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ABSTRACT

Control over the parameters of a laser beam such as intensity and phase provides an important basis of modern
photonics. Established control schemes, however, cover only a limited parameter range. We employ intense
ultrasound fields in ambient air, enabling control of laser light in extreme parameter regimes. We acousto-
optically modulate ultrashort pulses at 1030 nm with a peak power of 20GW efficiently (> 50%) in ambient
air. Further, we show excellent beam profile conservation and separability of diffracted and transmitted beams.
Finally, our approaches show that light control can prospectively be translated from solid-state media to the gas
phase by means of intense ultrasound, considerably widening the scope of established light control methods.

Keywords: Photonics, acousto-optics, gigawatt, ultrafast

1. INTRODUCTION

The control of light is the key to modern photonics. It enables a wide range of applications, such as laser material
processing, optical metrology, and laser spectroscopy. Control over the different properties of light is typically
achieved by means of optical elements, such as lenses, mirrors, and diffractive elements. These elements are
limited in their application by the properties of the employed optical media. These media are typically solid-
state dielectric materials, such as glasses or crystals. Their performance is typically limited by the optical damage
threshold, the optical peak power, and the wavelength-dependent linear absorption. For example, transmissive
solid-state acousto-optic modulators (AOMs) are limited to optical peak powers in the megawatt-range1 and to
wavelengths of above about 300 nm.2 The main advantage of solid-state media is their high refractive index,
which allows for a large change in the refractive index ∆n.

In order to venture into the extreme parameter regimes of light, including high peak powers, short wave-
lengths, and high intensities, new approaches are required. One approach is to use gases as an optical medium.
Unlike solids, gases are resistant to damage and can handle peak powers that are about three orders of magnitude
higher with minimal dispersion across broad spectral areas. However, their refractive index is nearly 1, which

Further author information:

Y.S.: E-mail: yannick.schroedel@desy.de

C.M.H.: E-mail: christoph.heyl@desy.de





employment of different gases: The refractive index modulation by pressure modulation p in relation to normal
pressure p0 is approximately given by the modified Edlén equation:9

∆n ∝ (n− 1)
p

p0
, (3)

which scales with (n − 1). Therefore, choosing a gas with higher refractive index may allow for a substantially
larger ∆n, increasing the diffraction strength.

3. OUTLOOK

Gas-based sono-photonic light control is a promising novel approach to light control in extreme parameter regimes.
Hence, we anticipate that this advancement will open up novel parameter domains for AOM technology. It also
holds immense potential for a wide range of advanced photonic applications including, but not limited to, optical
switches, phase modulators, spectral filters, and dispersion control. Finally, future investigations involving
different gases and different sono-photonic interaction geometries may allow for further maturing of this field.
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