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Abstract: THz radiation is of great interest for a variety of applications. Simultaneously with the demonstration of high-intensity THz sources the idea to use this radiation for particle acceleration started to be investigated. THz accelerating

% gradients up to GV/m have been demonstrated in laboratory. THz radiation can be generated through the optical rectification process induced in non-linear crystals by a pump laser. The temporal shape of the pump laser and in general its
N characteristics are important aspects to be known in order to produce THz radiation via optical rectification in a controlled way, especially for single shot experiments. Here we present a technique that can be used to retrieve the temporal profile

- characteristics (envelope and phase) of the pump laser, starting from the detection of the THz waveform/spectrum and the knowledge of the physical/optical properties of the crystal used to produce it. This work shows also that the THz field can be
. shaped by properly acting on the pump laser phase. The possibility to opportunely shape the THz field is of great importance for many applications and THz based particle accelerator is one of those. Therefore this work paves the wave to the
. possibility to coherently and dynamically control the THz field shape optimising therefore the acceleration process.
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Nonlinear wave equation for the THz field generated via optic Optical rectification term of the 2nd order nonlinear

rectification: polarisation of the medium:
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The pump convolution is directly related to the Fourier

Fourier transform with respect of the time variable: transform of the pump intensity:
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Correction to transfer function for the reconstruction Characteristic transfer function of the crystal
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This include the THz absorption from the water in air (TFam) Ref. _
[9], the losses due to the finite acceptance/chromatic effects 0.4F
associated to the optics (TFop) on the THz beam path and also
the limited spectral response of the THz detector (TFge).

Right: Modulus of the transfer function (in arbitrary units) for
the crystals ZnTe, DAST, DSTMS and OH1. The crystals have
same length L=0,5 mm and the pump wavelength is 1250nm.
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Laser diagnostics

By measuring the electric field of the THz wave it is possible to retrive the
intensity profile and the phase of the pump laser.
We test our technique on the experimental results of Ref [6,7] where Terahertz

‘ THz shaping

By modulating the non-linear phase of the pump laser field is possible to
dynamically modify the shape of the THz electric field optimising it for the
| experiment under consideration. Therefore this methodology is particularly

spectrum emitted by DAST, DSTMS and OH1 were measured (THz Michelson | | suitable to optimise the THz based acceleration process.
interferometer). Shaping simulation using a laser pump of: A=1500nm, 100 fs FWHM and a
= w €
p 2 \ 2T TFeff(L,w) | g | | | | _ 3 | |
= f\ — DAST —2=0.0 7 —b=0.0 7
f :’ z ' - DSTMS 6 —a=1.0 7| 6 ﬂ —b=1.0 > |
: —a=3.0 7 p [ —b=-3.0 r
@ 4 ; 7] 0 : : 6 8 @, 1 2 3 _ zl n —_ Zl L i
Frequency (THz) Frequency (THz) Frequency (THz) — Ref 7 ) -
Cr:Forsterite laser output © 5 O 2
§ 1.0} pulse duration z 10 E E \n A
» 95 fs FWHM 3 LL
1f 5 Yo 0 W U% UWIW‘M"'—
g | g . — . _ t[fs]
YR o e — 100 200 300 400 500 600 ol _ -2 u
Delay (fs) Wavelength (nm)
An almost perfect matching between the pump pulse envelope as measured in [6,7] with the envelope retrieved by our | | | | -4 ' '
technique can be obtained exploiting DAST (180um) and DSTMS (900 ym) crystals; FWHM: 95+15 fs, in agreement with the 7 3 9 10 6 8 10 12
temporal duration measured in [7]. The FWHM of the pump laser as retrieved when considering the OH1 (440 ym) THz Time (ps) Time (ps)

spectrum was 126+21 fs.
Our methodology allows to retrive the phase of the pump pulse.
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' If the pump pulse has a phase expressed as in Eq. 4, the convolution for the generic pump laser electric field is given by: 6 a_Z'g " E_(B)(s) " 0.8¢
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Hlog2 Hog2 expression and therefore a small error on the retrieved FWHM is

expected. We denoted by tri(x) the triangular function.
Fourier Transform
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Conclusion: we introduced a non-intercepting, single-shot technique to retrieve the temporal
profile of ultra-short pump lasers (100 fs and below) used to produce THz pulses via OR.

We have shown experimental examples of THz production and how to reconstruct the pump temporal
profile and phase.

Finally we discussed the effects of the second and third order dispersion of the pump pulse on the
THz production and temporal shaping. The shaping of THz pulses could be of great utility for many
applications, included the most recent ones related to electron acceleration experiments Ref[10].
Therefore this work paves the wave to the possibility dynamically control the acceleration process by
opportunely shaping the THz field.
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