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Short Pulse Lasers In Space

Femtosecond lasers have in recent years been shown to be compact, robust and even space qualified [1,2], thereby so called, time-

domain spectroscopy (TDS) techniques, which allow to avoid complex detector systems and/or bulky opto-mechanics of conventional

instruments such as Fourier Transform Interferometers become viable options for more compact, energy/mass efficient and

performant space instruments [3,6]. In this contribution we show how terahertz (THz) TDS emerges as an alternative to conventional

infrared spectrometers in the spectral range of 10 – 1000 cm-1 (0.3 to 30 THz). Progress towards space qualification and chip

integration is presented and future use cases such are THz TDS in attenuated total reflection (ATR) geometry are discussed.
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Towards Space-Qualified TDS

A demonstration mission showed that 

stable operation of a femtosecond fiber 

laser over a period of 12 months in low 

earth orbit is feasible [1].

• Degradation of the average power of ~9%  over 1 year due to radiation damage. 

• 5mm thick Aluminum shielding would yield a stable performance over 65 years. 

Compact femtosecond Fiber Lasers are becoming 
space ready [1], Credit: Menlo Systems GmbH [2]

New in-vacuum THz-TDS Setup

• A pulse duration of 30 fs yields a frequency 
bandwidth of 30 THz, assuming a 10-6 

dynamic range

• A resolution of 100 GHz requires a time-scan 
window of 10 ps.

Motivation

Measurement bandwidth ∆𝑣 defined by 

pulse duration 𝛿 for Gaussian pulses (time-

bandwidth product) 

∆𝑣 ∙ 𝛿 = 0.44

• Spectral resolution fres determined by 
time-scan window ∆𝜏

fres =
1

∆𝜏

Radiation hardness tests of the ultrabroadband spintronic THz emitters (STE) were successful [3]. 

THz TDS system 3D packaging:

fs pulse input 
via Edge couplers 
and ribbon fiber

cable

Fiber Platform Waveguide Platform

➢ Space qualified THz TDS

➢ Broad Bandwidth: 30 THz

➢ Compact Size: < 1000 cm-3

➢ Low Weight: < 5 kg

Co60 source for γ- irradiation 

Cyclotron accelerator for proton irradiation

Goal for 2028: THz-TDS spectrometer for the moon @TRL6* 
*TRL - Technical Readiness Level
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• Enabling measurement in vacuum with up 
to 10-3 mbar

• Bandwidth (work in progress): 15THz

Space-Ready Spintronic-THz Emitters
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Vision: 
fully integrated Time-Domain Infrared Spectrometer
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