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Direct generation of ultrashort pulse sequence by optical parametric process
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Abstract: This paper demonstrates that the single crystal optical parametric amplification process (OPA)
satisfies spectral parity-time (PT) anti-symmetry under specific boundary conditions, and the PT symmetry threshold
point exhibits a gain jump property. For an OPA with phase mismatch, the PT symmetry of the system can be
controlled by instantaneous adjustment of the pump intensity. Based on this property, this paper constructs an ultrafast
optical switch, which can combine with amplitude modulated pump to directly convert continuous laser into an
ultrashort output pulse sequence. On the other hand, the optical switch can be used for further pulse compression and is
promising to be used as an ultrashort mid-infrared seed source. The proposed scheme is easy to directly generate
ultrashort pulse sequence with repetition rate higher than 10 GHz because the optical resonant cavity is not required.
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Fig. 1 The engenvalues and transmission characteristics of engenmodes versus Ak and I

B ARAEAE AN A AR AR i 5 P 7E A [ Ak R 135

1.5 3.5 150
3 /\/\/\ 5 3.0t
] ]
= = | 100 +
é 10 § 2.5
£ 820 o)
E . k= = sof
o la = 15¢ ‘3
151 2 o} en
o5t lai N
=R s 1.0F la 0
= : — - faf
g 2 05}

I I I I I 750 I I I
0 2 4 6 8 10 0 1 2 3 4 5 0 0.5 1.0 1.5 2.0
z z r
(a) intensity versus z for /=0.5 (b) intensity versus z for I=1.5 (c) parametric gain versus /" calculated for z=10

Fig.2 Intensity of signal (blue) and idler (red) versus z and I” for Ak =2
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Fig.3 Output signal driven by sinusoidal modulated pump for =10
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Fig.4 Temporal waveforms, pulse duration, and output contrast of signal versus z
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Fig. 5 Numerical simulation results for directly generated pulse sequence
BSR4 A ko 9 4 S

e, A BUE B R T OPA (% PT X FRAH AR R Pk R T Bk v oG AR et R4 i al A7 vk o AEZR M RIS 98
e I PPLN @R, S0 06 H IE 5% MR 2 8 0O Re 40 h B 5 T,=1 ps 19 w85 30 2L SR ik o, A G 08 (BTS2 7, 4% )y 50 GW/em?,
A5 5 0647 R 3% 226 58 B 12100 W/em? AAE o ZEULIR T 454 F, AR MERS & R B, A0 16.6 mm ™', T 25
15.8 mm™' o 2L, RN A FE 57 2% B Akpr/2=0.85VT T =13.8 mm™', X} Ji f) PPLN i /4 b 1k J& 48 DA A2 AH DT g 4% 24
T AR AL TR K BE A4=6.7735 pum 28 g 47 AEAIAL SR E A AL JE I JBE Apr=2n/(Ak+Akpr)=6.578 2 pm. &1 6 45t 1 220
JERUE S IEERE R 1.1 mmO 3 — K 2=15) K A9 PPLN HR AR LR A0 AR S A th 25 0 . L, 2L (55
O B A B 48 oA i 3 v 4 58 Ry 150 fs A B A kool (T 6(a) ) o ZESUIR L, 15 5 06 6 1% MV B (e 28 o 5 e, FLiE A7
FH LA — B3 (5 A0 2 32, B B R R B 4 15 60 AF 2 T 2200 o 3k — i 6 A R R R A e A I e R L AR
FR K BUEBILTTH SR, & 6(c) ik (41 AR i A9 i 10155 61 X 7 98 1 1 A2 ot i R Jok i > 185 42 55y 144 £,
51 6(a) 45 H B ko 58 BE (150 £s) 20230 o AL, 90 E T A ps 2T G AE LA 2R B OPA HhJE A A TR
JETF T LA E 7 AR B e R E s M5 5o, Ak, OPA S i 7= Ak 14 RIS A ok 4 Bk o, X SR B A T A N

1.0} 1.0} . . 120 1.0} . 120
—— intensity —— intensity
= = —— phase = —— phase
<08 508 p 10 <08 p 10
= z - 2 =]
Z 0.6 2 0.6 s Z 06} s
g 2 5 2 0 ©
g g g E 04 g
= = = -10
s 0.2 s 02¢r S 02¢r
g B E
=] =] =]
S0 S0 - ) - S0 - ) - =20
-2 525 526 527 528 529 1010 1030 1050
time/ps wavelength/nm wavelength/nm
(a) temporal waveform of input (b) spectral amplitude and (c) spectral amplitude and
pump and output signal phase of input pump phase of output signal

Fig. 6 Numerical simulation results for pulse compression
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