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Abstract

The linear accelerator ARES (Accelerator Research Ex-
periment at SINBAD) is a new research facility at DESY.
Electron bunches with a maximum repetition rate of 50 Hz
are accelerated up to 155 MeV. The facility aims for ultra-
stable sub-femtosecond arrival-times and high peak-currents
at the experiment, placing high demands on the reference
distribution and field regulation of the S-band RF structures.
In this paper, we report on the current status of the RF ref-
erence generation, facility-wide distribution, and the LLRF
systems of the RF structures.

INTRODUCTION

The SINBAD (Short and Innovative Bunches and Ac-
celerators at DESY) facility will host several accelerator
research and development experiments [1]. The Accelera-
tor Research Experiment at SINBAD (ARES) [2] is one of
these experiments and will mainly focus on the production
of low charge (0.5 pC to few pC) ultra-short (0.2 fs to 10 fs)
electron bunches. ARES is a conventional S-band linear RF
accelerator (linac) which is currently in the commissioning
phase [3, 4]. It consists of S-band (𝑓𝑅𝐹 = 2.998 GHz) nor-
mal conducting accelerating structures: one standing wave
structure (1.5 cell RF-gun) and two traveling wave struc-
tures (TWS1, TWS2). The electron bunches are produced
by impinging ultra-short laser pulses on a photo-cathode
inside the RF-gun. An arrival time jitter of <10 fs rms is
required to meet the final electron beam parameters at ARES.
This puts high demands on the RF reference distribution to
the accelerating structures and to the injector laser. This
reference distribution is discussed in the following section.
Furthermore, the LLRF systems for the RF structures are
described and an example for the RF stability of the RF-gun
is given. A short summary and an outlook on future steps
conclude the paper.

RF SYNCHRONIZATION SYSTEM

The RF main oscillator (MO) is the heart of the RF syn-
chronization system and generates the RF reference for all
timing sensitive subsystems at the ARES facility. This RF
reference signal is distributed via coaxial cables to various
end stations. Furthermore, the injector laser is synchronized
to the distributed RF reference. The current RF distribution
is depicted in Fig. 1 and introduced in the following.

∗ sven.pfeiffer@desy.de

Figure 1: ARES layout - injector part up to the first experi-
mental area.

Main Oscillator
The current MO is a commercial signal generator

(R&S ® SMA100B) delivering two RF signals. The main
MO signal at 2.998 GHz is distributed throughout the ARES
facility. A second, phase-locked signal at about 1 GHz (1/3
of the MO signal) is used as reference for the timing sys-
tem [5]. A spectrally resolved phase noise measurement of
the main MO signal is presented in Fig. 2.

Figure 2: Noise characteristic of the SMA100B currently
used as MO. The integrated phase noise amounts to
16.4 fs rms in the range [1 Hz … 10 MHz].

The MO will be upgraded by the end of 2021 to improve
the short and long term RF stability towards < 1 fs rms inte-
grated jitter in the frequency range from 100 Hz to 10 MHz
and an integrated jitter of < 10 fs rms from 1 Hz to 100 Hz.
The MO is located in the injector area of the machine, next to
the RF-gun and TWS1 racks, in order to keep the reference
distribution distances to the critical end stations short. Two
of these end stations, the injector laser and the accelerating
structures are shortly explained in the following.

Laser Synchronization
In order to meet the challenging timing requirements it is

crucial to achieve a precise synchronization between the the
pulsed injector laser and the 2.998 GHz RF reference sig-
nal from the MO. At present two synchronization schemes
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have been studied and implemented [6, 7]. The direct syn-
chronization based synchronization setup is in permanent
(24/7) operation and the measured in-loop timing jitter of
the injector laser amounts to about 18 fs rms from 10 Hz to
186 kHz. This performance is sufficient for the initial phase
of the experiments planned at ARES. However, lately an ad-
ditional synchronization scheme based on a Mach-Zehnder
modulator (MZM) has been implemented which exhibits
significant lower excess jitter and phase drift.

Accelerating Structure Synchronization
In each LLRF rack, the 2.998 GHz RF reference signal

is connected to a reference module (REFM), where it is
amplified and distributed to the different sub-modules in this
rack. The idea of the REFM is to actively compensate RF
drifts using an RF interferometer to measure and control the
RF phase of the RF reference. Additional RF signals are
locally generated by an universal local oscillator generation
module (uniLOGM). It internally divides and mixes the RF
reference signal to produce the local oscillator signal (LO)
for the down-converters and the clock signal (CLK) for the
digitizers.

LLRF SYSTEM
The LLRF systems for the RF-gun and TWS1 are housed

in one rack, next to the MO rack. A second rack is used
for the TWS2 LLRF system. The RF reference signal is
distributed in the shortest possible way from the MO to the
two LLRF racks. The temperature stabilized racks for the
LLRF systems and the MO rack are located in the basement
underneath the accelerator tunnel to keep the cables for the
signal detection short. By installing the racks in the base-
ment, we expect fewer RF drifts in the acquisition chain due
to the partial decoupling from external environmental dis-
turbances. Each rack contains additional support modules
such as a power supply module (PSM) and the universal
local oscillator generation module (uniLOGM). In addition,
a drift compensation module (DCM) is installed in the rack
to locally reduce the effects of humidity and temperature
on the RF signal detection cables [8]. The rack layout is
depicted in Fig. 3.

Figure 3: Exemplary LLRF rack layout.

The LLRF system for the RF-gun, TWS1 and TWS2 reg-
ulation is based on MicroTCA.4 technology very similar to

the single cavity LLRF system e.g. used at the REGAE facil-
ity [9]. Each MicroTCA crate of the LLRF system consists
of a power supply (PS), a MicroTCA Carrier Hub (MCH), a
CPU, a timing module and one or more ADC (SIS8300-L2)
and down-converter/vector-modulator boards (DWC8VM1).
A sampling and processing frequency of 125 MHz has been
chosen. The drive RF pulse length for the RF structures is
limited by the modulator pulse length of up to 6 µs at the
current RF pulse repetition rate of 10 Hz. A pre-amplifier,
located in a separate rack near the klystron/modulator drives
the klystron and closes the control loop to the cavity. The
detection of the full RF pulse including decay requires 2048
sampling points recorded and stored in a data acquisition
(DAQ) system.

RF-Gun
The LLRF system for the RF-gun receives RF signals from

various points along the low level signal path, i.e. the RF
reference, the vector-modulator output and the pre-amplifier
output signals as well as from the high power signal chain
the forward and reflected signals from/to the klystron and
the signal from the RF probe installed in the full RF cell (see
Fig. 4).

Figure 4: RF-gun system with signals detected at the di-
rectional coupler, in the waveguide distribution and via the
RF-gun probe.

The recorded signals allow stability check for the drive
signals along the signal chain shortly outlined in the follow-
ing. The signals have been optimized to 83% ADC range
at the highest expected operating gradient. At the current
operating gradient of 70MV/m expected field at the cathode,
the ADC operating point is at 63%. The signal traces have
been recorded and analyzed at the beam position, see Fig. 5.
This analysis has been performed as average of 51 sampling
points in a time span 𝑡𝑏𝑒𝑎𝑚 ± 200 ns. The signal to noise
ratio increases by reducing the expected noise bandwidth to
2.45 MHz which is still a factor 10 higher then the RF-gun
bandwidth of about 244 kHz [10]. Slow drifts which are
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correctable are taken out using a polynomial function, re-
stricting the result to the remaining fast variations as shown
in Fig. 6. With the current setup and an active pulse to pulse
adaptation we achieve an amplitude and phase stability of
0.013% and 0.016 deg for the RF probe signal. We did not
observer larger noise contributions along the RF chain from
the vector-modulator to the probe signal.

Figure 5: Signal in amplitude and phase for detected drive
signals. The blue area depicts the sampling points for aver-
aging. The reference signal from the REFM is connected to
one dedicated channel, yielding the expected ADC resolu-
tion and noise contribution.

Figure 6: Pulse to pulse variations of the signals at beam
position.

TWS1 and TWS2
The LLRF systems for TWS1 ans TWS2 receive signals

similar to the RF-gun system. However, 5 additional probe
pickups are installed, one at the beginning, one at the end of
the structure and 3 evenly distributed between the solenoids,

Fig. 7. The goal for 5 probe signals along with 4 temperature
sensors between the RF pickups is to precisely estimate the
temperature profile used for RF and temperature regulation.
In addition, efforts are being made to regulate the expected
energy gain by combining the 5 probe signals for LLRF
control. This is currently being investigated at the ARES
facility.

Figure 7: TWS1 system with the forward and backward
wave signal acquisition at the directional coupler and as an
example one probe pickup (from a total of five).

CONCLUSION AND NEXT STEPS
In this paper we introduced the LLRF system for the ARES

RF structures. The system for the RF-gun and the two travel-
ing wave structures are in operation 24/7. The signals have
been calibrated with beam based on spectrometer measure-
ments and the RF simulation. Furthermore, the ADC and
DAC signals have been optimized on the digital level. A
performance evaluation exemplary shown for the RF-gun
did not shown larger noise sources along the signal chain.
The passive RF distribution and the direct laser to RF syn-
chronization is currently sufficient for first commissioning.
First long term beam based stability measurements using
a spectrometer after the last TWS did not show larger RF
drifts.
At the end of 2021 we plan to upgrade the MO to further
reduce amplitude and phase noise. The LLRF system for
the two new Polari-X structures [11] operating at X-band
(𝑓𝑅𝐹 =12 GHz) will be installed soon. This system requires
up and down conversion modules from/to 3 GHz to/from
12 GHz, which have been developed and measured. Initial
intra-pulse feedback tests for the RF-gun show improve-
ments in the probe regulation by a factor of 1.5 for the RF
phase. Learning the optimal intra-pulse setpoint trajectory
is required to bring this feedback scheme into continuous
operation. The optimal RF regulation for the TWS, with 1
or 5 probes as regulation signal, is under investigation. An
upgrade of the REFMs for interferometric transmission line
stabilization is being planned to improve the RF synchro-
nization.
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