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The IFIC — HGRF Laboratory: Overview
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Technical specifications:

O S-Band (2.9985 GHz)

O Pulsed High Power RF (HPRF):
2 x pulsed power klystron: to 7.5 MW, 5 us pulse, 400 Hz
High power waveguide RF network that allows power combining: enables to test 2 structures at @
time at up to 15 MW, 5 us pulse, 200 Hz repetition rate

O Low level RF (LLRF): real-time conftrol system with fast system interlock based on Ni-PXI acquisition
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The IFIC — HGRF Laboratory: Overview
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RF System Overview
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The IFIC — HGRF Laboratory: Status

HPRF Sub-components: LLRF Sub-components:
Waveguide components characterization. Down-Mixer assembly and test.
Klystron VKS8262G1 installation and test. Log-Amplifier assembly and test.
SSPA (Solid-state Power Amplifier) Interlock System assembly and test.

installation and test. Trigger Interlock Box assembly and test.

Jema Modulation installation and fest.

See: Commiissioning of the V-box Laboratory at IFIC (HG2018) by Daniel Esperante

Laboratory Integration,
Conditioning and Performance
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PXl and LabVIEW Integration Status.

Reflected signal measured,
through the Log-Detector
Crate, on the DC near to
the Klystron windows.
The measurement done on
this DC, with the power
meter, shows a -23.5 dB
reflected signal, in both lines.
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LabVIEW Software adapted from the one for the XBOX3.
First version of VBOX LabVIEW software has been released.

All calibrations have been done.

Power feedback loop and control displays working stably.
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Both klystrons have been conditioned in diode
mode.

Eventually, spikes appear on the cathode
current, which limit the cathode voltage applied.
These events disappear with the number of
voltage pulses injected.

The outgassing limits the maximum power that can be
applied to the components.

Measurements have been done with the NexTorr pumps
though the PXl interface.

Load 1 and Klystron B WG branches are the most active,
since they were recently installed.

This effect is reduced with the number of RF pulses injected.

mssE

The new HP components installed produce outgassing once
RF pulses are injected.



HPRF Conditioning Status
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In the current conditioning status, the maximum power achieved was over 6 MW, in both lines
(DC before the LOADs).

Using a pulse length of 1.2 us and 50 Hz (25 Hz per line) repetition rate.



Performance: High repetition rate.
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The facility is capable of working at 400 Hz repetition rate with only one line in operation, or
200 Hz, with both lines operating simultaneously. Test at high repetition rate have been
performed, proving a good pulse stability in both scenarios.



Performance: Very long pulses.
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Long voltage pulses have been used to test the pulse stability and check the available amplification region (6 us available
for the maximum pulse length accepted by the klystron - 10 us).
5 us RF pulse have been injected to test the stability and the planarity of the pulse, these long pulses are required to
operate a BOC Pulse Compressor.
The 6 us amplification region gives enough time to implement a double pulse generation, on the same voltage pulse

(2 pulses with 2 us max length), raising the max repetition rate to 800 Hz in a individual operation(400 Hz dual operation).



Pulse Compressor Intfegration

The BOC pulse compressor have been
received in Valencia.

It will be installed in line A, outside the
bunker, increasing the available power up
to 30 MW (compressed pulses)

Line B will be able to reach up to 15 MW
and will remain as a testing line for very high
repetition rate a long length pulses.




Environmental Radiation Simulation
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The simulations have been performed using FLUKA
and FLAIR framework. The goal was to simulate,
approximately, the energy profile of the dark current
electrons and calculate the equivalent dose on the
laboratory zones.

Simulations of the dark currents in a S-Band structure
(for p=0.38) showed that the maximum energy of the
dark current electrons would be around ~1.4 MeV.



Current Laboratory Layout
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Environmental Radiation Simulation
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The Sarcophagus

As a feasible solution, on the short term, a box with 5 cm lead walls have been designed and
manufactured (it will be installed this week).

As a measure of safety, an ionization chamber will be installed near the box and integrated to
the master interlock.
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The simulation shows that operate the structure inside the lead box will
be enough to protect the surrounding laboratories.
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This protection measure will be valid only for the low power stages and
always monitored by the radiation detector.

In the final layout, with the roof and the shielded door, the lead box will

remain, as an extra safety measure, on the line with higher power(with
compressed pulses).
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The KT structure will be measured with the VNA and
installed in the following month to start the conditioning
process.
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CompactLight Project: X-band RF photoinjector

The European XLS-CompactLight Project is aimed to improve the latest generation of light sources: the Free
Electron Lasers (FELs). The first stage of a FEL consists of an RF electron gun

The main task of our work package is to design an X-band RF photoinjector based on a 5.6 cell standing
wave structure that operates in the TMO10 mT—-mode and it is fed by a coaxial coupler

Since the entire device (RF gun + coupler) is rotationally symmetric, this task will be carried out using
SUPERFISH, which is much faster than HFSS or CST

This design is focused on the optimization of three parameters: the resonant frequency, the coupling factor,
and the uniformity of the maximum RF axial electric field values in all the gun cavities:
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Final RF gun design

The main characteristics of the final RF gun design are:
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Multipactor analysis in the coaxial coupling

Multipactor risk at the coaxial coupler was assessed by means of numerical simulations using our in-house

developed code.

Numerical simulations were launched in order to analyze the presence of multipactor phenomenon at
several RF voltage values up to the maximum RF voltage reached at the coaxial coupler.
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Multipactor analysis in the coaxial coupling

Despite the multipactor risk appearance at the coupler has been evidenced, it is not
a crucial problem since it can be suppressed by means of an external magnetic field.

This fact was both theoretfically and experimentally demonstrated for a coaxial
line',thus the following conclusions arise:
O Multipactor can be suppressed provided that a strong enough magnetic
field is applied along the coaxial axis. coaxial line transverse
O As an approximate rule, the minimum magnetic field to mitigate the cross section
discharge is given by:

400
1 e 3501 '”d”ert —e— Numerical simulations | |
fe=f fe =5=—By4 CONCUEIT % Experimental data
¢ 2mm ¢ 300} order 4 |

outer inner
conductor conductor

f is the RF frequency fcis the cyclotron

B is the external frequency — eis the 250 1
magnetic field m is the electron charge o order 2 order 2
electron mass % 200} |
£
o
150+ 1
In our case, the above condition gives: B, = 428.5 mT 100
. . : . : 50t 1
Numerical simulations support that no multipactor discharge X
is expected with such external magnetic field. oL : . Single-surface ,
In fact, it is found that a By, = 360 mT is enough to suppress 0 0.2 0.4 06 0.8 1
the discharge, according to the numerical simulations. fe/f

Multipactor RF power threshold as a function of the ratfio
between the cyclotfron frequency and the RF frequency. For
a coaxial line af f=1.145 GHz

1D. Gonzdlez-lglesias et al., "Multipactor Mitigation in Coaxial Lines by Means of Permanent Magnets”, IEEE Transactions on Electron Devices, vol. 61, no. 12, pp. 4224-4231, Dec. 2014.
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Work in progress...

Beam dynamics simulations will be
performed using the General Particle
Tracer (GPT) software in order to
obtain the beam performance
parameters: emittance, rms size,
brightness, etc.

A solenoid for both beam emittance
compensation and multipactor
suppression purposes will be
designed.
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Summary

The IFIC HG-RF laboratory is ready to offer a testing facility for
whoever wants/needs to use it.

Kick-Off Meeting of the
Radio-Frequency Laboratory
of the Medical Physics
Facility (IFIMED) at IFIC

25th - June at IFIC (Valencia)

Event Information and Registration:
https://indico.ific.uv.es/event/3751/
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10.0 GSa/s 200 kpts

Acquisit A i

S: e
Sampling Mode Real Time Analysis Mem 100 k of 200 M Edge (3)
Capture Time 20.0 ps

InfiniiScan NA

Acquisition: sampling Mode resl time, Normal
inalog Memory Depth sutomatic 200.003 kpts, Digital 40.002 kpts
Analog Sampling Rate automatic 10.0 GSa/s, Digital automatic 2.00 GSa/s
nalog Averaging off, Interpolation on

Channel 3: Scale 1.00 v/, Offset -1.88 v, Skev 0.0 5
Coupling DC, Impedance 50 0

Channel 4: Scale 1.00 v/, Offset -2.56 ¥, Skev 0.0 s
Coupling DC, Impedance 50 0

Horizontal: Scale 2.00 ps/, Position 3.5520000 ps, Reference center

Trigger: Mode edge, Source Channel 3, Level -2.28 ¥, Slope falling
Sveep triggered, Sensitivity normsl, Holdoff Time 100 ns
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Motivation
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Simulations of the dark currents in a S-Band structure (for p=0,38) showed that the maximum
energy of the dark current electrons would be around ~1.4 MeV.

Considering these limitations and overestimating the number of electrons is this range of
energies, the energy profile has been defined as a Gaussian cantered on 1 MeV and ¢=0,2
MeV (left).
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