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Fig. 1. Overview of the state of art of output energy
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from regenerative amplifier at different repetition rate,

the results in this letter is highlighted in red star.
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Fig. 2. (color online) Radius of TEMgp mode in large
mode size cavity (a) and scheme of corresponding cav-
ity (M1, M4 are end mirrors, PC is pockels cell, Ti:S
is Ti:sapphire crystal).
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Fig. 3. (color online) Optical layout of the regenerative

amplifier with large mode size.
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Fig. 4. (color online) Built-up time of amplified seed
in the cavity (red) and dumped pulse (black).
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Fig. 5. (color online) Output energy as a function of

pump energy.
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Fig. 7. (color online)(a) The pulse duration of com-
pressed pulses directly from regenerative amplifier and

(b) corresponding distribution of spectral phase.
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Table 1. Lists of dispersion in the CPA laser system.
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Fig. 8. (color online) The beam quality (M?2) of laser

beam from the regenerative amplifier and compressor

3 ETAEREMEERANTWH
i

A b 3R K B F AR TROR 88 v R, K P AR TR
AR H O S b R ME B TN BN 8 OR 2%
BE—DHOK. 7SR 2 R FH Bowtie X AR &5 44,
¥4 532 nm HIZ OGS A UK S8 IR R B &= 4y
B 2%, 4 e I A 4B A% 36 A R FE DA s X
Frdiz Bk = 4 fh ik, Lt itb ), Bk fg & moR 2
110 mJ. JEORJE PR P A N 38 (1 1 4 2% ik
1T IE4s, G 3 & ik 58 B 43 fs, 4 ) [ e &
814 mJ, X FIEEIIE N 1.9 TW. REEfE
PEZ &N 2.15%(RMS), Y& (M?) N 1.5.

4 %2 #®

ARCARIE T —FMEAHHREEKRT 10 mJ 1
KEBARB CREABOCHEBRK TR, £
60 mJHMIZREE T, A E] THOKREE N 174 mJ W
GER ORFE IR N 29%, 546G LI T e N
13.9 mJ . Jikh 58 FE o 40.6 fs (1) CRMBEOGH . R
St b BRI K2 @RS, Bl G %E
RUKL CRP RS AMOC &, R4 )5 M st &=
N81.4 mJ, ik T8 B R 43 fs, X BRI Th R N
1.9 TW, AERFaENE N 2.15%. %45 BRI LA
PRFR I w5 B8 R AR JBOK A8 AN T DU 2% PRI S 48
JBOR 2008 Hihia R & 2K, 11 H B A G R &2 4,
SRR R RRE S A, IR B S R
FFERE A P A RSO R A i 45 T A i
SR 7T TAE P51 (AR BB IA.

SE 3

[1] Spence D E, Kean P N, Sibbett W 1991 Opt. Lett. 16
42

[2] Strickland D, Mourou G 1985 Opt. Commun. 55 219

[3] Wang Z H, Liu C, Shen Z W, Zhang Q, Teng H, Wei Z
Y 2011 Opt. Lett. 36 3194

[4] YuT J, Lee S K, Sung J H, Yoon J W, Jeong T M, Lee
J 2012 Opt. Express 20 10807

[5] ChuY X, Gan Z B, Liang X Y, Yu L H, Lu X M, Wang
C, Wang X L, Xu L, Lu HH, Yin D J, Leng Y X, Li R
X, Xu Z Z 2015 Opt. Lett. 40 5011

[6] Frantz L M, Nodvik J S 1963 J. Appl. Phys. 34 2346

[7] Lowdermilk W H, Murray J E 1980 J. Appl. Phys. 51
2436

[8] Koechner W 2005 Solid-State Laser Engineering (6th
Ed. ) (Berlin: Springer) p156

[9] Yanovsky V, Kalinchenko G., Reed S, Rousseau P,
Chvykov V 2007 Acta Horticulturae 18 193

[10] Liebetrau H, Hornung M, Keppler S, Hellwing M,
Kessler A, Schorcht F 2016 Opt. Lett. 41 3006

[11] Takeuchi S, Kobayashi T 1994 Opt. Commun. 109 518

[12] Nabekawa Y, Kuramoto Y, Togashi T, Sekikawa T,
Watanabe S 1998 Opt. Lett. 23 1384

[13] Zhang J, Suzuki M, Baba M, Wei Z, Wang Z, Wang P,
Zhang J, Zheng J, Kuroda H 2007 Appl. Opt. 46 2498

[14] Chen S, Chen S, Chini M, Wang H, Yun C, Mashiko H,
Wu Y, Chang Z 2009 Appl. Opt. 48 5692

[15] Takada H, Torizuka K 2006 IEEE Journal of Selected
Topics in Quantum Electronics 12 201

[16] Amani E A, Nabekawa Y, Ishikawa K L, Takahashi H,
Midorikawa K 2008 Opt. Ezpress 16 13431

104209-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/OL.16.000042
http://dx.doi.org/10.1364/OL.16.000042
http://dx.doi.org/10.1016/0030-4018(85)90051-3
http://dx.doi.org/10.1364/OL.36.003194
http://dx.doi.org/10.1364/OE.20.010807
http://dx.doi.org/10.1364/OL.40.005011
http://dx.doi.org/10.1063/1.1702744
http://dx.doi.org/10.1063/1.328014
http://dx.doi.org/10.1063/1.328014
http://dx.doi.org/10.1364/OL.41.003006
http://dx.doi.org/10.1016/0030-4018(94)90508-8
http://dx.doi.org/10.1364/OL.23.001384
http://dx.doi.org/10.1364/AO.46.002498
http://dx.doi.org/10.1364/AO.48.005692
http://dx.doi.org/10.1109/JSTQE.2006.871958
http://dx.doi.org/10.1109/JSTQE.2006.871958
http://dx.doi.org/10.1364/OE.16.013431

¥ 12 ZF R Acta Phys. Sin.

Vol. 66,

No. 10 (2017) 104209

(17]

18]

[19]

[20]

[21]

28]

Shen Z W, Wang Z H, Fan H T, Qin S, Teng H, He P,
Wei Z Y 2014 Acta Phys. Sin. 63 104211 (in Chinese)
LA, e, Y, R, Mk, g, 2L X 2014 4)
2R 63 104211]

He P, Teng H, Zhang N H, Liu Y Y, Wang Z H, Wei Z
Y 2016 Acta Phys. Sin. 65 244201 (in Chinese) [{i/li%,
JRewt, ke, XIBHEH, EJRME, #2016 YRR 65
244201]

Matras G, Huot N, Baubeau E, Audouard E 2007 Opt.
Ezxpress 15 7528

Xu Z, Yang X, Vigroux L, Saviot F, Zhou J, Zhang Z,
Wang Y, Zhang W 2000 Science China Mathematics 43
533

Leng Y X, Lin L H, Xu Z Z 2002 Acta Optica Sinica 22
170 (in Chinese) [ ik, MRALIE, 1R ZEJE 2002 H2% 24k
22 170]

Itatani J, Faure J, Nantel M, Mourou G, Watanabe S
1998 Opt. Commun. 148 70

Barty C P, Guo T, Le B C, Raksi F, Rose-Petruck C,
Squier J, Wilson K R, Yakovlev V V, Yamakawa K 1996
Opt. Lett. 21 668

Tokita S, Kobayashi T 2008 Opt. Express 16 14875
Kiriyama H, Inoue N, Akahane Y, Yamakawa K 2006
Opt. Ezxpress 14 438

Li C, Lu X M, Wang C, Leng Y X, Liang X Y, Li R X,
Xu Z Z 2007 Chin. Phys. Lett. 24 1276

Huang X J, Peng H S, Wei X F, Wang X D, Zeng X M,
Zhou K N, Guo Y, Liu L Q, Wang X, Zhu Q H, Lin D H,
Tang X D, Zhang X M, Chu X L, Wang Q Y 2005 High
Power Laser and Particle Beams 17 1685 (in Chinese)
(BN, 8, BRI, ERRAR, /N, LR, 381, X1
=5 CE, KRB, R, BRAR, SR, B, i
H 2005 5EEOE SRR 17 1685]

Nabekawa Y, Eilanlou A A, Furukawa Y, Ishikawa K
L, Takahashi H, Midorikawa K 2010 Appl. Phys. B 101
523

29]

104209-6

Zhang W, Teng H, Wang Z H, Shen Z W, Liu C, Wei
7 Y 2013 Acta Phys. Sin. 62 104211 (in Chinese) [7k
i, Beit, IR, VLB, xR, BEE X 2013 PIRLAR 62
104211]

Ohmae G, Yagi T 2000 Proceedings of SPIE—The Inter-
national Society for Optical Engineering Osaka, Japan,
November 01, 1999 3886 407

Liu C, Wang Z H, Shen Z W, Zhang W, Teng H, Wei
7 Y 2013 Acta Phys. Sin. 62 094209 (in Chinese) [
B, B, VOB, kA, B, 218 X 2013 MFAEdRk 62
094209]

Yamakawa K, Barty C P 2003 Opt. Lett. 28 2402

Ito S, Ishikawa H, Miura T, Takasago K, Endo A, Tor-
izuka K 2003 Appl. Phys. B 76 497

Shang L J 2003 Acta Phys. Sin. 52 1408 (in Chinese)
[HIER 2003 PH2E4R 52 1408

Tian J R, Han H N, Zhao Y Y, Wang P, Zhang W, Wei
Z Y 2006 Acta Phys. Sin. 55 4725 (in Chinese) [H 4
o, FRHELE, RWITE, TG, ki, BLE L 2006 MR 55
4725]

Song Y R, Zhang Z G, Wang Q Y 2003 Acta Phys. Sin.
52 581 (in Chinese) [RZ%%, 7kENI, EiGH 2003 Y32
# 52 581]

Cao D M, Wei Z Y, Teng H, Xia J F, Zhang J, Hou X
2000 Acta Phys. Sin. 49 1202 (in Chinese) [# %%, 3l
B, G, HIDI, 5k, 30 2000 Y73 49 1202]
Zhou J, Peatross J, Murnane M M, Kapteyn H C, Chris-
tov I P 1996 Phys. Rev. Lett. 76 752

Remington B A, Drake R P, Takabe H, Arnett D 1999
Phys. Plasmas 7 1641

Clark E L, Krushelnick K, Zepf M, Beg F N, Tatarakis
M, Machacek A, Santala M I, Watts I, Norreys P A,
Dangor A E 2000 Phys. Rev. Lett. 85 1654

Zhang J, Hao Z Q, Yuan X H, Zheng Z Y, Zhang Z, Yu
J 2006 Chinese Journal of Quantum Electronics 23 282
(in Chinese) [3K7Z, AAESR, TRENE, FEHEG, 5KEs, Gt
2006 & HI 7354 23 282)


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1364/OE.15.007528
http://dx.doi.org/10.1364/OE.15.007528
http://dx.doi.org/10.1007/BF02897145
http://dx.doi.org/10.1007/BF02897145
http://dx.doi.org/10.1016/S0030-4018(97)00638-X
http://dx.doi.org/10.1364/OL.21.000668
http://dx.doi.org/10.1364/OL.21.000668
http://dx.doi.org/10.1364/OE.16.014875
http://dx.doi.org/10.1364/OPEX.14.000438
http://dx.doi.org/10.1364/OPEX.14.000438
http://dx.doi.org/10.1088/0256-307X/24/5/042
http://dx.doi.org/10.1007/s00340-010-4215-3
http://dx.doi.org/10.1007/s00340-010-4215-3
http://dx.doi.org/10.7498/aps.62.104211
http://dx.doi.org/10.1364/OL.28.002402
http://dx.doi.org/10.1007/s00340-003-1144-4
http://wulixb.iphy.ac.cn//CN/abstract/abstract9011.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract12131.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract8859.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract8859.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract7477.shtml
http://dx.doi.org/10.1103/PhysRevLett.76.752
http://dx.doi.org/10.1103/PhysRevLett.85.1654

) 38 % 48 Acta Phys. Sin. Vol. 66, No. 10 (2017) 104209

10 mJ femtosecond Ti:Sapphire regenerative amplifier
with large mode size*

Yang Shuai-Shuai? Teng Hao?' He Peng® Huang Hang-Dong® Wang Zhao-Hua?
Dong Quan-LiY"  Wei Zhi-Yi?41

1) (School of Physics and Optoelectronic Engineering, Ludong University, Yantai 260405, China)
2) (Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences,

Beijing 100190, China)
3) (School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710126, China)

4) (School of Physical Sciences, University of Chinese Academy Sciences, Beijing 100049, China)
( Received 25 January 2017; revised manuscript received 20 April 2017 )

Abstract

With advent of chirped-pulse amplification, the peak power of femtosecond laser pulse was reached to petawatt (PW)
or hundreds of terawatt (T'W). Many progresses of high-field physics and ultrafast dynamics in matter are achieved using
TW or PW laser. Pre-amplifier is an exponential growth amplifier which is also a bridge between oscillator and power
amplifier. The best choice of pre-amplifier is amplification in regenerative cavity, due to its high stability and beam
quality. The quality of pre-amplified laser pulse is significant to efficiency and beam quality of the successive power
amplifier. High energy pre-amplifier with high beam quality will reduce the requirement of pump laser in final power
amplifier. But typical regenerative amplifier only support low output energy of few millijoule. Higher energy from only
one regenerative amplifier is crucial to whole laser system.

High energy regenerative amplifier can be achieved by increasing the size of TEMyo in cavity. A new femtosecond
Ti:sapphire regenerative amplifier with large mode size was demonstrated in this letter. The regenerative cavity is
designed as stable linear resonator in which end mirrors are planar, the diameter of beam waist in Ti:sapphire crystal
is larger than 2 mm, which can support high energy pulse amplified in cavity. By matching the focal spot of pump
laser with the size of mode and optimization of cavity, the output laser energy up to 17.4 mJ was achieved under the
pump energy of 60 mJ at repetition rate of 10 Hz, which corresponds to the efficiency of 29%. The amplified laser
pulse from regenerative amplifier was compressed in a grating-pair compressor. By carefully alignment of incident angle
and distance between the two gratings of compressor, the shortest pulses duration of 40.6 fs and energy of 13.9 mJ are
obtained, which is a little bit longer than Fourier-transform limit based on spectrum of laser. The dispersion in the CPA
laser system was also analyzed, after optimization of compressor, there are still high order dispersions uncompensated,
which results in the duration of compressed pulses longer than Fourier-transform limit.

Based on this large mode size regenerative amplifier, peak power of 1.9 TW laser pulses which compressed pulse
energy of 81.4 mJ in 43 fs were also further realized by following only one stage of multipass amplifier. The beam quality
(M?) was measured to be 1.6 and 1.5 in X and Y directions respectively, and the energy stability is 2.15% (rms). The

results show that this large mode size regenerative amplifier is an ideal choice of pre-amplifier in TW laser system.

Keywords: femtosecond laser, chirped-pulse amplification, regenerative amplifier, terawatt
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