Chinese Physical Society
M!l ﬂ Acta Physica Sinica

. Institute of Physics, CAS

EFEEFMNSUR N FERIEREITS =%
ERR BEXE RAE RHE FEF RFR HBER

High efficiency cross-polarized wave filter for non-vacuum transmission

Li Rong-Feng Xue Xing-Tai Zhao Yan-Ying Geng Yi-Xing Lu Hai-Yang Yan Xue-Qing Chen
Jia-Er

5| {8 & Citation: Acta Physica Sinica, 66, 150601 (2017) DOI: 10.7498/aps.66.150601

TEZ 7132 View online:  http://dx.doi.org/10.7498/aps.66.150601
2 7% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/115

peaAl /\@H’JE@YE

Artlcles you may be interested in

T B BB RIE R WO A ZE N B T

Synthetic-wavelength based absolute distance measurement using heterodyne interferometry of a fem-
tosecond laser

PP 22H%.2016, 65(14): 140601  http://dx.doi.org/10.7498/aps.65.140601

ANTE NS Tk e J5E 2 PR RIS BaF o it 14 52 S I 98¢ i HH R A1 2 T P BB RARUIT 7

Investigation on the influences of linear chirp with different input pulse intensities on BaF, cross-polarized
wave generation

YH 24,2015, 64(2): 020602  http://dx.doi.org/10.7498/aps.64.020602

FL T BRI ET 5 SOMARL YR ) R A3 73 0l 2 T S L kv

Cross-phase modulation typed frequency resolved optical gating measurement for ultra-short pulses using
a single mode fiber

YH % 4:.2014, 63(24): 240601  http://dx.doi.org/10.7498/aps.63.240601

RO R < R B B b o UL
Shock temperature of femtosecond laser ablation of solid target
YH 24,2013, 62(21): 210601  http://dx.doi.org/10.7498/aps.62.210601

APt ot ] A4 B A o T o
Shock pressure in femtosecond laser ablation of solid target
PP 22 4%.2013, 62(17): 170601  http://dx.doi.org/10.7498/aps.62.170601


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.150601
http://dx.doi.org/10.7498/aps.66.150601
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I15
http://wulixb.iphy.ac.cn/CN/abstract/abstract67706.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67706.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67706.shtml
http://dx.doi.org/10.7498/aps.65.140601
http://wulixb.iphy.ac.cn/CN/abstract/abstract62448.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62448.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62448.shtml
http://dx.doi.org/10.7498/aps.64.020602
http://wulixb.iphy.ac.cn/CN/abstract/abstract62257.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62257.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract62257.shtml
http://dx.doi.org/10.7498/aps.63.240601
http://wulixb.iphy.ac.cn/CN/abstract/abstract56688.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract56688.shtml
http://dx.doi.org/10.7498/aps.62.210601
http://wulixb.iphy.ac.cn/CN/abstract/abstract55202.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract55202.shtml
http://dx.doi.org/10.7498/aps.62.170601

) I8 ¥ 48  Acta Phys. Sin.

Vol. 66, No. 15 (2017) 150601

FEZ RSN WRIRIER T S5~E"

FRRA BXAE RHE

KZE FigFE BFK

PR

(AR E 20, A FE S AR B 55 B g0 =, Jba 100871)

(20174 5 A 12 HYEI; 2017 48 5 A 21 HILE B )

R FEIEG BT 7GR T AR S X IR I (XPW) 7 A B XUE B I A R 4, AR AR X B A B
BT KEBESRENICR, JRINE T REJERBOCIK Y, ARIUIERAT 52 R AEL AR AR, TRIE T3
JORH R . fEIEE A TR X BaFs fi i3 5 7 XPW RGUHE 30K 22%, Jailh 1.78 £ J8 58 M AL ik vh i
H, AUE G A TR AEFF X BaF o @RI EETE 13—22 cm P ATERIE 20% PA_F 1 XPW B4 2805 XU i s ]
SRR IR TUAR AR R T AN, AR BRI 0L 2 45 A R X it s ) B P AR SR I B B AL A R AR I
JCBE BT FE AR LA TSI T ROREE B XPW Bt D Ja R (ORI S B 17 i xR B 98 1 T 1 s o

TR

KR, WUEGH, S XARIRIEBE, A7, FeAb R

PACS: 06.60.Jn, 42.65.-k, 42.65.Re

1 5 =

L XA PR P (cross-polarized wave, XPW) &
— 2 AR PR O 2 1 AR £ 1 SR AR R, ThER AR IR 2
— E BE JG 51 I 4R R 1 AR 1 = B R 2 R
Jo7 1020 SRRV A A B8R 3 WO T SR T 1 958 0
SIS RIE RN, WOb T B ROR B K
RS S T IAA R A XPW B BE, iy
PEACAR, F kb D 2% B2 v, A2 RS & A rh o
i XPW RRE A 4k, 1 FH A % 7044 4% i R A~ [7)
()6 73 B SIS SRH Tk e AR R, AT i
Skt HLE B4 XPW i il AR 45 W 7 B S AR
i, XL O W3, T LU IS 4 AN, i H
SIS T R R ORI Tz R T
sty R BOE R g Dol

XPW S W K =W E &t R & 1
BaF, in A /E A ARG 1 S i, 8 1 3R 1580 1) %
oA, 8 BRI R % Bk ) 1012 W /em?
DL b H AT XPW 38 3 AT 00 Bk ik R

DOTI: 10.7498/aps.66.150601

(chirped-pulse amplification, CPA) R4t H K& 5
WO, RIS — 2% CPA R4 £ 1 A
ERN D BOLE NI, 18 UL BaF, /£ N 3E
28 T R 1 XPW IE I8 2% X6 3806 1 A 2 v o) B
J&, HERENGE 20 CPA k15 w5 b 1 v e 3k
e =1 H pT T S XPW SR A, IR
i 10% M i 45k 5 20 ) X XPW I8 13 2% 3R
RIS 20% R, IR ROLRT LR E 4=
7% [13—15]

HEE SO T XPW BB 2 h, AT
181801 Th 2 5 Bk B XPW P2 AR i 35 IR B AH, 8 H
BN T IR AR, B TR S AR & F AR B
FEK B UL N IR E RGN ek B D681,
X RE R E AN REE ST
XPW 55 % e RUCR LR 1) 1012 W /em?, i #%
XPW S e B AR AL B DR A SR B B R
ZAFF, EHRAREI XPW MUCRIEH SRR T
VEAE TR A A T AL, b A A A I D R 2 o v 5 3
AR S i 2 R K E AR A A 1)) X

* FERHARRIERES (HHES: 11504009) F1E K ERKBHAR R AR T (LTS5 2012YQ030142) ¥ Bhf¥ U

T #E/E#H. E-mail: zhaoyanying@pku.edu.cn
© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

150601-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.150601
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 15 (2017) 150601

HAH, RADUEIN T R E R, T H b1 3
Z i SUNCR R Y| LR LS 2N AN A il PR E
FERERGNIN G XPW RS, F AR
Al B AR W i, — ARTE 22 K B R AR B R AL
R 920 XK BEAR T R R . R 4R

A E, (IR ARE B A A 0 0 R 4t 1 8RR
FE, AR R Gitese v, AR, AR B 1A L6
SRIGIN AR G A, TR U AE SIEFR L /SR G
FEEBLR BN XPW B

B XPW 85 A 55 78 A 3025 o S AR e A%
B By ), AT TR RN RE AR A
SCHIL Rk S XPW it (0 005 5 R AL s, 45 2R

~10'2 W/em?2. MR T 1% 5 £ B 16 A fn i £
17120 wJ, 35 fs FIEOGHT A SRR 2 5] NFish
A LR PERR 2, AW BaFy & 1415 2 XPW % &
it ~26.5 pJ, RERE IS 22%. £ RS
KIGTRAEEBERR A, (X0 (3] FEAE 10 cm Y
NIRRT IS 20% e, $m 7 XPW &
Gt U [ BRI T S TURFE .

2 BERZIKIT

FATRH R EAZ 10 mm, Bk 35 fs, H ik
BER 120 pJ, HF 03 KN 800 nm [ WP BOLIEN
XPW HIASSHREE. h 1 315 m XPW R, &
PO IR B ~10'2 W /em?, 1R 35 N 506 4%
fF, T REETREE 2% d ~700 pm, £ RKH
PEHRERGTEEHEEE f ~ Tm. N T1EE
RALIE B AR SR AR DR, FRATHR S o6 R
) ABC'D Fa R AL s 318, SR ) H AR ER 1) IE 40
B, Wit T HEEMICGESRA S, MRAMIEOLERTE
e 2 AR RIS SEP XPW B R (.

Bl 1 RAEREN T m BE S A AR RUE
HEXPOCREF RGN, Hda, b, ¢,
d o AR R B G A G h B RO AL E.
XHa, bHEFERF, =500 mm, F, = —150 mm
)i 5 20, 8] #E ~350 mm, 20 € i 2k N % B B 4l

SHOE ) B EEH, a, cHEFERF = 750 mm,
Fy = —200 mm EH 4, [HFE ~600 mm, 2%z
NZIBE BB R ELR; o, dHARR P =
1000 mm, F = —250 mm E &4, A ~800 mm,
B AR IE A BOC R R AR . BIRE T
N F = 7 mi@E B BOL B8 S 06 R A& St

ArE ~2.2 m, FEROGRER/N ~700 pm, F =7 m
BB SR B/ ~700 um. AT UL, =AU HE

568 AR A BRI S AR — 2. DR A
TR G RSO SRR RS B AR R A OB R
BRI AEE R R AT R ERK IR AL R B
R = R0FE B 2H A X O T AR I T SR AR A Rk T
REE ~10"2 W /em?, 2 XPW S R 5 4 i 75
o DA Al B R e A R R
7 mBEEEHEAERE /mm
4000 4500 5000 5500 6000 6500 7000 7500 8000

T T T T T T T T T T T T T T
a b ¢

6 _
. L
g 2r | 7
¥  OF _ b
‘E—«d + el — o=
= —2 L | .
el | |
1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000

HE BB AL E /mm

1 (MTIRG) ARREEGRA S LRETEE T
A A
Fig. 1. (color online) Dependence of the laser beam

propagation on different focusing systems.
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Fig. 2. (color online) The spectrum of fundamental
beam (red curve) and the spectrum with dual lens fo-

cusing system (blue curve).
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Fig. 3. Experimental set up of XPW with two BaF3
crystals. P1 and P2 are the crossed-polarizers, F1, F2
are the dual lens focusing system, F3 is the collimating

lens.
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Fig. 4. (color online) Evolution of the efficiency as a

function of . Black solid curve represents theoreti-
cal results of two crystals, which are good agreement
with experimental observations (black solid dots), red
circles represent a single BaF2a crystals conversion effi-
ciency measured in experiments, which are good agree-

ment with red theoretical curve.
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Fig. 5. (color online) XPW spectral evolution of a sin-
gle crystal or a dual crystal system. Figure shows the
initial spectra without XPW filter (black curve), with
single crystal XPW filter (red curve) and with dual
crystal system XPW filter (blue curve).
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Abstract

Development of high-peak power laser system encounters difficulties in producing the pulses with high temporal
contrast. To increase the pulse temporal contrast ratio, a nonlinear filter based on crossed-polarized wave (XPW)
generation is proposed. The XPW generation relies on a third-order nonlinear process occurring in a nonlinear medium,
such as barium fluorite (BaF32) crystal. The XPW process is quite straightforward: a linearly polarized laser pulse
is focused on BaFs crystal positioned between two orthogonally polarizers, high power main pulses due to nonlinear
polarization rotation can pass through the second polarizer, while low power unconverted pre- and post- pulses are
filtered by the second polarizer. With the XPW technique, pulse contrast can be enhanced by several orders of magnitude.
Furthermore, XPW spectrum can be broaden by a factor with respect to the initial spectrum. This efficient pulse cleaner
presents many advantages and has proved to be a simple and reliable pulse filter operating in a double chirped pulse
amplification system.

Most of previous XPW experiments utilize short focal systems or work off focus due to an intensity limit in the
crystal (BaF3). These drawbacks result in a lower conversion efficiency (lower than 10%) when using a single crystal.
Dual crystal setup is capable of achieving efficiency more than 20%, yet the configuration restricts the crystal separation
to a millimeter level. The use of long focus lens in the XPW device is capable of reaching higher efficiency, with BaF,
crystal positioned in the focal plane. Hence for milljoule pulses, the setup distance increases to tens of meters, resulting
in a complicated system and cumbersome configuration.

Considering these limitations, a compact, highly efficient and stable XPW generation using dual-lens system suitable
for non-vacuum transmission is presented. The measured nonlinear accumulated phase shows little deterioration of pulse
quality. With a compact dual lens system, we realize an excellent XPW conversion of above 22% (internal efficiency of
30%) with using double BaF5 crystals, while a femtosecond laser pulse can experience a spectrum broadening up to a
factor of 1.78. The dual-lens configuration overcomes the crystal separation limit, and conversion efficiency exceeds 20%
for a crystal separation from 13 cm to 22 c¢m, which is conducible to flexibility and robustness. The stability for the
setup to generate shorter pulses with very high contrast or compensate for spectral gain narrowing in the preamplifier is

ensured due to the dual-lens focusing system.
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