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M E Outline

 Applications of ultrafast mid-IR sources
e Current state of ultrafast mid-IR sources
* 2 um pump lasers

* Mid-IR OPAs In ZGP nonlinear crystal



Areas of usage of mid-infrared [pp,]
radiation
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m SpeCtroscopy and remOte Sensing Applications

Stable supercontinuum
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High sensitivity gas detection
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http://spectra.iao.ru/1681x957/en/home/

MediCine Applications

Detection of bio-markers
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Applications

Industry

Polymers welding
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Applications

High field science (1)

High harmonics generation (HHG)

Short-wavelength driving pulse
hvcut—off = Ip + 317Up

2

U,~I - 2

Long-wavelength driving pulse

T. Popmintchev, Opt. Lett., vol. 33, no. 18, p. 2128, Sep. 2008.



High field science (11) Applestons

HHG with different driving lasers Temporal resolution
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Filamentation Applcations

Filamentation Generation of supercontinuum
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m Current state of table-top Mid-IR sources [
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Current

Nonlinear crystals

- OPA with different pump sources
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m Current state of ultrafast 2 pm lasers

¢ Ho ions:
* long upper state lifetime of (Ho:YAG 8 ms)
* large emission cross-section (Ho:YAG 1.2x10%2° cm?)

—

efficient energy extraction
in pulsed laser amplifiers

Laser Pump Seed source Xem Energy Repetition rate Pulse duration Reference
material source pm mJ Hz ps
Cr:ZnSe Ho:YLF Cr:ZnSe 2.48 0.3 1000 0.3 E. Slobodchikov,
CLEO: Appl. & Tech., OSA Tech.
Dig. PDPA10 (2011)
Ho:YLF Tm:fiber Ho:YLF 2.05 11 1000 300 Dergachev A., Proc. SPIE,
85990B (2013)
Ho:YLF Tm:fiber Er:fiber 2.05 55 (RA) 100 11 M. Hemmer,
HNLF 39 (Booster) Opt. Lett. 40, 4, p. 451 (2015)
Ho:YLF Tm:fiber Ho:fiber 2.05 13 10 530 Kroetz P., Opt. Lett. 40, 23,
(not compressed) p. 5427 (2015)
Ho:YLF Tm:fiber Er:fiber 2.05 9.4 (RA) 1000 37 von Grafenstein L., Opt. Expr. 23,
HNLF 34 (Booster) 26, p. 33142 (2015)
Ho:YLF Tm:fiber Ho:fiber 2.05 2.2 1000 2.4 Murari K., Opt. Lett. 41, 6,
p. 1114 (2016)
Ho:YAG - - 2.09 0.7 1000 1.17 Wienke A., ASSL, ATh2A.39
(2015)
This work:
Ho:YAG Tm:fiber Tm,Ho:fiber 3.8 Malevich P., Opt. Lett 41, 5, p.
vb:kGW—oPA 2% 5.5 1000 <1 930 (2016)
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Chirp Pulse Amplification [ HO:YAG CPA J

E

*
I = Y CPA (Chirped Pulse Amplification)
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0. E. Martinez, J. Opt. Soc. Am. B 3, 929 (1986) E. Treacy, IEEE J. Quantum Electron.5, 454 (1969)  1°



m Chirp Pulse Amplification [ HO:YAG CPA J
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m Regenerative amplifier [ HoYAG C }
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m Ho:YAG RA performance (HO:YAGCPAJ
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Seed generation [ Mid-IR OPA }

Self-phase modulation (SPM) = White Ligth Generation

Nonlinear crystal
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G. P. Agrawal, Nonlinear fiber optics, Third Edit. San Diego, CA: Academic Press, 2001 19



m Dispersion of materials in mid-IR [ Mid-IR OPA J
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Tm,Ho |2 um
fiber

m Mid-IR OPA with ~1 ps pulses [ Mid-IR OPA J
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M Summary

[ ] /] 1kHz 55mJ 0.8 ps
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m Mid-IR generation in ZGP [ e ]

ZGP tuning with different pumps
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