specifications, especially in terms of beam stability and reliability. It is, therefore, crucial 
to be able to switch off the beam as fast as possible when some irregular circumstances 
are detected, either linked with the accelerator operation (e.g. unexpected beam loss 
level), with the nuclear core operation (e.g. unexpected high-criticality level), or with 
personnel safety (e.g. people entering a forbidden zone during operation). Such fast beam 
shutdowns will be managed by the Machine Protection interlock System (MPS) that will 
turn off the beam (in typically less than a few tens of micro-seconds) when abnormal 
conditions are detected. For MYRRHA, the basic mechanism will probably be to cut the 
beam in the injector section, acting on the chopper of the LEBT line. For redundancy, the 
RFQ or/and the ion source RF drive can be also cut off. In a second step, if the fault cannot 
be fixed quickly by the “fast fault-diagnostic” system and/or the compensation schemes 
mentioned earlier, the Faraday cup of the LEBT will also be inserted, meaning that the 
beam is stopped for a while. 

Instrumentation and especially beam diagnostics will be the main input to the 
MYRRHA fast MPS. Beam loss monitors detect beam loss that can cause radiation and 
thermal damage to equipment in the beam line tunnels. Differential current 
measurements, performed using beam current monitors, and halo monitors are also to be 
used for redundancy. Other signals like those coming from beam position monitors can 
also be useful to anticipate a beam loss. In addition, several other interlock inputs, from 
vacuum systems, power supply systems, RF systems, etc. must also be used to trigger a 
fast beam shutdown procedure if a strong malfunctioning is detected in a critical 
component. In addition to the signals coming from the accelerator itself, it is suggested 
that the MYRRHA user (= reactor) should provide an extrainput signal reporting the status 
of the reactor. It should be noted that this fast protection system will have to be designed 
and implemented carefully to avoid MPS spurious signals that would shut off the beam 
unnecessarily and decrease the reliability performance of the accelerator, which is of 
prime importance in the MYRRHA case. Consequently, such MPS false alarms are often 
one of the main reasons for unwanted beam interruptions [31]. 
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Table 3. MYRRHA main proton beam specifications 

Proton energy 600 MeV 

Peak beam current 0.1 to 4.0 mA 

Repetition rate 1 to 250 Hz 

Beam duty cycle 10-4 to 1 

Beam power stability < ± 2% on a time scale of 100 ms 

Beam footprint on reactor window Circular ∅85 mm 

Beam footprint stability < ± 10% on a time scale of 1s 

# of allowed beam trips on reactor longer than 3 sec 10 maximum per 3-month operation period 

# of allowed beam trips on reactor longer than 0.1 sec 100 maximum per day 

# of allowed beam trips on reactor shorter than 0.1 sec unlimited 
 

Summary 

Table 3 summarises the MYRRHA main proton beam specifications. The successful and 
reliable production of such a high power and stable beam is a very interesting challenge 
that requires a huge R&D investment. The present activities performed within the MAX 
project and at SCK•CEN are mainly dedicated to the general design of the accelerator and 
to the development of a few main primary components. Considerable efforts will be 
required in the coming years, not only to push these on-going R&D activities towards an 
engineering design phase (construction of a full injector test stand, cryomodules 
prototyping), but also to initiate activities related to beam operation. This concerns 
especially; better understanding of beam physics at low energy for transients 
management, fine optimisation of the strategies and procedures for faults compensation, 
development of a predictive beam simulation code (“virtual machine”), design of a smart 
control system including efficient “fast fault diagnostic” and “second-class” automated 
beam restart capabilities, design of a suited machine protection system, development of 
a set of reliable beam instrumentation diagnostics and a robust near-target imaging 
system. 
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