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Abstract

Following the EU Terahertz (THz) Road Map [1], high-
intensity, ps-long, THz)/Infrared (IR) radiation is going to
become a fundamental spectroscopy tool for probing and
control quantum materials ranging from graphene [2], and
Topological Insulators, to strongly correlated oxides [3-6]
and novel superconductors [7, 8]. In the framework of the
SABINA project a novel THz/IR beamline based on an AP-
PLE-X undulator emission will be developed at the
SPARC-Lab facility at LNF-INFN. Light will be propa-
gated from the SPARC-Lab to a new user lab facility nearly
25 m far away from the SPARC laboratory. This beamline
will cover a broad spectral region from 3 THz to 30 THz,
showing ps- pulses and energy of hundreds of pJ with var-
iable polarization from linear to circular. The correspond-
ing electric fields up to 10 MV/cm, are able to induce non-
linear phenomena in many quantum systems. The beam-
line, open to user experiments, will be equipped witha 5 T
magnetic cryostat, and will be synchronized with a fs laser
for THZz/IR pump, VIS/UV probe experiment.

INTRODUCTION

The spectacular advancements observed in the last dec-
ade leads to an increasing interest to terahertz (THz) tech-
nology in the efforts to harness the power of the thermal
radiation in the region from ~50 GHz to 10 THz
(1.5 - 350cm, 7 mm - 15 pm wavelength, 0.2 -
45 meV) [1, 9-11]. The THz region of the electromagnetic
spectrum is a frontier area for research in Physics, Chem-
istry, Biology, Materials Science and Biomedicine. Indeed,
small molecules rotate at THz frequencies; biologically-
important collective modes of proteins, DNA and RNA vi-
brate at THz frequencies; frustrated rotations and collective
modes cause polar liquids such as water to absorb at THz
frequencies; electrons in semiconductors and their
nanostructures resonate at THz frequencies; electrons in
highly-excited atomic Rydberg states orbit at THz frequen-
cies; superconducting energy gaps fall at THz frequencies;
gaseous and solid-state plasmas also oscillate at THz fre-
quencies so that this radiation can be used to study and con-
trol an extraordinary vast number of fundamental systems
and phenomena [1, 11-15]. The roadmap for the develop-
ment of THz technologies [1, 16, 17] considers applica-
tions in the fields of outdoor and indoor communications,
security, drug detection, biometrics, food quality control,
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agriculture, medicine, semiconductors, air pollution, etc.
Their exploitation and realization demands high-power
compact THz sources, more sensitive detectors, and more
functional integrated THz systems. A further important use
of THz radiation concerns the excitation and control of
quantum materials. These systems which show quantum
macroscopic phenomena at room temperature, are charac-
terized by excitations resonating in the THz and Infra-
red (IR) frequencies [18-20].

Radiation sources of high quality in the THz region of
the e.m. spectrum have been scarce [21], but this “THz
gap”, after continuous research efforts, has been filled by a
wide range of new technologies ranging from accelerated
relativistic electrons [22, 23], to high-power femtosecond
laser-based sources [24,25] and Quantum Cascade La-
sers [26]. Thus, THz radiation is now available in both CW
and pulsed form, down to single-cycles, with peak powers
up to tens of MW [27] and several THz facilities are world-
wide distributed for fundamental experiments, users’ appli-
cations and industrial R&D.

However, a real bridge between THz and IR radiation is
not complete in particular for what concerns high-intense
ps pulsed beams. Previous discussed THz sources indeed
cover a broad spectral range up to 10 THz, while IR
sources, often based on the Difference Frequency Genera-
tion mechanism, reach, 20 THz at low-frequency. In this
paper, we will discuss a new THz/IR source based on the
Self Amplified Spontaneous Emission (SASE) mechanism
from a relativistic electronic beam from the Free-Electron
Facility SPARC at LNF-INFN of Frascati, Italy. This
source will be extremely competitive in the international
scenario and will be open for national and international us-
ers.

DISCUSSION

The Sabina beamline (Source of Advanced Beam Imag-
ing for Novel Applications) is based on an Apple-X undu-
lator emission of quasi-monochromatic light, with sub-pi-
cosecond photon pulses of high intensity (hundreds of pJ
each), in the frequency range between 3 THz (100 um) to
30 THz (10 pm). Polarization can be changed from linear
to elliptical to circular. The intensity per pulse corresponds
to associate electric fields up to 10 MV/cm, which are use-
ful to perform non-linear and pump-probe spectroscopy
measures.
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Figure 1: Beamline setup (not on scale). Light propagation is represented from the undulator source to the laboratory. M1
is plane OTR screen, M2 is an off axis parabolic mirror that collimates the beam to a plane mirror (M3). The radiation is
focused by M4 into a long conduct where in the center is placed the diagnostic setup. M5, a parabolic mirror identical to
M4, collimates the beam directing it to the experimental room.

The optical setup transfers the radiation from the undu-
lator to the users’ experimental hutch, placed in a separated
building. The radiation is generated and transported
through a ultra-high vacuum region from the undulator to
a diamond window located between the first and the second
mirror and to a further low-vacuum path for a distance of
about 25 m. The transmission efficiency is higher than
90%. In Fig. 1 is possible to see a sketch of the optical
setup. After the radiation leaves the undulator an OTR alu-
minium screen (M1 Mirror) reflects the radiation upward
while allows the electron beam to pass through undis-
turbed. The diverging beam go through a diamond window
propagating in a low vacuum circular pipe.

In this beamline section the radiation is first collimated
and then focused onto a long pipe which connect the
SPARC building to the experimental hutch building. In the
middle of the trajectory is placed a diagnostic setup, which
is necessary for the radiation beam alignment and charac-
terization.

The diagnostic setup is composed by a moving mirror
that deflect the radiation into a THz-IR pyroelectric camera
array. The radiation is then collimated by a parabolic mir-
ror (M3) and brought to the experimental table where is
used for spectroscopy measures.

During this transport the maximum beam size vary be-
tween ~4 cm (20) at 3 THz and ~2 mm at 30 THz.

This setup is composed by polished and gold-coated
plane and parabolic mirrors that reflect the THz/IR beam
with a reflectivity of nearly the 99% maintaining the initial
polarization.

The experimental hutch is finally equipped with a fs la-
ser synchronized to the THz/IR beam for THz/IR pump,
VIS/UV probe experiment, and a Liquid-He magnetic cry-
ostat for temperature and magnetic field dependent meas-
urements. The energy per pulse figure of merit of SABINA
in comparison to existing THz/IR sources is shown in
Fig. 2. Both the broad covered spectral range reaching the
IR region and the high energy per pulse suggest that
SABINA could represent a very versatile source for cut-
ting-edge experiments in quantum material physics.
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Figure 2: Energy per pulse THz/IR emission for different
high-intensity ps long sources.

REFERENCES

[1] S. S. Dhillon et al., “The 2017 terahertz science and tech-
nology roadmap”, J. Phys. D: Appl. Phys., vol. 50, no. 4,
p- 043001, Jan. 2017. doi:10.1088/1361-6463/50/4/
043001

[2] E. Tamburri et al., “Shungite Carbon as Unexpected Natural
Source of Few-Layer Graphene Platelets in a Low Oxidation
State”, Inorg. Chem., vol. 57, no. 14, p. 8487-8498, Jul.
2018. doi:10.1021/acs.inorgchem.8b01164

[3]1F. Giorgianni, J. Sakai and S. Lupi, “Overcoming the ther-
mal regime for the electric-field driven Mott transition in
vanadium sesquioxide”, Nat. Commun., vol. 10, p. 1159,
Mar. 2019. doi:10.1038/541467-019-09137-6

[4] S. Macis et al., “Angular Dependence of Copper Surface
Damage Induced by an Intense Coherent THz Radiation
Beam”, Condens. Matter., vol. 5, p. 16, Mar. 2020.
doi:10.3390/condmat5010016

[5] S. Macis et al., “MoOs films grown on polycrystalline Cu:
Morphological, structural, and electronic properties”,
J. Vac. Sci. Technol., vol. 37, p. 021513, Jan. 2019.
doi:10.1116/1.5078794

MC2: Photon Sources and Electron Accelerators

A06 Free Electron Lasers



12th Int. Particle Acc. Conf.
ISBN: 978-3-95450-214-1

[6] A.D’Elia et al., “Interplay among work function, electronic
structure and stoichiometry in nanostructured VOx films”,
Phys. Chem. Chem. Phys., vol. 22, p. 6282-6290, Feb. 2020.
doi:10.1039/DOCPOO216J

[7] F. Giorgianni et al., “Strong nonlinear terahertz response in-
duced by Dirac surface states in Bi2Ses topological insula-
tor”, Nat. Commun., vol. 7, p. 11421, Jan. 2017. doi:10.
1088/1361-6463/50/4/043001

[8] P. Di Pietro et al., “T erahertz Tuning of Dirac Plasmons in
Bi2Se3 Topological Insulator”, Phys. Rev. Lett., vol. 124,
p- 226403, Jun. 2020. doi:10.1103/PhysRevLett.124.
226403

[9] Y. Kawano, “Terahertz waves: a tool for condensed matter,
the life sciences and astronomy”, Contemp. Phys., vol. 54,

p. 143-165, Sep. 2013. doi:16.1080/00107514.2013.
817194

M. Tonouchi, “Cutting-edge terahertz technology”, Nat.

Photonics, vol. 1, p. 97-105, Feb. 2007. doi:10.1038/
nphoton.2007.3

[11]

D. M. Mittelman, “Perspective: Terahertz science and tech-
nology”, J. Appl. Phys., vol. 122, p. 230901, Sep. 2013.
doi:10.1063/1.5007683

[12] “Terahertz optics taking off”, Nat. Photonics, vol. 7, p. 665,
Sep. 2013. doi:10.1038/nphoton.2013.239

[13] H. B. Wang, P. H. Wu, and T. Yamashita, “Responses of In-
trinsic Josephson Junctions in High Tc Super-conductors”,
Phys. Rev. Lett, vol. 87, p. 107002, Aug. 2001.
do0i:10.1103/PhysRevLett.87.107002

[14] P. Innocenzi et al., “Application of Terahertz spectroscopy
to time-dependent chemical-physical phenomena”, J. Phys.
Chem. A, vol. 113, pp. 9418-9423, Aug. 2009. doi:10.

1021/jp902502z

O. Limaj et al., “Superconductivity-Induced Transparency
in Terahertz Metamaterials”, ACS Phot., vol. 1, no. 7,
pp- 570-575, Jun. 2014. doi:10.1021/ph500104k

X. C. Zhang, A. Shkurinov, and Y. Zhang, “Extreme te-
rahertz science”, Nat. Photonics, vol. 11, pp. 16-18, Jan.
2017. doi:10.1038/nphoton.2016.249

[17] J. Ma et al., “Security and eavesdropping in terahertz wire-

less links”, Nature, vol. 563, pp. 89-96, Oct. 2018.
do0i:10.1038/s41586-018-0609-x

[18] V. Galstyan ef al., “A novel approach for green synthesis of
WO 3 nanomaterials and their highly selective chemical
sensing properties”, J. Mater. Chem. A, vol. 8§,
pp. 20373-20385, Aug. 2020. doi:10.1039/DOTAG6418A

[19] M. Mitrano et al., “Possible light-induced superconductivity
in K3C60 at high temperature”, Nature, vol. 530, no. 7591,
pp. 461-464, Feb. 2016. doi:10.1038/nature16522

[20] P. Di Pietro et al., “Observation of Dirac plasmons in a top-
ological insulator”, Nat. Nanotech., vol. 8, pp. 556-560,
Jul. 2013. doi:10.1038/nnano.2013.134

[21] G. P. Gallerano and S. G. Biedron, “Overview of Terahertz
Radiation Sources”, in Proc. 26th Int. Free Electron Laser
Conf. & 11th FEL Users Workshop (FEL'04), Trieste, Italy,
Aug.-Sep. 2004, paper FRBIS02, pp. 216-221.

[22] E. Chiadroni et al. “The SPARC linear accelerator based te-
rahertz source”, Appl. Phys. Lett., vol. 102, no. 9, p. 094101,
Feb. 2013. doi:10.1063/1.4794014

[23] A. Perucchi, S. Di Mitri, G. Penco, E. Allaria, and S. Lupi,
“The TeraFERMI terahertz source at the seeded FERMI

MC2: Photon Sources and Electron Accelerators

A06 Free Electron Lasers

IPAC2021, Campinas, SP, Brazil
ISSN: 2673-5490

[24]

[27]

JACoW Publishing
doi:10.18429/JACoW-IPAC2021-TUPABO69

free-electron-laser facility”, Rev. Sci. Instrum., vol. 84,
no. 2, p. 022702, Feb. 2013. doi:10.1063/1.4790428

J. A. Fiilop, S. Tzortzakis, and T. Kampfrath, “Laser-Driven
Strong-Field Terahertz Sources”, Adv. Opt. Mater., vol. 8,

no. 3, p. 1900681, Dec. 2019. doi:10.1002/adom.
201900681

B. S. William, “Terahertz quantum-cascade lasers”, Nat.

Photonics, vol. 1, pp. 517-525, Sep. 2007. doi:16.1038/
nphoton.2007.166

M. S. Vitiello and A. Tredicucci, “Physics and technology
of Terahertz quantum cascade lasers”, Adv. Phys.: X, vol. 6,
no. 1, p. 1893809, Jan. 2021. doi:10.1080/23746149.
2021.1893809

A. ITrizawa et al., “Spatially Resolved Spectral Imaging by
A THz-FEL”, Condens. Matter., vol. 5, no. 2, p. 38,
Jun. 2020. doi:10.3390/condmat5020038

TUPAB069
1527 @

©=2d Content from this work may be used under the terms of the CC BY 3.0 licence (© 2021). Any distribution of this work must maintain attribution to the author(s), title of the work, publisher, and DOI



