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Abstract
Turkish Accelerator and Radiation Laboratory (TARLA) is proposed as the first accelerator-based
user facility within the framework of the Turkish Accelerator Center project initiative. Following
the completion of technical design studies and infrastructure development, the installation of
accelerator components commenced. TARLA is designed to produce free-electron laser (FEL) and
bremsstrahlung radiation utilizing state-of-the-art superconducting accelerator technology. The
facility aims to operate FELs in the wavelength range of 5–350 µm by accelerating electrons to
energies between 15 and 40 MeV, and to generate bremsstrahlung radiation with electrons acceler-
ated up to 30 MeV. As a major milestone, the first stable electron beam was successfully generated
in April 2024, marking the completion of the facility’s first operational phase. This study presents
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the commissioning efforts for the electron beam, outlines the current operational status of the
facility, and discusses future plans and the research potential of TARLA.

1. Introduction

Turkish Accelerator and Radiation Laboratory (TARLA) [1–3] is the first accelerator-based radiation
infrastructure established as a user facility in Türkiye. Currently under development, the TARLA facil-
ity is strategically positioned as a bridge between Europe through the Balkans, the Middle East, and Asia.
The facility holds strategic importance in providing user access to accelerator-based research infrastruc-
ture for research and development activities. The TARLA facility was officially recognized as a National
Research Center under Law No. 6550 in the last quarter of 2020.

The primary objective of the facility is to generate an oscillator-mode free-electron laser (FEL) [4–9]
and to produce bremsstrahlung radiation [10]. The FEL at TARLA is expected to attract a diverse global
user base due to its continuous wave (CW) beam operation, facilitated by advanced superconducting
technology, and its broader wavelength range compared to similar facilities [11].

TARLA is primarily conceived as a user-oriented facility designed to provide both coherent and inco-
herent radiation sources, enabling a wide range of advanced experimental studies. Coherent radiation in
the infrared (IR) and terahertz (THz) spectral regions is generated via a FEL [12, 13], while incoherent
radiation, extending from x-ray to gamma-ray energies, is produced through bremsstrahlung processes.
This dual-capability infrastructure supports cutting-edge research in materials science, condensed mat-
ter physics, chemistry, biology, and accelerator physics. Anticipated experimental applications include
time-resolved spectroscopy, pump–probe techniques, nonlinear optical studies, advanced imaging meth-
odologies, and the investigation of low-energy excitations in novel and quantum materials, in addition to
photonuclear and radiation-based applications facilitated by the bremsstrahlung source.

At TARLA, bremsstrahlung radiation produced by high-energy electron beams interacting with vari-
ous metal foils as converter targets is envisioned as a highly versatile tool for a wide range of experi-
mental applications. This radiation enables photonuclear research, including studies of nuclear structure,
photofission dynamics, and nucleon emission mechanisms in medium to heavy-mass nuclei. While the
primary scientific objective of the bremsstrahlung beamline is to support fundamental nuclear phys-
ics research, its utility extends to a broad array of applied studies in radiation physics. These include
photoactivation analysis, radiation-induced mutagenesis, food irradiation and preservation, pest con-
trol, sterilization procedures, microbiological investigations, and the assessment of radiation hardness in
materials and electronic components. This multifaceted functionality underscores the strategic role of the
bremsstrahlung facility in advancing both basic science and industrial applications across disciplines.

Additionally, TARLA serves as a testbed for the development of accelerator components and beam
diagnostics, thereby contributing to both fundamental and applied research in accelerator technology.

TARLA is intended to serve a broad and interdisciplinary user community comprising researchers
from universities, research institutes, and industry, both nationally and internationally. The primary
target groups include scientists working in the fields of photonics, nanotechnology, surface science, life
sciences, nuclear science and accelerator science. By offering access to advanced radiation sources and
beamlines, TARLA aims to foster scientific collaboration and innovation across diverse domains, while
also contributing to the development of highly skilled human resources in accelerator-based research.

In the landscape of IR-FEL facilities worldwide such as FELIX (Netherlands), CLIO (France), and
ELBE (Germany), TARLA distinguishes itself through its exceptionally broad mid- to far-IR tunability
(∼5–350 µm), which extends to significantly longer wavelengths than those routinely provided at the
aforementioned facilities. This extended spectral reach will enable experiments in the deep-IR and low-
THz regime that are not currently accessible at FELIX, CLIO, or ELBE.

While sources like FELIX (∼1500 µm) achieve longer wavelengths [14], they rely on normal con-
ducting linacs, a technology that inherently yields significantly lower average beam current and energy
efficiency compared to TARLA’s state-of-the-art superconducting technology. We note that the estab-
lished superconducting technology at FELBE (Helmholtz Zentrum Dresden Rossendorf (HZDR),
Germany) operates up to 250 µm, positioning TARLA as the superconducting facility with the longest
wavelength capability in this critical technology class.

The TARLA facility distinguishes itself within the landscape of IR-FEL installations not merely by co-
locating an FEL and a bremsstrahlung source, an approach also realized at facilities such as ELBE, but
by combining CW superconducting accelerator operation with exceptionally broad mid- to far-IR tun-
ability (≈5–350 µm). This wavelength range extends significantly beyond the limits of leading European
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Figure 1. A schematic layout of the TARLA facility [15]. Abbreviations in laboratory (lab.) names: AMD—atomic and
molecular dynamics; FS—femtosecond spectroscopy; AMBI—advanced material and biological imaging and MC—material
characterization.

IR-FEL centers such as CLIO (≈2–150 µm) [16], and ELBE (≈4–250 µm) [15]. TARLA’s extended spec-
tral reach enables experiments in the deep-IR and low-THz regime that are not routinely accessible at
these facilities.

In addition to its FEL performance, TARLA integrates a versatile bremsstrahlung γ-ray beamline.
Although ELBE also hosts a bremsstrahlung station, TARLA will employ a multi-foil target system
consisting of three thin foils (Al, Ta, Nb) and three actively cooled thick foils (C, Cu, W), specifically
designed to accommodate both polarized and unpolarized γ-ray generation with enhanced operational
flexibility.

The thin foils allow TARLA to reproduce photon fluxes and spectral characteristics comparable to
those reported at ELBE and S-DALINAC, thereby enabling direct benchmarking against established
CW accelerator-based γ-ray facilities. For on-axis unpolarized operation at 20 MeV, TARLA is expec-
ted to deliver integrated photon fluxes of 1010–1011 photons

cm2.s and differential flux values of 0.5 × 10⁶–10⁷
photons
cm2.s.keV . These values are consistent with the 2.5 × 1010 photons

cm2.s observed at ELBE [17] and ∼106 photons
cm2.s.keV

at S-DALINAC [18].
Meanwhile, the actively cooled thick foils are approximately an order of magnitude thicker than those

typically used at ELBE. This design yields a tenfold (x10) enhancement in photon flux capability, provid-
ing substantially higher flux and significantly expanding the accessible γ-ray energy range for high-flux
experiments.

Combined with TARLA’s status as Türkiye’s first IR-FEL user facility and its rare capability of gener-
ating polarized bremsstrahlung from a CW accelerator, an operational mode scarcely documented in the
literature, TARLA provides a significantly enhanced and flexible γ-ray production platform [19].

In combination with its multi-foil γ-ray beamline, capable of thin-foil benchmarking, thick-foil high-
flux operation, and prospective polarized γ-ray generation, TARLA offers a unique combined-modality
user environment. As the first comprehensive IR-FEL user facility in Türkiye, TARLA is positioned to
provide distinctive opportunities for regional user access, multi-disciplinary studies, and experimental
programs requiring sequential or simultaneous use of IR-FEL and γ-ray beams, capabilities not com-
monly available at FELIX, CLIO, or ELBE.

This study presents the results of the first acceleration achieved using the initial superconduct-
ing accelerator module at the TARLA facility and provides an overview of the facility’s current status
in terms of its installation and commissioning. Figure 1 illustrates the layout of the TARLA facility.
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Electrons will be accelerated to energies of up to 40 MeV using state-of-the-art superconducting linear
accelerator modules [20], enabling the generation of FEL radiation with wavelengths ranging from 5 to
350 µm. Furthermore, bremsstrahlung radiation will be produced using electron beams accelerated to
30 MeV. The electron beam parameters are summarized in table 1 [21].

In this paper, the second section provides an overview of the TARLA accelerator and FEL system.
The third section discusses the infrastructure of TARLA and the systems supporting the accelerator. The
fourth section covers the installation and commissioning of the electron gun and the injector line. The
fifth section addresses the commissioning of the main accelerator, while the sixth section presents the
individual and integrated test results of the first electron beam acceleration at TARLA. The conclusions
section provides an overview of the planning activities for the completion of the TARLA FEL installation
and the commissioning process aimed at achieving full operational capacity.

2. Overview of the accelerator and FEL system

The initial acceleration of electrons is carried out using a thermionic triode DC electron gun. The
injector system delivers a 250 keV electron beam with a maximum bunch charge of 77 pC and a repe-
tition rate of 13 MHz, corresponding to an average beam current of 1 mA in CW mode. The repetition
frequency is the 100th subharmonic of the main accelerating frequency of 1.3 GHz. Electron beams are
generated at the grid-modulated tungsten dispenser cathode with a pulse length of approximately 500 ps
(FWHM). Upon exiting the gun, the electron bunches possess an energy of 250 keV and are compressed
in the drift space following energy modulation by the subharmonic buncher (SHB) and fundamental
buncher (FB), forming an optimal longitudinal (temporal) profile within the first cell of the first super-
conducting cavity. The longitudinal bunch length at the entrance of the first superconducting cavity is
expected to be around σt = 10 ps [21], where σt is the RMS bunch length.

The SHB and FB cavities are realized as normal-conducting coaxial resonators operating in the
TM010 mode. Their nominal operating frequencies are 260 MHz and 1300 MHz, respectively. Both struc-
tures exhibit quality factors on the order of approximately 2000. The effective accelerating gap voltages
reach 30 kV for the SHB and 15 kV for the FB, supplied by radiofrequency (RF) power amplifiers with
maximum output powers of 1.5 kW and 500 W, respectively.

Additionally, the beam can also be modulated in macro-pulse mode using the macro-pulse system
mounted on the injector. The macro pulse mode is used to lower the average beam current in order to
be able to use destructive diagnostics such as view screens. The RF systems of the accelerator are usually
operated in continuous mode of operation.

The main acceleration section consists of two superconducting RF modules (cryomodules), each
housing two superconducting Nb structures (TESLA type cavities) [22] operating at a frequency of
1.3 GHz and a temperature of 1.8 K (superfluid helium). The cryostat and tuning system of these mod-
ules were originally designed for the ELBE project [23], and the cryomodules as well as the buncher cav-
ities were fabricated by Research Instruments GmbH [24].

Operating in standing wave mode, TARLA cavities achieve an accelerating gradient of up to
12.5 MV m−1 in CW mode. The gun is currently operated at a reduced terminal voltage due to unre-
solved issues in the isolation transformer, which has exhibited signs of insulation degradation. This con-
dition limits the maximum voltage applicable to the gun, as it increases the risk of high-voltage break-
down within the transformer system. Consequently, the beam energy at the injector exit remains around
200 keV. Since the beam is not yet fully relativistic at this stage, it subsequently gains approximately
7 MeV of energy in the first cavity and an additional 11 MeV in the second cavity with a maximum
beam current of 1 mA. A comprehensive discussion of this subject is presented in section 6, titled The
First Beam Acceleration through CM1 of the paper. Ongoing efforts are focused on restoring the high-
voltage insulation integrity of the transformer to enable stable gun operation at the nominal design
voltage of 250 keV.

To mitigate the impact of the capture process from the injector to the first cryomodule, a magnetic
bunch compressor (BC) with a dogleg design will be implemented upstream of the second cryomodule.
This system will allow the bunch length to be adjusted from 5 ps down to approximately 400 fs (RMS)
[25]. TARLA will employ two undulators with period lengths (λu) of 35 mm and 110 mm to cover the
wavelength range of 5–350 µm.

The electron beam energy will be adjustable between 15 and 40 MeV. The anticipated FEL paramet-
ers corresponding to the specified electron beam characteristics (see table 1) are presented in table 2. The
short-wavelength FEL line at TARLA is designed to operate within the 5–35 µm range. To support this
objective, the first undulator magnet (U35) has been procured from KYMA [26]. The optical resonator
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Table 1. Electron beam parameters of TARLA.

Beam energy 15–40 MeV
Max. average current 1 mA
Max. bunch charge 77 pC
Horizontal emittance <15 mm.mrad
Vertical emittance <12 mm.mrad
Longitudinal emittance <85 keV.ps
Bunch length 0.4–6 ps
RMS energy spread <100 keV
Bunch repetition rate 26–13 000 kHz
Macropulse duration 50 µs→ CW
Macropulse repetition rate 1 Hz→ CW

Table 2. Expected FEL parameters of TARLA.

Photon energy 4–300 meV
Wavelength 5−350 µm
Pulse length 0.5−10 ps
Polarization Linear —
Repetition rate 13 MHz
Max. pulse energy 2 µJ
Max. peak power 2 MW
Max. outcoupled power 100 W

system for this beamline has been meticulously designed, installed, and successfully tested by the TARLA
team [27].

The 20 MeV beamline of TARLA was commissioned in 2024, and the first accelerated electron beam
was successfully obtained in April of the same year. To achieve this milestone, the following activities
were carried out between 2023 and 2024:

• Installation of the injector line,
• High-power RF conditioning of the SHB and FB cavities,
• Integration and commissioning of the low-level radio frequency (LLRF) system with the RF power
systems for the normal-conducting bunchers (SHB and FB),

• Beam testing on the injector line,
• High-power RF conditioning of the superconducting cavities,
• Integration of the injector line with the first superconducting module (Cryomodule-1, CM1),
• Integration and commissioning of the LLRF system [28, 29] with the RF power systems for the super-
conducting cavities,

• Testing of the 20 MeV accelerator line with the electron beam and achieving the first acceleration from
CM1.

The successful implementation of the aforementioned commissioning activities depended on the
coordinated deployment and stable operation of essential infrastructure and auxiliary systems, the details
of which are presented in the following section. At this stage, the commissioning setup downstream of
the first cryomodule was restricted to energy diagnostics, as the primary milestone was to demonstrate
acceleration to the target energy. A comprehensive beam characterization will follow in the subsequent
phase, once the BC is installed. The BC is specifically designed to accommodate the relevant diagnostics
required for detailed measurements of bunch charge, energy, energy spread, bunch length, and transverse
emittance.

3. Infrastructure and auxiliary systems

By 2023, the necessary infrastructure for the safe operation of the accelerator at the TARLA facility had
been successfully established. This infrastructure comprises an uninterruptable power supply (UPS) sys-
tem to prevent disruptions caused by power outages, a water cooling system to ensure thermal manage-
ment of the water-cooled equipment within the facility, and a personnel safety system (PSS) designed to
protect both personnel and public health during accelerator operations.

The UPS system at the facility has a full-load capacity of approximately 2.2 MW and can provide
uninterrupted power for up to 48 h in the event of a power grid failure. The water cooling system
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Figure 2. (a) Power transmission and (b) gain characteristics of one of the RF power amplifiers.

is designed to handle a heat load of 1.2 MkCal and can supply cooling water with a conductivity of
approximately 200–400 µS cm−1 and a pH range of 7.5–7.8.

The PSS, installed by an independent third-party organization [30], is engineered to enforce essential
safety protocols before and during accelerator operations. The system features an automated safety inter-
lock mechanism that halts accelerator operations to ensure personnel safety in the event of unauthorized
intervention during operation or any accidental incident involving the accelerator.

The TARLA facility is also equipped with a helium cooling system specifically designed [31] to man-
age a heat load of 210 W at 1.8 K (1.6 ± 0.2 mbar), ensuring the proper operation of the supercon-
ducting cavities within the cryomodules. The commissioning of this system was successfully completed
in 2023.

The RF system consists of four solid-state RF amplifiers [32], each with a saturated power of 18 kW.
Each cavity is powered by an independent 18 kW RF source based on solid-state transmitters. To accel-
erate a 1 mA average current, the RF power requirement for each TESLA cavity is more than 10 kW.
The power and gain characteristics of one RF amplifier are shown in figure 2. As seen in figures 2(a)
and (b), a single CM1 cavity can be driven at 15 kW, achieving an approximately 68 dB gain. However,
the cavities and couplers integrated into the cryomodules have been specifically designed to sustain con-
tinuous operation at RF power levels of up to 20 kW [33]. Although the design parameters are based on
a 1 mA average beam current, infrastructure for an 18 kW saturated RF source has been established to
enable operation with a 1.5 mA beam current in the future. An LLRF system has been established for
one normal-conducting 260 MHz SHB, one normal-conducting 1.3 GHz FB, and four superconducting
1.3 GHz TESLA cavities. This system is a fully digital system based on µTCA.4, originally developed at
DESY [34] for FLASH.

4. Commissioning of the E-gun and injector line

The injector system, consisting of a thermionic triode DC electron gun, two bunching cavities operating
at 260 MHz (SHB) and 1.3 GHz (FB), a macro-pulser, five solenoid magnets, a deflector cavity, and two
dipole magnets, is entirely based on normal-conducting technology. The beamline of the TARLA injector
is illustrated in figure 3.
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Figure 3. Illustration of the TARLA injector line.

Figure 4. SHB phase scans at two different LLRF amplitudes (blue at 10 kV and red at 15 kV).

The mechanical design of the electron gun was developed in collaboration with the HZDR ELBE
Radiation Center [35]. The gun is capable of generating an average current of 1 mA (77 pC bunch
charge) at a repetition rate of 13 MHz. Additionally, it can deliver a bunch charge of up to 120 pC to
support future upgrades.

TARLA is equipped with a thermionic triode electron gun. It consists of a heated filament (cathode),
and an aperture (anode). Electrons emitted by the heated cathode pass through a pulsed grid before
being accelerated through the anode at a high voltage of 250 kV. A conventional cathode and a pulse
generator are used to generate the electron bunches. The pulser delivers up to 150 V with a pulse width
of approximately 500 ps (FWHM) at a frequency of 26 MHz. Although a repetition rate of 13 MHz is
sufficient for FEL operation, the pulser frequency was set to 26 MHz in consideration of potential future
user demands within the scope of TARLA’s upgrade program and the anticipated need for higher fre-
quencies for additional secondary particle production (e.g., positron annihilation studies).

The initial beam tests were conducted with a 200 keV beam due to a high voltage issue with the
electron gun. In order to minimize the number of free parameters during the initial tuning phase, the
beam transmission through the injector was first optimized using steering magnets and solenoids, while
the buncher cavities were kept deactivated. To achieve optimal injector performance, the bunchers are
required to operate at the zero-crossing phase. Therefore, they were activated sequentially and a phase
scan was conducted to identify the precise phase setting relative to the beam. For each cavity, the cav-
ity phase was scanned over the full range of −180◦ to 180◦ at two different amplitude levels to identify
accelerating, decelerating, bunching and debunching phases.

The energy measurements were conducted using a 75◦ spectrometer arm positioned at the end of the
injector line. The corresponding measurement graphs obtained during the phase and voltage scans of the
SHB are presented in figures 4 and 5. For the sake of conciseness, only the results corresponding to the
SHB are presented here.
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Figure 5. SHB amplitude scan at the accelerating phase (LLRF phase: 110◦).

As shown in figure 4, the two zero crossings of the energy gain were determined to be −160◦ and
20◦, while the accelerating and decelerating phases were identified as 110◦and −70◦, respectively. The
longitudinal bunching (LLRF at 20◦) and debunching (LLRF at −160◦) phases were identified by meas-
uring the transverse RF focusing or defocusing effect of the cavity at the two zero crossings of the energy
gain curve. Figure 5 presents the energy gain curve obtained during voltage scans of the SHB at an LLRF
phase of 110◦. Following the calibration of the SHB, its phase was set to the bunching condition with an
effective voltage of 26 kV as defined by beam dynamics simulations.

The same measurement procedure was subsequently applied to the FB to perform its beam-based
phase and amplitude calibration. The FB was then operated at the bunching phase with an effective
voltage of 15 kV. For both cavities, the LLRF parameters were updated according to the calibration
factors derived from the beam measurements.

5. RF commissioning of the cryomodule-1 (CM1)

Upon successful completion of injector tests and establishment of effective bunching, the main accel-
erator system, CM1, was integrated with the injector line. During this process, meticulous precautions
were taken to prevent contamination of the superconducting TESLA cavities within CM1, which were
maintained under an ultra-high vacuum of approximately 10−10 mbar. Additionally, since CM1 was
cooled by superfluid helium, the cavities also functioned as cryo-pumps.

The injector line was maintained under ultra-high vacuum conditions, comparable to those of
the superconducting cavities, at approximately 10−10 mbar. Prior to the integration, the fifth solen-
oid magnet, which is the final solenoid in the injector line, underwent an extensive bake-out process.
Subsequently, it was connected to the injector line, and equivalent vacuum conditions were ensured.
The connection to CM1 was performed with the vacuum valve at the module’s entrance kept in the
closed position. The vacuum levels of both systems were carefully monitored, and once equilibrium
was achieved, the valve was gradually opened. This controlled approach ensured the successful and
contamination-free integration of the two systems.

Simultaneously with the connection process, power and gain tests of the high-power RF amplifiers
were completed (see figure 2).

Additionally, the integration of the CM1 control units with the machine protection system was
finalized, enabling the initial conditioning of both CM1 cavities using high-power RF. During this ini-
tial conditioning phase, it was verified that each cavity achieved the expected acceleration gradient
of 12.5 MV m−1. The target accelerating gradient of 10 MV m−1 was chosen as a design parameter
to ensure reliable and stable operation of the TESLA-type superconducting cavities used at TARLA.
Although the TESLA cavities can reach technological limits of up to 25 MV m−1 or slightly higher
depending on the applied fabrication procedures [33], taking into account the available cryogenic power
of the facility and the CW operation mode of the accelerator, a gradient of 12.5 MV m−1 provides a suf-
ficient and reliable safety margin against quench and field emission. The measurement results for the
first conditioning of Cavity 1 (the upstream cavity) in CM1 are presented in figure 6.

The green line represents the drive power from the high-power RF amplifier, operating at a 3% duty
cycle (pulse width of 15 ms, period of 500 ms) with a power of 3.6 kW. The yellow line indicates the
loaded power in Cavity 1 of CM1, corresponding to an electric field of 12 MV m−1 in the cavity.

In parallel with the aforementioned activities, the integration of the LLRF system with CM1 was
actively pursued. This process encompassed the main frequency generator of the accelerator (master
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Figure 6.Measurement results recorded at maximum power during the initial conditioning of the first cavity of the CM1.

oscillator), power measurement sensors along the high-power RF transmission lines, cavity probes,
motor driver connections, and high-power RF amplifier interfaces. The accuracy of the connection
points and signal levels was meticulously verified. The entire system was successfully integrated with
the machine protection system, tested, and validated. Subsequently, calibration and fine-tuning proced-
ures were performed within the software to finalize the integration of the cavities in CM1 with the LLRF
system.

6. The first beam acceleration through CM1

With the completion of the connection work and system integration, the first beam acceleration process
commenced. The initial step involved optimizing the LLRF system to achieve the desired acceleration
gradient in the cavities using high-power RF.

Beam physics simulations were performed using OPAL [36], an open-source, parallel computational
tool designed for charged particle optics in linear accelerators and storage rings. For energy measure-
ments, a simplified spectrometer, consisting of two steering magnets aligned horizontally and vertically
along with a scintillating screen, was utilized downstream of CM1 (see figure 7). Energy measurements
were performed by scanning the magnet current and measuring the beam deflection on the scintillating
screen. During energy measurements, a comparative analysis was performed based on simulation results.

Phase scans were conducted for Cavity 1 and Cavity 2 within CM1 to determine their opera-
tional phase and amplitude settings. Maintaining the stability of the helium cooling system pressure at
1.6 ± 0.2 mbar is crucial for the proper cooling of the superconducting cavities, and even minor phase
adjustments could disturb the pressure stability.

To mitigate this issue, the phase scan range was restricted to the interval necessary for accurately
determining the acceleration phase. Phase scans of CM1 Cavity 1 were carried out with the LLRF amp-
litude set to 11 kV. By comparing the measured data and the simulations, the operational phase of CM1
Cavity 1 was determined to be 70◦. The results of the phase scan of Cavity 1 can be found in figure 8.
Under these conditions, the energy was measured to be 7.77 MeV, since the electron beam has not yet
been relativistic when they first enter the first cavity. Subsequently, CM1 Cavity 2 was activated. Phase
scans of CM1 Cavity 2 were performed at a moderate LLRF amplitude (7 kV) to prevent beam loss. By
comparing the measured data and simulations, the operational phase of CM1 Cavity 2 was determined
to be −12 degrees. Under these conditions, the energy after the first accelerating module was measured
to be approximately 14.3 MeV. Once the phase scan is completed and the optimal accelerating phase is
established, subsequent increases in cavity voltage do not necessitate additional phase adjustments, since
the synchronous phase of the beam with respect to the RF field remains unchanged.

The TESLA cavities are designed to accelerate relativistic particles, with their longitudinal dimensions
determined by the requirement that the electric field must invert during the time a relativistic particle
takes to travel from one cell to the next. Consequently, the cell-to-cell separation is given by c/2f [33].
At TARLA, electrons reaching Cavity 1 from the injector line with an energy of 200 keV are not yet fully
relativistic and therefore traverse the first two cells too slowly to remain in phase with the accelerating
field. As a result, even when a relatively high RF power (corresponding to an amplitude of 11 kV) is
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Figure 7. The 20 MeV test bench layout at TARLA.

Figure 8. Comparison of SRF Cavity 1 phase scans between simulation and measurement. The simulations were performed at a
97.9% field level.

Figure 9. Observation of the first accelerated electron beam at TARLA on a scintillating screen.

applied to Cavity 1, the first two cells are effectively used to accelerate the beam to reach relativistic velo-
cities and to synchronize it to the proper accelerating phase.

Figure 9 shows a snapshot of the first electron beam achieved from the first cryomodule of TARLA.
The screen displays the main beam alongside electrons emitted from the surface of CM1 Cavity 2. To
prevent any interference with the energy measurements of the main beam, these electrons were deflected
using the first horizontal steering magnet of the test bench prior to the energy measurement. The phase
scan results for Cavity 2, with Cavity 1 active, are presented in figure 10. After the scans, the LLRF phase
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Figure 10. Comparison of SRF Cavity 2 phase scans between simulation and measurement with Cavity 1 active. The simulations
were performed for an input energy of 7.77 MeV and at a 66.3% field level.

Figure 11. Beam energy measurement showing the final accelerated beam at 18.56 MeV in the optimized TARLA beamline.

of CM1 Cavity 2 was set to −12 degrees, and the amplitude was raised to 12 kV to increase the beam
energy. The beam energy at these operating conditions was measured as 18.56 MeV. The measurement
results obtained after the optimization process are presented in figure 11.

7. Conclusion

This paper presents the details of the first acceleration operation conducted with the initial supercon-
ducting module at the TARLA facility, which is currently in commissioning, and provides an update on
the current status of the facility. The results of post-acceleration optimization studies demonstrate that
the operationally achieved energy levels are in excellent agreement with the design parameters.

The installation and commissioning processes at TARLA are currently underway. According to the
planned schedule, the completion and commissioning of the 40 MeV acceleration line, including the
beam compression system, will be prioritized, followed by the commissioning of the bremsstrahlung
radiation line, making both available for user experiments. In parallel, the installation of the short-
wavelength FEL line is underway, with the aim of enabling first lasing and user operation. Subsequently,
the long-wavelength FEL line will be integrated. Provided that key technical milestones, including stable
operation of the 40 MeV accelerator, precise beam compression, synchronization of the optical cav-
ity, and electron beam quality within FEL tolerances, are achieved on schedule, first lasing at TARLA
for short-wavelength FEL line is anticipated to take place around 2030. Compared to similar oscillator-
mode FEL facilities employing state-of-the-art superconducting accelerator technology, the TARLA facil-
ity will offer a broad wavelength coverage from 5 µm to 350 µm, complementing existing infrastructures
worldwide.

In addition, TARLA will integrate a versatile bremsstrahlung γ-ray beamline with a multi-foil tar-
get system featuring thin foils for benchmarking and actively cooled thick foils for high-flux opera-
tion, including the potential for polarized photon generation. Upon reaching full operational capacity,
TARLA is expected to serve as a major user facility in the Middle East and Balkans region, comple-
menting global research infrastructures through its unique operational wavelength range and specialized
bremsstrahlung capabilities.
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