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Fig. 1. (color online) Experimental setup for supercontinuum generation by thin solid media, pulse com-

pression and HHG measurement.
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Fig. 2. The setup of flat-field grating.
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Fig. 4. (color online) The characterization of 6.3 fs pulse by TG-FROG.

LT OB DUZE /R G, J R A S 2 T PR O oo
B(MITHEF)NME =1.68, M = 1.34. Ltk
Rl S LS, WOERIE R RN M2 = 1.86,
M7 = 1.69, AiEMIZAK.

283t TR AR B vk LS, FRATTR FH 9B o A 4 X6
WA Wk 5 0 e 3 2 6 1 HEAT T R 46, RS A TG-
FROG X JE 4 Ja B Bk o b 47 7 &, &8558 N
6.3 fs. TG-FROG Ml E4 R WK 41F7R. El4(a)
72 56 M FROG G i B, Bl 4 (b) 22 & 5 15 I 1
FROG Y& i P, 4 (c) o 4r a5 28 2 I 3 15 2
(T, € R 42 SRS B B AR A, B4R S bR
M FROG Z R e, 4 (d) 2 &S 2
kb s, fE 4 v 6.3 fs.

B ELE S 0.5 mJ, 6.3 fs 0Ot 5 Ne U HAE
H, SR H HHG &5 5 a1 5 fos. 8id 1S 2% 4
NE, BRA1ED TS5 () 2IE 5 (b) Frs i m ki
WAL X R SEARGCAE S I B O . D
BEINALEE 1 N &, VS A LB X T R AR
R4S, anfE 5 (b) BIEL S () Fis. s nl
KI5y =AYy, AREEIX, P& X DAL BRI, Hf
KA X ATERADEIE A I ETE . 75— e Tu

W, BRSO B RE BB, o R = U O T

4 IRB WO A K R 2 2 24 2 A
FL 37 0 b ) PR 9 B HLA 7 B AR BEBRIR 2
1, 't HL g 0 A B 7 A B RE R R R BOG
W R AR RO T B R, — REIRTS
ARSL AR fi v, %ok W2 i UK 9 1 v i 45 F) A
X, dn SREXBHHEOL HIK B, Ot H I A R I R Ak
IR SR AR ZE AR, A s Bt AR =
B 2 A B AR SRS, MRAEGHE T RN, X
Py DX IR 6 1% S 73 SR, R LT 23 SR AL X
PRk, T2 J ST A0 2 BRI I P AR
DX A JESE Y. O, TE iR e/ id A& 39 0 2 BE 4
NE, #ia sl NE IS BUK A K. Kkt
X200 S e U B R R X BRATTIAS (4 X
WL RO HREAL T AL E (b) &, & B
Bk XS B, TR N R B RA E RIA A B
(a), LRI IRBE N B EIEALE (c) I, miE
VR RIABLE X #AR g oy 5. FRATT R 45 A 5 /0 A
WOl A PO R RS &, X i = AR fik
PHAL T SR R — M AEE.

134207-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 66, No. 13 (2017) 134207

= :

= F j ! B
s |® DUk
BE] ;

2 |

w !

hang i, 4

S0 : C
5 | L BIER S
"

60 70 80 90 100 110 115

SETER eV

K5 AFEREEE AR TR B

Fig. 5. HHG spectrum at different wedge insertion.

5 & W

ASCHRAE T 5 [ A % 21 1 R 46 ik e B
B HHG HFF, 1K 0.8 mJ, 30 fs 4K T A
FERAER 7 0.1 mm JEREEA A B BRA
BT REATRE S E . T A WA Ik B A
SeiE M EBUS, P74 T 0.68 mJ, 6.3 fs 1R Ik
MR HHG 5256, 0T 8 & 2 0 = iUk b,
SEIG R HHG b X g se. Wi 5] N asulisg
ik b A K T 2 U U OB 1 R L X AR Sy g S
TR Tk R T SR B e N R R kb B, FRATIAR R T
BRI L LU o L m s s . g R
JE R RPN P A O B R SRR, AR R4
S 1) ik v Ak B R R — N IE. B T A SRR
B, AT FH A A 5 62, R [ A o
A B SR — A AR A I TE T R R R
BAG R m AR BUN R e R e B
R R TR T ARG AT G R A2 U PR A AR s
PR e C AP Bk s e B8 (1 s, A AR KRR
A RS CREO Kb, (HE X T SRR

WXBHEOE, 6 A RBOE I BE LAEFRF AR R ) O D %
TR BATRE S P A SR, BRI, BO B
AT AT BE TR AN 32 2] LA R AR e S AR &, 2 5
FONE B R, N SBOEKRAE. mheRE T
PRI AL A SRS (1 S 06 M AE AT .

SE

[1] Telle H R, Steinmeyer G, Dunlop A E, Stenger J, Sutter
D H, Keller U 1999 Appl. Phys. B 69 327
[2] Wirth A, Hassan M, Grguras I, Gagnon J, et al. 2011
Science 334 195
[3] McPherson A, Gibson G, Jara H, et al. 1987 J. Opt. Soc.
Am. B 4 595
[4] Baltuka A, Udem T, Uiberacker M, et al. 2003 Nature
421 611
[5] Zhao K, Zhang Q, Chini M, Wu Y, Wang X, Chang Z
2012 Opt. Lett. 37 3891
[6] Mashiko H, Gilbertson S, Li C, Moon E, Chang Z 2008
Phys. Rev. A 77 063423
[7] KimIJ, Kim CM, Kim HT, Lee G H, Lee Y S, Park J
Y, Cho D J, Nam C H 2005 Phys. Rev. Lett. 94 243901
] Chini M, Zhao K, Chang Z 2014 Nat. Photonics 8 178
] Shimizu F 1967 Phys. Rev. Lett. 19 1097
[10] Yang G, Shen Y R 1984 Opt. Lett. 9 510
] Nisoli M, De Silvestri S, Svelto O 1996 Appl. Phys. Lett.
68 2793
[12] Cardin V, Thiré N, Beaulieu S, Wanie V, Légaré F,
Schmidt B E 2015 Appl. Phys. Lett. 107 181101
[13] Lu C H, Tsou Y J, Chen H'Y, Chen B H, Cheng Y C,
Yang S D, Chen M C, Hsu C C, Kung A H 2014 Optica
1 400
[14] He P, Liu Y Y, Zhao K, et al. 2017 Opt. Lett. 42 474
[15] Sweetser J N, Fittinghoff D N, Trebino R 1997 Opt. Lett.
22 519
(16] Ye P 2014 Ph. D. Dissertation (Beijing: Institute of
Physics, Chinese Academy of Sciences) (in Chinese) [I
¥ 2014 20050 (Ab st ERHA BB S
[17] Wang X W, 1 Chini M, Cheng Y, Wu Y, Chang Z H 2013
Appl. Opt. 52 323
[18] Tatsuo H, Kaoru T, Hideo S, Andrzej O 1999 Appl. Opt.
38 2743
[19] Corkum P B 1993 Phys. Rev. Lett. 71 1994

134207-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.1007/s003400050813
http://dx.doi.org/10.1126/science.1210268
http://dx.doi.org/10.1126/science.1210268
http://dx.doi.org/10.1364/JOSAB.4.000595
http://dx.doi.org/10.1364/JOSAB.4.000595
http://dx.doi.org/10.1038/nature01414
http://dx.doi.org/10.1038/nature01414
http://dx.doi.org/10.1364/OL.37.003891
http://dx.doi.org/10.1103/PhysRevA.77.063423
http://dx.doi.org/10.1103/PhysRevA.77.063423
http://dx.doi.org/10.1103/PhysRevLett.94.243901
http://dx.doi.org/10.1038/nphoton.2013.362
http://dx.doi.org/10.1103/PhysRevLett.19.1097
http://dx.doi.org/10.1364/OL.9.000510
http://dx.doi.org/10.1063/1.116609
http://dx.doi.org/10.1063/1.116609
http://dx.doi.org/10.1063/1.4934861
http://dx.doi.org/10.1364/OPTICA.1.000400
http://dx.doi.org/10.1364/OPTICA.1.000400
http://dx.doi.org/10.1364/OL.42.000474
http://dx.doi.org/10.1364/OL.22.000519
http://dx.doi.org/10.1364/OL.22.000519
http://dx.doi.org/10.1364/AO.52.000323
http://dx.doi.org/10.1364/AO.52.000323
http://dx.doi.org/10.1364/AO.38.002743
http://dx.doi.org/10.1364/AO.38.002743
http://dx.doi.org/10.1103/PhysRevLett.71.1994

) I8 % 48 Acta Phys. Sin. Vol. 66, No. 13 (2017) 134207

High harmonic generation experiments based on
solid-state supercontinuum”

Liu Yang-Yang)? Zhao Kun"' He Peng® Jiang Yu-Jiao® Huang Hang-Dong?®
Teng Hao"  Wei Zhi-YiV?*
1) (Beijing National Laboratory for Condensed Matter Physics, Institute of Physics, Chinese Academy of Sciences,
Beijing 100190, China )
2) (University of Chinese Academy of Sciences, Beijing 100049, China )

3) (School of Physics and Optoelectronic Engineering, Xidian University, Xi’an 710126, China )
( Received 7 April 2017; revised manuscript received 10 May 2017 )

Abstract

Intense few-cycle pulses are widely used in transient light synthesis, high harmonic generation (HHG) and especially
in isolated attosecond pulse generation. To obtain intense few-cycle pulses, the intense supercontinuum is needed. The
traditional way to generate intense supercontinuum is using rare gas filled hollow-core fibers. Since the input energy of
hollow-core fiber system is limited to a level of tens of mJ, it is necessary to find new ways to achieve energy scaling. In
this paper we demonstrate the efficient generation of supercontinuum by solid thin plates, compression and its application
in HHG.

The Ti:sapphire laser used in the present experiment emits 0.8 mJ in energy with a duration of 30 fs at 1 kHz. After
passing through a 3:1 telescope, the beam has a diameter changed from 12 mm to 4 mm. Then the laser is focused by
an f = 2000 mm lens into a 600 pm-diameter spot. After propagating through 7 fused silica plates placed at Brewster’s
angle (55.5%) with a thickness of 0.1 mm, the 0.7 mJ octave spanning supercontinuum is achieved, corresponding to an
efficiency of 87.5%. The first three plates are placed at 31, 11, 2.5 mm in front of the beam waist, and the last four
plates are placed at 2, 7, 12, 17 mm behind the beam waist respectively. With a pair of wedges and 4 pairs of chirped
mirrors, the 0.68 mJ supercontinuum is compressed to a duration of 6.3 fs, which is measured by TG-FROG.

The 0.5 mJ, 6.3 fs pulse is used to perform high-harmonic generation experiment. The beam diameter is 150 um
when focused by an f = 400 mm lens, with a laser intensity of 8.1 x 10'* W/cm?. The 1 mm Ne gas jet is used to perform
HHG experiment with a back pressure of 300 mbar. To block the near-infrared light, a 150 pm Zirconium foil is placed
behind the gas jet. Then the XUV spectrum is detected by a spectrometer, which consists of a flat field grating and a
CCD camera. For driving pulses of few-cycle regime without dispersion, the cutoff spectrum of HHG is continuous. But
when the pulse is stretched by positive or negative dispersion, the cutoff spectrum turns discrete. The HHG result is
that the cutoff region is continuous when the wedge is in a certain place. Then by increasing or reducing the insertion
of the wedge, the cutoff spectrum becomes discrete. Our result is consistent with HHG generated by few-cycle pulses.

In conclusion, we demonstrate high-harmonic generation based on supercontinuum generated by solid thin plates.
The 0.7 mJ supercontinuum is achieved when 0.8 mJ pulses are injected to 7 thin fused silica plates. The supercontinuum
is compressed to 0.68 mJ, 6.3 fs. The 0.5 mJ, 6.3 fs pulse is used to perform HHG experiments. The HHG result was
consistent with few-cycle driving pulses. Our research indicates that solid state supercontinuum has great potential

applications in HHG and isolated attosecond pulse generation.

Keywords: supercontinuum generation, nonlinear spectral broadening, high harmonic generation
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