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The activity is presented in collaboration with S.P. Jamison-Cockcroft Institute, UK 
and has strong synergies with others groups e.g. T. Lefevre CERN; V. Goryashko -Uppsala University..
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32 widespread applications in medicine—the medical community is getting interested

33 in T-ray imaging, microelectronics, agriculture, forensic science, and many other

34 fields. In fact, the universe is bathed in terahertz energy originated from big bang

35 and most of it going unnoticed and undetected.

36 1.3 Teraher tz Applications and Oppor tunities

37 Terahertz radiations have shown unique properties and these radiations provide a

38 variety of applications and opportunities in different fields. Here, we introduce

39 some of these aspects briefly.

40 1.3.1 Space

41 Interstellar dust cloud spectral that range from 1 mm to 100 l m (14–140 K below

42 the ambient background on Earth), has made astronomers focused on terahertz

Fig. 1.1 a Frequency and wavelength spectra of electromagnetic waves and b applications [4]
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1) Novel acceleration concept
2) Study of material response in non-linear regime
3) Bio/Medical application  
4) Security application 

THz impact

THz driven acceleration:
• E. A. Nanni et al, NATURE COMMUNICATIONS | DOI: 10.1038/ncomms9486
• L. Wimmer et al, NATURE PHYSICS | VOL 10 | JUNE 2014 | DOI: 10.1038/NPHYS2974
..
THz driven non-linear material response:
• F. Giorgianni et al, NATURE COMMUNICATIONS | 7:11421 | DOI: 10.1038/ncomms11421
• M. Liu et al, NATURE LETT, VOL 0, 2012 
.. 

THz for Bio/Medical application

• B.S. Alexandrov et al, Scientific Report 3, 1184 (2013): Specificity and Heterogeneity of Terahertz Radiation 
Effect on Gene Expression in Mouse Mesenchymal Stem Cells

• P. Weightman, Phys. Biol. 9 053001 (2012): Prospects for the study of biological systems with high power 
sources of terahertz radiation

….
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Idea of schedule for THz activity

Short term
(2017)

THz characterization (time/spectral profile, spatial profile and energy) &
shaping. THz Longitudinal field generation and characterization.
= Hands on CLEAR as THz source

Laser pulse shaping to produce two pulses (THz-driver and THz-probe) 
with variable delays and different charge. Design and testing. 

Medium and Long 
term
(2017-2018)

First THz interaction with e-bunch
(acceleration/deflection)

THz R&D with CALIFES

CLEAR can be used as THz source and as e-bunch generator. The CLEAR-produced THz can be feedback into the beam line to 
interact with CLEAR produced e-bunches for different purposes: THz-driven acceleration; THz-driven deflector etc..
THz pulses must be characterized to configure THz-electron interaction as well as laser pulse shaping required to perform the 
interaction 



Characterization (time/spectral profile, spatial profile and energy) of THz pulses produced by CLEAR in its actual configuration.
The processes to produce THz: CTR,CDR, CCR 
Characterization of longitudinal component (Ez) of THz field  
THz pulse shaping (two THz sources along the beam line)

Opto-meccanic
set-up for THz 

collimation and 
focusing

Radially polarized THz field

e-bunch

Diagnostic
for THz Ez field

1. Introduction 

Radially and azimuthally polarized light beams fall within the class of cylindrically 
symmetric vector beams whose polarization vectors are oriented in the radial and azimuthal 
directions respectively; it is assumed that the radius vector is drawn from the centre of the 
beam as shown in Fig. 1. Since a radially polarized light beam can be converted to an 
azimuthally polarized beam by propagation through two half-wave plates with an angle of 45° 
between their fast axes, this paper will only consider radial polarization and how it can be 
produced using conical diffraction. 

 

Fig. 1. Transverse distribution of intensity and polarization (arrows) in (a) radially polarized 
and (b) azimuthally polarized light beams. 

When a radially polarized beam is tightly focused the electric field can have a relatively 
large longitudinal component due to destructive interference of the transverse components [1]. 
This property forms the basis of z-polarization spectroscopy [2]. A radially polarized beam 
can be focused to a smaller spot than can be achieved with a comparable beam with linear or 
circular polarization [3]. There are several techniques available for the generation of radially 
polarized beams, such as optical interference [4] and propagation through a conical Brewster 
prism [5] or segmented spiral phase plate [6, 7]. Jones matrices for a system that transform a 
circularly or linearly polarized beam into a radially polarized beam are given in Refs [4, 8]. 

of In this paper, the results of some experiments to demonstrate the conversion of the 
polarization of a Gaussian beam from linear to radial using internal conical diffraction (ICD) 
are described. Conical diffraction [9, 10] refers to the paraxial wave theory extension of the 
geometrical optics treatment of conical refraction [11–14]. ICD arises when a narrow light 
beam is directed along one of the optic axes of a biaxial crystal; it propagates as a hollow 
cone of light within the crystal and emerges as a hollow cylinder of radius R0, as shown in 
Fig. 2. In ICD a weakly focussed Gaussian beam is transformed to a double ring-shaped beam 
(Fig. 2(b)) where the aspect ratio of the rings depend on the ratio ρ0 = R0/ω0, where ω0 is the 
beam waist radius of the incident beam. The predictions of paraxial ICD theory have been 
shown to agree well with experiment [15]. Recently, Peet [16] has exploited this dependence 
of the shape the ICD beam on incident beam waist to develop an efficient technique for the 
conversion of a Gaussian beam to either a Hermite-Gaussian or Laguerre-Gaussian beam 
profile. In the work reported here the unusual polarization properties of the ICD beam are 
exploited to yield a novel and efficient method of generating a radially polarized beam. In 
addition, the shape of the radially polarized beam can be varied by changing the ω0:R0 ratio. 

#152718 - $15.00 USD Received 10 Aug 2011; revised 21 Sep 2011; accepted 21 Sep 2011; published 20 Oct 2011

(C) 2011 OSA 24 October 2011 / Vol. 19,  No. 22 / OPTICS EXPRESS  21794

CTR:
Tight focusing of radially 
polarized light produce large 
longitudinal electric field 
component

THz E-field

CTR
THz E-field
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& transport

THz vs e-
interaction

THz vs e- interaction
(medium-long term 2017-2018) 

THz-electron interaction can take place at different position along the beam line.


