TOBIAS (Terahertz Optics for Biological In-situ Analytical
Spectroscopy)' is a project targeting the implementation of a
Near-field THz spectroscopic imaging (0.3- 3THzpteyn with
specific reference to matter and bio-matter charation,
exploiting electromagnetic transmission fingermint(i.e.
characteristic spectral responses). Recent stutkesonstrated
that many compounds of interest like polymers, girng, amino
acids and even explosives possess specific glotthsab-global
’ modes in the THz band. The interest on the THz bend
catalyzed by the fact that THz radiation tendsxte overall molecular vibrational modes whereasndard
visible or near-infrared illumination stimulategghienergy transitions mostly related to electrdaidings.
For this reason particular attention has been tgcdavoted to THz spectroscopy since it revedigrmation
on the conformational state of molecules and p@tdytenables their discrimination in various corapds
[1-4]. Most of the work on the interaction betwégnz light and matter has been performed in the eodrf
imaging with low spatial resolution (limited by theng THz wavelength, typically 0.1-3mm), and haef
directed to the discrimination between types atesta

@) , of tissue. Unfortunately, while on the scale ofay-r
e D wavelength macroscopic samples may not be
Pump puse o | — . "l heterogeneous, at smaller scales biological estitie

exhibit a rich spatial structures, which need to be
discriminated with spatial sub-wavelength resolutio
TOBIAS target the construction of a system that can
be used for the discrimination of materials in a
ST R GV U s C s - A (O L ce-lcl heterogeneous sample, for example in biological
Ceel=e Cola Al eI AVIGRUCE T L INIONUIACE  tissue. In particular, deep sub-wavelength resmiuti

s IR b el will enable to spatially map the spectroscopic
signatures of small structures collected via a time
domain spectroscopy technique (TDS). This objeatiitebe reached exploiting ariri-situ” generation (Fig.

1) by optical rectification, a nonlinear processichhexploits a wide band laser pulse to generatedtver
frequency radiation (THz). The-situ generatiorrepresents the kernel of this project: specifically, the main
goal is to illuminate with a suitable femtosecoffids) pulsed (high peak power) pump beam a thictede
optic (EO) crystal in contact with a sample of Kmess smaller than the THz wavelength. The pummbea
waist is smaller than the wavelength of the colldctHz and such ig
the dimension of the effective THz source. CommosamField
methods (e.g. based on apertures or guiding ti@ aways
accompanied by a power reduction due to diffracetfects that in
general scales as tlexth power of the emitted/detected area radi
The in-situ generation permits to overcome suchgudimitation as
the emitted THz power decreases only with $heond power (or
better) of the source dimension [5-7]. The keyl gbahe project, i.e.
demonstration of a TDS-imaging system based on dptcal
rectification in sub wavelength generation areas Ieen achieved
(Fig. 2) The prototype of this device is presentigrking within the
infrastructure of the INRS-EMT (Canadian partner tbfs I0F
project) and is exploited for the characterizatbbrcomplex materials
like bio-matter. Part of the setup has been régcesproduced within 05 1 15 2 25 3
the infrastructure of the IPCF-CNR (The Italian thosThe Frequency [THz]
investigation supported by this contributed to @aldler understandin@E=EIZRC = Ui RIarALE i i A C)

of characteristic of this type of imaging systerBslP]. The work ESSCEEEEEa i)

promoted by this project highlighted and solvedytiac problems in
the accurate characterization of the spatio-tentporassion of those sources using standard beaffiiipgo
techniques (Fig 3). [11] The development of thistegn has been characterized in a timely manneraby
number of significant achievements with an expedbeoad general impact in photonics regarding the
nonlinear spatio-temporal reshaping of THz bandwittical pulses [12-17], the optimization of sasc
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providing optical pulses with THz bandwidth [1&etmethods required to fully characterize largedibadth

optical pulses [19], and the interaction of theegated THz with

subwavelength structures [20,21] (We stress hexeRbef. 21 is an

invited paper, recognizing the overall expertizealeped by the

applicants in the field). Within the framework ofiig project

alternative methods for subwavelength-localized egation and

detection, e.g. using air-plasma, have been expld@2]. In

addition the project also succeeded in assessipdtential hazard

for biological targets represented by concentratdd-fields [23].
We predict a potential economical and societakiaafrom

the achievements of this project. Despite thesgmt activity in

the field of THz Science and Technology HEuwrope, more

activity in this domain and the build-up af critical mass is

needed to keep up with the fierce intermatiocompetition. In

addition international companies like TeraView, HN3, - %

demonstrate that the applications of THz spectimscare i (3 o

i i i ; i Fig. 3. (a) Predicted THz spatio-t ral profile

penetrating S(_everal different markets,_spannlngnfltmomedlcal difledly(d)aeded oyl dﬁa] ;J':fgge(g o

scann!ng,_(_anvwonmenta] control, security etc. ?ﬂ@!ess here tha field retrieved by mears of a knife-edge scanning

the scientific panorama in ITALY still exhibit agsiificant delay in By

the development on the topics explored by this stigation.

Hence, the project main impact perfectly relatethgeneral goal of IOF Marie Curie action as ialieady

succeeded in the translation of knowledge on THhrtelogy from the Canadian host INRS-EMT to the

Italian host (CNR, Italy).
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