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<y ;- Properties of THz light

...the main drawback is spatial resolution ~ mm
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THz light and blackbody radiation

Sincrotrone
Trieste

_ Planck’s law
- c? ekl —1
£ Wien’s law
M= DIT b=2.897 103 K m
Viax= 0.1035 T THz K-

0 20 40 60 80 100
THz
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<y ;- Technological applications
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THz Spectroscopy
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&Y -~ | THz sources for spectroscopy and imaging

Monochromatic Sources

Backward-\Wave-Oscillators Quantum Cascade Lasers

Gas Lasers (CO, nd CO,-pumped)
Gunn/Impatt-Diodes Si/Ge Lasers

Broadband Sources

Globar (blackbody source)
silicon carbide rod electrically heated up to 1000 to 1650°C

T Total Flux:
Jor 10 uW between 0-1 THz Because of poor collimation
S el 5 mW between 0-10 THz typically one has nW power at
2L 1.5 W between 0-100 THz sample at THz frequencies
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10° |
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™ Hg-lamp |
Performs slightly better than Globar, below 5 THz
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S ratrone Femtosecond THz sources
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Superconducting Gap opening
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Superconductivity is ruled by low-energy electrodynamics:
The Superconducting Gap size and shape provide information

on the nature and symmetry of pairing

2A [k, T. =3.52 w====p T ~10K->2A~1THz

The Mattis-Bardeen (MB) relations are derived within the
BCS theory, for a s-wave SC in the dirty limit
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Relative transmittance

THz plasmonics
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<y ;- THz spectroscopy of proteins
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Low-gain FELs with optical cavity
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Sccons Superradiant emission
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Coherent enhancement factor Form factor

N[1+ Nf ()] f)= [ p(t)exp(-iot)dt

N ~6.24*10" @ 1pC

SR \K """" Storage-Rings in low-a
s Bessy Il, Soleil, Diamond, Anka,

2

[

2 CLS, ...

g Elettra (bursting mode)

L
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enhancement Single-pass accelerators
THzZ TeraFERMI, TELBE, FLASH
freq. (1/time >
q- ( ) Phase Stable
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<y ;- The TeraFERMI project

Exploiting the properties of the FERMI-FEL electron beam to produce
Short (sub-ps), Powerful (>MV/cm), Broadband (0.1-10 THz)
THz pulses to be used as a Pump beam for ultrafast nonlinear spectroscopies

e o fs-laser
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Coherent Transition Radiation

Transition Radiation occurs when relativistic electrons cross
the boundary between two media of different dielectric constant
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<y ;- Why THz?

THz light couples to electronic, vibrational and magnetic excitations

Optical pump THz pump
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q St Strane THz control of matter

Trieste
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Protein folding
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Superconductivity
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transitions
Ferroelectrics Molecular
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Polar liquids

Reaction pathways

catalysis
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ShiSrone Magnetic excitations
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I.Ieff

Neeraj, 2021

Ultrafast magnetic
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flotira Dirac materials
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Absorption Generation
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plasmonics
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<y ;- Nonlinear susceptibility

THz pump can resonantly excite electrons or lattice modes
linear Pockels Kerr

1 2 3
P; = o0t Ej + xS0 EiEx + X EiExEL + )
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<y THz pump-IR probe

THz pump can resonantly excite electrons or lattice modes
linear Pockels Kerr
P; = otV Ej + X E Exc + X E B + )
E= Probe (780 nm) E,=Pump (THz)
Pockels effect:

An external electric field induces linear variation of the refractive index on a material
Centro-symmetric crystals can not exhibit this effect (no preferred direction)

Kerr effect:

The change of the refractive index is proportional to the square of the applied electric field.
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<y ;- THz fluence-dependent spectroscopy

THz pump can resonantly excite electrons or lattice modes

linear Pockels Kerr
1 2 3 = i

Pockels effect:

An external electric field induces linear variation of the refractive index on a material
Centro-symmetric crystals can not exhibit this effect (no preferred direction)

Kerr effect:

The change of the refractive index is proportional to the square of the applied electric field.
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<y ;- THz Kerr effect in water
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F. Novelli et al., Materials 2020
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Single-cycle electromagnetic pulses in the THz regime orient the dipole moments of liquid water along their electric field.
Given the resulting negative sign of An = n,-n | <0, the polarizability of water molecules in the liquid state is lower parallel to

their dipole moment than perpendicular, i.e., o,<a | SILS 2021 - September 13-17, 2021 29
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THz-fluence dependent measurements

Nonlinear THz transmission by liquid water

E fleld EOS
(Fig.3)
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By open aperture z-scan

transmission experiments on
static liquid cells we detect the
THz fields with electro-optical

techniques.

We show that it is possible to
quantify the nonlinear response
of liquid water at ~1 THz even

when large signals originate from

the sample holder windows.
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Absorption (cm'1)

| — THz-fluence dependent measurements

Ladder climbing of the anharmomic intermolecular potential in aminoacids
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“The mode population around the levels with <n>=2.2 rises to a
higher level with <n>=22.2, indicating ladder climbing of 20 steps.
This is far from thermal equilibrium.”

M. Jewariya et al., PRL 2010 SILS 2021 - Sepber 13-17, 2021



&Y -~ | THzfield induced transparency in graphene
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Mics et al., Nature Communication (2015)
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Extinction coefficient
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THz-fluence dependent measurements

Tuning plasmons in Bi2Se3
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THz irradiation
THz induced demethylation

Intense resonant THz
radiation induces DNA
demethylation
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60 minutes of THz High Field Irradiation @TeraFERMI Probe
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F. Piccirilli, M. Pachetti et al. (2021)
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<y ;- THz irradiation

Covid inactivation through THz irradiation
Elettra - Universita di Venezia Ca Foscari - ICGEB

RNA modes resonate at THz frequencies - Inducing RNA damage while keeping the capsid intact - vaccines

Most plastics are
transparent to THz
radiation.
Unbreakable sample
holders can be used.
Virus is sealed within 2
plastic containers.

Experiments are still ongoing...
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<y ;- Conclusions

THz gap is nowadays filled and THz spectroscopy can be performed with
several different conventional equipments

Storage Rings provide bright sources of THz radiation for steady state
studies

Small samples, Microscopy, Extreme conditions, efc.

THz control of matter requires short/powerful pulses
(sub-ps duration / >MW peak power / ~MV/cm electric fields)

FEL-based THz beamlines can produce THz pulses for non-linear studies in
the whole THz range
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