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ARGITU

 The ARGITU project is one of the initiatives framed within the European strategy to

develop the next generation of high-intensity accelerator-driven compact neutron sources
(HICANS)

« The ARGITU light-ion linear accelerator aims to provide a 30 MeV, 32mA proton beam as a
multi-purpose neutron source

More info: M. Perez et al., " ARGITU compact accelerator neutron source: A unique infrastructure fostering R&D
ecosystem in Euskadi", Neutron News, Vol. 31, issue 2-4, pp. 19-25, Dec. 2020,
(https://doi.org/10.1080/10448632.2020.1819140)
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https://doi.org/10.1080/10448632.2020.1819140

The ARGITU injector comprises of:

— An Electron Cyclotron Resonance (ECR) proton
ion source and a Low Energy Beam Transport
(LEBT), which already are under operation at the
ESS Bilbao premises. They can provide a proton
beam of up to 40 mA at energy of 45 kV.

— The next LINAC section is a Radio Frequency
Quadrupole (RFQ), which is currently under

manufacturing
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Injector /RFQ

RFQ Specs f—>

Parameter Value
Specimen H+

Beam current 32 mA

Beam energy 45 keV=2>3 MeV

RF Frequency 352.2 MHz

Pulse Operation 30Hz;1.5ms; 4.5 %
Total length 3.12m

Inter-vane Voltage 85 kV

Kilpatrick 1.85

Input emittance 0.25 m mm rad
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 The 2.8MW CPI klystron is at the
manufacturer workshop for repair due to a
vacuum leak

* If the klystron couldn’t be repaired, the
alternative will be 2 x 300 kW solid-state
amplifier to feed the the RFQ
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Two power couplers should be designed and fabricated for the following power requirements:

Optimistic power loss in the copper walls derived by simulation with Q;=10000 and the copper surface resistance of 0.0052 Q
including tuners is: P.;;,=350 kW.

The fabricated and assembled RFQ is expected to have higher losses, a value closer to 450 kW is more realistic.

With 3MeV kinetic energy and 45mA beam current, the power to be delivered to beam will be some 150kW approx.

Py, = 450 kW

Pbeam _ 150 k Ptotal — 600 kW

Power Per Coupler

P
peak
Duty Cycle = 5%

—

4-1/2"
coaxial
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Pikachu

Challenge:

In this power level (15kW avg.) we must have cooling for internal conductor and the

loop.

But due to the small coupler port of the RFQ which is 37.6mm and hence an internal
conductor of some 9mm of diameter, it is very difficult to have cooling tubes

passing through the loop.

It is decided to develop a prototype coupler which can handle the peak power but

with no cooling and with “Peek” material for window to avoid brazing complications.

This coupler shall be called “Pikachu”!

Cooling of internal conductor is
difficult due to small diameter
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Modelo definitivo

2011-2013

/
Modelo definitivo

ventana

Estructura de
ventana /
‘ Puerto de vacio Entrada de aire en la

% %8 erida acoplamiento
\ a cavidad

EIA 4 1/16"

refrigeracién lazo

Puerto de
pick-up

Zambomba

1102UP005 - DRF - 006 82
110242005 - DAF .002-82

T

1103UPOOS . DRF 005 82 E:E \

" view A-A

174.07 95.6 )
~—
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2020: After finishing ESS RF
main projects, RFQ project
takes off the ground

-

2021: Old Coupler designs reviewed and
many issues were found. A fresh design
for RFQ coupler to be done.

h 4

- Mechanical design

- Window design

- Electromagnetic design

- RF loop and coupling factor
- Required ports

- Cooling

- Window brazing complexity

20111-2013 priliminary designs
(Zambomba-NoseCone)

Faster and
less risky

Slower and

- Fabrication of a less complex coupler model

- No cooling

- No Window Brazing

- No ports except one arc view port

- Easier/faster mechanical fabrication

- The RFQ and coupler EM design can be
validated

- RFQ, can be tested at the nominal peak power
but with less average power (1% duty cycle
insted of 5%)

risky

* Design and fabrication of the final
coupler with cooling, Alumina
window, which works at 5 % duty

cycle and full power
* All required ports (arc detector, e-
pickup, vacuum gauge, etc.)

A

Design circle closed
Knowhow and experience
will be used for the final
coupler fabrication
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Number of couplers 2 2
Frequency of operation 352.2 MHz 352.2 MHz
Peak power (each coupler) 300 kW 300 kW
Peak voltage 85 kV 85 kV

RF Duty Cycle max.
Pulse width max. 1ms 1,66 ms
Pulse repetition rate max. 10 Hz 30 Hz
Coupling type Loop Loop
Input flange 4-1/2" EIA 4-1/2" EIA
RFQ / test box input port DN 40CF DN 40CF

Arc detector ports one port on air side One on airside, one on vacuum side

Electron Pick-up/vacuum gauge ports No port CF DN 16, on vacuum side

Temperature sensor Yes Yes
Vacuum 107-7 mbar 107-7 mbar
Material Copper Coppe

PEEK material

Window (polyetheretherketone

Alumina HA-95 (TBC)

Water for loop, air for windo

Cooling
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With the existing limitations, coupler should
match a 4-1/2" coaxial to a 37.6 mm coaxial at
the RFQ port, while the 50 Q impedance is
maintained:

For a coaxial line: z = i\/Elnﬁz 60 - In2
2t \N € a a

To keep the z = 500 along the taper, we should
have:

7= L FEpb@_ L [Ep, btzebambo]l _ oq for )| 2
2nNe a2 2N € a2+z*(a2—a1)/

Taper length is selected to :@; a

trade-off between mechanical limitatibns and

return loss
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S-parameter, dB, 21 component (dB)
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Now that due to lack of cooling, the average power will be low, and to avoid brazing,
PEEK material is chosen for the window.

After a survey and simulation, thickness=10mm
Simulation parameters: €,=3.2, and tand= 0.0005

. b —_ . .
To keep Z constantin Z = %\Eln; when € is higher in the window area, we should

either increase b or decrease a or both at the same time.

-
(
A
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-
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The coupling factor is calculated as:

ﬁ _ PcutPpeam
0=

PCu

Different scenarios:

To design the loop first we should
know the required coupling factor

/ _pg® |

/ >
>> get_balleyguier_results (model) L /
Frequencies: i

~ vz
Model A (PEC), f = 351910411.467554
Model B (PMC), f = 352089774.412816 Courtesy J L Munoz
Quality factors:

Model A (PEC), Q0 = 10233.875287
Model B (PMC), Q0 = 10249.587807

Q1 = 2020.552346, Q2 = 479.518991

QO PCu Ibeam Pbeam optimum beta, beta_1 = 4.093433 (A), 4.099718 (B)
(kw) (mA) (kw) Bo ” 4_,.0934
10000 300 45 135 1.45 2 5
10000 300 20 60 1.2 % ] +. g"i:‘_sbo —
7500 400 45 135 1.3375 o 2 . ® ®
7500 400 20 60 1.15 5 ®
. . £15]
To be on the safe side, we have maximized the loop o
size. 2 1
=
With using Balleyguier method in simulation, the 3 01
coupling factor can reach to 4, so it will support all the 0 |
Scenarios 0 90 180 270 360

Angle (deq)
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Temperature

e For 3kW average power (300kW peak power, 1% duty cycle)

 Internal conductor temperature reaches 130°C in the coupler, and up to 230°C in

the test box

surface: Temperature (degC)

140

120

¥ 105.09
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Electromagnetic St mulation

« The values of the electric field in the air and vacuum regions are well below standard limits.

« Forthe air region the most critical part is the PEEK window area. With a power input of 1.0 MW (4 x 250 kW), the E-
field in this region is below 0.4 MV/m

freq(l)=3.522e8 Multislice: Electric field norm (v/m)

A 15709x10°

x10"
50 x1
cy=3.51597e8 Slice: Electric field norm (v/m) s} 1
y 5
H H A 2545
Electric field
2500 - 5
0.8
2000
3.51597e8 Slice: Magnetic flux density norm (T) i 0.6
. . A 41921x10°°
1 Magnetic -field w107
40
u 35 wetiifses ol ey st
30 \
5 |
25 0.5 0.4
20
0
15
10
0.1 5

¥ 1.6629%x107°
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« Two Pikachu couplers have been fabricated
* Low power tests are in good match with the simulation results
* High power tests still pending to be done
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2kW Test Stand

In-house developed
2kW amplifier

2 x Pikachu couplers
and the test box

LIFIER
LID-STATE RF POWER AMPI
SR 340 - 360 MHx

SSPA 2 kW - AM/AM curve

2250
2000
1750
1500
1250
1000

750
500 _f PW_RF= 3,2 ms, DC 4,5 %

250 PW_RF= 4,65 ms, DC 6,5 %

—e—PW_RF= 1,0 ms, DC 1,4 %

e 1 - | = B
Pout _peak (Watt)

0 2 4 6 8 10 12 14 16 18 20
Pin (Watt)
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1.2MW Test Stand
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Coupler Assembly
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The Coupler Team

Ibon Bustinduy
Pedro Gonzalez
Javier Martin
Arash Kaftoosian
Nagore Garmendia
Juan Luis Munoz
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SSPA for ION Source

« The planisto replace the TkW klystron amplifier with a SSPA for
the ECR ION source

| i

.....
XXX
.........
.....
eeoe
.....
‘e s

2kW CW klystron
and its P.S.
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ECR ION Source Improvement

The ion source RF system is based on a commercial 2kW klystron from CPI basically for 2.7GHz satellite communication (both CW
and pulsed RF). Due to its lifetime and some recent issues, it is decided to redundant the power source by adding a SSPA.

The yellow section are the added parts: SSPA, directional coupler and RF switch. With the new
configuration, SSPA or klystron can be selected remotely to operate as the RF power source for
— plasma generation and then proton extraction.
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SSPA Unit

Typical klystron limitations: limited number of manufacturers, |
high voltage requirement, lifetime, maintenance, etc.

Typical Solid-State Power Amplitier (SSPA) advantages: no
HV, thus more compact system, less protection required,
more flexible in terms of control, modularity which allows to
expand the RF power or increase reliability by redundancy.
Also, longer litetime, less running cost and better MTBF.

l

3 E

Wmm' fl°: ah \ == W - 7 : HHHHH]” ;
ge- 5 % | S L

This SSPA module consists of a voltage-controlled RF g
attenuator, a kW (2.7GHz) solid-state pulsed RF amplifier |
from RFHIC, a Compact-Rio including AO, Al and DIO
modules, plus auxiliary electronics and single-ended to
differential signal converters.

SSPA control system has been developed using three main g =
tools: LabVIEW for signal digitalization and the SSPA control; <
EPICS for data transfer and Python for control system l
execution.
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RF Source Block Diagram

220v AC
220v AC ETHERNET

Storage Capacitors

@ €72
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Technical Specifications

Frequency 2.7 GHz

Bandwidth 20 MHz

Power output (max.) 1000 W

Power input (max.) -3 dBm

Gain 63 dB

Duty cycle (max.) 10%

RF pulse (max.) 1.5 ms

Pulse droop without 0.5dB

correction mechanism

Pulse droop with Flat pulse Pulse Amp Module RRM27001K0-60 RFHIC
correction mechanism Product Features Applications
Efficiency 35% e i —
Rise/fall time 200 ns Nt i S

Input return loss 20 dB
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Single ended to Differential

« Using single-ended to differential circuits based on THS4131 ICs for signals

going to Al modules of cRIO, improved t
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Measurements:
Standard Deviation: W/dBm
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Test and Installation
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To remove the overshoot at the beginning of the
RF high power pulse and also compensate the
pulse droop, a pre-distortion technique is used by
controlling the input voltage-controlled 1000 N
attenuator. With this correction, we can have a flat _ Gnome
RF output pulse, or any other desired pattern it 9007

required.
q 800 -

In principle the AO module, with the help of RT
and FPGA of the cRIO, generates a combination
of basic transfer function and a slope signals to
vary the attenuation value at the SSPA input, so
that the high-power output pulse will be 500,

0 200 400 600 800 1000 1200 1400 1600 1800
completely flat. Time (usec)

7001

SSPA Power (W)

600~
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The pre-distortion technique
consists of two parts:

— A first order transfer function, to

remove the overshoot tao oo i
init 1/(TS+1)
— Aslope generator to cond. " ncton ”
compensate pulse droop oo
m— i
To obtain the best parameters = RT__
in different RF conditions,an | e
error feedback is made by based on cost functien
comparing the real pulse and
the ideal one and then optimize EPICS PYTHON

the parameters (tao, m, init.
cond. and delay) in Python
(Scipy.optimize/minimize)
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Summary

ARGITU is a European project to develop a high-intensity accelerator-driven compact multi-
purpose neutron sources (HICANS)

A 352MHz 3MeV RFQ and two power couplers are under development at ESS-Bilbao. Two
lower average-power couplers are ready for high power tests on the test box.

A TkW 2.7GHz RF system with ability of providing flat-top RF pulse to feed plasma cavity in
the ECR proton source successfully developed and tested at ESS-Bilbao

Spanish contribution to ESS: Complete MEBT section + RF systems for warm linac of ESS
and the Target development are in their final phases. MIRACLES beamline is ongoing.

A project to generate and amplify a sawtooth signal for multi-harmonics cavity in HIE-
ISOLDE of CERN along with its LLRF control system is ongoing at ESS-Bilbao.

The Emittance Meter Unit (EMU) project (Conceptual Design, Control, Electronics and
Integration) for MYRRHA recently delivered to SCK-CEN (Belgian Nuclear Research Centre)
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