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Study on Stability of Arbitrary Spectral Shaping Using Optical
Parametric Chirped Pulse Amplification
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Abstract In order to obtain pulse width of hundred femtoseconds in optical parametric chirped pulse amplification
system, the spectrum of the seed pulse is shaped to compensate gain narrowing. gain saturation and self phase
modulation. A new arbitrary spectral shaping method for chirped seed pulse can be achieved with pump pulse time
shaping in optical parametric amplification. Compared with the spectral shaping method for chirped seed pulse before
optical parametric amplification, the new method will not bring the spectral phase modulation, and the procedure of
spectral shaping and energy amplifying will go on in the same time. The results from numerical simulation indicate
that the two methods require the same stability for input pump and seed pulse. To insure the amplified signal energy
stability is better than +5% after parametric coupling, the peak intensity change of pump pulse must be controlled
less than +=1% , and the peak intensity stability of seed pulse can be controlled in the range of £3%.
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Fig. 1 Schematic of an OPCPA spectral shaping system
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Fig. 2 (a) Temporal pulse waveform before and after Nd glass main amplifier

(b)spectral pulse waveform before and after Nd glass main amplifier
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Table 1 Input parameters of pump and seed pulse

Pump  Seed pulse

Pulse width (FWHM) /ns 7 5.8
Wavelength /nm 526.5 1053
Beam diameter /mm 3.0 3.0
Pulse energy /n] 8.24 X107 6.4
Peak intensity /(W /cm?®) 5.57X10° 50
Nonlinear angle /(°) 0. 42 0.5
Phase match angle /(%) 12.32
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Fig. 3 (a) Intensity distributions of input pump pulse, input signal pulse and output signal(crystal length is 45 mm), (b)

intensity distributions of amplified signal with different crystal lengths, (¢) relation between output signal energy or

gain and crystal length
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Fig. 4 (a) Relation between output signal energy and crystal length, (b) intensity distribution of amplified signal with

45 mm crystal length when the peak intensity fluctuation of pump is +3. 6%
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Table 2 Influence of output signal with pump intensity fluctuation

Intensity fluctuation of pump /(£ %) 5.4 3.6 2.5 1.8 1 0.7
Energy fluctuation of output signal /(£ %) 36 24 17 12 7 4.8
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Table 3 Influence of output signal with the seed pulse intensity fluctuation

Intensity fluctuation of pump /(4 %) 5 4 3 2 1 0.5
Energy fluctuation of output signal /(4 %) 8.5 6.8 5.2 3.4 1.7 0.85
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Table 4 Input parameters of pump and seed pulse

Pump  Seed pulse
Pulse width (FWHM) /ns 5.8 5.8
Wavelength /nm 526.5 1053
Beam diameter /mm 3.0 3.0
Pulse energy /n] 7.7X107 2.5
Peak intensity /(W/cm?) 6.0x10° 2

Nonlinear angle /(°) 0. 42 0.5
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Fig.5 (a) Intensity distribution of input pump pulse, input signal pulse and output signal(crystal length is 45 mm), (b)

intensity distribution of amplified signal with different crystal lengths, (c) relation between output signal energy and

gain and crystal length when the peak intensity fluctuation of pump is =3 %
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Table 5 Influence of output signal with pump intensity fluctuation when input seed pulse peak intensity is 2 W/cm®

Intensity fluctuation of pump /(4 %) 8.3 3 2.5 1 0.5
Energy fluctuation of output signal /(4 %) 36 22 18 7 3.6
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