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Abstract: In recent years, the emergence and rapid development of tunable mid-infrared new-band ultra-intense
ultrashort lasers have opened up a parametric space in the field of strong-field physics that has rarely been
explored so far, providing new opportunities to explore new physics, new effects and new applications of ultra-
intense ultrashort laser-matter interactions. The development trends and research directions of mid-infrared ultra-
intense ultrashort lasers in recent years were summarized in this paper. The four research directions of optical
parametric amplification, optical parametric chirp pulse amplification, mid-infrared pulse post-compression and
new optical field modulation technology in mid-infrared were analyzed in a comprehensive manner, and the
future development trend of mid-infrared ultra-intense ultrashort lasers was also prospected.
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Fig.2 (a) The final output mid-infrared spectra. The solid lines are measured experimental results, the dash lines correspond the spectra from the

numerical simulation; (b) Experimental results centered at 3.86 um; (c) Signal energy versus wavelength; (d) Idler energy versus wavelength®!
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Fig.4 (a) Amplified signal pulse energy of the second-stage OPA as a
function of pump energy; (b) The spectrum evolution throughout

the OPCPA system'™®!
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Fig.5 Schematic of the 100-TW-level mid-infrared laser system*”!
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Tab.1 Characteristics of OPA, OPCPA, FOPA, and DC-OPA for generating MIR femtosecond laser!*"!

OPA FOPA DC-OPA OPCPA
Pump duration Transform limit Chirped Chirped Transform limit
Pump spectrum Broad Broad Broad Narrow
Seed duration Transform limit Transform limit Chirped Chirped
Seed spectrum Broad Broad Broad Broad
Synchronization Automatic Automatic Automatic Active stabilization
Energy scaling Difficult Possible Easy Easy
Output pulses Signal and idler Signal Signal and idler Signal and idler
Conversion efficiency 30%—40% 14% 30%—-40% 10%-30%
Highest output energy A few millijoules Dozens of millijoules Hundred millijoules Hundred millijoules and above
Few-cycle pulse generation? Yes Yes Yes Yes
Preserve CEP stability of seed? Yes No Possible Possible
Wavelength tunability Excellent Not reported Excellent Good
Compressor Not needed Not needed Most often but not always needed Needed
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Tab.2 Characteristics comparison of several pulse post-compression techniques

HCF Gas-filled cell Filament Bulk material Thin plates
System Complexity Complexity Easy Easy General
Medium Gas Gas Plasma Solid Solid
Spectrum broadening SPM SPM SPM and high-order SPM SPM
effect Kerr/plasma
Chirp compensation Needed Needed Normal needeq or self- Normal needed. or self- Normal needed. or self-
compression compression compression
Maximum energy m] mJ mJ mJ mJ
Efficiency 60% 80% 80% 80% 80%
Compressed factor 2-10 2-10 2-10 2-10 2-10
Pulse duration Single cycle Single cycle Single cycle Single cycle Single cycle
N, tunability? Gas and pressure Gas and pressure Gas and pressure No No
Nonhne'arlty Pressure and HCF Pressure and number of Pressure Bulk thickness Plates number
increasing? length passed
Beam profile Excellent General Excellent General General

Nd: YAG pump laser system 1 064 nm, 250 mJ, 20 Hz, 65 ps
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Fig.6 Schematic of the 4 um OPCPA system and the HCF-based coherent beam combination system!*”!
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Tab.3 Typical parameters of mid-infrared ultra-intense ultrashort lasers at different wavelengths'>

32, 35,37, 42, 44, 51-53)

Wavelength/um 1.5 1.8 2.2 33 3.9 5 10
OPA or OPCPA OPCPA FOPA OPCPA DCOPA OPCPA OPA OPA
Crystal KTA BBO BBO MgO:LiNbO; KTA ZGP BGS
Energy 26.5m] 30 mJ 250 W 31mJ 20 mJ 3.4 m] 0.81 Wt
Repetition frequency 100 Hz 10 Hz 100 kHz 10 Hz 20 Hz 1 kHz 100 kHz
Pulse width/fs 60 11.6 16.5 70 30 89.4 126
Post-compression None None None None Bulk material None None
1] o OPA or OPCPA ' { é } gplsligd Pys. ]f;tté?ﬁ’;)?zl éé ;)(2008)-
+ - H pt. BXpress N - .
107 [ g 81)? OgrEPCPA POSL-COMPIESSION 0 (4 [ ett. 36, 2755-2757 (2011).
urwe [4] Opt. Lett. 37, 4973-4975 (2012).
10° F H 3 [5] Nature Communications 5, 3643 (2014).
3 [10]m : YAG-filament 1 [6] Applied Pys. Lett. 106, 091110 (2015).
= [S]IDC-OPA : [1.6] [7] Opt. Lett. 40, 5082-5085 (2015).
3 10 - -[7]_ P Air[17] | [8] Scientific Reports 5, 8368 (2015).
5 10 @ Bl (8 Filament[lO.] e ][9] Opt. Lett. 41, 1142-1145 (2016).
g E (1] ; S e o [10] Optica 3, 299-302 (2016).
° i i O}[ A[%]m 201" [11] Opt. Lett. 34, 1894-1896 (2009).
2 105 E : 1 0] [4]]- 4 [12] Applied Pys. Lett. 96, 121109 (2010).
~ ‘ _ = ',.[1 1 » 1% 1 [13] Opt. Express 19, 6783-6789 (2011).
: < ' [ﬁ] o HCF [14] Opt. Express 19, 6858-6864 (2011).
r : [14]/ [15] Optica 3, 1308-1311 (2016).
10? 3 P ' g R [16] Nature Communications 7, 12877 (2016).
Fl.4 um 2 WP 4.0 ym' [18] [17] Optica 4, 1405-1408 (2017).
. mmm [ CEP-stable [18] Optica 4, 1024-1029 (2017).
T P— - PR [19] Laser Phys. Lett.12, 075402 (2015).
3 4 ) | [20] Opt. Lett. 43, 2097-2200 (2018).
Optical cycles

7 rhLshEssBAROL R Y (B 2018 4F)

Fig.7 Development trend of mid-infrared ultra-intense ultrashort lasers as of 2018
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