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Introduction
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• PolFEL will be a scientific facility delivering broad spectrum of the radiation from THz to
Extreme UV (EUV) and very short electron bunches for Ultrafast Electron Diffraction
UED experiments. The PolFEL infrastructure includes two accelerators equipped with
Super Conducting (SC) accelerating cryomodules. Advanced solid state laser system will
be used to supply them with electron bunches and for high harmonic generation.

The aim:
• Provide new research opportunities complementary to the synchrotron SOLARIS in

Kraków.
• Enable preparatory studies for experiments at large FELs, e.g. Eu-XFEL
• Gather and foster accelerator physicists furnishing the capabilities for research and

development activity,

• It will be built at the :
National Centre for Nuclear Research Świerk
in Otwock (NCBJ)

• The PolFEL facility has been designed by the
Consortium of NCBJ and 7 Polish universities
led by NCBJ:

o Military University of Technology - beamlines
o Warsaw University of Technology - LLRF
o Technical University Łódź - synchronisation
o Jagiellonian University   -e beam diagnostics, survey
o Wrocław University of Science and Technology  -cryogenics
o University  of Zielona Góra – HVAC 
o National Centre for Nuclear Research  
o University of Białystok - inverse Compton scattering station



ANPC2025 M.Bielewicz

Location
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Synchrotron sources in Europe
Orange marked labs are 

members of Lightsource.org
Blue arrow - location of the new 

PolFEL
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Design
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Construction of the main PolFEL
building in progress
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Infrastructure
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• THz linac with superradiant undulator and experimental station (1)

• UED (Ultrafast Electron Diffraction) linac and experimental station (2)
• HHG-EUV (High Harmonic Generation) beamline (3)
• Cryomodules test stand (4) and vacum measurement chamber (5)

• Solid state laser sources and experimental stands
(in the separated laboratory)

1

2

3

4 5
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THz linac
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• Initially a warm S-band e-gun will be installed, after commissioning it will be 
replaced with an SRF injector

• Accelerating section consists of 2 HZDR-RI-type cryomodules powered with 
solid state amplifiers

• Diagnostic sections including Martin-Puplett interferometer for bunch length 
evaluation

• Air cooled magnets
• Planar tunable gap permanent magnet undulator 

• 3rd harmonic RF structure to replace one of Tesla structure aimed at bunch 
compression improvement
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Superconducting RF injector
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Cryo Module was designed at NCBJ 
with support of DESY, using their FPC 
and HZB/DESY tuner 

valueparameter
< 250 pCBunch charge
50 kHzRepetition rate (continue work)
4 – 16 psBunch length
257 nmLaser wavelength
6 µJ Pulse E on the cathode for 250 pC
50 µmLaser spot Φ on the cathode
40 µJAvailable UV pulse energy

Parameters for the THz injector

Considered metallic 
photocathodes:
Cu QE  2 ·10-4

Mg/Mo QE  1 ·10-3

at 257 nm
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Beam diagnostics
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instrumentdiagnosticsLocation
ICT current

Injector
E < 5 MeV
τ   < 8 ps

2 × BPMPosition and direction
Faraday cup Bunch charge
YAG screenBeam profile
M-PIBunch length
DCMDark current
2 × QuadrupolesEmittance 
60˚ dipole spectrometerEnergy spread
ICT current

prior to undulator
E < 120 MeV

τ   < 1 ps

2 × BPMPosition and direction
Faraday cup Bunch charge
YAG screenBeam profile
M-PIBunch length

more BPMs locations: between CM, behind CM, BC, dump sect.

Injectror section beam diagnostics 
(in addition to FEL, work on the 
development of injectors and the 
diagnostic process)
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Cryomodules
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Polfel accelerating cryomodule based on 
HZDR – RI cryomodules

Consist two cavites

Required by order specification (planed):
• >18 MV/m while Q0>1.2 1010

• Static cryogenic losses below 10 W at 2 K
(Helium)

Manufactured and delivered in 2023.  Made of 
Nobium (Nb). 

Accelerating gradient – Finnal result is better
that planing level of resonant quality. New
design and new procedurę of manufacturing
special for PolFEL.

Cold EP treatment significantly improved the 
quality
Vertical tests results Q0 = 2.0 1010 

That saves the cryogenic power:
Dynamic losses at 18 MV/m Q0 = 1.2 1010 :   57 W
Dynamic losses at 18 MV/m Q0 = 2.0 1010 :   34 W
(finally we have)
Acc. gradient at Q0 = 1.2 1010 :    30 MV/m



ANPC2025 M.Bielewicz

Low Level RF system architecture
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dedicated for PolFEL

• The project is entirely ours!!! Made by a company from Poland.
• The main adventages is posibilty of continuing work with cryomodules.
• Each cavity will be powered with a 5 kW SSA (Solid State Amplifiers)
• Each cavity will be separately controlled by the LLRF loop enabling

individual setting of parameters for operation (dealy of feedback up to 
10 microsek.)

• Direct sampling RF detectors (no need for down  convertion and 
local oscillator clock)

• MTCA compatabile hardware
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Undulator
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SASE – Self Amplified Spontaneous Emission

Designed and made in ZDAJ (NCBJ Workshops department)
- Relatively large magnetic blocks
- Variable gap permanent magnet, planar
- C-shaped frame
- 4 motors
- Fully openable 

Has been in house designed and now being manufactured

The lower drawing shows an example of a holder for a
magnetic block with the possibility of positioning at the
micrometer level. Thanks to this, we can better determine the
magnetic field, and consequently, the emission process is more
efficient and the energy band of light is smaller.

valueparameter
NdFeB Br=1.35 Tmaterial
160 mmperiod
8number of periods
0.7 – 5 K range
100 – 200 mm, 550 mmgap
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Undulator
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Simulations performed with Teufel program for the in-
house designed and manufactured superradiant 8 × 16 cm
periods undulator for the beam of
Ee=20 MeV, qb = 75 pC, σ z=65 µm, E/E=0.001
showed the beam imprint on the 75 cm distant decoupling
mirror as shown on the figure.
• Pulse energy deposited in the mirror

f= 1 THz Epulse=1.5 µJ
Recently much more effective beam have been simulated,
so stronger THz pulse are expected. Simulations in
progress.

x[m]

y[
m

]

Bunch sizes as matched with 5 
quadrupoles for 56.4 MeV, 100 pC

Performane:
THz linac:  Emax = 54 MeV at continue wave
THz with two 3rd harmonic structures: E max = 30 MeV at cw (for better bunch schape
control)
f  0.5 THz – 5 THz with E pulse >1 µJ, at repetition up to 50 kHz

Higher electron energies will be available in long RF pulse operation
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THz laboratory
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Beam transfer

toroidal mirror 
used

beamline elements as deliveredInstrumentation at experimental stand
• Cryofree refrigerator – 5K with transmission

windows and reference detector
• Electrical measurement setup: oscilloscopes,

multimeters, lock-in voltmeters, SMUs, signal
generators

The setup will be at the beginning fitted for
temperature variable temperature transmission
and reflection experiments

P&P setup with solid state IR laser pump and THz
probe

Diagnostics
Averaged
• Profilometer
• Power measurement
• MPI – wavelength 

measurement

Single pulse detection system:
• Pulse duration measurement
• Pulse energy measurement



ANPC2025 M.Bielewicz

UED Line
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Ultrafast structural dynamics can be studied with atomic resolution using Ultrafast
Electron Diffraction (UED). A fundamental difference between using X-rays or
electron is the type of interaction: electron are scattered by Culomb interaction when
thay penetrate the charged atomic core. The scattering cross section for electrons is
about 10000 larger then for X-rays.

• Nd YLF 257 nm laser 
250 fs pulse duration

• Two chambers will be 
available: for solid 
samples, and for gasous
ones.

SRF injector
• makes it possible to 

operate in cw operation
with 200 kHz repetition 
– advantageous for short 
low charged bunches 

Cryomodule:
• energy tuning 2 MeV – 9 MeV
• play with the RF amplitude and 

phases it is possible to achieve 
ballistic compression of the 
bunch
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4th line and 5th for other experiments
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Vacuum 
experimental 

chamber

• Cryomodules test stand at the begining
• at a later date, a special vacuum chamber measuring station
• A pulsed electron beam with energies from 5 to about 50 MeV 

with a frequency of about 1 kHz will be available.
• Possibility of exposing various types and sizes of samples, 

including radioactive samples
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Summary
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1. A new large research device is being built at the National Centre for
Nuclear Research: the Free Electron Laser (PolFEL)

2. PolFEL will have four beamlines: (1) THZ linac, (2) UED linac, (3) HHG-
EUV beamline, (4) Cryomodules test stand line with Vacum (5)
measurement chamber. Each of the stands will be equipped with
experimental stations. Additionally, PolFEL will have Solid State laser
sources and experimental stand in separated laboratories.

3. For nuclear physicists, the most interesting will be the stand (5) with a
vacuum chamber enabling the irradiation of various types of samples
(including radioactive ones in the future) with a pulsed electron beam
with an energy of 5-50 MeV.

4. The final stage of construction and purchase of necessary equipment is
underway. The first light in the PolFEL installation is planned for 2026.

5. If you are interested, please contact the project manager,
Dr. Pawel Krawczyk (pawel.krawczyk@ncbj.gov.pl)
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Thank You for the Attention

PolFEL project contact:   pawel.krawczyk @ncbj.gov.pl


