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Abstract

LIPAc [1] will be a 9 MeV, 125 mA CW deuteron ac-
celerator which aims to validate the technology to be used
as neutron source of the IFMIF facility. Those facilities
are essential for future fusion reactors material research. A
175 MHz RFQ will increase the energy up to 5 MeV be-
fore a Superconducting RF (SRF) linac with eight 175 MHz
Half Wave Resonators brings the particles up to the final
energy of 9 MeV. Between both stages, a Medium Energy
Beam Transport line (MEBT) [2] aims at transporting and
matching the beam between the RFQ and the SRF linac.
The transverse focusing of the beam is controlled by five
quadrupole magnets with integrated steerers, grouped in one
triplet and one doublet. Two buncher cavities handle the
longitudinal dynamics. Two movable scraper systems are
included to purify the beam coming out the RFQ and avoid
losses in the SRF linac. In this contribution, checkout of
the beamline and its ancillaries in Japan is reported. Tests
carried out on the beamline prior to the MEBT beam com-
missioning are described, focusing in vacuum tests, magnets
powering, buncher conditioning and scrapers movement.

BEAMLINE ASSEMBLY

All the components of the MEBT arrived to the LIPAc
assembly already assembled and checked from Europe [2].
However, some of the components of the beamline had to
be reinstalled and realigned again on the facility. On a first
step, the beamline was placed independently of the other
subsystems and the work was focused on a proper align-
ment of the components (magnets, scrapers, re-buncher cav-
ities and beam position monitors) with respect to the local
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frame defined by the global mechanical support. Later on,
the beamline was transported to the final destination down-
stream the RFQ. There the metrology of each component
was rechecked and the whole beamline was aligned to the
beam coordinate frame using the alignment capabilities of
the global mechanical support.

Figure 1: Picture of the assembly of the interface between
RFQ and MEBT.

Once the alignment was completed, the mechanical in-
terfaces with the RFQ [3] and the Diagnostics Plate were
connected.The interface between the RFQ and the MEBT
is quite complex (Fig. 1). At the output of the RFQ there
is a valve which closes the vacuum of the RFQ. Connected
to the valve, a current transformer which combines an AC
and Fast Current measurement is placed. Then, the first
vacuum tube of the MEBT which includes a beam position
monitor is connected. The vacuum tube has a bellow inside
which compensates the mechanical misalignment and the
thermal expansion of the RFQ during high power operation.
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E Moreover, this chamber is inserted in the middle of the first
5 MEBT magnet. Therefore, the first magnet has to be dis-
% mounted to perform the connection to the RFQ. After several
attempts and optimization of the procedure, the interface
was successfully tighten and the magnets realigned.

Due to the complexity of the beamline the alignment was
2 done in several steps. First, bunchers, scrapers and magnets
5 were placed in the proper position with respect to the lo-
= cal frame defined by the MEBT mechanical support. Then,
,;i the beam position monitors were located and aligned inside
% the magnets. The final metrology survey of the beamline
showed that all the components are within the required tol-
erances. Magnetic centers of the magnets were aligned with
an uncertainty below 200 pum and bunchers below 1 mm.

Once the mechanical connections were completed, the
electrical cabling and the water cooling distribution system
and installation between the cubicles and the beamline was
carried out [4]. The RF couplers of the re-buncher cavi-
ties were also satisfactory connected to the coaxial lines
supplying the 175 MHz from the 16 kW solid state power
amplifiers. The result is a very crowded beamline with many
interfaces with other subsystems, as can be seen in Fig. 2,
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LIPAc facility.

HARDWARE COMMISSIONING

Vacuum system

The MEBT is pumped down by three turbopumps with
a pumping speed of 600 Ls™! for D,, 550 Ls™! for N, and
2 510Ls™! for Hy. Two of the pumps are placed at vacuum
E ports in the first buncher and the other one in the second
8 buncher cavity. A combined ionic and titanium sublimation
3 . . .
=« pump is available also at the second buncher cavity. It was
= tested successfully during the checkout phase. However,
£ since it was foreseen for the operation with the supercon-
Z ducting linac (commissioning phase C [6]), it is left stopped
‘g for the moment.
O
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Figure 3 shows the evolution of the pressure inside the
MEBT beamline during a pumping down of the beamline.
The high vacuum pressure is monitored at three points : a
cold cathode gauge at the first buncher (MVGO1) a cold
cathode gauge at the second buncher (MVG02), and a hot
cathode one at the drift tube between both bunchers. The
pressure at the first buncher ( 1.5 x 107 mbar) is roughly
half the one at the second (3.5 x 10~ mbar) since as men-
tioned two of the turbopumps are placed at the first buncher,
and one at the second. In the beamline, the pressure rises up
to 3 x 1078 mbar due to the small conductance of the tube.

Nowadays, the main residual gases in the beamline are:
H; as major contributor (67 %), water ( HO) (10 %) and
outgassed air ( Np) from the walls (10 %). The measure-
ment with the gauge presented before assumes N as resid-
ual gas. The total throughput can be estimated at around
10" mbar Ls™!. This result is in good estimation with the
surface outgassing calculated during the design of the beam-
line.

The present pressure is lower than the required one
5 x 1078 mbar and matches very well the simulations tak-
ing into account the high uncertainty on the evaluation of
the materials outgassing of each component. Nevertheless
pressure during operation will increase due to several fac-
tors: i) distributed beam losses, ii) beam losses located at
the scrapers, iii) change in material thermal outgassing rate
during operation. Although they have been estimated for
the simulations, they will only be tested during beam com-
missioning. For example, during the buncher conditioning
it has been seen than during bunchers operation at maxi-
mum power the vacuum pressure is increased by one order
of magnitude.
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Figure 3: Plot of the evolution of the vacuum pressure at the
MEBT during pumping down.

Magnets

A full set of checkouts and commissioning tasks were
carried out on the five quadrupole and eight steerer magnets.
All of them were tested at full power during a long period
while the diagnostics (temperature switches, thermocouples
and flow switches) were monitored. No problem was found
in any of the magnets or the power supplies. At full power
(180 A, 3.3kW in the quadrupoles), the temperature rises
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up to more than 40 °C. However the maximum temperature
reached at the steerer coils is well below the threshold, placed
at 60 °C both for quadrupole coils and steerer coils.

Re-buncher Cavities

Both re-buncher cavities were already conditioned up to
full power in ALBA-CELLS [7]. However, in the mean-
time between the first conditioned and the installation at the
final location, the cavities underwent the assembly in the
beamline, the transport to Japan and the re-assembly of the
beamline and the coaxial lines. For this reason, it was de-
cided the two re-buncher cavities were re-conditioned. The
on-site reconditioning was successfully finished up to the
target level of EgLT of 350kV in CW without problems.

The forward power was ramped up during the first stages
of the conditioning, adjusting the slope depending on the
pressure level and the state of the cavity. During the
ramped up, the effective voltage goes from zero up to the
target level, while the buncher cavity passes through sev-
eral multipacting levels. For some of the peaks the vac-
uum pressure of the beamline rises up to almost the inter-
lock level (9 x 10~7 mbar) from the baseline vacuum level
of 2 x 1078 mbar, which means almost two orders of magni-
tude. Once the final effective voltage is reached, the vacuum
pressure is stabilized around 9 x 1078 mbar which is almost
one order of magnitude more than without voltage in the
cavities. This change comes from the increase in temper-
ature inside the cavity. The outgassing rate of the copper
increases with temperature, affecting the vacuum pressure
in the beamline.

During the conditioning, the instrumentation of the bunch-
ers was monitored and adjusted, like the temperature inter-
locks of the different sensors or the vacuum level interlocks.
Once the conditioned in CW was over, several tests regard-
ing the operation of the bunchers in pulsed mode or future
operation with beam loading were carried out. A more de-
tailed and extensive description of the conditioning are out
of the scope of the present paper.

Scrapers

The movement of the four blades of each the two scrapers
was checked out and calibrated. The up and down limit
switches of each driving stage were checked and used for the
on-site calibration of the position movement of each blade
with respect to the beam coordinate frame of the accelerator.
Using a feedback loop with the stepper motor, the linear
potentiometer of each stage and an adapted control software
from [8], the position of the scrapers was set with a precision
of less than 10 um, well below the initial requirements.

On the other hand, a test of the influence of the magnetic
field of the nearby quadrupole magnets on the potentiome-
ters and the stepper motors was performed. There was not
noticeable effect either on the stepper motor or on the linear
potentiometer, comparing the position and the movement
with the quadrupole off and with the magnetic field at maxi-
mum level.
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Cooling system

The main components of the beamline (the five
quadrupole magnets, the two rebuncher cavities and the
two scrapers) are water cooled. The water is supplied from
two different skids: i) the HEBT skid, for the room tempera-
ture of the five magnets, and ii) the the MEBT skid, for the
chillled water of the cavities and the scrapers. At the output
of each component, a flow switch monitors the water flow
passing through the component. The flow switches used
are the RVO type from Meister. An interlock signal was
calibrated on-site which sends a safety signal to the MEBT
LCS if the flow is below a certain threshold (around 80 %).

The total flow for each branch (magnets, scrapers and
bunchers) is measured at the skids using a flow meter. Mini-
mum operation setpoints are defined for each branch. If for
any reason the flow drops below the threshold, the skid stops
and sends a beam interlock signal.

Control system

The full control system was implemented and tested dur-
ing the last commissioning campaign. The control system
is in charge of managing the vacuum system logic, the ac-
quisition and treatment of the MEBT instrumentation in the
vault, and the control of the scraper and buncher stepper
motors and the magnet power supplies. The core control
unit is a Siemens S7-300 PLC connected to all the compo-
nents. The PLC is then connected by Ethernet port to an
industrial computer running CentOS and the s7PLC driver,
to integrate the PLC on the EPICS network. A full descrip-
tion of the control system is provided in [9]. During the
last commissioning phase, the vacuum system operation was
extensively tested from the central control system since it is
the component more prone to human operation errors. All
the other instrumentation was also tested to be ready for first
beam operation.

The interface with the Machine Protection System [10]
was also validated. First each signal was tested individually
and then the real beam interlock functionality for all of them
was tested. In the case of interlock signals from the bunchers
the MEBT sends an interlock to the LLRF system of the
bunchers in order to stop the RF. This procedure was also
successfully performed.

CONCLUSIONS

The LIPAC MEBT and its auxiliaries were successfully
installed, tested and commissioned in the accelerator. All the
components which passed previously the validation tests in
the factories were checked out to ensure a proper operation in
the accelerator. After a careful integration and final tests at
CIEMAT, the beamline completed the commissioning stage
in February 2018 with the re-conditioning of the cavities
and the final integration of the local control system. The
start of the beam tests with a pulsed 2.5 MeV proton beam
from the RFQ is expected during 2018.

TUPAF012
685

©= Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI.



9th International Particle Accelerator Conference

= ISBN: 978-3-95450-184-7

sher, and D

1

ACKNOWLEDGEMENTS

We would like to express our sincere gratitude to all the
= members of the LIPAC ILIC unit, EU-HT and JA-HT for

a:all the support provided along the commissioning of the
"sé beamline in Japan. Views and opinions expressed herein do
= not necessarily reflect those of QST, Fusion for Energy, or

(1]

[2]

(3]

[4]

Content from this work may be used under the terms of the CC BY 3.0 licence (© 2018). Any distribution of this work must maintain attribution to the author(s), title of the

of the authors’ home institutions or research funders.

REFERENCES

P. Cara et al., “The Linear IFMIF Prototype Accelerator (LI-
PAc) design development under the European-Japanese col-
laboration”, in Proc. of IPAC’16, Busan, Korea, May 2016,
paper MOPOY057, 985-988.

1. Podadera et al., "Manufacturing, assembly and tests of the
LIPAc Medium Energy Beam Transport Line (MEBT)", in
Proc. of LINAC’16, East Lansing, USA, paper TUPLR041, p.
554-557, 2016.

E. Fagotti et al., "Installation and Low Power Test of IFMIF-
EVEDA RFQ at Rokkasho Site", in Proc. IPAC 2017, Copen-
hagen, Denmark, paper THPIK032, pp. 4162-4165, 2017.

K. Kondo et al., "Linear IFMIF Prototype Accelerator (LI-
PAc): Installation activities for Phase-B beam commissioning

TUPAF012

[0)

€ 686

IPAC2018, Vancouver, BC, Canada

(3]

(6]

(7]

(8]

(9]

(10]

JACoW Publishing
doi:10.18429/JACoW-IPAC2018-TUPAF012

in Rokkasho", in Proc. of ICFRM’18, Aomori, Japan, to be
published.

F. Scantamburlo et al., "LIPAC, The IFMIF/EVEDA proto-
type accelerator: alignment and assembly current status and
possible future improvements", in Proc. of IWAA’16, Greno-
ble, France, 2016.

J. Knaster ez al., “The installation and Start of Commissioning
of the 1.1 MW Deuteron Prototype Linac for IFMIF”, in Proc.
of IPAC’13, Shanghai, China, 2013, paper TUOAB101, 2013.

F. Toral et al., "High Power Testing of the First Re-buncher
Cavity for LIPAC", in Proc. IPAC’15, Richmond, USA, May
2015, paper WEPMNO56, pp. 3051- 3054. 2015.

E. Molina et al., "European XFEL Phase Shifter: PC-
Based Control System", in Proc. ICALEPCS 2011, Grenoble,
France, paper WEPKNO10, pp. 731- 734, 2011.

E. Molina et al., "Status of the LIPAc MEBT Local Control
System", in Proc. ICALEPCS 2017, Barcelona, Spain, paper
THPHAO052, pp. 1489-1491, 2017.

A. Marqueta et al., "Machine Protection and Safe Opera-
tion of LIPAc Linear Accelerator", in Proc. IPAC’16, Busan,
Korea, May 2016, paper THOPYO035, pp. 4178-4180, 2016.

04 Hadron Accelerators

A17 High Intensity Accelerators



