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Numerical Analysis of Optical Parametric Chirped-Pulse Amplification of
Broad-Bandwidth Yb-Doped Solid-State Laser with High-Intensity Pump
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This paper describes numerical analysis of optical parametric chirped pulse amplification of an
ultra-broadband picosecond Yb-doped solid-state laser with high-intensity pump. Numerical
results involving the third-order nonlinear susceptibility showed that the spectral bandwidth of
the amplified seed laser is increased by a factor of 1.84 at a pump intensity of 100 GW/cm? in
comparison with that of 2GW/cm? in a type I 8-BaB,O, crystal. In addition, the high-intensity
pump can be also used to compensate effectively for phase mismatch, group-velocity mismatch

and walk off.
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Fig. 1 Small signal gains for pump intensities of (a) 2 GW/cm? and (b) 50 GW/cm?.
Crystal thicknesses for (a) and (b) are 5mm and 1 mm, respectively.
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Fig. 2 (a) Optimized thickness and (b) corresponding
bandwidth for pump intensities of 2-100 GW/cm?.
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Fig. 3 (a) Spatiotemporal contour line map of the
amplified seed laser pulse at x=0. (b) Normalized temporal
intensities of the amplified seed laser at 46 =0. (c) Wave-
length shift 4As in the amplified seed laser with respect to
the initial wavelength shift 41s at beam center (x=y=0).
The pump intensity is 2 GW/cm?.

L CRIEEEREE 28 100 GW/cm? @ & &, FEEEREE L
v x — 27 F 7 AOFENTITER T X, K 1.6 ps
P ETHEIERE SN, 2GW/em? D L X I2H~N, v
AMEB L OFEANY PIRCELTERZN 2, 1.84 1
FCHEON, ASKOSLVRES LUy iR T
1.22 6%, 1.26 5 CEoN. &7, BHELHEE 2GW/
cm? & 100 GW/cm? i3 % ¥ — R REEOFIF I Z
ZH4.6X10% 3.0X10° %D, FHEXD S ¥ — FHA
DI ANF —EWNRITZNZTN1.9%, 2.6% &£75 5,
o — RYEHEIE L FIRFICFRE L 74 R 7 =iy — ke
FIEFRIC = ANVF —%2HFT 5, LD — 7 s@EN—E

481 (43)



—_ =
o O N

Normalized intensity (a.u.)

S e
o b R o

[\ b
(=] =)

Wavelength shift AL, (nm)
(e

Time (ps)

Fig. 4 (a) Spatiotemporal contour line map of the
amplified seed laser pulse at x=0. (b) Normalized temporal
intensities of the amplified seed laser at 40=0 (solid line)
and 40=—3 mrad (broken line), respectively. (c) Wave-
length shift 42As in the amplified seed laser with respect to
the initial wavelength shift s at beam center (x=y=0).
The pump intensity is 100 GW/cm?.

ThiiF, WELzY — XD —7HE B L Z it
DE—7BEDFSGTH S, BRENRENE LD Ly —
FXDONY FIEICBT AR ERC LI ICZALE—F
PR b RE L kD, TAINF —FHRE2 LV EL BT
B0z, Py — KRB LUt E—2127 7 v b
Ny ARV A2 V2 2 L 8B TH 5. Fig. 3
(c) & Fig. 4 (¢) 1R L7y — RNEOGIMPREE Iz 3 5 3%
Ey 7 b A 3EEIC L 5, & b ICHIBREER Iz B v
THIETho7z, Lo T, fifHy 7 rick>THEL T
T —7E Abs (Aps) \FEFSHT» S ddes/dt = Abs(deps) t

482 (44)

ERTIENTE S, HEEEE L 2G6GW/ecm? & 100
GW/cm? D & &, Abs(des) %N Z 1 40.5X10% rad/s?,
8.0X10*rad/s? ThHh-o7z. ZhoDFER»S, AHEED
T — T F beo W0 T BIGRBED T v — TEHEOZA (dbs/ bo)
FENEN11.1%, 2.2% THY, Zhick->TELIZA
BNy RIS 2 FE N> RIEDOZLIZ AR D v
AEOED» S ZNZEN6.8%, 2.7% LR oz, il
HEREH/NE L & EDIF D DAY 7 Mz & 2 ENK X
{Te oz, MY 7 b dos 1 3 JCIER DFRE & AR
B, IR S ITRET 508, Fig. 2107 Lz i e il ks
S DAL S B BfR > S iR 1T & 5 T
KEFRW, LerL, Y—RNEEEDONNS B8 LSBT
3D ERS I BADIEIR B UBICARAE L, AIAH S 7 b DIFE
ZALIR I & 3R 1 FIHPREE IS 3 2 R v 7 b I3 IR ERE
MIRE & N5 FHEEEE 2 GW/ecm? Tl 100 GW/cm? O
FREZHERTKRE W, ZhsOFEH»S, FEmERRIC X
% OPCPA OF|RIR @ ILwrginix, RERCAiHY 7 ~ D
WEENSMZBIENTES, %72, iy 7 bick
BEEIIAREED S — RO F v — ZIREEOHE i D
PEIZ & > TEZ 2H, WIFhic LT b B EEREE O BT
T ER, B TRERES L OCARAZRET LT
BT ZENTE S, Fig 4 (b) 12T HGRRE ORI
&, ¥— NXoHubEERC U CRERES A 40=—3
mrad 25 2 7- L E ORIFIHEICET 2RMEI BT 5
WIEFHRTH S, I X > Ty — R NORIRIGRE 120§
2 R & 2350 um TN, 49% O Y — 7 BERT & it
V7 NDOEAR A S NTH, FIE ST RIERASRO
1. 495 & TIED Y, A 7 + OB EERE R
fetilz, 2O &S5, HTAROMERIHEESSREFICE T
2 I EEIEIC B W, R & Z i U7 At
TREAOHEZHEAEDLE L LICE>TE SR B L
IR TIREE 2 5,
EECBWT, HEESEE RSO OV ASEED 72 DICRA
B o #FET 25 2 ENEMAME W2 %5, DOPCPA X
AHF 07T SR EREZ TR 2, a=0.3
BEOAHMA2527-LTH, FIEBLUOE—L40HO
BED» TR TR 21T EREINS L,

5. ¥ ¢ ®

SEAT AR &1 & 5 DOPCPA 13 ¥ a B4 0 OPCPA
THIE & 75 2REREREEC Y + — 7 & 7 D8 & i)
BRI Z 2 C EMATRETH D, midERIRIC & 2 1EiE T3
IS DR R TG L CAFEEREARETH 5. i
EOGIREE 2 100 GW/em? £ TR 5 2 & THIfG Y >~ N i



122 GW/em? 2w 7S RIS AR T 1.84 1%, A D %
MICHERT1.26 2 TR 5Tz, 2D b ¥ — RHDOAL
HAEESH L =ZXROIFFRAFEZIRICE D, AHEOD
2.7% DF ¥ — 7 DEBMWE Ul h, KR THRREE % %
THIETHERIZLILNTES,

X [

1) I N. Ross, P. Matousek, M. Towrie, A. J. Langlay and J. L.
Collier: “The prospects for ultrashort pulse duration and
ultrahigh intensity using optical parametric chirped pulse
amplifiers,” Opt. Commun., 144 (1997) 125-133.

2) S. Witte, R. T. Zinkstok, A. L. Wolf, W. Hogervorst, W.
Ubachs and K. S. E. Eikema: “A source of 2 terawatt, 2.7
cycle laser pulses based on noncollinear optical parametric
chirped pulse amplification,” Opt. Express, 14 (2006) 8168-
8177.

3) S. Adachi, H. Ishii, T. Kanai, N. Ishii, A. Kosuge and S.
Watanabe: “1.5 m], 6.4 fs parametric chirped-pulse ampli-
fication system at 1 kHz,” Opt. Lett., 32 (2007) 2487-2489.

4) Y. Ozawa, T. Harimoto and K. Yamakawa: “Design
method for ultrabroadband optical parametric chirped

37% 875 (2008)

5)

6)

9)

pulse amplification,” Opt. Rev., 14 (2007) 78-80.

J. Limpert, C. Aguergaray, S. Montant, I. Manek-
Honninger, S. Petit, D. Descamps, E. Cormier and F. Salin:
“Ultra-broad bandwidth parametric amplification at degen-
eracy,” Opt. Express, 13 (2005) 7386-7392.

K. Yamakawa, M. Aoyama, Y. Akahane, K. Ogawa, K.
Tsuji, A. Sugiyama, T. Harimoto, J. Kawanaka, H. Nishi-
oka and M. Fujita: “Ultra-broadband optical parametric
chirped pulse amplification using an Yb:LiYF, chirped
pulse amplification pump laser,” Opt. Express, 15 (2007)
5018-5023.

T. Harimoto and K. Yamakawa: “Transverse-narrowing
and wavelength-shifting effects in optical parametric chirp-
ed pulse amplification,” Opt. Commun., 256 (2005) 373-380.
T. Harimoto, M. Aoyama and K. Yamakawa: “Numerical
simulation of self-compressed second harmonic generation
in type II potassium dihydrogen phosphate with a time
predelay for Yh-doped solid-state lasers,” Opt. Express, 15
(2007) 17529-17535.

R. A. Ganeev, I. A. Kulagin, A. I. Ryasnyansky, R. L
Tugushev and T. Usmanov: “Characterization of nonlinear
optical parameters of KDP, LiNbO; and BBO crystals,”
Opt. Commun., 229 (2004) 403-412.

483 (45)



