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OPTICAL PARAMATRIC NOISE IN CHIRPED-PULSE
AMPLIFICATION SYSTEMS

ABSTRACT

Ultra-short and ultra-intense laser based on technologies of ultrafast optics and chirped-pulse
amplification (CPA), is an important branch of modern laser technology and optics
engineering. It provides a promising research tool for scientific frontiers such as laser plasma
particle acceleration and laser fusion ignition, opening up broad prospects for high energy
density physics research. Over the past 30 years, the development of high-power laser has its
focus consistently on ‘increasing laser power’. There are two categories of high-power laser
systems to date: chirped-pulse amplification (CPA) system based on laser gain media and
optical parametric chirped-pulse amplification (OPCPA) system based on nonlinear crystal.
Both systems has demonstrated the ability to produce laser peak power of petawatt-scale peak
power and focused intensity exceeding 10?* W/cm? To perform a well-controlled
strong-field-physics experiment with such an ultra-intense laser pulse, it requires that the
optical noise preceding the main ultra-intense pulse should be weaker than the target
ionization threshold (i.e., <10 W/cm?). Signal-to-noise ratio (SNR), defined as the ratio
between the laser peak intensity to the intensity of optical noise preceding the main pulse, is
thus introduced as a characterization parameter indicating the noise level (or pulse quality) of
intense laser pulses. For a laser pulse with peak intensity of 102 W/cm?, SNR higher than 10'°
is required to prevent destructive preionization of the target by the optical noise. The
challenge to achieve such an extremely-high SNR for ultra-short ultra-intense laser remains a
worldwide unsolved technical problem.

Decreasing the noise is thus an essential condition to make ultra-short ultra-intense lasers
qualified for strong-field research, and this should be the new trend for the development of
high-power lasers. An important and unique feature of ultra-short ultra-intense laser facility is
that the amplifiers are injected by chirped-pulse. The chirp introduces a time-frequency
mapping, which makes the amplifiers have very different noise performance with
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conventional laser amplifiers. To solve the SNR problem of ultra-short ultra-intense laser

B &I

pulses, it is in urgent need to carry out the research on the noise dynamics in chirped-pulse
amplifier environment and develop suitable noise-reduction techniques.

With the goal of achieving ultrashort ultra-intense laser pulses with unprecedented high
SNR, this thesis is dedicated to a fundamental research on the noise in high-power laser
amplifiers as well as the development of suitable noise-reduction technique for these
amplifiers. OPCPA amplifiers which has a relatively complex amplification process is taken
as main research object, and the relevant results has reference significance to the traditional
CPA amplifiers based on laser gain media. The main research results and achievements of
this work include:

1. Based on noise power-spectral-density analysis, the noise dynamics in OPCPA
amplifiers is thoroughly studied. It is newly found that nonlinear interaction between
different noise components and different types of noise occurs in OPCPA amplifiers,
which results in the generation of abundant new noise components.

We firstly prove the intensity profile of OPCPA noise output from the compressor is the
equivalent of noise power-spectral-density distribution. Based on this, the work delves into a
detailed study on the evolution of noise power-spectral-density during nonlinear parametric
amplification processes. This innovative method of analysis allows us to find that
noise exhibits nonlinear dynamic evolution in OPCPA amplifiers, i.e., nonlinear interactions
between different noise components generally occur due to the inherent nonlinearity of
parametric gain. The major result is the generation of abundant new noise components with
intensities continuously increasing with the parametric gain and amplifier saturation level.
This nonlinear noise interaction effects significantly impact the SNR of amplified pulse.

2. Two important noise mechanisms universal in OPCPA amplifiers, termed as nonlinear
transfer of post-pulse to pre-pulses and parametric noise initiated from light scattering, are
newly revealed and detailed studied.

In practical OPCPAs, there is always post-pulses (pulse replicas) introduced by such as
double internal surface reflections. For a chirped signal pulse, this post-pulse would interfere
with the main signal pulse and induce an amplitude modulation on signal spectrum. We
theoretically demonstrate that this signal spectrum would undergo nonlinear deformation
during amplification due to the nonlinearity of parametric gain in saturated regime. A series of
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pre-pulses will be derived from this nonlinear spectral evolution, and degrades the SNR of
amplified pulse dramtically.

Besides, light scattering is an omnipresent physical process accompanying beam
propagation. It is experimentally demonstrated that the scattered light of signal beam could be
effectively enhanced through optical parametric amplification, forming a new form of
parametric noise. Such scattering-initiated parametric noise behaves similarly to parametric
super-fluorescence in the spatial domain, yet is typically stronger than quantum-noise initiated
parametricsuper-fluorescence by 1-2 orders of magnitude. It is therefore a substantial limiting
factor for the energy conversion efficiency of OPCPA.

3. An active noise reduction technique applicable to high-power laser amplifiers, termed
as spatiotemporal-coupling filter scheme, is proposed and demonstrated theoretically
and experimentally in detail.

The chirped-pulse amplification technology uses signal pulse with pure temporal chirp.
For the spatiotemporal-coupling filter (STCF) scheme proposed in this work, additional
spatial chirped is introduced to ‘dress up’ the chirped signal pulse. A spatiotemporal coupling
in intensity distribution resulted from the simultaneous spatial and temporal chirp could be
passed on to the noise field during dechirping the amplified signal, which makes the noise and
compressed signal pulse highly distinguishable not only in time but also in space, and hence
support simple and efficient filtering of noises performed in the spatial domain. Numerical
simulations show that this proposed technique is capable of reducing all kinds of typical noise
in OPCPA amplifier, and can generally enhance SNR by 3-5 orders of magnitude. \erification
experiments were also carried out based on a single-stage OPCPA system. The experiments
successfully demonstrate the production and effective amplification of spatiotemporal-chirped
pulse, as well as the spatial separation of amplifier noise from the main signal pulse at the
compressor output.

Keywords: ultra-short ultra-intense laser, chirped-pulse-amplificaiton, signal-to-noise ratio,

noise in optical parametric chirped-pulse amplifiers, spatiotemporal-coupling filter scheme
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1987 4, O. E. MartinezPO3Wii il 75 Yt 2 (8] 5] N B Be 5o, (15 et tH aeag fe {1t
EF R (QEBED. Martinez Bkt & 55 28 5 Treacy HY ko [E 45 2 lic A, w43t
10° B UL ER Bk R SE R4, BR3h T CPA SREOE R PGE K JE. 1996 4 G
Cheriaux 25B%17E Martinez B %6 85 (56 b SCHR T VM B 2210 Offner kPR S48, K

bt
N
=il
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RIF/I T Tkt e e 24 A (0 = B €, BB 1 1Y) Jie 58 £ 6 L Martinez B, 1A% 10° &40,
AT S AE IR TR R B R R Rk s S BB, 3 R R R kv (<10 fs) (R B S

(3) FEATHOLTBOR AR

T Wk BE B TBOR, B2 CPA SRIEBUG RG I HARER1: . B AiA PIFs iR A ) 58
OO ES, — MR E T REGUNBOEI SN R (K E A BIEF) ML,
TR R T AR O T AR S BB BOR S (R OPCPAD.

(4) Bk 4 25

Pt SR AT TR AXMEARSER AL KOS IS S kot & o iR
{E IR AR 4 AR R (PR kv o 38885 SR FH B AL S (BT Treacy AUGHIERT (1B 1-2) M2 Nk
MIEARS o Bkih R 45 28 1 Sk e F1 22400 CPA ARG HIHBE NI R EZ R K. THE
R TR KIS TR S Rt s TLOL R B, R ML S E. S E)%
R AT ki, SR R4 #5 Hh (RGH [E i B A S A BB R RS AN T 9 A 3R S 1 e
NICAEAE G &G Rt b, Sl HAE AR T i 4 BRE 0 o B A A e B A
Jo B %) v A 2 TR DL % 4 B ) Ry 5 ) A Jo /4 B 5 Yt o e 4h, et it B e B 4
YRR ZI PSR B L2 R R AR S TR AR St il % 68 70, i T
R RO R K R

1996 3% E LLNL 250 = £ TS 1) S ie s ik 248, FH CPA HR™ AT
WEAE TR ik 1.5 PW [BsRIOLH (R kphRE R 660 3, fkoe 440 fs) 91, 7R3 I
B — RN T A LBOE R AT AT . X5 T mAt E S EY R s EM, 25
AN BRI SE IR S A 4R T 50 2B LKLY CPA 5B st B 2549,

B iR

1.2.2 3B ERMBK K (OPCPA)

1992 4E, A. Piskarskas 25B0SIHRTE CPA HiAR KR FHEH T 6 S mEUHW K Ok
(OPCPA)IEIRI&TE, ¥4 CPA RGBT e MO UK 2 B o AR S Bl
Kak, FHAERMORE SR T, SEE R (s W) Bk E N R, B 13
OPCPA RGHESLH.,
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Nl

L Stretcher A OPA Compressor |——s
Seed Output
pulse pulse

pulse

K 1-3 JeZEEW KR R4t R E K

Fig.1-3 Schematic principle of optical parametric chirped-pulse amplification.

T T T

10 @® VULRC

1 @ RAL |
+] @ siorm
19| ® 1AP Nizhny Nov. o 3
: 1-10 PW
10" 3 a E

Gl

=
g oW — %@ 60 TW
= e 43fs, 24 J |
q) 1
g 107 13TW 200 TW :
Q ,p] 300fs 400mJ 45fs,9J ]
x 16.7 TW
& 10 4 120 fs, 2J 1
107 4 3.67 TW :
5 155 fs, 570 mJ
10°] @%— 0.9Gw .

70 fs, 0,065 mJ

T T T T T T T T T
1992 1995 1998 2001 2004 2007 2010 2013 2016
Years

K] 1-4 OPCPA R Gtk WO IE(E D 26 1) K e e

Fig.1-4 Progress of OPCPA-based high-power laser systems toward petawatt-scale.

1993 4F, A. Piskarskas Z53& T #itk 8 mm JE BBO & A3k TIEHINZ 0.9 GW. ik
B 70 fs FERAE Ik Y, SRR 250k F) 2X 104, - RIKIE T OPCPA FH T8 %0 M omik
IO I AR T AT . B 1-4 5 OPCPA Gt H O I AR Th 32 T+ R R T A%
FHEGIE T R B0 A2 UR Y CPA 548, OPCPA R4t H | OPA I FE1EBUK 1
Al I E e RN TR vk L = N TR
> HEMAAE: lom EMEHEL ISR (0 BBO @) BRI iE>107 1S
Was; FUATFERAEBCOR. ZRBBOREE RIDLI SR A,
> WERWREK: LS EBOMNY &7 55 v R BPENMERE, HAEEA R BN
J5T R P8 B D' 1 AR A RH R K 2T A% S5 50N 5 T SR 0 0 A R ok o SR BP9,
> TAIRVEVERR): ATER AT WG BILL AR i B 0 nT R SO OK

%6 W
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> RGN S EHORE IR RA & GO & i 8 1 RSO A B TR
HLA, AR AT AR N, O AR T A = P D R G i 1 EEACSR A

> degkik B BRa/h: TS EMRK AR atm, O PUEF R, B A
I m] 2 AT

> BRFEREEOR: SRR S  BORE R, Rk HOEIE
M (ps B ns B4, DI H kb b 1 1 7 38 i 78 T e g CPA &
gk bk A P AR O BT ns);s

> CRFBIHREM: LR Z R Ex BR O AT Z B HOR (ARSLE AL
VLHEC), A AT Se BB s e 5 A0 5K 58 A TBOR e i

> TSR B AL (CEP) K B RS ERC: Y6 U A v 7 28 ) RO HAH
REXE A R AE SR R ZAE, SRS SR B R MO IR
HRAMERIGEAD, FER NSk CEP (A% . CEP faEROLAE
BAIRD B A G2 PR B KGN B 5 s A 2 2 1) B A

i UL Bihie, OPCPA HiAR 7 KM OPA UK S EEmtas . Rarve. RIFEH
RS AN TG EI ST — 5, HF HARZ k2% i (W KDP F1 DKDP @A) HA 5
BB AR A IR (400 mm X400 mm), BN SCRET-FE B2 901 WK Bk P BE = HH
H a7 E Pr_E 2 Nk 5256 = IEAE 2L T OPCPA AR ZR ) 10 PW SR E, thin
HE[E 1) Vulcan 10PW %21 2 [F f¥) Apollon-10PW %,

1.2.3 @admiytk EHit

g 1-1 50 1 F AT FE B b SR R R SO 6 2 G (G RO IEE 2% >100 TW)
FIBORSR R, X8 RGHEI EBORAS AR T R R AT =28 HI3H CPA R4,
BRE 1 CPA RGEAMNILT K IT1% DKDP f 4] OPCPA 48, &R ARGHIFEANERE L4
e

> B CPA R A

AR R DURRST B35 (Nd:glass) ONSOE UK BT, R FH e B ki AT 23 »
TAREAy 1.053 um. Nd:glass CPA 30 R Gt £ R RIS L S THE YN AR
B, R S BRI 1 96 2 B (=22 nm) L BJBORE R 6 1 (138 i 72 (080N,
HBOCIH 98— i< 5 nm,  XERLFH 4 bkt 98 FEAE ps BV ps 4. MAh, TR
FIBOLHE BB (~5%/cm) , 3EH T ERKAIBO R (1-10m) , (E5 REDEH T E
A VAT AT R A%
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HHT, 3£ Nd:glass CPA A & BE FLISOEEE B 1) s R H R F8 bR R Fk e =
500 J, Jik%E 500 fs, SEAEEIR 10°W/iem?. HE— 42 TH IO TR 1) 5 B 52 R R 2ok
H T 15 48 28 6 M) 35455 1) R

> ENEF CPABOLRS

FEARE . MBI 5 AR (T Sa) (OO O/ i, (8 =168 Nd:glass BOG Y
EARGAE RZEWG, TAEBK —#E 800nm. Ti:Sa fifhZie 4 Nikisa P Re i T i
OGS, PRI KA 25 7 600~1100nm TG, AN BA NGRS B
PR E R &S T m PR RIS S .

FILEF Nd:glass CPA £4t, Ti:Sa CPA 5RO RGM FEM SEFE: © MW
(~50nm) 2 Nd:glass CPA Z%i(< 5 nm)[J 10 £5 LAk, SCRF 20-30 s 1108 68 s ik b oK,
FHEL Nd:glass CPA 415 25 5 A3 ml(E Dh 2 ;. @ Ti:Sa sn A BAG I 4 i 1 s &

(~1J/cm?) AL ms 3G a6, BTl B 25 A K BE /T Nd:glass CPA, AT AAR B 4
oG E, P2 SEl s I SR AE R ORI RS, HIRFEM B IR
ikt Re RN, RO —EEER (1-10H2) 4T, HRIR S AL R B R oL &
4 k% K Ti:Sa CPA Mot AR B ZL

BT Ti:Sa CPA 75 R INHA TLIHOL SRS B 1 BB R T 45 9 : ik e & 30 J, ik % 30 fs,
REOLSEL Nd:glass CPA LIS E = 1-2 MES, &5 10%-102 W/iem?, Ti:Sa CPA
ARG A /1 £ EZ T Ti:Sa gk D42 (—B<100 mm) Ak ) B RSOk (ASE)
)@, 2012 4F, #E SHEFHF AT 100 mm D42/ Ti:Sa difk, S8l 7 1.5 PW i
S R O Bk b Bk ) OBk RS 44.5 0, BKEE 30 fs). RSk E K 4% TizSa &
UL A 2t n) ASE il BRI — 283271 TiiSa CPA BOG RS tHBE /). 2015
FEF R LA RS2 S ML T 150 mm 4210 Ti:Sa sk R15 1 e ik 5] 192.3
J IR Bk i H G 95 ~50nm, TS 27 fs R 4ERkEE), XS H AT FIE T AR A
AR IR B B i O RE R, AR AR 5 PW LI RO Th
> KHO%# OPCPA EItRS

FAKFA: DUKIM4E KDP B{ DKDP JEZRPEAAE NIt it, RAL S S Re
Nd:glass ZNED I Bk 1 N F2 i, OPCPA [ TR K AT, H AT At OPCPA —
B TAEAE IR 2D B (CTAE B K 800-1053nm) . #:-F- K142 DKDP &k (HRT#IAK
T T2 2R 31 400mm X 400mm HA2H)aafE) ) OPCPA T Z A A HithmaesE (A
FEHETEH) | RN (<10 fs). mOGHRBER RIS, (HE AU B RS B
MR B 21 (BRI 515 5 Ik mok FER I Ta) [F)28, A7 AH DTG A FE RS 25 4

%8 W
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IFH

Ly =

He B

AR SRR PO C IR 18] L 22 18] 7347 DL RO U5 AR U2 o 1E94i R,

OPCPA 1E KREE B R SR T I TR N H A R B, H T C4RkiE ) OPCPA R4t
RGN 0.56 PW(H Bk RER 24 JIBK5E 43 fs)4, i Hh 4 Be ot AR 78 H 0
2015 FHIE T E BR_E & E ) OPCPA i Hi WA WK ik i E 5~60 J.

F 1-1 [E PR b SR (108 0 s O G B R OR TR bR

Tab. 1-1 Ultrashort and ultraintense laser systems worldwide.

L | BEE AR o | R4 2t R
£ B e | e 7
B Brae BRBE | gem I pw | Ko )
[29]
iitﬁl"[a“ Nd:glass CPA | 6600 | 440fs | 15PW | 10%W/em? | 1996
[37]
£ E%;;E’:Vg Nd:glass CPA | 186J | 165fs |11PW | 10%W/cm? | 2010
[2]
;E'g?&u j'g';s Ti:Sa CPA 171 50 fs 300 TW | 102 W/cm? | 2008
[35]
;“é;;%;\%i Nd:glass CPA | 5000 | 500fs | 1PW 10W/cm? | 2002
7Y P VA
4—!4 - A .[40]
K ';i%g;”;g‘; TiSaCPA  |15J | 30fs  |500TW | 102'W/cm? | 2008
7Y A (VA= =N
[39]
P ZZ,EQXA% Nd:glass CPA | 500 | 500 fs 1PW 102'W/cm? | 2008
s B P (VA==
[36]
HA %gi;x” Nd:glass CPA | 420J | 470 fs 1PW 1019W/cm? | 2004
- [41]
%KQQQE@?% 5 Ti:Sa CPA 284) [329fs |[850TW | 10%W/cm? | 2003
AN [
4 & | PEARLDA
i 7 FE M 55 OPCPA 24 ] 43 fs 560 TW 2006
ERIE | ST T Ti:Sa CPA 445) | 30fs 1.5 PW 1022 W/cm? | 2012
~11-1)[38]
Eljeﬂlrl[ﬁ?tjj:i SN Nd:glass CPA | 1kJ 1ps 1PW 102°W/cm? | 2008
SILEX-1 44 .
LR | T1:5a CPA 858J |208fs |[286TW | 10®W/cm?2 | 2004
i RN EiEALATES | Ti:Sa CPA 258J | 29fs 890TW 2007
~111 [46]
i-i(%“&l? P Ti:Sa CPA 323) |279fs |1.16PW* 2011
HRRE iR | Ti:Sa CPA 192.3] | 27 fs 5 PW* 2015

* AR 4 1A% R 4545 31 1) P 40 ok S 0 PRt R A T 22

2006 4F, L[ % Hrm sie = L Vulcan 1= RE BRI IO LA E ARG IR, W 18—
AN TW 2% OPCPA 24:, K 1-5 NRGOL KOS, & Re s a4 (5 iR 4t 32
Bk, K 527 nm, FkPE 0.9 ns; {5 SEOEHI A0 KA 1050 nm(T E ) T
KEsKFHP L LBO fifk, THOKEKH—&% 104N 110 mm 1Y) KDP @Ak, fERIHAEE

%9 W
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N 135 JGEEN 2 em?) & T3R5 T 35 IR BOR T, BE R AR ~25% .
TR KR 61 55 B ~40nm, PR & 84 fs CEARERIEAE, RREAE 2 IRT %A
75%, JE46 5 EO K IEE T2 >300TW) .

JE 4EH PW 2% OPCPA &4t JL-T-# K A K 1142 DKDP fi Ak, FEik % “ =it 527nm.,
556 910nm” [ TARRK, HIRRZE i 527nm i () DKDP fA7E 910nm iX—J K
b3 /& Magic R AHVCHED G TETALAHUCED) , BRI S AR A VCEC 6 2F 535 SOE R IEA
£ FEAIREANEBURR, KRR T Bk IR it OPCPA AR MEST . 2007 4, MRP T4
DKDP #{& () OPCPA R 43515 T fit & 38 J. 77 %% 57 nm ] OPCPA WUk fik sy H [64.6°1,
55 ~23% . L R AU H S 70 mm 1421 DKDP(JTALE 88.7%) i 14
PR, TR AE T —2% 120 mm 142 ) DKDP(ALE 85%) 5 Ak . 4 it ROLMEE 46 2%,
32T A 240 FARKTE 43fs [ RR kb A, WA Th2R1A 2] 0.56PW.

>

1050nm <> OPA1

: : PN,
\ /4 i ; : i 9
: ’ A 2 :
Stretcher Compressor A oz st : 1
E [:ﬁ > <<7 1000 1020 1040 1060 1080 A, NM

0.4nJ @

SPM seed pulse generator

[oscittor} - -

Autocorrelator

15 (a) JEEPHARIIGEITT TW OPCPA RZHIHEE K (b)ik AR 115 S git. 3
Fig.1-5 (a) Setup of the hunderds-of-terawatt OPCPA system in RAL, UK. (b) Comparison of the

amplified spectrum (solid curve) and the seed signal spectrum (dotted curve). [63]

A LLE, AERIKE A CPA RS2 FiBE OPCPA #4:, ¥ Nd:glass HOLHE it
. UYL, Y HT B RO KR 1 BE B MARAS AR B Nd:glass HOLRER (8%
BT B REGRE T S B Rk . B Nd:glass JE AT 21 %4 b EE 46 8 5 IO ik v 1)
BE BB MR E SUNE- MR, k% 1-2 XFEE T =38R0 R AL e iR .
IS CPA REHIIE- L3R 21 80% (6 A& R4 2% TS 80%); SKE 1 CPA R4t
G- 3308 ~15%; 17 OPCPA RGEH T KR BB BOL AN (RUE~50%) S

%010 ™
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EHOR (RUE~25%) UL R 45 45 (R ~80%) — /M RE R L 40l 72, b b #8310 ~10%.
g 1-2 PRSI T 1066 R HE AT B 10IX =S R G0 (1 4y tH g

R 1-2 AR K P O BOR PR REXS EE

BARE Nd:glass CPA Ti:Sa CPA DKDP-OPCPA
BRI ik kT Nd:glass /20 Nd:glass /2w
SRk / >10 ns ~1ns
42 40 cm 10 cm 40 cm
f5e /N R K B ~250 fs ~25 fs ~25 fs
R T R (Nd:glass - fs ki) 80% 15% 10%
1kd Kk o Re & n]
o ‘ 3.2 PW 6 PW 4 PW
Az PR A K e SO R I AH T 28
G EITRIVR (EReEESE) | 1.5 PW 1.5 w4 0.56 PWE4

> OPCPA+CPA HIIB& R4

NT RAFHEES T CPA RGA OPCPA RA M TEREMH, WK OPCPA+CPA ff]
BEHARBLE, HAARMEEFE“OPCPA TS+RESL A CPA 87, “REZH CPA LJl+K
[14% OPCPA BIi#E"4%. FIFH OPCPA Hmiihas. KAy e MR ) o O S0 A, F
RS CPA RAMTIM ARG, I/ N B BE 3G 25, A AT BAse IRMOE UK
Tk R Hp ™ Y R A RN, R B AR R O R R B S ik R E (5
MELt). 7 OPCPA ARG R Ja, EWAMIELIH CPA RAFGLM TR TN
IR R B oM E S OPCPA #4t Ci &A% BBO. LBO 1 YCOB), ¥
BAERFEEA W IR TH OPCPA T M4 H A&,  DAULIE— BRI R G5 OB & T
B, HAR GEKKO-XI FH55 8 K H “60md ) OPCPA TilJit + 4200 ik 37,
2% [# Texas Petawatt %% & % F“700mJ f) OPCPA THJil+186J %3k ¥ 3 ji %71,

BT YRR CPA RSHIT, OPCPA i&w] LLIEER A1 CPA RS HIR 4
HEROK#%, OPCPA SMRHIK DR FEa 9 JOME A 2 AR % St s IE APk #h TER R A
CPA RGN RE 132 RN 2 CHDARE f b A A2 BRANEE (7] ASE 8] #80). 2013 4}
B L EHLAT IR L6 = T Bk A CPA T+ K 1145 LBO fifA OPCPA B
BOK”HIIR A CPA HiRBR£), 153 17 R 28.68 J, HiF 9 80nm (L4 Mk v Ny 33.8fs)
FRORRK Bk b H o P 1-6 DNiZ S0 RAMELL I . FLAER T CPA f i R WA Rk ik v B =

11
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A 2.89), BHHEZE OPCPA {#i | 80 mm X80 mm [H4%. 12mm JE[ LBO ik, & 105J [1
ST N HRAL 10 55235, BEEE AR N 25.38%.

CW -SLM Iaser] rpulse incmg] rRegenerative Am;ﬂ (Two stage Nd:glass Amp] rthree stage Nd:glass Amp
100mw/1053nmJ l 2.8ns/1Hz Jl 3mJ/1Hz JLGJ/(bZSmm/single—shcotJ LlSSJ/d)ESmm/single—shoot

I\
—L

B iR

KDP compressor

0.61PW
33.8fs

N
N

-
3

N\ \\ Meter (/ . %

~2.89)/ $54mm

758-840nm/1.6ns
b

T

N\
. 15t Multi-pass 20d Multi-pass
Ti:sapphire Offner Stretcher [} Regenerative Amp Amp Amp
oscillator(sub-20fs) (~23ps/nm) 1.8mJ/5Hz 40mJ/5Hz 3J/5Hz

36m) | 204m)

Nd:YAG laser Nd:YAG laser
(240mJ/5Hz/532nm) (9J/5Hz/532nm)

1-6  “kF A1 CPA+OPCPA™ R &K R 4l
Fig.1-6 Schematic of a hybrid CPA-OPCPA laser system[4],

1.3 BrE R AR EL 5]’

CPA F ARG - FE K HOR 7)8, (HAH 5] N 7 B Ikme 75 ) i, R IE 2 CPA HiAR
J7 g, WOk LK OR . Rk H, TE R KOk R, AMUE S
BOCIRAG I a5, 5 PGS oK SRS A S B 2, 17X R 7 O TGV R 4, R R4
a5 2% H U R B K R R B — MR R IS I B RS 1-7 SRS
CPA/OPCPA % %ty i I s 248 Fik v BN Sl s 2 A [O81, i duf Mg 7 Ao JEC 4% L T R 5 44 7T 43Ky
=R DA ED-P REER GEAT IS, XTRNE RERARORES 1) ASE, BOGSEHUKES
S EDOL, XM AR RRE CHEX T lkeP £ p3AME N 10°-108; 2)RIEE
R TR (pre-pulse), KIE T HOE R G IR d B A TOR S “ kP ik ol
Pl R V8 D6 B O 5 T A XU S RROE A RO 2 o A AR T AR AR IO A, AR SR EE 2
103-10°%; 3) 540 3= bk ) 22 A% I 75 )i i (slow-rise-time pedestal ), — AL T 320§ [ iE 20
ps YU, FERIET R TEE A G Sk b 5SS BN A S R 4, AR
5HJE ) 103-10°,

012 0
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Main pulse

Pedestal from
imperfect compression

Postpulses

ﬁ;?d

|

~

h
. e
Time

Kl 1-7 SRR CPAJOPCPA 44t L 44 ik v I o A K M 75 5 ) 7 i J&d
Fig. 1-7 Typical temporal profile of the compressed ampified laser pulse from CPA or OPCPA system.

7 15 B8 5 5 T A 3 5 T N T 90 o, %o A s s ik 1 B J s 7 LA 7 7 )
PR BINBKIE R (AR Ao LD 33X —F8 b SR 28 11E 788 2 A s 6 Tk i F e 3%
R, HoE OR3P AR 58 5 ke BT VR R S G s FE I LA . 3 3 S )
SRIE 2 T2 Ok AT I PR 7 D' 3 e R /N TR I F S AL, DA MR S 3 7 B
BTSSR, S50 3= ikt 5 SEAE LA BIRTARAS, 0 SR 25 S i Ab R AN BRI 52 1)
SN AR E KR . Hhdn, RO S AR RA AR I e A SR IR, B E RIS
Sk LU 2 {5 15 B9 1 11 BE 15 45 M R HA B =2 [R) A1 R AR AR s R0 5 RAH BLAE FH ) X 59 2k
FEAE SIS A E MG L T8 X LR SR T B EBOG RIS T I S
e, TRURK I A AE 2 A 45 L SR 1) PR 2 5 o 8 R e P i e 7 7 A TS
-4 (%) 5 FEE 1R A1 5 B A B S 6 o L R Rk DL R M 7 37 B I ) 5 A4 3506 O o T T A
¥E[18], ns JUEERMEFS TSN fs FURE (%)t 7 Tl Fk et = A T B85 -4 1) o IR0 4 23 ) A
10'°W/em? Fil 10BW/em?. TixtT-a @, WOR TSE B 4R 1 AR 5/ e — it
K, X T4 AT LG R R bk CREEEE 1021-102 Wiem?), EESEILTC TSR 5 71k
TP BRI Y EE LA, I H W ER kR (5 e > 1019,

13.1 BREBBRAEA R EEREL TR

H BT 30 BL 23R J R R o 2% B A HH IOk £ Mg L 350 TE A 2] 1010 X —FR AR R - 4K
T CPA 250104 bk 5 14 b SRR Sy 108 /KF . 18] 1-8(a) A S 3e il & (K 7 S A% Ti:Sa
FAJBOK 9% 245 (35 [E Coherent A &), Legend Elite) S 806 ik (5 e LL OO, % R G

%13 W
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H kR RE & 3.5 md, JikFE 35 fs, EEMA 1kHz. BT REuAMH £ 301015 b
FHHEAR CanFh 7 kb4, b Bk RS e L ACE 108, B8] 1-8(b) vk E Amplitude
Technologies 2 &) [/ itk 200 TW K% A1 CPA RGE(H 5 4 Pulsar, EHI# 10 Hz)
eyt P45 M LL IO, 92 R G AE B i A 7 T M RSOV AT b ik (. = 4%)
Bk, TE4E s Bk Re BN 53, kR 25 fs, CPA JBK 2851 A ASE i JEE S 5tk Hi ik
MHE LA 2 X 108, ] 1-8(c) Fi & 1-8(d) 3 Jill A B [ 27 Wi 512 00 == 1Y) Astra 25 B (20TwW)7H
FVH AR BERIE T AT 1) J-KAREN 2% B PUHR I8 (18K 5 A CPA JBOR 2850 HH 1R R 48 ik v i) 3
o). AILAE S|, XL RHCE I AU A T R A5 K, BE ASE A (RE X 9 B
~10®). Tkt (RERT 5 A 1073-108) A EE AR = Rikrtt ) 8 A M 75 TG 8 — o A I 75 45 44 o

(@) 1f—e—sscc (b) 'f —-=sscc
—— Sequoia
b

B iR

Intensity (a.u.)
Intensity (a.u.)

. . . . . \
-40 -30 20 -10 [} 10
Time (ps)

Intensity (a.u.)
333323
—

o=
i —

120 80 40 0 40 80 120 400 =0 B o
Time (ps) Time (ps)
1-8 ERE A CPA RGhm bk F e LLIN & () F b ALBRE A A TBORAS R4 (b) kL
200TW %L1 CPA R4 (c) #E[E Astra 25 E M, (d) HA J-KAREN % & 11
Fig. 1-8 Measured pulse contrast for several Ti:Sa CPA systems. (a) Commercial Ti:Sa regenative

amplifier®; (b) Commercial 200TW Ti:Sa CPA systeml®®: (c) Astra in UKI"I; (d) J-KAREN in Japan 4,

HP3E CPA R4 T LB 3%, M TEE A CPA R4, Julk. 2.
B AR P EE, AR K N LA R 22 o Bl G [ 5 2 S50 % 1) Vulcan £4353% CPA
B8 1% R4 Bkt IE | ps ROBE Rk iR {5 e Ly 10°-108,

OPCPA Z G4 k{5 M LE A8 b _E A DI 35 b ) A I Jel e 7 5 B Pz /Tl 3
CPA FEKF A7 CPA £4t, JEEZ OPCPA HAKADE S BIUNES, MGS BN E T

14 1
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AR GZAERFE P FE (i S 18]y 10725~1070 s B, FU#E Z2 3 ik v s 1) )R
JEWNAFFAES EIG o, B2 20 2 i H PR By 300Gk 5 Ao JE ) 9 -5 25 3 kv (14 B ] 5 252 AH
o A BRI Y OPCPA JEUK SR AERKMHE e L E AL HIG I R, Bl E 5
e B IEAERIF (140 BL 3512 W B (Petawatt Field Synthesizer, PSF)74781, J0)45 F ik 9 1-2
ps. AEfE 15-20 J. HAH 10Hz (KOG 2RI OPCPA K1 REE~3 J. lkFE<5 fs (/NI
ANJEEE D B4 FURK i, T E IR 7S A RS AR [R] R AL ps, AEE RN b
SR AINE{ENINiT L

HATHIHATL = He OPCPA R4t, 8% KM 100ps — ns % B 1) & e Ok 1E 2R
T, R A kot v FE O fs, TR RS AT R SE RS ns Sk, AHRLM{E L
PR g 108 /KF. &l 1-9(a) /925 [H OMEGA-EP % B OPCPA T £ %t i & 4 ik v
115 M Ll B 8 SRU7 78, 12 R G I AR VO s ik E B4 5 Hz (1) NdDY LR SO e,
N7 E, RGN =S AR AT N 20 M iy, Bk3E 2.5 ns, s B
JtHH Nd:glass SR s befit, Zoid e 5838 5 O WAMK K 98 2 9 2.4 ns, 0 1053
nm, JERETEE 8 nm; JHOKER PR N 29.75 mm [ LBO &AL AL (CLAEF7E &4k
D, IRAAE 150 md (FEIHDGRER 26 1F T 3K43 1 30 md ISR bk b4 th e ik
107, R¥E Kl 1-9(a), 1% OPCPA Z St Hi ki (145 M bb~108, &1 1-9(b) v [ 3 B ik i
) — 8 i 1ty OPCPA 2 Gufii th fik vl {5 Mgl LU ) 8 425 SR o ik F) e % 5 B2 30 250 nm(Ole
5 78 75 750 nm -1000 nm), J& 58 f5 B WRIRK bk o 95 FE R 50 ps,  FLTkpRE R 200 pd;s 2R
kKN 532 nm, Bk EE 90 ps, AEEN 30 m); JBUK A4 BBO AR R (SR
518 4.4 mm A1 5.5 mm), TAETIAEILLE T RAAHICECA R, RO 2R AL 2
w4 107, FHRIMZRHDGRENE SOCHIRE B MM 18%, K G B WA MK ikl & 4 &2
10 fs, JEARFKIPTEAL = 225 ps AbfEMELL HAE 10 o4, At = 450 ps 4b29°8 107, 8%
OPCPA JHUR 2 P HH ik e 45 T LU a3 2 LU AT nm 77 961K OPCPA UK 2% 2, FE R
fe: 7T, BT R K LRSS T, BB G A oV e e A
FRVCHEC 264, SFEUS SR IT/ N TS EROCHIE R (SEXROGREE B A& 2 7 /1T
BCAcA) . hAh, 1 1-9(b) H AN [F] 60 1) Hl 2 Sy S50 Hh el 38 220 S5 15 5 ik 1] 818 & 53 )
A F B RS L, %45 R0, OPCPA 2 4k H Ik i A4 e L X 0K 28 o 220
S5ESHAATEE CRFE R bk 72 s IR g &)+ UKk, X i
OPCPA JHUK # M 75 P 5 N 5 28 1 — N B AL
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E _4() _e 1E-3 i \ { “ e el ,“
Z = ‘ . ! "tn ﬁwu
Z 60 Z1E-4 ‘ 9‘" / . ,“Iy,u ]
& 5 : L E
= S1Es ) 0 i
~80 M~ 2m arm blocked 7] = d ‘ — ;)13 ps A Tl *
1E-6 — 0 ps
—100 r[j<— 1® arm blocked — ——20ps
L 1 1 L | 1 1E-7 | o, l=83ps] |
-80 -60 —40 20 0 20 40 -40 -20 20 40

0
Delay (ps) Delay (ps)

] 1-9 OPCPA  Gufi H k(5 e Ll S 45 2R (@) SCHR®);  (b) SCHRIT.
Fig. 1-9 Measured pulse contrast for OPCPA systems in Ref. [78] and Ref. [79].

KT 100 (8 1 Fik v £ M B g b 2 SR 2 Ko SR e 43 AR B (0 Bk ik L5 I R 4 2 i
RO R GRS ). SISO 2R GG 7 1) 3 B4 ) 0 U A S I v 1 M L ) S
FE RO S 1 B HIKE, AT DO SRIBOE R SR R 3 AP B

(1) FIBBAT CPA JBUK (1985-2004 4F): %M BEFEAA G BOEME A - shia ],
HH ke £ T L Frg SLRUAE A 10%-108 /KT, SGE FF TW G Zh 3 (10 0T ik v 144 1 L 2R

(2) FhFRKMHEAL+CPA JBUK (2005 F-524): BEE ATIX B B0 R 5% H ik
HAEIE L ACE I VGRIER N, TRAAXH O R AT s, A AR S b b Pk e
AT IR, RPN S, R HE N R RO 2SI RO R
el ke E R LR T 220 10° KF, SEH T H TW SOk i 15 e b 22K

nJ w uJ wJ mJ
[ e o —auocss | somsesor o{ o | oo

W@Ui—[ s - wioes [ ameoos H mos |

e 5 Ak v A 20-30mJ

K 1-10 Fhy ki it CPA S0 RGELAU R K.

Fig. 1-10 Frame diagram of the high-intensity CPA system using intense cleaned seed pulses.
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FERLIE CPA. ERE A CPA SFREFAIBOLTIUR R Gt Hh i ik rp S M LE 232 IR T
ORISR A Bl 7= A2 1) ASE . TBOR SR bk 51, ASE SR, PRLIGFEREAS CPA JRORHE
ASE B oM B R UK R G, FBCR ARG nd &R TRk BOR md &2,
W25 O 108 KOF. 1998 4E, J. Itatani ZFEBUFEHHE A « T8 HsaF 7 lkeh (clean
high-energy seed-pulse injection) +CPA JEUK” $&F- 5830 F St H ik {5 e b i 2 AR
P: ] 1-10 Pas, B SRR G A R kb BLAEOR, R AR E M nd EUBCK
B opd ', AAERAHEAEBE SR IR (AR ) X iX — ik
AT A (IR DY), 53 pd EHETE IR Tkl FEANBITURORK . — 51,
T T kb A T R R AR S A ) ASEs 5T, TSR ud B
THREN ARG nd SHENIRE T =ENEES) , FUSROK S0 35 AT A N R L
MNEES, KRR ASE KCTHIRBEK. J. Itatani Z53E TiX — 77 CPA R4 H
Jik{E g LE R T3 1 107 KT

N TP RRACBOR AR A L SE T kS R L, 2004 4 M. P. Kalashnikow %%
(82,831 B2 4 7 XU WA WK ik b i K 77 %€ (double-CPAY), A AR A5 F 7 ik b s 45 — 2
CPA UK EI mJ 4, Fxf AT lkphidft, e bE e pd AT BkerbiEAN
F5E 2 CPA KA . FHEL T J. Itatani Z67E pd R AKCFREAT R Rkitid 4k, XU CPA
Rt — DR TR F Rk REREIE T T 2-3 NEH, RA RS H K ER BTt T
2-3 MEZ. Kl 1-11(a)y M.P.Kalashnikov FF 11X CPA RS SLE G IRZ 4 ¥
H ) RAPFh ik 5E B2 2 20 fs, K HEFE R 300 ps JEIE AR T A 2@ HOREE (RIS
—Z% CPA) , RH] 60 mJ [] 532 nm ORI WA K BORE] 2 md J5, B4 a8 2R
[ AR Ik v Ok 9 ~35Fs ) o IR X0 1% mJ B 20 H 4 ok i idk AT IR 3808, 7£ ML.P.Kalashnikov
RGeS T 3 2SR O B D B e 2 s i B4, iR I R R kb B ~1 mJ.
ZHK A — AN RS R 2 200 ps EIEAR—ANUFRRBORSS (RIZE 2% CPA)
K HH 350 mJ [ 532 nm BOGIRIH, &ZA1FE] 7 100 md KIWATBOREO R . K 1-11(b)
Y5 T2 CPA FIZE 2 CPA fitE kit B Lb ) sSeie M B 45 R, mACET m 1%
HBEE K FER15 T 109-10% f8 s ik 5 e L
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450 -100 -50 0 50 100
delay [ps]

FE ik
@ _ W
=2 o
= g ; v
8 o 1 first stage
8 £ 10 (single CPA) artifacts
H 8 —— second stage N\
: - (Double CPA) o \
multipass amplifier N r 2_! X \ \
- R aR e e ey 5 £ //giufacts LN
EE &’ A temporal filter 210 7 7 \\ \
NN J =
\‘ §‘10.7 SN
\y ‘g » e AN o
\ 8
‘i =10
R 10711

B 1-10 XK AR ATBOR SR 5877 52 1 () M4 21 1 4 HE bk b (5 16 L (b) T80
Fig. 1-11 Diagram of double CPA system (a) and the obtained output pulse contrast (b) 31,

H AT 5RBOE R G2 KA XA BB +md SR 7 Bk i A R AR Ty
%, FoAort md BG4 T I R L PR AR P A A ) e 28 X AR R
4z (cross-polarized wave, XPW)HiAR . XPW J& T =FraE 2kt e, LRIt # s
SE R =Rk fn Ak, MEOSRE R B E B, HARIR T e R AR, mit
FEAR S NG m R 7 I B, X BRI FR O A X iR . 2005 4 A. Jullien %5
BSIGE 7 3 XPW X - ik dh A7 B SRIE R AR, B 1-12() e R B, i —
XIERZ P mIRES (P, P2)s — X5 S — AR E AR . AFHBOG HRIR A Pa
Jo R AEE N ARG S A, Ik ) VB Th 2% FE RS IR B A XPW (1 18] i (~10%
Wiem?), FHAmds 77 e 90°, W LG Rl ds P2, 1075 Y37 (5 B AR T XPW ]
B, PReEIKImE Py HHULSRAS TR B R Bk o A, Jullien S55: T AL 8L 14
(BaF2) /& T XPW ik Ab s 5G], NSt ik 8 42 fs. M 1 kHz 1) Ti:Sa otk
M, kR REE R N 2 md; AEHAERE Y 3 m KB R A F] 1 2 mm B 1) BaF: &
P, 188 e i i A AR P EL B XPW i o, e AAE ANSTBOGLREE 1.2 md B, 3RS
T 120 pd 1 XPW #rth, RER AR ~100%, fy ko (E e L o 100, 2 B Bl 44
HR DR IEAT XPWISL, AT DU 36 3048 13 21 20%-30%, ik i (5 M LU 3R T+ R ok it —
A5 . 2006 4 V. Chvykov S50 88Mg B ULk XPW =4 T E ey 101, B 3K
50TW i e e bk, Sz 5 SR an ] 1-12(b) o .
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(@) b T

10 b

WM
AL L
-5x10° Dela; - 5x10° 1x10°

K] 1-12(a) XPW ik ihid b e i S5 L 1. (b) XPW L HT(BRZR) . Ja (ZL4R) ik i = [ FLAH G HE 45
Fig.1-12 (a) Schematic of pulse-cleaning based on XPW. (b) Third-order autocorrection with (red curve)

and without (black curve) XPW cleaner.

XPW 8 3l 2 14 I 3l 8t 15 AR B4 R Bk i A RO B S5 (AT T ik {5 e L 3-5
MRS, BARBERFEISCRIG (1 XPW HIHEBSERRE 10%), REHT m) &
e DA R kA . S AR ket N CPA B OPCPA #%:, TEJETE. JHUK.
JEAR I FE 3T LTINS, (AR A A ko e B LA T 0%, TRIE 2
A PLGBOE KT A5 M LR

N Y BEARTHB RO S b, e E R T HiIE S S E TR
FoAREI, R JgsE 8 A8 (plasma mirror, PM) FiAR . £ 8T8 1) T8 5 78 4 ]
1-13 fiw: — i s FE BB RO NS B —E B G A R R T, BT FRUbk e e B2
BARA S FEOCFEA TSN, X — A BB S 2 W7E 3= Bk 2SR Y637 58 B BESR
B, ORIA R e N S R A S S T, SR TR T I AR
TG 3B B 2 MO IR K 15775 PR [ 4 B ) A2 S S B 28 30 T 1 ) A5 B8 44K
45 F KPR E S, P A 75 2 Bk b RO R M A 37 AR S S = e A
SEPUOT SRIEOE K B AL  EE, FREUAE B TR B (SPM) T RE B R R N ~T0%, 1T iR
FHAK S L 1-2 AN B . A8 XSS 2T R85 (DPM) P2 7 Sk (5 e LU 3R TSR 1 i
B 2-3 M ER, (HEMBEEFHSEN T I 50%, ReEMiRE E. b, F5
THBMFRE 2, (58 IR TSR NTBOR AR IS AT S HUURK, X 26 [ R 43 55 55 71k
BRI ARTOIE AR AR i R J 8 9RO 28 G2 1045 M LG ) 8
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(a) (b) 1
Without PM

—o—DPM

—a—SPM

z
'\ g
H
H

B

g

|fe

5\(
m
e B B B R B B R R

>
Pl A% 1E-6 \.“‘ww"w"»—‘b}(‘r’w I~ MM‘ X \ W, h i
Reflected pulse 5= L1 s il LY Ll |
with improved
W” contrast Esf @ T-70% g
e s B\ :
>>/ target 1E-10 o “\tf‘\[ gy
- 50 % !
(g ] T=50% ]
P S S S S
-120 -100 -80 -60 -40 -20 0 20 40 60
Time (ps)

Bl 1-13 (a) 55 & RS K R BRI (b) ATkt (4040 5 &0t S B 1485 (SPM)
AR GRED PARA Rl WA B 1A 5L (DPM) L Ikl CIEZ) Z M ELx EL.
Fig. 1-13 (a) Schematic of pulse cleaning based on plasma mirror. (b) Temporal profile of the incident

laser pulse (red), and that being cleaned by single plasma mirror (black) and double plasma mirrors (blue).

1.3.2 BrEBBHNXRGHINERE

AR RGO Bk E T =AY Fhrikodh. BRI gEgE. UK
Ao FHARRP ik B R RS AT DO IS XPW SR 2R MR BRI B R AT IERR, Rk R E0E
R T IO B Ik A s L 52 PR 1 2 R R 5 R 4 2 R TBOR 2R PR 1 TR e 75

FER TR (a5 2 ), FEMKPERE LR M AL EZAHE. (1) A
SE4 k45 (imperfect compression): "WRPKPTE B8 58 R ALar. MO RS, AMIUSTIAN
TR L OO B ZRMETIRO, B P R AR — R E R S L X L P L
TEIEAE 35 P LA 2 58 A2, IR o e A R 48, ko {5 1 Ll DR e T B3,
(2) ik B (spectral clipping): & 55/ 45 #% F Gl S Jo 2 AR 1A FIR 14220 S B0 WRIBEK Fik
MOGTE RG], IR PR AT R AR, TR R4 S 3R kR A 2 B v AR 1
I IR0 55 44, [543 ps RFE IR PRAE e LE R B 2 2 104 K 89, O8 T1 sa IRk ik T i 52
WA, JE S 7 B R TR A P R AR R e s IR AR PR AR 3 5 DL b ()t
KIMHECH Coptical surface scattering): SR G2 To AR R S AFAE — & IR IFLRE
KW B FEBOCHRMRT (AL AR S TR SR 4028 P e e 2 o A, ot
IR R 1) R G AR, DRI A e 2 TR B 51 PR 5 7 TR )t 4 R e T i ik
PRSI LG . 2015 4F b Al K B 4 SR S50 oy R E SR8 A AT T b R R R 4 B
O 2 O 2R TR RS 555 800 R 4 Rk 45 e LG R B, 1 1-14(a) o i 98 2 P = 0 B Al
P2 THARFDRE B2 B2 45 3R, 1 1-14(b) oy He 4 2 it Jhk bt L B2 R &2 5 5L, 9T 92 3 WOl
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Ko J2 A8 B3 0 2R TR RE B2 -5 200 4 ik BN 2 1 —ANB 18] 58 FE 1 ps, AHXTSREEZTA
1078 [y A A IS

B iR

@ o (b)
3r 100
0
e D , 5102
€ —6[ Roof mirror < !
c 1 1 1 1 — \
E 0 05 1.0 15 2.0 2104 ¥ \‘M
2 6 = ?
Z 5 £ 10 - .
0 —=— Near-field measurement
=+ ‘ ‘ | s Far-field integrated measurement
-6 Grating -20 -10 . 0 10 20
! ! 1 Time (ps)

0 0.5 1.0 15 2.0
Distance (mm)

Kl 1-14 (a) JE4aas R85 Soe i R iR R LR 45 58 (b) a4 ) Jikrox B B2 190
Fig.1-14 (a) Surface roughness of the roof mirror and grating used in the compressor. (c) Intensity

profile of compressed pulsel®.

TR 3 R T (10 75 LU 2 8 R 4 s BE N N R — AN R R O SR 1
SR, RS kS R LR 22 . 2 BT RT CPAJOPCPA JRUK 88 1 75 IR
BT ORGSR BLBO GO SS P AEEARE M ASE, TGS B IR A7
TEALERE S S0, XIS i T L2 [ AR U B IS MO FE, B RE SRS LS
SO TR IO (B A R 25K TS SORIN ), J2 53 CPA/OPCPA SRS 2 G
FikH 5 e L AZ PR ) R R R

TR A, WA K BRI S Hh e 75 LA R R e . B T ARk o i i
I 1) BB DG, 7R TR R P A5 5 Fok e 40 T 338 8 o 0 s P B A (0, i 38 o RS A 1
HD HORE R SN S, TR I IR AR A fa A Rk 2 B R, A R S 7S A TS
BRTTUGK Ih 25 4 19399 . — A8 - J2 B A TR 1 o R AR ZR PN 5 SO R bk v R A= A A 1
], X B4 B AL R ) 28 0 R 4 25 S R A A T TSR R R S VR A e, 7 B R A K
T 1 L 195981,

WA OB Pk b 28 o 4D Bk 38 8 o) 22 3k s 48 2% J 788 F8ke Sy T Ik e 5 B TV 85 40 [ B0 % 4 e
B I IRAT 5 (temporal diffraction) (97981, I AT S AOME & AT DL 28 AT AR 2R L, 3
FERAEAE BT FEF, TGS n R R &5 n 8, e AT (R 24§,
FERTSHE RS AR TP X o P H A 2 B RO RREEFE AL, WX LT IR, AR
AN IR S5 . SR, WK bk b E A S BRI R s R AR IR AR R, 2
JE4ies e (EZagsfe b el Mo B4R R L F 2R r e R R4 Wk S8k
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PIRESEFEHL, TE Kb 0 H S5 W A SR A, kS e LR A .

thah, FETFIARZM S EBUORE) OPCPA JHOK A HHAH bE T A8 24 ok B 20K 1
CPA JRUK %%, Mg R SSANIE = i AR MEACE N R o, B, SRR T =80
AR, EIX IR S 2 AU (] R A A% 4. 2005 4F, N, Forget S51017E 5258 il
FC 1 OPCPA JRUK A% HH A7 £ ZR TR R 7 Fe A2 200, BV AR RO ik b L FX Mg 75 #8562 B UK
AL AR R AR B 25 R IR AR 5 ikl 1100000, g 2 0 i T 44F 3% I e M g T LT B AR B R e 7 e
JE o FEARATTR B0 oy, Fhy 52 VR P e 2 TS B3G5 A JERRDR T 2 W R D 1078 7K,
R R e TS B VOU T BRI S A A S RS SR R 5 B2 20 108 /K1)

FREEFRARBR IO R SN C MR 75 A 2R AT v {5 1o LU B A R S O G K R (R 2 ik H AT
TR JEE AR O R 0 T 15 M L PR ) L) R T 0 A ke A A AR B, R TSR 388 M 7 1 TG
AR 73, 3K 2 R SO HE DA ST = 15 e LU R DGR A . itk 3a b))
i BT PR X WA WK Pk TSR 5 14 M P AT LB B R B AR AT 7T

L4 BXEEMRARS ZHE

ARV S VA R HE 5RO R kb (5 e L SR T O B AR H b, HAKRHT ST OPCPA RGN
SR 7 ) L, AE LRI b, PRERIE T AR BOR AR 1 SRR RR . AR SCRIIE T
25 AT RE Y CPA R [FIFE R A %R .

WX ZHI T

B RONGRR, AR SR EOC KR R DUIRS B A, i ik £ 1 P
—IREEEOR TR LK T SO R 5 O 2 S H bk (5 6 EL A2 BRI OGN 2K

BN GDCSE WO BSOS, TEAHES T OPCPA TR ,
BAGLIAH LA AT SR s AN 2 e 98 DL X RER AR R . AT RITE OPCPA UK
e A AT UK B LA

F=FHIIT OPCPA JEUK AT M P I B AS AR KT, R DR 5 P 0 M (R 7 vk
FINE] OPCPA JHUK f iR et 75 () R AR 7 o, 383 73 Mt S S B O R T s 5 T
FEE LI ATMITAATH, Sl VA48 OPCPA JECR 2 ik i 5 168 LE (¥ IR AL AL -

FVUZEAHPIFHTRILN OPCPA JEUK#SME R, RIGESIR Tt A o R I AR UM
JEF R RT AL AT Bk S RE AR IR 5 SO OB BOE S BN S . RS T IX P
Rl 7S FE P AE AN ML, S RO E 1 RE AR AR AR

5 RLEE R IR R b id F T WA Bk e RSOR 4 1Y) 2 50 B M S AR —— I 2 W W o 15 i
Bo EITFIRHET . BUEASURT LI SR E 1 IX BRI AT

5§22 1
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5 S BB MO AT 1

BFE ASEEMBKRBAEFEIL

2.1 gt

ARG AN K, HRTT S BEHBKBOC S (OPCPA) IZEA IR
P, ERMTALHILEC AT, ZREBOR o, a3 H 9. REEHE IR E OPCPA
S BE ST SRS A R A H AT RBOE R ST IR OPCPA ARZ T S AR VEREXS EL
RENWIEE = VYT T OPCPA UK Z& If M AR ME SR (1L 1 BB LA

2.2 3BEWAIEA

OPCPA #i AR5 ZAf AR ML S B UK (OPA) UL 4 CPA RAEH HIREH ALK
JEIBOR AR, PIEERL T OPA M i RF I i TR A (FEL 1.2.2 7). OPA & — > Z 5™
AR, R B =R AR MR AR FR0210% ] 2-1 P, 24— SR SR A VIO (%
FEWINFRN wp) 5 — R FIME THICOEA s, os<op) FIF NG BIHEL 22 Mk, P
@A R AER AL R AR A, TR FE P B8 A BRI IR (wp Vo) FEFE [ 5515
F(ws Ht), A —HTIRN wi = op-os ARG . X —fEEERIETES <2
FI-B7 K&, BIEHER A wp 6T, BRI 2E— AR os FE TR — AR N
wi FOGT o X TAE S RO BORESR MBOCIR G 2% OB 28 B RIE & 5 1 807 T RE
A VRO e, AR R SR S TBOR s ARG S EOR A, 3 af >RUE TR Ze M
JRHOCIE ARG, AR IR M 6 .

(@ )N & & il
®
0, — ' — W, o, ’
dyg==2% 1)
® 75
— 0,=0,-0, “lwl

K 2-1 M Z BB E
Fig. 2-1 Optical Parametric Amplification (OPA).
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TEHSRBRZR, T 556N AE AL 1 b 7R N 938 78 B AT
BT TRARIR . T A AR A T R M SRR . R BRI 2 T A%
FEHER g, HOCRIamERRA:

E_(z,t)=A (t)e'*“ " ycc. (2-1)

Thrm=s, i, p AHIX AT 5. NG S R, An()FRREHE AL, ARk
B FHRNE, kn NUEEL on NEPEER . R BEWEEIG, SCl AR . 4% 3950
S5 AR R R R S BN T R
O’E(zt) O’E(z,t) o*P(z,t) ]
822 = Hyéy 8’[2 + Ky 8112 (2 2)
X, eo NETAHTEEL wo NETHES . N BARRE P RAEA BN 63 0 B,
FHZR PR PLATAEZR A P PR A Al A B AEZR PR AL 3 . P A2 BT A FEZR 1
He2f RN e e Y FREE R, 20 BAR S R AR R A L . AR RS . S
IR I AR MR A E ] T R AR Z = Al R . IR B, AH wp Y6 ws
TG B EhAK, PR A TS AR N 0i= wp-os FIAEEERAL PnC®(wi), ATRRA:

P® (@, 2) = 25,7 (a)p : —a)s) E, (a)p, Z) E. (@, 2), (2-3)
BETT H XA AR LR AR S B i K6 R, wp 65 i JGHIREE SO/ ™
HEX RN ws AEERANENAL PaP(ws), T ws 65 i SGHIREE 7= A0 AR A wp 1
LR TERAL PN (wp), 1B L IR R N

PN(E) (ws’ Z) = 2507((2) (a’p’_a’- ): E, (a)p' Z) E'*(a)' ' Z)' (2-4)

P (a) ,Z) = 250;((2) (0,,0):E (0, 2)E (a,2), (2-5)

A, RN B I AR AR R T X = AN AR A 1 R SR BB AR
(2-2)30, RIwI 45 24tk =FDEBAEN T AL Rl AR 0 Re 2, BIRS GRe g . Tl HDOL
B ARG E(on2) FEMERIE AP AAIR/N, AL

0°E,(2) - 8Em(z)k (2:6)
oz* oz "
AT X RN AR IR, e
OB (2) éz( ) (Zk Py Anj o), (2-7)

25 T



3004103

5 S BB MO AT 1

FARII, RS O R AR & BT R A R Y -

2 _
ap% — —i ;{ (OS APA*e—lAk-z

(574 2n,c

oA ; Z(Z)a) * —iAk-z

—=—-i=——AAe 2-8

oz 2nc oA 2-8)
(2)

8Ap _ _' Z a)P IA%AeIAk z

0z 2n,c

A, c NEZICE, ns, p, i WA =AU R, Ak = Kp - ks - ki A =BAIRER
R (FRALAHRAD .

T A HE SR TR BUE TGO HE B T TR, P RS IR S B N A OGRS B
AIRTEEE, Oy 7 HERRIRBOC RO IEAL, 7 Z TP AT AR RN 2 [ A B L
SN o BRIEZ AN, A2 9T SO IS OL T, B 405 8 A o E USRI = A AT
R . L, %ﬁ@&ﬁ%%A&ﬁﬁﬁﬁ 4 J

A < (_) K™ 0" & 62 aA& * _—iAk-z

—+ + X D pA'e

oz Z;‘ ! o 2k ax T A 2n o A

oA &(-)" LA i(8 @ A 2Po e

— 4 k™ t—| —+— +p— =—iZ—AAe™ (29

oz nzz; n! at" 2k \ox* oy’ Ath OX 2nc oA (29)
-\n-1 n .

%4_ N (_I) k(”) 0 Ap + ! 6_24_6—2 A +p0 aAp =—j X(Z)Q)p A\SA IAkZ

0z = nl a" 2k \ox® oy* ) P TP ox 2n.c

%7 FRZH T 38 i 43 45 1 B A5 4635 ( spllit-step Fourier method) i 4T S8 sk fig1104105] &,
FEIL S IREIAA R BN, kM=dkido" FREA TR n Bl 55 =I5 S AT S
BET TR TR RN 2 DY IO B 2 [A) 7 B AKRE,  psiiop 9 = T IR B8 A B AR SL 2R . TR IR B
LEMER I 25 RN, AR OSSN, B BRI — 35 AH ELVE F I 8 A A DT L 2 1 A2 i £
OPA/OPCPA 1 & iy i F % Hi BE I B 2L R R o

2.3 MAHPCHED 554

ArAHVLEC & P A R4 Mt S i B I SE RIRHE, & UuE T =ik Al ge S I K Amsh i 77
Al X TS EORERE, MAHILEC KR 2-2 s, B8 ETRRA:
Ak =k, —k —k =0. (2-10)
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PEARVCHC 26 A F S+ =G S X AR /2 B BT 18 o AT AT AR A S (0 AR 12 i £
FEAR PRI AHVL LA F OV S Ak=(ko-ki)-ks =0 FMAE 1 w0p 65 wi EIRIIEA
PP A ) s Y6EE 5 2 B AL AR S B2 AL B s Y RAAH, IR A9 2 18] AT LAAH
BT s GHRIE «

(a) , (b)

optical axis Vei

. —
/ k!’ - I —_— I

7~ —_— Ves

(d)
I 5 Q=a+f
Ves

k k
] 2-2 328 OPCPA. E3LZE OPCPA [ AHICHC X R (a) (¢) S HFH FEULHLOE R (b). (d).
Fig.2-2 Schematic for phase-matching (a), (c) and group-velocity matching (b), (d) conditions in

5 S BB MO AT 1

§ i

(©)

optical axis

collinear OPAand non-collinear OPA, respectively.

1.0
0.8/
0.6
0.4]
02}
0.0l

0

pump
signal
idler

Intensity

1.0
08|
20.6
5 04l
£ 04y
02

0.0 I 1 !
0 5 10 15 20

z (mm)

pump
signal
idler

2-3. OPA 1 =5 BE|AN2,  |As)? FIAI? BEAE ELAE IR R z (1378 (a)Ak=0; (b)Ak = 1.5 rad/mm.
Fig.2-3. Variation of |Ay[?, |As>and |Aif? in an OPA for the case of perferct phase matching (a) and phase

mismatching (Ak ~ 1.5 rad/mm), respectively.
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K 2-3 735l 2e T REAR VL FC (Ak=0) A ALAH SR L (CHUE AUl B st Ak=1.5rad/mm) 5%
TS EROCI R RIE, 5 5 MIRSOGE R = A AR 2 8. BE
B &A1 E A : BBO e H T 1 RILLAAHILED, RiHOE51E SIS/ 8 527nm
A1800nm, W HIRIARGEEEL Y 10°. MITEEEE /eI LLES]: (1) Ak = 01, & 2-3(a)
Fios, RRIRMYBE T R ELTEOR . I AE E A WIAESL, XX RE IS BEHOCIRE; 4
I R AL S, BEAE SIS HADGH AR, XS RN
(B F B RN, backconversion effect), HE & MAF 5 J6HF1 R AT B3 [ 2 . E
B4R, TR, — B Ak = 0 A RABIR AN (2) Ak £ 0 I, A
Kl 2-3(b)h7, RiMGIE R e H K ARRER, WG EBORN el ftE
B3 380CR G AL AR UG ECE 1) 100% 41K A 70% .

EAAEER AR, A AHULES 25 1F(2-10) 2N M B 2 32 = 8D R O A Ee (D
AL ARVLED . 5 TH S EOCS SRS EROOSRE, L’ AP OPA BluwE iy WAk
JikE ) OPCPA,  ANAX G & oA 22 [A] () AL AH DL B 2 NS 1Y, 56 7 0 2 B UK 2
SROGUEHY 55 P T A A 8 53 Y85 2 A ARG L 2% 4t (H EH T A B O3k B R PR i, A7 A DT
B B8 e A BRI

TEAA BB E RN J5 , G AE AT BT R AR St B R Ok K 77 B3R R NG o 1Y
PR k()= n(w)wlc, FIELEF IR wo st AT 288 K B I

w 1 2
k(w)= n(co)z = k(O)‘% + k(l)‘% (a)—a)o)-l-zk(z)‘% (0—p) +...cr (2-11)
2, KORTA L AR R 38 K«
KO =n(a,) 2, (2-12)
c

KO — I R R0 BT WO IR RE vg I BIE  RAE AR Bk 2% 1
PRI L -

k0 =9 k(o) =1(n+wﬂj=i, (2-13)

do C do v,

K@y It R 8, WRR VB JE (5 B (group-velocity-dispersion, GVD) &%, Jx ik
YA EH T ke AS [R)ASREE 3 A  3 EE A [R] B 2 B ik i . % AR A

k@ :d—z(n(m)szl(zd—”md—znj. (2-14)

dw? c\ dw dw?

NI EAR AT RN A BGOSR S OPCPA HINZAHITEC 4% 14 76 OPCPA it fEH,
SR G H O AR R KO, 55 A RIBOY 9 98 5 PR WA BRI Ak =3 [ 37 A1 2 P

& 28 T


dell
Highlight
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B Ak = kp - ks - ki A5 5IIR o MREL REHAERE SOUH IR wo LT R ¥
BURIT

Ak (@,)=Ak(a,)+

5 S BB MO AT 1

T LIMK(@) j (215)

3
@ @

1d2Ak( )

dAk (@)
d 2 dw?

H,  Ak(wo) WH ORI A KA &, dAK/do 1 d2Akldw? 53538 — B A0 A8 e fic R0
B AR IC R 5, 3 B 53l N B T4 FE SR L (group-velocity-mismatch, GVM)
IR UL Ao=0s-wo, 2 Aw<<wmo I, T M AH AL B2 8 5 0] 20 AS
Th. HAERHE 9577 OPCPA JHUK %% 75 2 Ak(wo), dAk/deo F1 d?Akldew?® 55T 0, B [E A i
SRR AT AT S A 387 DU AR B2 BT T . (R SERR B A A, T )
EHURHE L SO S8R B HEEA R, — R A aeisi 2 OB KR B A AL BC 2628,
DA [F] I A2 3 AR PR AN 254

PR NS IR EAE 5 R L R, WK 2-2 fis, OPCPA i f2 Bk stk
OPCPA HIHEILZ: OPCPA, I 73 7l 4 33X P At OPCPA JHUK #538 f 1 i (1L AR ik X
TEHES 5 RE BT Bkt oA A2 W oL, IR ket B & 1 BN 288 AT, BITESL
22 F4 dke/ldw=0, d?kp/dw?=0.

2.3.1 £k OPCPA {iL#EPCHEE

&l 2-2(a) s, 32k OPCPA HIH LA AL D . REEBEULAC . it ik Ut
2650 30N -

Ak (o, )=k, —k,—k =0, (2-16)
dAk _ dks dk __i+i=O, (2-17)
do|, da) do v, Vv,

d®Ak d’k, d’k,

— N == s 2 o, 2-18
do® | do’ do? (2-18)

A Vs 5 vgi 70 R AT 5 KRN RSB BRI R . k2K OPCPA UZEARFL 2 : 18
A BEE A LR AL ATULAS, R FEVC RS A R A TARE T I K (ws=wi) I 4 AL -
T = L AR A ARVCEC 6 1E, ¥ (2-16) 2N S A i E Ok R R IA

ny,o _nsa)s_nia)l n +N
Ak =P —0 — n =—2T0% (2-19)

C @,
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AR AR BRSSP R RT DA D9 B, T TRl S AR UL G, S0 7 MR X S AL A L -
MTAZEBRERE (0p—ostoD, WRIE=FTDERIIMIRTT AR, BT ALAH LA
FARI 9 1 A0 1 SEAEAIIL AT . | SEALAH UL ACHE MR R C B — M &Ik, (55
TGN AT 53— FRES B IR G s 11 SRALARVTRCHE 5215 5 G RN TR AT0TG  HH
P FEPIRZS 3RO o LA Sl AR 8], | SRAZAR DL BCHE 12 320 6 AR - G iR (74
Fre Jt, AmIRTT AL B S A OC B S A SHER BRI T T N),  Hr R SRR TT A %
55 5 RAOGBI N T HOU IR 0 O, WyRJT IR T F-Fm), ENIRFHES
WRITETER, E—MeS BB AT 5 R- 08 e—~o+o. LY, =DJGIAE R IA
RIS R0 )

1

| costo  sin?e |’ ]
”P(e)‘{nzw n:<wp>] )
n, =n, (a)s) (2-21)
n=ny (@) (2-22)

O NANIFICBRTT RS R e i 1A, AR Ou A AR RO, € T b AN A O &
il No(w)5 Ne(w) 2 dl i Tl ERIFT e, RIGIR IR SR a7 R0 = 0)LL TR E T
ST 10(0 = ml2)f xBTS 2. K (2-20)-(2-22) AN B LLAR VL BE 2% (2-19) 2K,
A URAGAK = 0 BT ) s A B A 6:

272
2Nz A 2n, €A, 40N +A,A40)

po' "pe’*s 74 p’*s''s

(n2, —nf,e)(/i AN, + A AN, )2

p7s'ls
v Npo = No(@p)> Ne(®)= Ne(wp)- XU A AH DG BCVEARFR N A B AL AH UGG

FE oA R AL AH VLG O ZEAIE b, 2 SN AH DL 98, 38 75 200 2 (2-17) X
ORI B A A UL RS A% 1, BDEEK.

6, =arcsin (2-23)

Vgs = Vgi ' (2'24)

BT R S T WD R, X 2Rl RS 56 5 RG] I 415
Ao X FRKARIFIIELE OPCPA, {5506 5NADEZ ] S REE B RRCHT, XK
L OPCPA HIARLAHILACH 38 AF AT IR, FARI AT W 2.4 4
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2.3.2 dEdt4 OPCPA (A HEITHD

5 S BB MO AT 1

1994 4, G. Gale 2100107 thim o JEIL 28 1) 77 20 CRIBAVE 56 bL— e i et
50 o NSFEIEAAR) (E15 K F> OPA AR H S 5 Bt AR ATk rh A BE R BE VT I . R4k
N7 A BEIE T OPCPA, AR pii 2 AR oA 57 A DG T 2% 14 (AK=0) AT 8 5 UG i 2% 1
(dAK/dw=0) 7T LAFIE 2 , ROKH J& T A ARG 5 98 . 7EIE L2 OPCPA e+, %2
LA AR U RE A PRI SCRE BT 72 AR I R AT 5 3G I A — AR 2/ GiedE
B, WK 2-2(c)fir. EB?%IEJB@%%?ﬂz&ﬁ%\mallﬂﬁaﬁ}m&% B A, [KFkHre
ARNSDCRIETT A —E BN AOEL B df/do+#0.

¥ AEIL 28 OPCPA El‘]EILMD‘I%&?FHIEEE%%#EIE?&QM/%%%T%ﬁﬁ%ﬂﬁ’l‘ﬁ%%iﬁ

e
Ak, =k, (0)—k,cosa—k cos 5 =0, (2-25)
Ak, =k sina—k;sin f=0. (2-26)
AN GERE B Ak SRS, A BB UL 25 I B R A
Ak ® = gk —SCcosa + %COS,B +k; sin ,B 'B =0, (2-27)
dw dw
Ak, W = df _ 0, (2-28)
do do

PAEDUA XA I B AR RIFICER k() 15 50CARILE S o0 INBDLARSL
2iff p LARIRBOE A CL I dB/de,  TRIEDASZ5 AT LRI Sz, RITTRJ A s 2 Fh B
PEAHVE L 2 AF AN I L AL AHDE O 2% AF o 1 315 BRI A o MR K M A 0 1 TR S 4L

2 2
1-V2 / V2

1+2v,n 4 /(vg,nlxls) /(niuj J |

E
n2n2 2 2n,, (4,40 cosa + A, 4N cos

mAREL A A 9, = arcsin| — pe2 A 0 (2,0, ;B) (2-30)
(n%, —n2.) (4,4, cosa + A, 4n; cos B)

p7s'ls

FiR-E S AL A o, = arcsin{ (2-29)

AR 22 R R SO 0 A R

_tan(Q(a,)) 231)
©

V

o,

%31 W
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X, QIRMERES AN 2 M F A, W 2-2d)fin, Q=a+p.

BRI, JEIEZE OPCPA o 2 ST LA B VT C () A EE G2 . TR ik
BRI voi TR0 5 6AE 88 7 10 032 51455 kb R S ves #H4E, a1l 2-2(d) s
EHE B, K(2-27)xcosp + (2-28) R >sing BNV AT 15 315X — BEH B UL % & -

Olkscos +%cosﬂ+k sm,B ﬁ X COS 5+ %sinow%sinﬂ—kicosﬂ—'g xsin g
dw dw dw dew

5 S BB MO AT 1

do (2-32)

dk; 0
do do

M5 (2-13)5K, dksldw=1lvgs, dkildw=1Ivgi, [FIH(2-32)x0n] BN MG 5 A F RS E R
HEZ AR

Vg =V COSQ. (2-33)

TERER B VO HC ) 2R T 25 Bk — DG AL ARG L W5 B8, 3 75 L0 2 3 P (B VT e
%A, B d?Akldw? = 0. X}(2-25)50. (2-26)= 34T Kk SR a] 15 2)9E L2k OPCPA i
RNV YUNI S CH A S U

d2k, dk, dp dgY’ d?B .
Ak ® = - =75 cosr ———3 cos 2— sin k[ Jcos k. sin =0, (2-34
T T SO T O P2 e SN ATk g ) COSA kG sin A =0, (239)
d’k, . d 2k, dg dg\’ . d2p
Ak D == Tssing — S sin 2——cos k. (—) sin B —k cos =0, (2-35
LT g N g NP2y et TR g, ) SN A kgaes s (239
#(2-34)>sing +(2-35)>cosp 1551 :
2
d’k, . d k2 . (dﬂj o (2-36)
dw? da) dw

B, T AL OPCPA i, X250l H AN, RS, AT
JEHIAEIE LR M Q M B dp/dew B H1(2-25)-(2-28) N5, M5 565 RO R E &
TR d’ke/dow? Tl d?ki/do? AT ERUR IR &« ZEAE15(2-36) o, 7 ZEAE AL AR
HL2k OPCPA J7 b 5I NN E BHEE, ol i) 22 e ik o 5 LN RIORK B im0 N5 5
SIS .

T P78 55 77 OPCPA JBUK 75 LO8-HON (S R /> St 25 F T e J Rk b S ) LA S PWY 255
H[#) OPCPA JHCK #3 ML M2I T 4 T AR SRR AHVC B . 284515k 336, 2010 4F Demmler
2 1109] 7 3 ) v AR L 2k OPCPA S5 b (1 SEALAHILHLD), i OL IR KL 515nm, 15
S K~800nm, F M 1mm JE K BBO Fhidk, &SI 1 >300nm f S B 1 351 5,
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Pl — /MG R . 7E Demmler fs2EeH, EILZE OPCPA 1 T/EZ%1(a=2.6°, 6=24.5°)
5 E#ES1(2-29). (2-30) 22V E .

5 S BB MO AT 1

2.3.3 Magic M+ ECHE
EARSLE: OPCPA S AHVLEE TAE S8 (om,> Om) P IEAFAE— S35 B A AR VT C 2644, 1
ANE A VTG TC FR BT 58 G T P L Al b 00 &7 i A2

oa,,
oA

~0, (2-37)
72

XA A UCECR A # AR A Magic AL AHVTECMS I, 18] 2-4 45 HH T Fi K L 515nm &1
~ BBO ahff | RIS ALARILAS TAESH T E, LA S, 1E 2s=800nm PH i
2 (2-38) 2045 H 1) Magic A7 AHTTEC 2614

3

251

2.0

L5}F

1.0}

‘. i i : /. =515nm
(J6C] U WSS MRS S S S
; ; ; ; i BBO type-I

0.0 i i i i i ; ; 20

non-collinear angle a,, (°)

600 650 700 750 800 850 900 950 1000
A, (nm)

K 2-4. BBO firfAk | EARILRALARIL I TAES B 4. RGP 4,=515nm.
Fig. 2-4. Calculated phase-matching curve for a non-collinear Type | BBO pumped by 1,=515nm.

Magic AZAHICECYT T- OPCPA JHOK#S [ B FHAMEAE T+ 1% TAE s N SFHEBOE G R
DA S0 PR 22 AR R s, IO TR B R B R IR ) iR OPCPA R H
B, o MR, T e AR SRR, A SAELE Magic {7 AHILRD
M. e, SRA 527 nm BOGIRIH Y KDP S AAA7AE Magic S AHVCHEC A, 15 [FRE I3 K
A+~ DKDP @& HiA71E Magic A AHUCEC 1IfF . H AT PW 2% OPCPA R4 L-F-#5:K FH K
142 DKDP @R fE N EBCR RGMIE i/ B, B 2-5(a)45 T 100%35 71/ DKDP difk

% 33 W
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5 S BB MO AT 1

£ 527nm ZEI KA Rk T34 OPCPA AT AHILEC B2k, 7] LLE FI7E 2=900nm
BT 2 Magic A AHITHED . 53 4M e ZEPIE A2, Magic AZAHITAD s AR I B2 (i
FERSULEL . B 2-5(b)25 tH T ] 2-5(a)AH M TAESE 264 T OPA IR B (o UK i o -
d’k, _ tan (Q(wo))
N do®|,  ki(@)vg ()
ATLLE 2], Magic A7AHUTHD £ (As=900nm), FHEH & éﬂﬁzﬁﬁﬁ%@aﬂ%f—? 0. fHZ, fEIRK
5 5 B IE N (1s=820-1100nm ), FH 3 & 4 i (1) 2k IC 72 #E Ak B 35 3R H 3D,
Magic {37 #H VG B X} 8 %8 5 OPCPA FRIA AH VT FC oK i A2 B AR AL 1) o AR IR 1 5o i 45 1
ST 527nm ZE7H ) = T ) DKDP &k OPCPA OGR4, 1 NGB 56 5 WERK ik 43 56 Y
HC K N 1Z B TR SE K ) 950nm BT, 1T Magic A7 AHUTEC 200 % 1F7E 900nm P KAk .
HHT, Magic ALAHUCECHE 2 B T R A 5 2 A o Ak v e Rk Ak et 8K

d’k,
Ak®? = Fpci

cosQ(a, )+ (2-38)

1.0 — ; 38
£ 08 .
tSE g
= =
o 36 O
jan}

g 04|/ ol
s / : ~
@ B \
g 0.2 / Ap =527nm
= (a) DKDP type-I

0.0 H— 34

700 750 800 850 900 950 1000 1050 1100

A, (nm)
50

' /

-100F- / i
150 | ‘

:200/
-75(}/([))

-30
900 750 800 850 900 950 1(}0(} 1050 1100
A, (nm)

GVD mismatch (fs2/mm)

2-5 (2) DKDP ApARAEILA A ARV HC R A 2 A R de A L) f S 800 B R (b) AN A S
N 1015 5065 R ATDG AR B2 (BRI .
Fig. 2-5. (a) Phase-matching parameters calculated for a Type | noncollinear OPCPA in DKDP crystal
pumped by 4,=527nm. (b) Mismatch of GVD at corresponding (As, am, Om).
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24 IMESHEHSERTHER

2.4.1 M55

05 R ORI R 2 DA TN 2 PR
PIETRBOGEN: A (2=0)=0,

TRAHAE A BIEAN T oA, Joz=0 (2-39)

M AR T FEAL(2-8) A A WA, HESAF RS SO6I7 9B VS = WA AT FHBE & 2 A9 AR
PR

l,(z) =1, cosh® gz, (2-40)

leo AN IS B3R, i In ST IDE IR An HUBEL L RN, =cen, [Af /20 R
g NSRS AL A S MR A B R Ak SR e

2
g= FZ—(A—k] , (2-41)
2
2 gz>>1 i (S TS EME>10 %) , cosh(gz)=e%2, (2-40)z\rl 3t — S itk A
1
IS(Z):IS(O)xZeng, (2-42)

B T HN TS EBORAR R AR R . REEERE, SEM SR g 2
SR IGIER 1o BIERE R8I A R, BIZRIR Y (), S & m R
RN — DA R g(t), BME S AKHAEARINZERE NS 'l AR, XEWELS
ERBOKERET 55637 70 A R I ik 55 70 A ik i

P 2-6 X bb 1 ARAE /IME ST U (2-41) 305 5 TR S R 4L AR B R T A
FE SO0, ATRUES], ARIECFEHI<10%IN , ME ST MRS A% HUE i s )
s BEERIREFE (B REE AR MRS, 15 5 BOCHIE 2120 I B /M SR,
PR R IR AR R, HIRE BRSO SR e S i AEnT, B BB .
FETHSEAZIER, RBOESEBOGS W 2 AL, B Ak=0.
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5 S BB MO AT 1

10° g
— 1 f
gﬂ 10 £ Pump Intensity -
@ of
=1 -
S
= 10"} N
-
£ 107
Ps 3 £ Signal
% 10" E Intensity
RN
= 10 £ .~ Small-signal solution Eq. (2-41)

10_5 I T T T T T T T

0 2 4 6 8

crystal length (mm)

K 2-6 2B RO I BB (FR £ S 2R ) R/ IME S I UM (AL (0 s )T B
Fig.2-6 Numerical solution (solid black line) for the signal intensity compared with that calculated with

small-signal approximate solution Equ. (2-41) (dotted red line).

242 SEEEWR

OPCPA I R [ 2 7 98 ELIRHRE 1 Al UK B 50 98, IR sE UK A 15 5
ﬁ‘éTE%ﬁE‘Jﬂﬁ B398, LA SRERSHRIBOCIEETIR . RIE(2-41)30, S EBREN

MBS 2R PR IR N
Gopp = 1expLZ - (Azkj ZJ, (2-43)
£ Ak =0 I, Gopa B KAE: HALAH R IC E A 2]
Ak =2(In2)2 (T/2)z, (2-44)

N\

ZaE i Gopa J/NEIHRKER —, HTIX—R A LIS S E RO G 5517 7
TSR 34 OPCPA 54E3t:4k OPCPA:

(1) de3kLe OPCPA

X FIEHLLk OPCPA, M -5 TR AEIL M o S5 SR DIEI M 0 35 12(2-29). (2-30)
T, Ao AT 6 PR A7 A DG 2% A P A 5 G 4% F (R0 35 22 5 B OPCPA v 4 2K it 2 (2-15)
3 Ak(wo)=0 H. dAk/dw=0, BEEFALAHREL S F 2k | TR BURE, B d®Aklde®

% 36 T
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#0. K, FEILE OPCPA [ A kit B B AR R~ A

1 d?Ak (@
Ak(wS):E da)(z)

(@, @), (2-45)
23]
FiZARN(2-44)3, B af153) 44 OPCPA #2545 %5 it A R GEH T/Ms 51 2%
[X):

o a2z () 4(In2)2 (r/2)2 o
2 2 2 ' :
dZAk(zw) d k2S cosQ+d k2i _tan (ZQ)|
do do do®  kvi |
@

(2) IFHBEKHIFEL OPCPA
5L OPCPA 25100, TAE T /i JF I K i 3L 2k OPCPA ] LA [ i ik 2 Hh Lo S Aoz
FHUCEC AN B DUIE 254 (B 0, 2.3.1 7)), BRI AT B 425 B 0 25 485 5 10+ s A =

1 1
4(In2)2(T/z)2
d’k, , d’
do’ do’

Aw =2

(2-47)

(3) IEMHBE K HI3ELR OPCPA
L2 OPCPA TAE TAEMIFRUk K, R B8 & H O A AL EL 251, T 3 25 7y
W FEZ MR TS SO 5 NAOGZ RIS REC . MR3E(2-15)3, MNEAN ws BIME T R
A7 A 2K i P R R
dAk (@)
B dew

Ak (@, ) (0, — ), (2-48)

Wy

Rz AN (2-44)50, RT3 2 HE ] IR K Hh 2k OPCPA Xt I Y1 i 7 9 -

1 1
Aoy 4(In2)2(T/z)> | (2-49)
‘_]7/\/95 +1/Vgi‘
AL, X T AN RGN 527nm  [¥) OPCPA UK ES, dhfA%i— KA 10mm JE K]
BBO, TAET | ZKALFHILED, 155 60Ky 800nm, IR A 5GW/icm?,
BER OK 25 1 2 3 5 R 8L M=800/m. # K FL4 OPCPA HiEAN X, W15 5N
B KAE I, B AFERREFERAC, R (2-49) it H A5 3 H 3G 73 47 981X A7 ~8.2nm;
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¥R ARILL OPCPA HITEANTT R, M (2-46) 31T 515 31 18 25 45 %8 ~350nm,  Eb L4k
OPCPA 14 ai i iy 7 JL14%, PR B nT DASCHF 2.7 fs BB AT KO o 72 AH 8] 7R s 44
FAOCEAE T, 155 B IF i K (1054nm), MR 38 (2-47) R+ 55015 3] 1 1 25 4 5%
~134nm, /NTEHEHLZ: OPCPA [ 96, AT S H#~10-20 fs [ ARk TBOK .

5 S BB MO AT 1

2.5 BEBFIE

i B R RO RAMERE ) — ML DI R BRI, EHEZIE T R4
Fi R ST FIPEM LE . S b, JES RO FE B B8 fE R 2 IR ) OPCPA 8 A0 H 7t
WOt R G VA ThRAETH B — AR L, K6 S BRI FE I R e e i R (|
FIHCREMIE), MARANE TFRCR, 18 frae BB L, WS EHOGIFE fnax B LBRIE A
1o BREWNSDEHY, IR IECENE SIS Re B AR N ns = fnac<oslop, X TR
THANME 5 P4 7108 527 nm F1 800 nm ¥ OPCPA UK #S, 1 RE R L BCR ns IELL
WPRAE A 66.5% (=527/800). kg 2-1 5 T H A4 — L U8 (1) 75 T % OPCPA J0t &
S0 LI SR e B L R ROR. fnax IRV G 5 BB R LR nse ATLAE R, #s
() R R ~25%, mit/N T ERB .

2 2-1 [ENANET 7E OPCPA ZA%E I RS B 450 T AR 7 AR 3 6 SR () o

Tab. 2-1 Conversion efficiency and the pump beam (pulse) quality for many OPCPA systems reported

in literatures.

2 IR 2B HHIE _ 2%
o AR x| 75 | ek
| BkebReER T | JRIREER " | ABIE rms | KRB mrad

1 4th 10th ~1 mrad LBO 58% | 29% | [117]
2 20th 20th 8 % ~0.3 mrad LBO 4% | 37% | [77]
3 10 % LBO 66% | 33% | [119]
4 flat flat LBO 38% | 25% | [120]
5 1th 1th BBO 45% | 23% | [121]
7 flat flat KDP 50% | 25% | [63]
8 flat 10% 0.028mrad | DKDP | 40% | 23% | [64]

L2 [k AR JEG 5 0 TRUR G 415 4 A 29 D' IS TA] A R0 2 [] 7 Af PO i o

% 38 T
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AN MR E T FRAEH K&, B S8 OPCPA UK E e L R 2 IRIA &
P s TR AN [E] z A7 B AN IR T E B R SR R O
. 5@ 9.
fp(z)_l Ip(O)’ (2-50)
TG TIRH(2-8) AT IR ARG 2 fo(2), fo(2) B RAE B A Y6 S B IORIEHE A] S
{033 s s 19

1_m<0>_lm[Akj2 . 1_%Is<0>_lm(AkT T a® 10
o, 1,00) 1,0\ 2r o, 1,00) 1,0\ 2r o, 1,(0)

max ~ 2 ’
AP, Lin TR NS 758 (K S 1in=15(0)+1s(0)+1i(0) . 8% K] OPCPA JEUK #3ii /& W) 4h
ZA: 1i(0)=0 (FERFIEIEN)FI 15(0)<< 15(0) (WIUE(S B 6oR /N T2 eI ), 1t
i (2-51) AT i -

(2-51)

Ak Y
f zl_(Ej ’ (2-52)
ZAE AR, LS RO R AHEE A (B) Ak=0), fra =1, FEIHNEAT
PL 100963 4 915 SO MR ATG: 24 Ak#0 I, fmax< 1, BEHRCERI T FRUE T IE L 47
FHRBLE AK 77, TR TS EE S R T 7. X—45 8580 OPCPA W2
BE R AR AR EE S AR AN TR (RMEIR) SHT R fE (R IERYsSs&
KD Z B Se4 s S S0 T(nTia s 38 N 2R v ' iR S B ek Ak 344 B T8+
OPCPA 6%, XEME, mihaif) OPCPA JBUKER XS T 4H 2K Bl & (Ak=0) 4 Lk
AU
FESEPRE) OPCPA JHUK#% i s e E s e ) F BN = A FE: Zm kIR, &
TR R (B AR AT R EUA), PLATENE SRR (X F =il k):

(1) L. BELRBESAKEMN (Ri&kAk=0)

1 AR KA R AR P T AR, AR 20 2R G5 AN ], DR 25 s 220 SR VR o el
BT RN RSO 4 1D WA — 3, B S R AR i 5 X 5 A VE R, 1R B fnacl
i, FEZRIRAKT RIS IX, fmax TDARIET 15 2 )5, B ZE00 MK 0h 55 X B R AN T 4
I, KRB X R A BRI, KR frax<ds DRI ZR I P ) B B B 0 R
NT Lo BITCIESEI 7e e e, LAB 2-7(a) s O s B ik vk o B, BT s tos
ts I 2RI BN ], S5 RCRIE B R RAE. (Fax =1) BT 75 200 = S AH ELAE FHBE 55 2

% 39 T
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A, W 2-7(0)Fas . B, K€ z AL E R DGR R R SR KR AS RN 21 ) e
BRCEEIMBCT RIS R . B 2-7(c) AR BT S5 2 B BN I8 kb e 8 R B o 2
IS AR TG DL, 7T LA 1 B 2 BAR RO A DL RC 26 1, s KRB R th A A 4)~50%.
FEIR MR, GRS BAA R A ¢ — 4RSS A (Gy) P 4E, IR G ) A
B ET R =AY ERE BRI R Wt Ul, & R HaL 5 4 A Ak b 43 A
PIbRE s Y, SO S HAR SR B KB R A frax ~(50%)° =12.5%

5 S BB MO AT 1

1L0F (b)

() = Pump pulse profile = 0.8 i

(3o
(el
T

[
w
T

10 15
z (mm)

o
(=3

Intensity (a.u.)
w o

l.O»— ©)

R 04f
~ 02t /\
0.0 :
0

5 10 15 20
z (mm)

2-7 AR SR AF T OPCPA HURERFLHAR CRIBFSD « @Mk 216 (b) t, t2, t3
I 2 AR R R Bl 2 B () NI RK i ) BE B HOUCR B 2 (18R

Fig. 2-7 (a) Intensity profile of a pump pulse in Gaussian shape. (b) Conversion efficiency versus z for

[=]

the pump light at ty, to, t3, respectively. (¢) Conversion efficiency of the whole pump pulse.

T 2-1 BB T AFEE SN RE AT, il DURYEE s\ =
S SR PO IR TR DR BP0 2 PR SR Ok v B i A 4 A fmas BB PR 1 R 38
TiorAn, HOGZS RO B @ A AHUTEC 2 fF . AR X — B 45 R, RIS SRIM Ot s
B R 8 v A, AR OR R L ~(92%)3=78%. ik, =M
OPCPA JEUK % 75 EEWG ST G A I 38 B 3O o A #0821 10 B DA B 888 s o0 A1
I A O . LR TE OPCPA R4EAE R BRI — MR 6] 12 6 H &
PITEE K % OMEGA EP 2% (1] OPCPA T R 4t 1 F+ 781171, 1% OPCPA T R Siff
F 2+1 8t LBO énffs, RIHAME T 6K 5778 526.5nm A1 1054nm, 4615 5 EAHR T
I IGHISRE A 15(0)/1p(0)~108, fEiZ/NA 2003 FEFRAE A L6 B rh Mk kg 4% 68
Wror A, YAy 10 38 i i 43 A, BRI 15 31 (1 22 1 O ot B A 40 300 Frnan=58% (AH
R 7s=29%); 2 Jg, %/ OPCPA FIZRIHTOE (NdYLF BUKES) MgnsEuiipiiel,

%40 T
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it FH s e A0 2 3045 Sy 20T 348 5 37 40 A R 2R
Hi [ Bre_E 38 ) OPCPA fie ik 4 i %

R T SRR A0 FC T, SEPRI RGO IS AR AR 45 1, X FEL
B P N e 2 (RSO (S AR i o [E1 s Y B 58 1 v RN [ b S R e =t
Hr oy An 2Rk, dn SO ik SN YRS B ¢ BREER S, THEAHNY frao ZRS
WL 2-30 X BEERHIEE r 8958 SN (InaxcH min)/ (Imax-Imin) > 37 Tmax F1 1min 23531 9 18 1
e Fi e B (VA RN 7R . PT DA BV HIRE v A L1 393 1.3, foax B0 23 A\ 949% T P& 2|
7 82%.

5 S BB MO AT 1

T, RIIHOE fnax 3R THE 74%077,

X H

# 2-2 OPCPA i KAEEFEHRR fmax SRR K R

Tab. 2-2 The maximum conversion efficiency fmax versus the intensity profile of OPCPA pump pulse.

TR BKITER | 15(0)/15(0)=108 | 15(0)/15(0)=108 | 15(0)/15(0)=10"* | 15(0)/15(0)=10"
Bt = i (m=1) 51% 56% 64% 75%
4 3 = T (m=4) 84% 86% 89% 93%
8™ i 1= i (m=8) 92% 93% 94% 96%

% 2-3  OPCPA R KAE R Tmax 5 F KT 52 BE I r 1995 R

Tab. 2-3 The maximum conversion efficiency fmax versus the intensity modulation depth on the OPCPA

pump pulse.

R | 1500)/15(0)=10% | 15(0)/15(0)=10 | I5(0)/1,(0)=10"* | Is(0)/15(0)=10"?
SR HIEE r=1.1 94% 96% 97% 96%
JesR I r=1.3 82% 88% 93% 97%
DGR HI A r=1.5 70% 79% 88% 98%

(2) FHIERATS K5 A KR

SEPR OPCPA JEURAS UG AU AFAE — & KT A B, X — RIS iU AT e 51
AEAH SR BE (A20) , AT 3 BURE B 4 e R Bk o 0 1 47 il i A o 1 A2 AH DL S YT OPCPA
HREAB] CGRIEIEN e )6, 55 AMMIEI Iy 0 96D, MU =I5 8] 1AL AH KRBl & n] Kooy :

Ak =k, (6)—k, —k. (2-53)

ZRFEH, SLAHSRHEC R AK NV 1 A B O 1Ex BERTHE S SR A 6,
B ARSI AIUCE A Om, AT RN 0p=0m+D60y, A HIX— 2 & A6y 51 NHIHIAH
JHC B AK(AG) AL ST

i 41 0
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5 S BB MO AT 1

@, sin26,, 3 1 1
A= ’[nm(mp) (@
RIEE2-52):, 4 Ak(Aap)zﬁ T BT, fmax B T F% 50%, HHE AT LTS OPCPA A7 AHIGHEC 7o
VR DNOpo 281K, XFT 4p=532 nm, =800 nm ffI-|E 3Lk OPCPA, {B %%t
7% 3 GW/em? RN HI/IME 51925 2% r=796/m), 1A BBO, HR¥IEA R (2-54)itH 15
FIRMOEEZ M A= L mrad. VERE, XEIEMGEZA A0 5K L LK.

(3) HERMH OPCPA H##BRMEE

H e 5201 OPCPA #4530 1R Z IR G R 1 6 515 5 6 B I 8] [F] 25 12 (8] S BE AR
GRS, (E | B0 A IUCHEC Y OPCPA JEUR 8%, ZEim (e o) MIEE AN

9 (n,9)= (0){7—%}9“29) (2-54)

2 p0 pe

AG, =—*
. 20|,

)}XAHP. (2-54)

tan p =
£ @) do

BB RN RS REAE SO & . %, EBM p £ 1-5° 208, fEIRE
OPCPA w1, EFEEMARLAT R (BRMSE S WA ED W LR B4
PEER A, AR E B A R AR L e U

2.6 ELeE RIFHVIESE

FER T OPCPA JEUR AR, X d A ) e 438 3 2 7 AU LT J LA B R r :
(1) AL R %

A R B AR ZRME R B derr BBR AT . A TAETXT LG, der IR /N—RELL KDP g A
f) dss VE NS 2% BT, das(KDP)=(3.940.1) X 10 m/V. KDP f Ak it sk 2ok 25080,
FLGE A T ORI RS =545, OPCPA JBUK #% 75 B = A RE 26 PE 240, A EEdE
LR 2 R AR SR LR ME R AL derr /2 das(KDP) I JLAFER L%
(2) EWBE

R HE HAA N H B0 TARB A LOGIG 58 B, B0t u BE W &k . Tz
B, W TRESE IR F 5 CNINAUCEREY], A RIS E .
(3) NrAHVTHECH BE . FEUsom A2 PR FE

A AH VL )7 FE Bk e, 7 AR IO GRK i rT RESE R, RS 5 345w I (E D 2R B0
Ho A R AEZRME S A B AL ARDTAC A 95 i) LLE BEAMERE DL b, mISCRF 10 fs (15
BOCIKTIROR o 5541, B A BRI PR, A R R 2 M 2 i R At AR 2 , OPCPA

5§ 42 1
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5 S BB MO AT 1

REWHE NI, i,
(4) BRI ERAL S I

P R HE 2P AR B 0 BB =y, P Bk A B
KEMET T, AIEBHE R AN AKE R OE. &
T, TG R

FESRIBOGAUBN F B2 AR S fn B4 . ImBlERE(BBO). = HIfRHE(LBO).
= HIRRAS AL (YCOB). R — S AT (KDP) MR AL i e — A4 (DKDP), F##% 2-4 45H1 T
XL AR ) B AR S EL AT L

RkasE, AR, 554
R AR, SRR A A

§R

24 WO RS FH Y OPCPA JEZ 6 S AR M X L

Tab. 2-4 Optical properties of OPCPA nonlinear crystals commonly used in high-power laser system.

BBO LBO YCOB KDP DKDP
BRAL MR B (pm/V) | 2.01 0.83 0.97 0.26 0.22
EPEL (um) 0.19~3.5 0.16-3.2 0.21-2.5 0.17-1.6 0.2-2.1
&AL A4 (cm) 2 8 8>20 40 40
i REEARIR () 3 48 120 >1000 >1000
P (mard) 0.28 2.3 0.72 0.63 0.7
WU A% (L/em) 0.0015 0.0015 0.0015 0.039 0.0013
FEWIEEB (um) 0.19-3.5 0.16-3.2 0.21-2.5 0.18-1.7 0.2-2.0
5 B 180%%{':; ﬁgnsGV@Vﬁ”r': 2 Jfem? 5 J/cm? 5 J/cm?

BBO (B-BaB20s) fnfAM?2 i ik B Hh Bl B4R @ BT 7E 42 80 4R B R BN
TR Tl R B R AME A R AR, PRREAE R, T V2 B TR A e R s, 40 Nd:YAG
Bot. TiiSa BOGH —EM. =F0=4 . S ERY SOLSEIBCR. BBO Mk iR
1 AR, 3 BRI B 0.19~3.5 um, A ARAE L 1 R UK, | FEVTHECNS B 1Y detr 2924 das(KDP)
(15 £, SEESIVELE, AR, PHBREER, TSR, AEERN. AT
FEAN LR NRA RO K 12~20 mm), & B AR, A UTE A N

LBO (LiB30s) i R thy BB s P BT 75tk 2 80 AEARHIF I BRI 1) o —Fh
HEBEAELR M a2 AR . LBO Sl N 60U A, @ B B 0.16-3.2 um, A RFELR M R
e, | RUCHEEST A der 208 das(KDP)H 2.2 15, Je3 51 MEUT, & B8 M RN AR5 /N
A 200, (A A5 A UE G Fo Y B S0 RN 25 BRI B 351 L e K, 453473 R 751 (60 J/em? @1064
nm, 10 ns, 10 Hz), H #7142 C&4%)>100 mm. Kk, AL BBO ik, B 7 A %3EL
PEZRHO/N— s LLSh, LBO dRiRf I REAR AT N, JEHE T 2 S H T &2 Bot 1)

%43 T
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(=2 N DY e o9 N

KDP (KH2PO4) it A M4 2 J& i s AR 2 M i A, 3@ AU BE N 0.17-1.6 pm, J2& H il
APV KN T D2 s K s e AR M e 2 ik, SRR AT LAIE 3] 900 mm, B K
FRN 12 A H (PURAEK T30 . KDP SR MGk 28 RElE gtk R0V, B,
H A& 7 T

YCOB (YCasO(BO3)3) i AR & 1996 45 phyZ: [ R 2% Bt & WA 8T fb A, B kit e
LEVEL Sk RE . R R BE DL BT Ak SRR e . YCOB diA A 51 XUk i A, 3 BA
WBN0.21-25 um, HREARLM RS LBO WA, NEIMR, AR HERRAK,
AR R, RIS, A R T3R5 K AR A A, B AT C AT i 45 n T 11 4£>100 mm ) YCOB
mik. (A —4E12, YCOB HIMERICARH (AT SEIl A BUR I A AHUTED), FTRE
K2R B P TR 4008 13 kW2, %5 BBO fhfAf)~4.6 KW A1 LBO &£ 1.5 kKW
m—NMES, FENER TR TR EOE R . SEE LLNL 52565 R YCOB
% Mercury 2% B F% HBOGHT 50, SCOl 7 BB 10Hz, “TFThFE N kW &
% ) fs A H 12T

2.1 KRG

OPCPA JHUK #5 LAY 2 R M tRoE 1 IHOR 28 e A 37 IS8 A o« A 55 AR G
TR R, VEANHES T OPCPA JUKESIIAIAHUCEC &1 825 32575 9 DA R R i
e 2 5 TR E TIOR 28 5 5 A O I IKORR MR = 2240, M L /T B AR ORI 9 T
B, RN T R BOC I E R m & CRASRHR . 23380658 20 A1 DA OG R 1 AT it
REUA) Xt OPCPA Re I ROR MM . DL S @ AL 26 A7 AHILEL 5 Magic 741 VTAL
A OPCPA [P 2 iy SRR -

5§ 44 1
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HE =5 OPCPA Jll K220 H5 P ATF 5T

=& OPCPA AR ERMEMR

3.1 #§hik

ASFE [ FZE N ST T OPCPA JRUK A5 HH M 75 b7 (V) B AR ARk o UK AR M P 22
O 1 2 R S P o 35 M L () SR EE RN 3K . AR LA L IIBOETBOR A%, OPCPA TR
TR R OV R % — TS RO AR [ A AR L b 1 M A 37 ks 231
HARZ PGS O, BORAS R i N, DR e A . ORI A2
AL IR SSRAT A6 RN, BN AE DRI A 5 kb KOG R 5 S CRLE LA 1A 1 AT s i
WD T RIS Jafs NG T kb ek, oA+ E15 5 kit
IR ey, A R S e Pk P Sl 7 ) L () W EEAR U

RGN A0 5 LA (10 70 A7 7 1Al WA IRk e JSCOR P 85 ) B 3l P G, s o
17 TR JREL S O P e ) R S 75 6 P2 70 A1 5 TR 45 W 7 D 3 0 5 3 A (R 2 PR RS %
Fo FETRX W77, WKL OPCPA JEUR A AN FIFNZE . AN R i A2 g e P 2
[ AEAEARRAEAR AR ], & 3 50 OPCPA JBUK I A4 ik v 5 M L AR AK ) B JAT 3R

3.2 FHEIR AR ThRIEE E 75 0%

N AXTHIHATE 75 OPCPA JHUOK#% (10E PR e, 15 20 e v i iR i s . B T B i
P Bk 5 g LU T A e 1 2 B R P A i ORI R B e 75 110 4 i

R LK RS I S B R AR SO RO RS R S B SR 1E
IR, WA A 7 A S ORI FE b B e ) (R ), Gedd ik R 48 B8 I e
NI IRIEEE, SEUKE R L AZR s MIE SR, WO GEdg) EARBORS R,
TS o R T R S ), eI HT CRLAD 2w, Sl RS E o
P, FEOCH AT RET R T, R H s, A RIg%E S (PSD,
Power Spectral Density) K AiE A1 B 24 o4 (1) 2R 1 o7 12813, slii@ it Yo s i) PSD 4
BT EEBE A A AT T . S 4h, FEGIEME TR 2 E e 7S PSD 0T I 5 i R R AE
Foy BT 5 T8 1 gEI32138 , FEA/NA T, RS PSD 43 Bt 77 v I FH T WA DB ik e J0 K 25 e 7
R I FE AR, WD NI — 3 BT 5 1 AE T 0 e o o' (5 M L e 8 ) B A

4 45 T
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B =73 OPCPA JHUK %8 Mk FE R PER 77

3.2.1 ThEREZBERIE X
B U (R MR RKAE S, Mu®¢ﬁmm«%- B0 — 5y,

K 3-1 pon, BEINEWE S urt) -

(t)_{u(t), ~T/2<t<T/2 -
T - 0’ ﬁ;'_E: (-)

(1)

u(t)

-172 772

3-1 ThFA5 T I R

Fig. 3-1 Truncated function of a power signal.
IR T AR, W ur() P REEHZA R AN X ur(O) 15 5 H AR 4
U, (@) = j u, (t)e “dt (3-2)

IS 2 H AR AT Ur(v), Hod v SR (4708 Hz). MR4E Parseval & 2, ur()iRER
Er BA W MMEE R R

f (bt = I|U (@) de (3-3)
i u() 0T 4 T 2 T B
_T"iili f (t)at=—— f S (w)| (3-4)

o T oolif, TS mm-m(oumﬂuwﬂﬁb% T MRIR. R
SBRAEAEIOTE, TR SO U IR (PSD), W AR, T AE S(w):

S(w)= IImM

T oo T

(3-5)

946 T
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B =73 OPCPA JHUK %8 Mk FE R PER 77

R 555 IR E R N:
1 o0
P=—" jw S(w)dw (3-6)
R4 iR e X, TR S(oo) i (A5 5 P2 Th 3 AL A 1K) 43 A R I o
3.2.2 OPCPA [E4ge3%h i in R R 58 8 976

FEWEBK K RO T S, T 2 s i Y S 10 P 75 9 32 (IR 3) 70 A A Joit e T 7 o i
[K] PSD 70Ati: JRAaa% 0 Zh RE SR AL T I R (i CRME kool e 98 A5 1) It lil, JF
Js 2 WK Rk v ), TBOK i LS (10 68 7 Sl 37 1 s 2 4 € RSO, R R 5 H i S i (1 168 7
Je (D 53 0 I B2 e P DR S Ao B L, IR as X e p ks 21—
FARHAE R, N T HE P A A I AR HOR R

OPCPA JEUR % HH W WK A5 fh el ) IS SR AT 42 52 4R 8 7T 7030l 3RS A

as(t)=aoexp{——(1;cz)t ] (3-7)
) _(1+iC)o’ 3.8
A () aoexp[ A ] (3-8)

R, Ao ol SR HIATE 5 (6 AR THOCRIRIN G E 10=1/A0), S8 C ()
R T MK, T, Jr, =V1rC7

T ORI 7 A YA, TR I 5 Bt 146 L B0 75 5 R I .
AR TR £ 2 e B SR 27

3, (= a(ph+ ult (3-9)
b, uARER HTEOR R e A Sl NP . AU AR 4, WIS 2
A (@)= A(0)+A(0) U (o). (3-10)

A U(w)d u@ R A2, 5 SO IR . EIROR R e B RE ik i
Aids, Iheas I Zh e St A LAAMEAS 5 WAk b AR B0 S i e (i, 1%t iR Ma
AR BV RORA:

Ay (@) = Ay (@) exp{ic . (Z)a))z } (3-11)

5§ 47 0
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XZAA 20 Bl B AR, B R4S 21 s 4k e AR B 35 A

8oy (1) = 8 (t)+1[AS (0)®U (w)]exp{ic Z(Z)w)z ]exp(ia)t)da) (3-12)

S UrP oA o 5 I ao(t) R 2L Gt 111 28 — TN A QAR I Ja5 e 7

N TR I A i i Y i P S IR S AR, ST R R i B R U TBOK A
FR——FUE SZ IR IR R, W T eid T e 2 Ja (AR S AR B o 12205 75 A I [ 3 AT 55
IR 73 RIS

u(t) =r, cos(Qxt), (3-13)

U(w) =%[5((0—Q)+5(a)+9)], (3-14)
(3-12) 3% W 5 AT ph A i AR B2 R H (B-10) RN (B-9) K, I3 12838 &
4% I B B D637 R I 30 A -
rs 2 2 _
acomp(t) = ao(t)+5|:ao (t_QX¢( ))+a0 (t-I-QX (0( )):| (3 15)

A @R R AR BE R AR AL W 0@ =dtdo=TdAw. ZE(3-12)K, FIL
¥ (3-13) X 5 -

Aoy (1) =35 (1) + 3, () ®U (%J (3-16)

®
t
U[F]

KFe, = J I, (t)dt AR MK W RE & . b 2SR BH e 4 4 L8 i 10 06370 EH 9 38 43 LR
ALHE F K Lo(t) R Ff Jak g 75
1
Ul —
((/’(Z)]

b 3R Y A 8 i i PP P B B2 0 458 ) T P DB 2 T (U ()P 20 A FE G » B AR
A7 ARG 2RI A O AR -

FARIIE, BRI A

2 2

(3-17)

Icomp(t)zlo(t)+ =|0(t)+6‘0

ool

2

I pedestal (t) =& (3'18)

Aw=—-. (3-19)

ISR B AL T BRI X — 4516 T 3-1(a) A OPCPA JA S84 1y

5 48 1
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WA WK Fok b 5 oA, FEBOISE AR R B0 1 5 AT . B 3-1(b) AEAE S ki &t &
ARG HIIERE AT, AT LLE R 46 AT S e WAVEKAS 5 kv 1 A B M R ) 45 4 L e
Bohy— 25007 ko, A TR I TR)_E 2 1) B b 250 A0 H AR Fhk b R0 T JE S . 1 3-1(c)
J& BB UK G 15 5 ik vk 6 5m o4 (B 3-1(a))fE PSD 0 M it 5245 3. S ER I 3-1(b) 5
Bl 3-1(c), P LUK I 4 2% i H o 14D Mgt 7 5 R 93 A 5 TSR 4 R 5 LN TR 8 i e 75 110 Ty e
WA, H PSD 3 (R ARFRANZE (v =w/21) 5 4 ik (1) i 455 23 A i A4
FREFIE] () 2 A1 2 8 &R 70(3-19) .

HE =5 OPCPA Jll K220 H5 P ATF 5T

FE 4 i R4 5 Dy ERE s B bt
0 (1')) 4 : 3 . | 0 (C) £

-50

(=

=50

1 -150+ ‘ ’ i
-200 | | | '20_% i i . i ‘ -

-100f

Intensity (dB)
Intensity (dB)

-150f

Intcnsig/ (norm.)
4 ,

-60 -40 -20 0 20 40 60 2
1 (ps) v (THz)

K 3-1 (a) OPCPA JEUAAS i (1 Rk ki e 3R 70 A s (0) 223 e 4 & J 0 ik IR 3806 58 70 475 (c)
K (a) {5 5 Bkt OGR4 () PSD 73 #r
Fig. 3-1 (a) Intensity profile of amplified signal pulse from an OPCPA amplifier. (b) Intensiy profile of the
compressed amplified signal pulse. (c) PSD analysis of the temporal amplitude of amplified signal pulses.
RAE R EIR AL BB 5T TAE, OPCPA JEUK#S A MEEATL A S &
B OISR ik g 7 A 199 1OU T T o X R e L A P W AT BB AR UL
E— D R 75 PSD 43 BT /7 7/E OPCPA W K 2 Hr Hh A F ANE

3.3 8B (PSF)

SHRIBRNRICSEBR BRI, EATEENG SRR A&F. 12
1961 4, J. Gordon 1 W. Louisell Z:l345k M- FHIR R TS T S EXOGMFE. 24—
W FIZEIHHEOE IEICME wp) NGFEIFELMEF Sk, 1 M AR R MR ER T,
B — M ANF T IE R, BRI P MESDE T O S HCAE os B o)
= ARS8 nlE] 3-3 FivR, ESmUOLHIF AR B ik s R E S Re R e
i, WRRNA RS E TR, AR MERIDEE RS E5Ot. M TSE R

%49 T
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HE=5 OPCPA K22 F5 P ATF 5T

i (G>>1) IS, B A AP MESD R 2 B9t
EBARLAE R o = AR BARE AR RUN V., W1 2 Sl w6 I AE &8 % 1
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4732
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LMY AR A . BB C S BARGMEM AR, WIIaIZ B7OUR 5RMEK
ARG, AEWE RLAHVLEC R TT [ EARZR R & B0, REE AW BRI 4
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BOLw Ok Z il PSF, X5 SR AL A ILRC AR A5k, S B SO PSF &2
OPCPA Z 4t H fill ) ik i £5 1k LE AR AR 2

Momentum Conservation
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, | Keump
PUmp s (signal) |
Energy conservation
[ |
O)S
Nonlinear i (idler) Opump
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Ppump = Ps T O;

K 3-2 2 E B R AR T e iid R

Fig. 3-2 Schematic for spontaneous parametric downconversion.
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&l 3-3 (a) OPCPA JSUK it i thi I ) PSF 97041 s (b) IR @i Hi i () PSF D658 70 A s () diias
i i K] PSF D63 nim B0 AT (L0280 DL UK A% i i (1) PSF i34 PSD 70 M4 2R (FBZR).
Fig. 3-3 (a) Intensity profile of PSF from an OPCPA amplifier without signal injection. (b) PSD analysis of

amplified PSF in comparsion with the intensiy profile of PSF after compression.

3.3.2 PSF #REVETE) 3R &
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A 4% FRIT A IBOR s i M A i I, X AR AN IE R . AR5 (3-19)7045
FRITBCA 25 P 75 1K) 8T £ 400556 15 s 24 o i S 6 7 ) I 1) 5 4 ) (O R 22 CRIWRIRK D, I
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2R SEPR OPCPA R GEFR,  ZRi K i 08 5 55 WA WK A5 ik o F) 98 P2 S A 24
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-100F
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Fig. 3-4 Profile of PSF from an OPCPA in small-signal and saturated amplification regimes, respectively.
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3-5 (a) I ik i (7 IR 2SR S Y d) M AR WA = ik ot s (D) IBOR I a4 J= 1A 5 ke
Fig.3-5 (a) Profiles of the stretched signal pulse and the pump pulse that carries sinusoidal intensity

modulation. (b) Intensity profile of the compressed amplified signal pulse.
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Fig.3-6 (2),(b) Intensity profiles of the the pump and chirped signal pulse before and after
amplification, respectively. (c) PSD analysis of amplified signal pulse. (d) Intensity profile of the

compressed amplified signal pulse.
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G(t)=—exp(2;<z\/lp0x 1+r cos(Q t)]) GopAXeXan(A'SO)rP cos(th)}. (3-25)
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exp| MU e t)} Sl Lon(imay) (3-27)
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A Do AWK S KT RERE 56 . Bk of IS A R AR 20 B RoR N

% 56 1



130

n411

3

B =73 OPCPA JHUK %8 Mk FE R PER 77

Ay (@) = A, () exp{—ic > (Z’;)z}

_ oo wzc[ln(%;)!rp/g]’“ exp{—(w_mgp)z}exp{—ic mea)}exp{iC (me)Z}

Z(Aa))2 (Aa))2 Z(Aco)2

PRSI R AR M o 3802 ¢ 3304 FEL AR e, BV RS 21 IR 48 )5 15 5 Bk o X IR 30 R iR

1 -

(3-31)

'%omp O = Apeak X :_Zo; I:In (46;)| L /8] exp |: (t M me ) ]exp(imQ Pt)’ (3-32)

K588 73 A N -

Icomp (t) = Ipeak x Z (m')

IR, T 2o iy S (10 kb £ 3 OB R 1 i W 16 P IRk e O W AL e, R 75 K o P 2
= SIS 1 1) R A

[ln(4Go)r§ /8]" ex{ (trmap®)’ } (3-33)
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Fig.3-7 Intensities of noise pulses transformed from intensity modulation of pump pulse. (2)
Pump-depletion rate versus interaction length z; (b) Intensities of the four pre-prepulses versus z calculated

using full numerical simulation (solid line) and Eq. (3-35), respectively.
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Fig. 3-8 (a) Intensity profile of the OPCPA pumped by a laser pulse that carries two sinusoidal
intensity modulations with different frequencies. The arrows point four examples of noise pulses induced
by the cross-modulation effect. (b) Intensities of the four noise pulses pointed in (a) calculated by

numerical simulation (solid line) and the formula Eq. (3-40) (dashed line), respectively.
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Fig. 3-9 Intensity profiles of the compressed output from an OPCPA (a) where the pump laser contains ASE.

(b) where the pump laser pulse contains beat modulation in addition to ASE.
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A(t,z=0)=A,exp {— }x {1+%cos(Qslt) +rL22cos(Qszt)}, (3-41)

PRI S 3B = 102, Qq = 82 THzfilre = 10%, Qo = 57 THz, Heil& &
TRFFAAE . E13-10(a) Fl() e IBORHT 5 WAk {5 5 ke ISRkt oA, THE SRR,
TR Zimfikr Faf s B I T ok BE 5 IAGISE I, 55 Bk b 5m B v i i Ep 2]
S FIER AR R a7, EI3-10(C)MI(d) 73 B4 HLTBOR B o ki R 43 A FIPSD
SIRTIEE R, TBORHTE 5l - RIS R A QuAlQeii MR Ry, (HZOPCPAIF]
ORI AR A=A 7 Z ANV RS 7

Q=mQ, +nQ,, (3-42)
X, m, RIS
. 5
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IIATH) PSD 73 45 R
Fig.3-10 (a),(b) Intensity profiles of the the pump and chirped signal pulse before and after

amplification. (c),(d) PSD analysis of signal pulse amplitude before and after amplification.
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JELR A ELAE FH RN B SR A AR o ST e 7 e (R VRAT ) B e N 2
B ERGEOX IR IO) IARLR R {55 By T TRAR R B RN 2 2 26
GOXME T IO AR MmN, FEEZNZ, OPCPARFEN/ME T AR &5 5
st 7 B PRI AE SIS, FR R 2/ IME SIS BOE T 2R TERE (EEA)

WA, A5 5 7 g3 (] B VAR 7= A PR 7 s B B TEOC AR (A )
R3-SR TR T e P A TR 5 S . 5 PEI3-8 (D) AR, 7E EI3-10(a) s HivE
NIETHAME SR T, BUERIIL 75 5 7 o3 TRV = A IR T DU A Tk (At =
17ps, 24ps, 27psFil 34ps) IR EE KM, SRMER-11R. RIEX—4R, fESEIK
IR Bz < 2 mm), Z3mamrs [ RAs RAOS, g (BIR-11H R , AfE5S
et (8] (LR AN AR A AR T (BI3-10FRSE2R) , TR DA A PR TR Gk E i 2B AT
BEE ZERDCIFERIBE N, A5 5 M ()RR VR AR T A d 5, FE H IR e 75 A]
TRATAN RIS ST Ik

HE =5 OPCPA Jll K220 H5 P ATF 5T

Noise Intensity (norm.)
Pump depletion rate

-10F " 1 . 1 . 1

10— 7 6 8 10

z (mm) z (mm)

3-11 (a) FHAE 5 M 1) 52 SC ] (S 2 ) R R T D't M 7 1) 58 S 1) (R 440) T 7 A4 ) Ve A" 7
FR i BE RO R CRRAARC D) ISR . (b) BRI AE.
Fig.3-11 (a) Growth of intensensites of noise pulses generated from the cross modulation between
different signal noise components (solid line) and between different pump noise components (dashed line),

respectively. (b) Efficiency of pump-depletion versus the crystal length.
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PRI RE AP 2 A A S o 28R, BRI AR IR In(t)_EAFAEAAR Qi
SEPLIA],  TRTARNEMKES Skt () EAFERRNQ 3L ] . AEOPCPACRIEREHH &5
KA LI, BIAR O Qp IR A f 45 A A A B S kb b 2 F35.271 /7>
BT, X ARZRPERAL R K RS N QuIKINEF B4 515 5 ikt AR QR 5 B3
PRI, AR AR PR R

TS TR AR AR A 15 S P S VR A IR S 0 R 98 R KA
o ABRBAIARIRIALR K AR S Bk G ZARIE AT 73959

HE =5 OPCPA Jll K220 H5 P ATF 5T

At = 0F é{ +1r—2p q6s p)} (3-43)
Alt.z= 03 A, e%ﬁ%H +-rzl (ﬁ}tﬂ (3-44)

i, = 10?, Qp = 82THzFrs = 107, Qs = 57THz. JMULFRITH T AR A 22 XORHI A E
SRR YRS, OPCPAR L s Zahkit e

At=(mQ, +nQ, )x¢?, (3-45)
e T B K B R AT = ikt AT S5 EI3-11(a) K BT LEE,  [FREHA At=17ps,
24ps, 27psHll 3dpshir B IUY N FS ik rhom B FEOPCPA SR A BE KR (&3-12) &

-5

10°F
r
E ] m
g lO-lom]xwﬂm .
S W
E r <
> 10'15_; N=[2Qp+9;]x¢'"=27ps
E av=(0,+20) <
£ 20K
Z 107
9 r
] ) r N:(mp+2flgj><§5b:34ps
Z 107°F
30f:
30k | | | |

z (mm)

K 3-12 Zif M A 505 5 MR 7 2 SR A7 A ) g 7 D ) 6 P2 49 T 26
Fig.3-12 Growth of intensensites of noise pulses generated from the cross modulation

between pump noise and signal noise
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B =73 OPCPA JHUK %8 Mk FE R PER 77

KB TR, 77 2 ) VR TR AT 75 Mk ek 6 5 S AT 0L 2 DA AR AR
1(mQ, +nQ, )= 1(mQ, )x1(ng,), (3-46)

U, (mQp) 7y Hh 2 T e 7 A A2 T R AT A2 H AR A 3903 O mQyp e 7 ik i (9 55 52 5 1(nQs)
N HE 5 W75 AE OPCPA JEUR I 2 F AR AT A H BT B3R 9 Qs (A A ik o FR) 548 22

3.6 A= /a5

AR EE T SeHE T T T WRRK K e O A 1 R IO ik, S SR 7 A i
KEFWEFE 1) PSD 73 AT A7 AE Tl S A A WU 5 2R . ilad OPCPA iR H & 5 ik i) PSD
A3 M RE AT LSS R A 5 S0 AR ) B Rk 1, 8 mT DA S R FE S S A Bk S
M IR A AL SR AR SE . FETIX — M ik, EAWESE T OPCPA JEUK# H R A7 7
2 PR FE I, MRS O ) B AR AR R . S5 SRR, T2 21 a8 A I HEZE, OPCPA
JEOR 28 AN F AR L AN [FIA0 26 B 4 () M 7 [ 5 s A7 AE AR MEAH BAE D, P2 AR T8
WEFE RSy, KT RIEME RS PSD 4p AT b A [F] M RS AR o VR AT R = A s 3T AR R M R
5y HomE H OPCPA JROK#3 (1) TAE S 3 ORORHS & 5 g B 03 ) B I 5C, XF OPCPA
By H Tk {5 M L %) 32 B e A I CE (S 75t 0 I S 7 R AR N BE . BB CPA TBUKHR
RN AT R M 7 () A 2 M AH ELAE FH AL
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SBIUE OPCPA KUK =& R IEHTHIRR 432

4.1 gt

ARE ) T BN LSS0 OPCPA JEUR 5 H P ATHT IR A5 LB K A B, B v ik
] BVR B ARG M e B AU R IR P DS B . REHBETT 7 IXPIRME A 17 A4 5K
R DL KT OPCPA i kB e LU s i . AN B 528 = MR AL ARG &, B8 T
OPCPA JEUKZ8Ma /5 LRI ER S, N0 2RSS OPCPA RSt I /s, S
fICHE: 75 OPCPA JBURBLE | B0 B4l o

4.2 [RiBR B R R AIE S 145 15

JEATCA RIS AF L RE PR R, DA a2 afl, HFEE R S
LN A%, AT HYERE 6 A R TR AR SO R AT R 1 MU 2. £E OPCPA R 411,
ol Bk b 225 0 2 O A R TR (8] P IR SIS S g AR IR R I B kR Creplica
pulse), B8 E KL A Fh 7Bk i B 19 103-10°, Hax —*E fkir+ 5 T bk v IR 46 45
TN E] OPCPA MR (JETE e S BRIk 46), W DLHESRCH 78 52 dm
TR ikt CRs i) BRI R 2 AT A R A ko, A0 4-1 B, 7™ EERG i HE ik
THEIAT TS MR LE

3 Incident postpuise ; " |

g Modulated stretched gll |

] pulse |
% )

time A time

N : pd

Amplifier
(nonlinear medium)

Stretcher Compressor

4-1 OPCPA Z Gt Ja Wy IR Kb AE 2ot AT A By Bk v ) s i

Fig.4-1 Pre-pulse generation from initial post-pulse in an OPCPA system
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4.2.1 BRI

FEEE R R — 5.4 OPCPA JBUKAR, ORI A TAET | KRR AL AHILAD
) BBO fnfAk: RIHOGAREK 532nm 14 m Er A WOk ik, Bk5E CGEm4%E, FWHMD
9 80ps, “Fjtasy 5GW/em?; Fhf ik i) O KA 800nm, ik B 31fs Rt
B E 30 nm), TEHJER ts = 56 ps 7 BAFAE—MAEX RN 107 T ikat,  anE 4-2(a)
Fin, &Rkt 103 SRR AT R A

A (t) =exp [—;—;J +1,exp {—(t;—tﬁ)] 4-1)

0 To
B AZ R Bk AR AT VAR TS, BIE AR EE AR RN oP=AA0=
0.45ps/THz, J& %% Ja WEMAZ 5 ik i) FWHM 58 B2y 40ps, Hot B IRIE AT £oR K-

B (1+ic)r _(1+iC)(t—t5)2 ]
&(t)—&oexp{ o }rﬁoexpl o } (4-2)

KA, T R B0 B e 290, C AMRIRRL, 55/ 50 B G HURRL p@ 1% Ry o=
Cro?o HE—H¥s(A-2) R HHL

A=A, (t)[1+ r, exp{%t}exp{—a;—i)téﬂ =A, (t)[1+ r, p(td)exp(iQst)]. (4-3)

U, Aso(t) 2o BAE T3 IR R ik v Ji 9 I O WRTBK D ek D' 3 7 A

A\oa):aoexp{—%}. (@4

117 exp(iQst) T I 53 7% L BT AN T K5 A9t PRI EK 125 5 Bk anb 2 B FRIHE A0 1) 25 440 3 209
Q, =t,/¢?. (4-5)

B 4-2() et L EAE B AU 4% 2 (0 22 3 ik b R WL IR A5 = Bk i 3 — AL e A, 46 LR R
T WA 5 ko b AR AR R S5 R o 7R BB AU AR R S BRI KA S5 Ik i R DG 5
SkWiem?, SIS 5 Bk 2206 2 BB JE TR 45 75 2 B4 H CERD Bk (1 45 e LG 1R
B, GERUE 4-3 frox, it sAr BBO AR L XT 7 AN R BORIRAS I H A 0
n FRFEIHENE SR BE R . 24 OPCPA #5330 WA #=0.01%I CEI/ME S0k
X3, 155 WU Ja i UK 5 FR B0 9L B (t=-56ps AR) W52 B — AN 72 AL F e 75 ik ol
SRE~101; X 4 1K) 10%FHS, t = -56ps 17 B AN kb B 108 K h~107,
AME t = -112ps {7 Bk I 7 g s R CRE RS 32 kot (49 BRF 8] 1] B 2 BT 46 i v TR ik
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I o BEAE BORHE NIRRT, R IZ0T 7 4 3 2 b iR = ik, a8l 4-3(c) . AR
Y& 3.2 T HE T I e A Mk o ) IR S0 7 445 g 5 TBOR s v g s 8T ) A0 i) ) 2 PR X 25 AR
X M 7 K ) 7 A X I 3 A TR s TR B IR AT 5 ikt L R ) A 2B T AR i
AR, RTARH T AT m T B SR

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

—

10" ¢ (a) B (b) ; .“\ :szzicmd signal
= 3 ﬂ @ 0.8f / \ pump
£10° 2 / 3
3 = \

E - 0.6 \
= s
2107} = \
= < 0.4
E oo
g 10°¢ E 0.2 40 405 41
4 J < N
J/ .
. .

107 : ; ‘ ‘ .

1 0 55 56 57 -?50 100  -50 0 50 100 150
Time (ps) Time (pS)

Kl 4-2 JENFIFOR I R 204 () FEvidsnl: (b) REAE.
Fig. 4-2 (a) Seed pulse followed by a weak post-pulse. (b) Intensity profile of the stretched seed pulse.

Inset: Enlarged display of the interference modulation on the trailing edge of stretched seed pulse.

(=}
=3

() 5 = 0.01% (b) 5= 10% (c) over-saturation

,_.
<
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._.
<
o

Intensity (norm.)

_.
<

200 100 0 100 200 -100 0 100 200 00 0 100 200
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%] 4-3 OPCPA TAEAE(8)/IME 5 UK (0) F9 AR (C)ict H A DX e i , it s s 4 Bk avh 40 5488 58 0 A

Fig.4-3. Intensity profile of compressed amplified signal pulse from OPCPAs operating in (a) small-signal

amplification; (b) weak saturation; and (c) over-saturation where back-conversion occurs, respectively.

MR &1 4-3 (45 R, SR T 048 )5 I Bk ) OPCPA Hin t Jiik i 45 1 LEIR AL ARFAIE 5 3.4
T (& 3.6)F 7T [ R AR W 75 e A L AT s AR AU, R L DB — M P ARl AT A
HH o AR ) v B B R BOAT ONARRAE o (HAEIX NI R, e A AR B AT
A4, BIMEFS PSD & i B BL A I AN A [F] . XTI A AL i i, S E04E PSD g
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TE AR AENLE R S E et G(t)Xd R G iR M I AR ki v, AR BRI N
G(t)=fnL(lp(t)) o T FAE W FT IS5 H ikt AT A F R ME RS i i, 38 7= PSD Je %e
FIARLETENLE] 2 2 EHE 2t G()XH 5 5 Bk e 3 o0 Af 1 I AR 2R P Bz, B G(t)=fc (Is(t)) -

4.2.2 IBDHER

i AR S, MOEZEBOKIN/IME SR ((2.40)20) F JCiRHE 3 HY i i kb IRy
IARRYE AR L AR . RO/ ME SIS AHBR 1R e (EER S BT 24
T4 dAp/dz = 0, A B AT RFEBORNE,  FFHEBEH 2 A AHULEC 26 1F Ak = 00, BRI O
Ja S SO A T fig, A Rom A

Amp (1) = A (1)< g (1), (4-6)

Hrp gty vZ &1

1
g(t):Eexp[Fz,/lp(t)}, (4-7)
ENHZREEE LbOMFEESEE (T RE 2 L(2-42)3K), 111515 5 bk i 98
AR MR B A, RMERIaa(E o bkt B8N A T, B PSD EJICK
AR A KA AR NI AR o (HAESERR ) OPA I A2 HP 2 T #E S R AE KA (BT dAp/dz
#0), HEIME SR AEAE € I AT At), AR ZME SRR AR, Bt
L FZR I G FEE R BANE, A 215 5 kb EAEAENE LA, X — iR i 2 I8 I B
SEHTHAE “HEEN” BRIk IR b, AR SR G R R A AT AR A -
1y (1) =loo =41, (1) = Iy — f (A (1), A (1)), (4-8)
TG R, BRI SRR (AL (dt< [1,(0d), HB RN
RN T 2 AT, EE BT BURNAF 5 K TR 45 40 R IR A2 TS SR 2 ol 20 3 532 i i LS Jbk
FEIE L R PR A5 M b LS B B AR AR BEAT T B (0 ) o 5 (4-8) R R ik i JBE o
AARAE] (4-7) K, [RSEHR gt)RIER:
g(t):goxfg(&(t),ﬁg*(t))=gox[;((l)ﬂ(t)+;((_1)ﬁg*(t)+;((2)ﬂg2(t)+ ...... } (4-9)
FESLERRRR o, R S5 R TR K A5 S I E N SR ((4-4) s AN T, H R
RS ot W KRN

g(t) =g, x[1+ 15 exp(iQ.t)+r, exp(—iQt)+r, exp(i2Q.t) + r, exp(—i2Qt) +

S

-] (4-10)
ATDER], (E AR AR Z &I f i RE R A F By Qs By, IEHIL T
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WHIIEN-Qs, -2Qs, 2Qs, 3Qs FEH T IME PRI, X EEIR ] 570 4k T R4 7% 3]
JE4gghkeh b, JERC T Bl 4-3 B B — R G TR S ik

HE T i VR Rk =l 2 MR AT A R B (03 R 5 2R T SR T R AN () R A, T —
TENEIHHFE, GBI R4 A BB A A S it e 2. I%%@%ﬁEL—%F
AR R AR A, X B2 P B BIAY, TR R n] DA S e A 1
— by Hi T R 7S ki ) o B 2R A =

P38 25 BN L 1Y OPCPA JEORIEFE N A 70 L+l PR (R IEAERT La FEES A
A5 5 ORI /IME 5 18 831, TBORJE S 5 6 nE R RN

AL =A®xexp(TL Ty (4-11)
S, A BRI 065 50, Lo WA, HUE(4-3)20, 77 7E R AR
PR, AU S B 5t BS54, DA e 5 A

A ) = A, () [1+gexp(iﬂst)} (4-12)

RNF(4-11)50, RIRf AR 2140 L BE S I/ME SIORE, (5 S ke OGR4 A5
(L. 1) =[A,® =1, (1)[1+rcos(Qt)] (4-13)

RYE S H- R HR, FHRRZEIH G FEN Alp(Y)=wplowsls(t), I A2 Bk o B 53 A 1A
2SR

(L, t) =1, — Al (1) =10 1-7, (1+rcos(t)) | (4-14)

Reft, pp=cpleloslo 79 L B P RMRE LR . 2 <<l B, UBRTT AR
SRR R B R 2

90 =2 exp 21, (L. 1)) (4-15)
B, 7E2 G AT KIE N L S EHOGE R, 15860 M i MFR A
Amm=&m0wm@Ll(hW
—As(t)x exp(TLT,o ) xexp[FLz\/lpo 1-7, (1+rcos Qt)))} (4-16)
J

~ A(t)x g, exp{ cos(Qst
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X, go AP B A
1
goziexp(FL Ipo). (4-17)

1M (4-16)30H exp| ~TL, 1, cos(Qt)/2 | TR TR T Qs MRS sy, ar Lotk
Z I Taylor ZEURIT

exp {—%cos(ﬂst)} = nﬁow exp(£inQt). (4-18)

n=0

FN(@4-16)3X, 13 BIBORAR i i {5 5063 70 A i RIE 3

A ) = A, (t )[1+ exp(iQ,t) }xgon%exp(iiant)
(4-19)

_ A 0 () x Z(FLGpr/ ) [exp(iiant)+£eXp(iQstiinQSt)}

O () J97F-5 (BB 285 OPCPA UK R IR 3% 40 i o WA 55 = Bt S R IR 4 T

JE 6 AT B AR AR, 7 (4-19) 2N FEA b BES HZO6 I 0 B R 4 ik 1) D' 5
A

| comp (1) = Z(“—z"n';/ 4) { O(tint5)+(%)2 Io(t—t(sinta)} (4-20)

ts BRI UK R AR T Kk (R A TR AR o 12 3803 ) 4 s P i 3 1R 2245 5 ik
AN 2R 51| SE F ) 1% 583 P T/ s P s kb 2L A
(1) nHLOfHRS,

lom ®)] =15 (t)+(%) 1 (t-t,). (4-21)

X R TROR B A5 5 K AT S ks 5 TR A e T 2 Bk I 52 P DR (r2)?, BN
SN —H, ARSI
(2) nH1MER,

'comp(t>n_1=M {'o(tﬂa){éj 'o(t—tgita)}- (4-22)

16
XF N 2 s o A ARZR I P 2R 1 — B AT 2B MR = ikt . B 4-3 TR t = -56ps(HH 24 5 t=-ts)

8710



13004103

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

At = 112ps (t = 2t)hr & AOWE 7S kAl BT AEmg s, IR4E@4-22):UMEs R, — B fin
A MR P iR EE T HL T OPCPA e R B 8 np 1T
(3) nHL 2 {HIS,
L. r ) 2
n_z=%{lo(tim§)+(%) Io(t—t5i2t5)]. (4-23)
X BEARZRYE B AT AR RS k. ] 4-3 H t = -112ps Al t = 168ps o7 B ikt @ Tk
BT A, IRIEIX—Z5 5, HORZIEE T OPCPA BEE AR np HIIUIKTT .

L comp (1)

423 (EEEECIR{E

T T U AALL IS U OPCPA i H P 2% i IR gt 7 ik e it F52 il 8 K T R F R
o BT HEBRNCRE 4-3 RN E t=-2ts, t=-ts, t=ts LA t=2ts 5 VY /NI 5 ik o
I9RSE, D38 OPCPA B AL, 19 31X Lald A ik ) o 2 BB 2 TROR I R A Y LR
HUARNES RN 4-4 Pl o BRI K 2 B (t=ts) (R0 7S ik 5ii A2 BN ORI
REFF A DREF AR, MHATA 025 B e A ik i FE B OPCPA B2 3R H 1S KAT &2
FhGom, HP AT t=-ts BRI A Kt S5 AT t=2ts B Ja Ve R ik b & 3 — B A AR e s
fikad, SRR T 72, AL T t=-2t IR0V 75 ik g T B T A2 e s ik, 3
SRIZITRMEEL T 7t 1X 8825 R 5 (4-21) - (4-23) 45 Hh I BARHE 45 B AHFT

; . . . . 50
ar
10 —a

[ Q
N 40 &
2 107k Z
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8 14 ; =
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z : 20 =
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B, -19 |r'/ Q.
< 10 " F o
(4 r 2
V 10Z
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Fig.4-4. Growth of the intensities of side-pulses located at t=-t5, t =-2t5, t=tsand t =2ts, respectively. The

black line plots the conversion efficiency curve corresponding to different crystal length.
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H JE I KT A Y R RT I e A ik e, t=-ts 2 BB — B AT R Bk b s, [RLETT
FH 20 kot ) i JSE A A B At Bk R 4B R LK. AR 4.2.2 WL IERHE S, %
M Bk b s ((4-22)70) i an R g R A
_(ng)’
SRP 16
Horp, o A0 r HEYERIE L 0 AR SO R AU T K AE = ik 4R i
Al BRUR B R/, (H MG — BRI ek 45 th (ML) R B HERAME . &S & 8UE IS )7
IR I R

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

X 775 x I (4-24)

A
10° " ae
- fitting curve:
10-7 ‘ ISRP:0-4X’7;X”2 \ 3
~ oF
10° F
] W [ =skW/em', =56ps. I(t)=10" [
10" ® 1 =5kWiem', =56ps. I(z)=10" |
A [ =5kWiem', t=48ps. I(t -10”
I,=50kW/em’, £ =48ps. [(z)=10"3
-13 L T T T
1 -7 -5 3
10 10 10 10
m,xr’

4-5  RFAEZMEATA I BT R A Bk ph R B AT 2R S (REZD o BN FEIZSE
PEF A AR I BUE T S R
Fig.4-5 Fitting for the intensity of 15 pre-pulse generated from incident post-pulse for OPCPAs operating in

the four sets of different parameters.

XTI 4-3 P e e Bk AT AR BT v ik A2, 43 i 7 DU ZHAS [F] B 2 85006 TR X
HH O HT VR 7 R e Lsre EATBUEARRIUTHEL: (LIRS 5658 1o = 5 kW/em?, JEiR
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ps, 1(ts)=103; (3) Iso = 5 kW/cm?, ts=48ps, I(ts) =10%; (4) lso =50 kW/cm?, t; =48 ps,
I(t;) =107, BUEABIE 245 BRI F K 4-5 v, Ghx e g s - 8 Rt r L&, 15930
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lgp = 0.4x7.% <17, (4-25)

VR, 23U r RIS S bkl A SR ] (R R S RTAR JE W R A SR 1(ts)
DAL I 18] e B 28945 K«

r=21(t;)xp(ts), (4-26)

RAE-3)20, p(ts)= Ao((t-t:)/p@) Ao(tlp®), “E5 JaHs ik rI i [E] (] B ts AR J 56 B3
Ko FEE 4-5 XN IEEBIT B, (5 5 kol R % &8 40ps, XT T t; =56 ps Fl t; =48
ps I G WK E N 26, XTRIE p 2804518 0.066 11 0.136.

R 4-5, 7E/ME 5B BORIX A FGIEABORX, L8Pl & (4-25) 205 Fff v 5 45
RBE+ovs. HR S NIREATBOCIRER CRENE S I HRE>20%) , 14
ZERL (4-16)3IFUA I B BUE THELSE B, I 38 S SR AR A3 ) 1 i v e e i I K
TG, VLBHTERMARTBOR X, FivR ki M AR A A bE/IME 5 JBOK XORA 55 Y ARTTSCR

4.2.4 OPCPA SRFEMFRE K& FE B AIERBEROMNITE

T A SRR A0 A S BRI A6 B R 1 kb 5315 e i Uikt SR8k B, RPBE TR
Wt R AR - AR ALY, i T OPCPA @A H A SR TR EAFTE B AR S, WA= 5 fik
PPEZEIS OPCPA SR, E ff A P 2R TR [ S Sy th 27 A S s UKkt Crepllica pulse)
X JE I A BT A5 5 Bkt 22 28 7 1 R T S S (TR B 3 T K AR BB 5N R)
X AR 20 Go, RULHIARTRIE ORI T A5 5 Mkt bS5 T

I(t;) =G, xR>. (4-27)

WL R, BT X —WIE5RZIARFI LAY, OPCPA A Js S D] ) Mg 75 Fik e 6D e 45 A
5 RTS8 0 Ja VR a1 BT R 2 i i B B I i e 4 — 3K

IR — i FEATEUE RS, TR &R : OPCPA &A% 5mm & BBO ffk, T
PET | RARILAATARULAD, A N 3R TH SO #08 R=0.1%;  ZRIM kKA 532nm, &
Wi oy A, BKSE 80ps, Jeuk SGWiem?; N IWAWKAS 5 fk 0o K 800nm, i %
J& 20nm, WAWKIK 5E 40ps, JG5EA 0.5 MW/em?, NS AR . HES T H A R R
N, —HiF A OPCPA @b RRI R KA 2, TR M55 6k e o LR PR IR R
P, W 4-6@)FR. B 4-6(b)4h TR JEIRIG 15 5 IR Bk R 3k
SR, T LUE B =Nk GG AR SRR d, A RIS AE S R 4
WEAN AR, TNRADEEE SRR R (R o Bl 4-6(c) RS E 1E
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t, (=56ps), (4-28)

gs
Forb L A EARIE L, vos 9 b A Y BUME SHEEE (B L=5mm, vgs=1.78>10° m/s).
2%k F I 2R 3K LG 75 Jik o 1E 2 B2 R T 4 S P9 SR T AR ke [T SO
T T T 4 T T
1(a)

—-~-before amplification (b) ' —pump
— after amplication —signal
—idler

e
0
W

o
~

—
T

Normalized Intensity
=) =
l\'.) ()

Intensity (GW/cmz)

9507780 790 800 810 820 830 200 250

Wavelength(nm)

100 ,,,,,,,,,,,, L, | T

Normalized Intensity

-150 -100 -50 0 100 150

0 5
Time (ps)
K 4-6 (a) JHOKHI/E VIS 56 (b) BORAS om0 A5 5 MRk () I
2 s o A 8 T ) D' 5 A
Fig.4-6 (a) Spectrum of chirped signal pulse before and after amplification. (b) Intensity profiles of pump,
signal and idler pulses after OPA. Inset is an enlarged display of the modulation patterns on the three pulses.

(c) Intensity profile of the recompressed amplified signal pulse.

KA 5K 4-5 KL, B4 OPCPA B3RS — R 414 B ki i 5 45 e Lk
Isre FOEUE AR, S5 BEE T 4-7 . JL7E 5 S EEM T AT T BUERRUTHE : (DR
BHIUE WA 5 Bk Y658 1so = 108100, @R L =5 mm, &b Py 3R T SR R = 0.1 %;
(2) 1so = 10150, R = 0.1 %, L = 4 mm; (3) Iso = 10 Ip0, R = 0.1 %, L = 3 mm; (4) lso = 10°® I,
R=0.01%,L=5mm; 1 (5) s =105 o0, L=5mm, R =0.1%, & 4-7 fix, RE%
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AU L) OPCPA TAEZHANR, (HH A% H ATV — B AT AE e 75 ikl Isre LA
b 2 T 9% AR 3

lgue = 0.4x7% x p?x G, x R?. (4-29)
46 (4-27) A Phe HHTEVE T OPA FiA S Y JE I ik B2, X — 45 25 5 (4-25) 2
FHIF o

LAk, B ML B A BRAAL . MR, BUAA e, EAAe DAL BURA e B, B B |
107 F .
F it — ]
10 £ fitting curve: :
" F 1 gop =04xn*x p’ x Gx R’ 2 1
10 F pre 1
r 3
5 10°F 1
& r 1,=10°1 ,R=0.1%, L=5mm ¥
107k N 6 2 1
-r ISO=10' IPO,R=()AI%, L=4n11111‘
12 E 6 3
107F 1,=10"1 ,R=0.1%, L=3mm ¥
10 E I‘0=lO'GIIX),R=()AOl%,L=5mmE
10'"’ b ’...4 kil i ,.J {5.9:1.(.)1 IP.?.;R:,.(.)J l%.;L:.S.lllilllu1

g™ 16% 16" 10° 10° 16% 107

"’ xp*xGx R’

K 4-7 EEYET OPCPA R T >k 1] 52 ShF 0 a1 — B A9 A= M 7 fok v ot P2 RO R MR AL AU 5 o
Fig.4-7 Fitting for the intensity of 15 pre-pulse generated from the double internal surface reflections of

OPCPA nonlinear crystal.

£ B A R AUE T S EARHE S T B B A A BN, BIEUE R 15
T PRPIUBK A A o2 LRI (R AR S . A SKPRiK) OPCPA R4t EZ
5 AT SO R AT (R Gl i AR T e JFcdc, Btk OPCPA #i30), Rifit5
5T KRR AR B IR P A e, L TRIAFAE EOE B, ORI EREE B &
JBORHE 2t G)XHE 5063 As() Z AR R BC 2R o SRR ikt 545 5 Ik Ta) RO 38 2 (e
5D AL RESE L 55 1A MR P Mk e ) AR AT o (BB I B i 5N O WA K5
5 Rk AR ) R B R Y T, 1288 ) RS VR N () S IE B €5 DA SRR B
S OBRBIOE Tn=20/(tlp®), WA LFH KRR L vgs 515 5 B REEE vgp B2
) 7N B A2

xL<T, (4-30)

Vgs Vgp

%76 W



130

n411

3

INf,  E G A R K AT A H I ok sk B2 (R s me 4 mT LA 286 . 7E SRR OPCPA R4EHT, T
—MNE fs-ps B, TEIM-E S B HIHFIRE L2 59=|1Vgs-1IVgp|<<100fs/mm.

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

a1 —256fs
107 —e— T, = 384fs
—&—T, = 170fs
-6
10 °F
~ 107k
10°
10°

0 200 400 600 800 1000
55 = (fs/mm)

4-8 IR A BRI Isre BE AR -5 5 HEE R AL dsp = s - Thvgp FIARAL LT

Fig.4-8 Intensity of the pre-pulse versus group mismatch between pump and signal dsp = 1/vgs - 1/vgp.

Kl 4-8 25t 7 ANFI R T ATEEIERHC (dsp) 25 1F T E OPCPA BRI #2377 A= i Rif
TR 7 K PR BAREE o B AU, it A R 7.5mm, AH L) OPCPA R B 5 4 3% ~32% .
TR AT 5 Pk P4 M O ) 1) 3 Tr=256fs B, B2 i -15 5 AR R T & 0sp A O
& AN 1000 fs/mm, %4 i AR TRV S B R Tser AN 107° BN A 107 B L T
SIS, R 2 X T M e R R S R 2 AEAR R IR R BC AR T, T
PN, 7R RV R RS K S

4.3 HSTRRNASEBIRE

BR 7 OGEETO R R I AR SO ST 75 ik i OPCPA i RE 2 R1G E I, 1E
OPCPA JEUKAR o3 — AN AT ALK e 7 A A5 5 WO L DG I . el By 1 3104 Sk
AR BRI S PR BEE G HICH B — 38 73 REFRE (i 15 SR 1) A% 4 5 0 i 1) 22 ) e AR
JIRGREBOTR, Gk 4-9 Fras. MRS, SHESGHUH I 2R R A MmN s A
B EEH  AAE S3E, 3 SO e, R R RS e R AN i REER DT
A B RS L o JEHIUN — B2 B B A LA SR, BRSNS O
FRG R X ML RS U R RS PERERI R Z . (EDGHIUN X i
JCTBOR A PR RE RN A — B AL o
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b) “
(a) ONY Vs
o
N oA
k& //
\ # SRS
O o o O
AN A AN W AAAAAAAD AN Ay i O - Qo @

4-9 (a) JerAn R MHDGEGS : (b) JCZETeA R N GG .«
Fig.4-9 (a) Light scattering by surface roughness; (b) Light scattering by in volume.

Xt OPCPA JEURS:, NS BBOR S A IS SO R AR A A U 7 5. AHEL
TAESHRA L, X EEUOG RS T RS ik $RALAH UL AT J7 A 347 80K, 3 BUERIG
REEET “ToRL” ik, HURCAEWTAGRHT B2 18] R ks I 5 )6 2 B TSOR A AR 75 2
BIOCAAEMUUE. WIS EIOURIE T REE TIKE, HZE MR T R
REPHIIHS EVOCHIRERE, (EIEF ) OPCPA K& P HIIRZ B IOLREEF /N (—
/bt 1000 o MEZ T, G SE0CHDEHUN SR 265 T2 8506, HigS A1k
RA RO TG HUH X OPCPA JEUK S EREHIREN o AT 5T — N ML AU ) 1.2 OPCPA
ARG, X OPCPA JHUK 48 G I M 75 R G IR ME DT e 1T S B8F 7

4.3.1 BERABHERNERNE

N T RIS SICRIEUDCH 5, 7 BRGS0 AT s sz e 1022 18] 55 5 3047
o HATH CCD AHHLIBNASEFE (— /T 10000 i) Tt R0 GRS HBu et 5.
SCOLREN A IR ) — M IR g IERRAREIE RO EER T, 21X A,
et 1B 4-10 FrsEDEE RS IPMT $806% 5250, FE AR 100 IRANFHS EERDGET (]
SBPIHDCEF I EEZEL) Im, X2 Bns (IRFTRIZERS ) AR5 8] ERRHRT,  70nt 52 m i &
ROCIBREEEATIURE, A CEREIE EA ML A IR, AU E I A 1 s AT
BJa, ANFEEERESURKE PMT 12080, EIhRE ., SRR RG2S T4 “Hauzn”
R R RIHT I ZIBIE (S SR SN TR ESATHE S, (555 PMT AR L 2GR
TR TINS5, PMT itk iS5 i r n @ il s i . HaTiX
BT (ViR B S AR PN TR AT S 10° KPR R S hAE ], ztiztisy T CCD S5AL 4R
HIFEHARIIES

BT RS RINGS, SRIRNE ot R 2 T E T 5 ARIBGDEE 5. iE
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JEEEUNEA-10@) FR, AL ORI s AL BRI ES A 1 el &=
HERARE, 5 I NI EH AT A T UIE”, IR A B AT L e BT SRR
T, IS I LA IERR” EHp G A L E M. PRI AR O Ok
SIATINEA-10(b) F R LGN,  FEFEHRZ AT IR AR B2 S T B R A 1 5,
FEX=+10mmA7 B TSR X IEH) KZIA5X108, AEx=+4mmpfiia KL N108, 1t
I, KUK O AAE SRR N FLA S BRI 2 8] (RS FFIC TR 51 2R 5 [ 72 95¢
m) , RS TSRS S nss. IESE L, SEROEH MU S (45800
N AT U IR T GEUH AN SIS LR AR & B2 (FE800nm =1iZs/532nmis; AL A i fig)
SR TR AR, fEX=10mm BT HE O EREL~565107, x = +4 mmPHTHEEREL~5
X10°, LA U AR A EE . VEAXTEE, St il & T S S S R D G
SREE, 4 RRIHOCHUR TR B RS B rm~Af5 . LEAh,  BBOSR I BR AT LL %
IR SR ST R TR 255, E4-12(0) ISk AR . SRG UL FIESER, EEI4-11FTR
[FIOPCPASLIG RS, RETEEMUFIHRR B BE Mo 2 IR A HH G R I 75 i S SR

(a) (b)

U optics to be tested

$1 A,
Laser Beam ]

Fiber Bundler - _
g G o I~
PMT{=—70

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

air path
BBO crystal

dielectric mirror

—— high-reflection mirrdr

gold-coated mirror

r
-1 scattered light

Attenuator

Intensity (norm.)
—
()

10 5 0 5 10
X (mm)
4-10  (@PGAICFEUH RS (b) AFRDGEE T RCHU T Sl R4S
Fig.4-10 (a) Schematic diagram of optical path for scattered-light measurement. (b) High-dynamic-range

spatial profiles measured for a laser beam passing through (or being reflected from) different optics.

4.3.2 SCISFERE

] 4-11(a) JsBa g ¥l ZEDGHHINEAT 201 10HZz F45 Nd:YAG H0' (Innolas A,
A2 SpitLight) Zaid 54 A= (5 iem A8 Smm & | 2567 FHVTER ) BBO), ki 55 5 A 420ps,
SR 45 2.8mm, ks a] ik 90md. ] 4-10(b)y OPCPA Al FIZETH G R
53T . PPkt e 1kHz S0 C R ER A B AR TBOR 2% 240 (Coherent A 7], A5 Legend
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Elite)ffit, =0y 800nm, ikt 35fs. FRiH 515 ThkMEIEAE L 10ps. ki e %
R FHFOCME Offner #4924, 5 f5 HIWANKIK 92 29 380 ps. KX —WAK(E 5 R HXUE L
AR A A A3 12mm J5 BBO dnfAiHA TS BIS0K. Fenilth, 7275 [AERE & (i Az
P53 HE NI AN 2.8mm) 5 Ao(I4E25ET 8.5 f5 TS RBR) - A IV E (1S 5
HHRAEITIHA I I A I ER R AETERR A AR >Bmrad )=l = sy, 18
X AFE It A A0 S Ao Z BT EDERE T I N S PR S o X Bt , 1#E \ OPCPA
JEORZR D CHUN EEERIET Ao fL JEotig, BAREHE 800nm /i Bi M1, 532nm 15;/</800nm
FEE A M. OPCPA i As 5 DL LG BOGEE IS UliE .y 1 5Bl E 2RO S 1)
B, BRI S S C BB R G B R4 as DA R AL . MR BFE
HEEAX, SRR PEEA] FROG (Swamp Optics 24 71),  BAR IS A (i sh AV L = B
FHIAX Sequoia (Amplitude Technologies A 7).

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

(a) . iAl Sequoia & FROG
1-5a USscCl
+Regen amp B Spectrograph .i
AZ-- . .
M, CCD imaging

M; OPA 4() Compressor
Nd:YVO, Nd:-YAG L
Osci+Amp Amp
SHG

] 4-11 (a) HICH T2 S BF TC S 5606 (b)OPCPA fi A B AL AR IO IL M G 3 5
Fig.4-11(a) Schematics of the experimental setup. (b) Spatial profile of the pump measured at OPA crystal.

4.3.2 HSIRAENSBRARHE

(1) IHECEFESRER

IO, B eI (Ap=532nm) FIE 56 (As=800nm) 2k N OPCPA ik, IEA(E
SRR AHUCHC F R 0=22.069C SRR A, R RS Aot /) « AT
TEEHSSHURD T SIHOR, Sk bR BRI 0=22.262 IHINAHE SO0 A FHw &
RARVLECSRAT, TiEABOR, {2 OPCPA A4 iiat 2 1 &l 4-12(a) s i EAR 10Hz (R
BEALROCHI B A KR, SHEEAHCIREHE, KHua2))y 23mrad; i & H G IS AL
4y, KIESESHEOC—E(E 4-13(0). Akt A EARYE SHotREE 77108 51md (REE
faEtt RMS=158%)#1 90 uJ (RMS=0.61%)IM&1F T, A iZBIFIRER S KEEE N 0.6mJ
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(RMS=9.04%). (EARFIIERIADCANGALENT T, EEE SN, X B HA, AR T
RIS BIOCE 5, HEERINA 7.2 0. XEEIRN], LIS RHEIR A AR A2 ALY
TESHOCEU L 5 B AR [ AANILEC R SR 7 S8R, HIERad/ML A
CAXTAGTE] OPCPA dh ARG ST 1A UENE,  HIEP AU 3mrad, ALK
4-12 BRI HUA7Y 23mrad (MRS RO R RERAECIE TRV Ao ZJED BB IDEHU . £
S IEAM R A AR, LR HE AOSEIR A B A B B AR B /. ARSI L
R, RMERHE ST A2 AR, RIRRT LIS BRI SO, Wl 4-12(b)fs, A 2H
8] 73 AT PR — AR XU, BUDGERE A A bR A ARVL AL
[FISRAFOR, XM EME S BRSO R IS SR KT T E 5 et

250

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

(a) seed

200
Obs < 150
c axis <
/ =
k, 3 100
um S
P P 50
-20-10 0 0 20
o (mrad
(b) 250
seed 56b
:’3: 150
=
¢ axis =2 100
5
kp 50
pump OPA

-20-10 0 10 20
a (mrad)

4-12 (a) FLAHRECHIFLZL OPCPA Y, ARG G oA (b)7E(a) EEAt b, K5 50
SRS L e AR BT B R TBOR 5 B iz .
Fig.4-12 Far-field images of the amplified scattering noise in the two cases: (a) the seed signal beam was

injected into the crystal in collinear with the pump and (b) the signal beam was shifted to out of the crystal.

TEA2 BT GHUR BES 1 RIS e O AHUTRC A AT RO, AN R il bt
LA ARUCEC A (SRS AR D AR(ZH2.3.271), FHORE RIS ae A
A—EREMAEEL TATESEG IR 1 BORE BGCHUR A A BRI (ERDGARk
AT EI4-12 BT 7R B R B AN R 23 (A B o R O, e S anl4-13(a) i
Ny AN TR B R PR G S e 75 P Ao AN [ o AR AN [R] A S SF o0 T 2 P 75 Y
LK AIRES), TSR A (R Z)80.39 mrad/nm. F4-13(b) AR THEAS 2
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HIANFME SR E8 e A ARVL RS SR N AGARI E Ay CRallsf) . SSRRas Rm IS

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

LOF a=19.5mrad 28}
~ a=23 mrad 26:
=] a=26.5mrad X )
S = 24f (800mm, 23mrad )

® ¢
*? 0.5 incident E ZZ-
2 ' signal = 20}
2 \ S 18f
E ' |
(a) 161 (b)
0.0 sl =R 14 . 1
760 780 800 820 840 780 790 800 810 820
A (nm) A (nm)

4-13 (a) ENESIEHPGIE GREIIF) LARJBCRE ESs (8 4-12()H HEIR P Ot
o (D) ANFEME SRR R AL AR BC AE S 2 A R BRI E
Fig.4-13 (a) Spectra of seed signal and the conical ring in Fig.4-12(a) measured at =19.5, 23 and 26.5mrad,

respectively. (b) Theoretical phase-matching noncollinear angles « for different seeding wavelength.

(2) HHSEFRREE

£ Mo AL B A S e S B B S S B I PRI AN ) BRI AR T, SElell
1 OPCPA JECR % B M AR ER I RE . &1 4-14(@)45 tH 1 X RN Ay N Sk T A2
OPCPA (A HI& iy B LIRS RIS R8s, B o, R SO e
M TSN FIRTAATC 6o B LA P BRSO B TR DL 40~ (e B 4-14(D) IXPRITHR
SRENSAET, SIS AIBOR S U = RE A ARG ARG KU EE (LR OPCPA (T
TERESEE 412D, BARERNANF R CmITR N A/ IME S (Zeid SEshm e i1
), IZ4RERY], OPCPA fayth (UHUHMR A IARE R IELL RO, RN Ik b T4Td
HIUFCIRE . ARSI 5 FRITBOR &8/ M 5 1 2 DU HH AT HICH R A A RER,  m ASESROE
NFI OPCPA A “HR0 (FFEMAHILACARAFRIARLEHR ) DU (1 hE R £~0.35n],
55 HIRAER(90 W)IIHEN 4x10°: 1, IX—E BRI T H IS o R
S EOCREE R LLE . PRk nT DA, X TV EANE SRR KT 11 B OPCPA 248, U1
FIEH S HEGNS R0 WIRZEYIEL~0.1p)) 58, JFHBERESEARRS, b
FICSH IR Y [ Rk ™
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- 0 @ - [ ®
8 E
S 107 <z
A B
>y uf F107F
£ 107 Shadl:
3 10°F Dt —&— diclectric coated M
*E ; dielectric coated M ‘=210 F
e 2 'z : —#— gold coated M,
108 Ty gold C?at'o’d M1 1 B L L ) ! L
"10 5 0 5 10 10° 10° 10" 10° 10° 10
x (mm) Small-signal gain

K 4-14 SAREE My AR A B o S B AN < I B S X AR 190 5 () A5 31 OPCPA fb A A5 501
WA 37 (0)JBOK 5 HIHUN W RE BRI BORA 28 (FRlasR) RIEICHIZ .
Fig.4-14 (a) High-dynamic-range spatial profile of signal beam measured at the OPA crystal position for
two situations: My using the dielectric coated mirror or using the gold coated mirror. (b) Energies of the

amplified scattering noise for these two situations versus the amplifier small-signal gain.

7E_LHERIE T, F5ERAGEA PO (OPCPA SANHE SICRMAARD o (HIE
SEPRIYT OPCPA R%E, (5 SO CFIBU I 75 (RIS AL AHVCEL 26, FERISE 43k i
REfL. AT HAIMAEILLE OPCPA Juilk, SKIGHIAR T 515 56RO R = 1 he
AR KRR AR E 0 = 23.89 FRIAANE 5L a = 4.099MA)AESLZE A NG 2]
ffA, ZAEEZE OPCPA JEURIRAS STHFI 8 2571 55>100nm.,  [&] 4-15(a) /S bl 3 HImok 28
g Re L, MIRDGREE Y 88mI I, JEOKERIIRE R RIS R 25.6%. (HIFERIIE,
X EFI OSSR e E T AS T e ERDGEUEE, TOEMME SR T L
SR ML TE SRR, JeBus s s R . WSRO
HFIHOEIR B B, 5200 B2 (AR T G B g I B T 55 6. R,
SEAG AT DAIE I B O IR () B S B A A AT R [t A B B AR 1 B
FESCIRMES, fEREETHZ AT 17— M@ RS E SR DARRRE G . X REEIE
HIZE AP 4-15(0) T, 24 OPCPA TAETI3MIABIR CGRIBRERE 51md, AHRIF)
RGN 1,=2GWiem?) B, BURES S O aLS 2m X RIRERIRFEN 3.2%; 11124
OPCPA #ENIRWIABCR CRifRERIN 88md, N FIIZRIREEA 1,=3.4GWicm?) I}, 1%
B 2 o L) e B ARRE LKA 1206, X TEIA RIS OR S O G P RIS A= 1 5 5> 12%,
RO DB A B e E>2.7md. ARVEIR 4-14 ()25 s s A dmHElT, 3 \F] OPCPA
A PR B RGBT B E~0.35n0, FHILAHERTCHICH IS 75 /£ OPCPA JEURZ H13k45 1 ~107 i
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m A, [ 4-15() P eaih 7 RGPS S RO PSF MREEMZ (Sl E PSF A&
I RS EEN) o« B, HAEHCHERD 88ml N, P MESS BiliuOL PSF fE
BL~80ud, wE/NPHFEZREDEE MK RIS SRER (52.7Tmd) .

S VU OPCPA JHUK & Hh i SF5HT 1A 6k 7 AL 2L

- [ (a) o (b)
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4 4-15 () HL 2k OPCPA JECK a4 H BN 5 RE B G K L LA S B VOLRE R ML (b) R
JHEREEY 51mJ A1 88mJ HIATE L T, OPCPA it iS5 't R e 5t it A% fan EE 129 1R 4504
Fig.4-15 (a) Energy curves of amplified signal and PSF in the non-collinear OPCPA. (b) Decrease of
OPCPA output energy with propagation, measured for pump energy of 51 and 88 mJ, respectively.

ZR ERTR, SESEBOE RN B AR S EERNBOR CHIE NG 2 A AT
FeaefE) RAE(TOPA/IOPCPA RS I it EFHACR N — MRAA K

(3) JEASIR AR ESaTE
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JCIIER T 4. X TR OPCPA SEi6, H51] 4-12(a) s HIRISH R A M AEE 2
A, T HH =P A AN (Sequoia) o 7 i 4 1 - = R AR Bk P (5 e LG . 18] 4-16(a) A
Sequoia ISR =B HARIHIZE, SR BRI A ko i A TR S5 15 5 oAt =2, IX R WK
SEHK TS SROCAIRHEARR . ISR IS4t A YU S AN L T St 2 2Ot
—REEZ. & 4-16(b) 5 4-16(c) 74 T HT FROG M AN S48 e e = R AT S e =
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Fig. 4-16 (a) Third-order cross-correlation traces of compressed signal pulse (black) and amplified
scattering noise pulse (blue). Inset: the corresponding spectra measured after the compressor. (b), (c)

Temporal profiles of the compressed signal and conical ring pulses measured with FROG, respectively.
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Fig. 4-17 Third-order cross-correlation traces of the seed signal, amplified signal and scattering noise

pulses after compression. Inset: corresponding spectra measured after the compressor.
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Fig.5-1 An ultrashort pulse with pulse-front-tilt.
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Fig.5-2 Schematic of a spatial-chirped-beam (exhibiting pulse-front-tilt in the far-field)
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2R, A TEBOCR IR AT LRI R R BRI 2338 1. B ot
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dt

Gu=g =" (5-16)

(a) (b) Output
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> 0 -~ »'rnlted pulse

Input pulse A .....................
putp 0

Diffraction grating

Kl 5-3 2 TS () M B (b) ™= A 1 A B IO S TR 25 A iR 1t
Fig.5-3 Titing of the front of the pulse exiting a diffraction grating (a) or a prism (b).
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Fig.5-4 Schematic of a four-prism pulse stretcher (compressor).
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Fig. 5-5 Schematic of a laser beam that contains simulataneous spatial and temporal chirp.
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Fig. 5-6 Modulation and demodulation of signal laser in (a) traditional chirped-pulse amplification scheme

and (b) the spatio-temporal chirped pulse amplification and noise filterinig scheme.
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Table 5-1. Parameters for the spatio-temporal chirped seed pulse used in numerical simulations.
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Fig. 5-7 Spatial-spectral profiles of signal and PSF after the amplifier (a) and compressor (b), respectively,
for an OPCPA using spati-temporal chirp signal pulse for noise reduction.
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Fig. 5-8. [(a), (b), (c)] Calculated spatiotemporal profiles of the compressed output from OPCPAS using an
SCD seed (u = 2) with PSF, PDN and SRP noises taken into account respectively; [(d), (e), (f)] The

corresponding results from conventional OPCPAs (u = 0). The dotted lines in (a) illustrates a near-field slit.

(2) FER L FERR L FRFARR

F2 R K B HRIE T I 2 WA WK R 5 i R B AR R = PSR 8 R 7 (1 35 L DA i
MR LR THEF « 75 1KI5-8(a-c) BT 1) e 4 g 6 I 3 R G — I 25 Al e g, &
SE ARG T FE A5 5 kP i I 2k $1199% . PEI5-95F Lb 1 I8 IR T S5 Hs 46 g H i a3 iz
WfEE Lt (V. 35 Mk b B e I ) 3 S 56 P BT A B B L) . KT OPCPAUK 2%
) =R R B RIS KPS R LA R IE FE 3R T o BUBK I AT VAt = -5psAb i ik
FERE M, X T-PSFAIPDNME &, B I fo M 75 9 FE BH~10° IR ~10"3; T SRPM:
P, TR RECEI0 LT .

%100 7



130

n411

3

SHALE I ORS8O

| (a) PSF noise
-50

-100

-150

.50_

-100+

-150[
0_ " L} "

L (¢) SRP
-50_

Intensity Contrast (dB)

1 "
noise
=100+

-150+ n A
L 1 L I s 1 1 L 1

30 20 -10 O 10 20 30
Time (ps)

K159 & 5-8(a-c) TGS (SR ANFIRBORE ) Exyhr &R al 7345, WAk
LEMZER, ABONPAEIEREER.
Fig. 5-9. Calculated far-field pulse contrast before (blue line) and after (red line) near-field filtering for the

compressed amplified signal beam given in Fig. 5-8(a), (b) and (c), respectively.
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Fig. 5-10 Temporal contrasts at t=-5ps after spatial filtering for spatio-temporal chirped-pulse amplification

schemes with different amount of spatial chirp (u).
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Fig. 5-11. Residual noise before the main pulseafter spatial filtering as a function of spatial chirp amount u.
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Fig. 5-12. (a) Spectral intensity and phase profile of amplified signal pulse from an ultrabroad OPCPA. (b)

Temporal profile of amplified signal pulse after compression, in comparsion with the Fourier limited one.
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Fig. 5-13. (a) Near-filed intensity and phase profile of compressed amplified signal pulse from an OPCPA

that adopts STC- fitlering scheme. (b) The focal spot profile, in comparsion with diffraction-limited one.
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Fig. 5-14 (a) Schematics of the experimental setup; (b) the stretcher to produce spatial-temporal

chirped pulse; (c) the comrpessor to remove spatial snd temporal chirp.

FR¥E 5.3 TR T, I 25 R il R 40 7 BT E2 AL R ik 2= W R = B v e 1 TR 40 o i H i
HIE 7 37 0 AT I S S R A
¢, = Coh_ 3k, (5-41)

u o,

A ks ME TSI KOS ERAE A, 158 (=16.6ps/mm. X F3X— I 24
BREG SR TE D 3.5mm IR R 4 S R BE I N 8] B 109 [-29ps,  29ps] .
(2) FRIMHICHISCRE

MR 5.2.4 5 [AHES, I 2 AR kv (14 0 5 0 A 2 BB AT AT BURE, NI HOL
KR IS 7 2 S A5 5 K ATV A DL AC 4 RE PR P OPCPA [RE LR . RUE R ik
NERBEOG, EAT DU AT S S BRIV R RBOCIEE BN d, K
N 2p IR UL BE o NG, HUM RTS8 0, XN A L HLR BN
A

S N— 42
P, 2zcd, cos o, (5-42)
MU AT DU SATE AR B Bk R R
dt A
= —_— = —k = ——p , -
o dx P d, coso, (5-43)

%106 7



130

n411

3

A KR R L -

SHALE I ORS8O

p C/lp
tan¢p:§txx0=d v (5-44)
p p

NISRIOPCPAL A, (Brstdb i it 2 oan, BT BTR 22 ¢y =atan(tangp/n)

,;@-.
T

pump ¢:

air | crystal

4] 5-15 OPCPA A Fh DL IE 5 I B RS SO IR &R R (a NARSLE A, p ARG
m RN EERAD
Fig. 5-15 The coupling of pump beam and spatio-temporal chirped signal beam in the OPCPA crystal

(o is the nonlinear angle between pump and signal, p refers to the walk-off angle of pump).
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Fig.5-16 (a) Third-order cross-correlation traces of seed pulse before and after XPW. (b), (c) Spectrum

and near-field profile of the XPW output.
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Fig. 5-17 Measured spatial chirp and near-field intensity profile for the signal beam after the

spatio-temporal stretcher.
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Fig. 5-18 Pump-to-signal conversion efficiency measured versus pump intensity.
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Fig.5-20 Temporal (a) and spectral (b) profiles of compressed amplified signal pulse measured with FROG.
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Fig. 5-20 Spatial profiles of the laser field observed at the compressor output.
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