Ultrafast Optical Physics Il (SoSe 2021)
Lecture 21, June 17

1) Ultrashort Pulse Optical Parametric Amplification

2) Non-collinear Optical Parametric Amplification

3) Optical Parametric Chirped Pulse Amplifier (OPCPA)
4) Optical Synthesis from OPAs

[5] Largely follows the review paper of Cerullo et al., “Ultrafast Optical
Parametric Amplifiers” Rev. Sci. Instr. 74, pp 1-17 (2003)



Ultrashort Pulse Optical Parametric Amplification
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Fig. 12.31: Pump-signal (ds,) and pump-idler (5;,) group velocity mismatch
curves for a BBO OPA at the pump wavelength A,=0.8 um for type | phase
matching (solid line) and type Il (os + €;— e,) phase matching (dashed line).
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Fig. 12.32: Pump-signal (ds,) and pump-idler (5;,) group velocity mismatch
curves for a BBO OPA at the pump wavelength A,=0.4 um for type | phase
matching (solid line) and type Il (o + €;— e,) phase matching (dashed line).
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Figure 12.34: Signal pulse evolution for a BBO type | OPA with A, = 0.4 um,
As = 0.7 ym, for different lengths L of the nonlinear crystal. Pump intensity is
20 GW/cm2. Time is normalized to the pump pulse duration and the crystal
length to the pump-signal pulse splitting length. [5]
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Figure 12.35: Signal pulse evolution for a BBO type Il OPA with A, = 0.8 ym,
As = 1.5 ym, for different lengths L of the nonlinear crystal. Pump intensity is
20 GW/cm2. Time is normalized to the pump pulse duration and the crystal
length to the pump-signal pulse splitting length. [5]



OPA Bandwidth
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Figure 12.35: Phase matching bandwidth for a BBO OPA at the pump wavelength
A,=0.8 um for type | phase matching (solid line) and type Il (os + e; — e,) phase
matching (dashed line). Crystal length is 4 mm and pump intensity 50 GW/cm?2.
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Figure 12.36: Phase matching bandwidth for a BBO OPA at the pump wavelength
A,=0.4 uym for type | phase matching (solid line) and type Il (os + €;— ;) phase
matching (dashed line). Crystal length is 2 mm and pump intensity 100 GW/cm?2.



Optical Parametric Amplifier Designs
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Figure 12.37: Scheme of an ultrafast optical parametric amplifier. SEED: seed
generation stage; DL1, DL2: delay lines; OPA1, OPA2 parametric amplification
stages; COMP: compressor.
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Near-IR OPA
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Figure 12.38: Scheme of a near-IR OPA DL: delay lines; WL: white light generation
stage; DF: dichroic filter. [5]
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Noncollinear Optical Parametric Amplifier (NOPA)
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Figure 12.39: a) Schematic of a noncollinear interaction geometry; b) representation
of signal and idler pulses in the case of collinear interaction; and c) same as b) for
noncollinear interaction.

Phase Matching Condition: Vector Condition:
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Variation on phase matching condition by Aw

dk, dk; , df?2
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Figure 12.40: Phase-matching curves for a noncollinear type | BBO OPA
pumped atpumped at A,=0.4 ym, as a function of the pump-signal angle a. [5]



NOPA Layout

M, ariaiiad
VA A WHITE LIGHT
\J:’ ’:

IDLER
140 ts, 780 nm
—
¢ | PUMP BEAM
18015, 390 nm
\
<—{ COMPRESSOR \
L
M,

Figure 12.41: Scheme of a noncollinear visible OPA. BS: beam splitter; VA:
variable attenuator; S: 1-mm-thick sapphire plate; DF: dichroic filter; M1 M2 , M3
, spherical mirrors.[5]



Figure 12.42:
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Figure 12.43: Reconstructed temporal intensity of the compressed NOPA pulse
measured by the SPIDER technique. The inset shows the corresponding pulse

pectrum.[9]




Optical Parametric Chirped Pulse Amplifier (OPCPA)
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Optical Synthesis from OPAs

Combination of light from broadband Optical Parametric Amplifiers.

@ optical process in nonlinear crystals -
Broadband phase-matching
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19 D. Brida et al., Journal of Optics A 12, 013001 (2010)



Multi-millijoule Pulse Synthesis with OPAs
Two-octave-wide waveform synthesis from OPAs at the multi-mJ energy level
passively CEP-stable WLG seed [G. Cerullo et al., Laser Photonics Rev. 5, 323 (2010)]
WLG seed split into 3 wavelength channels and amplified in 3 OPA stages each

Three channels are individually compressed and coherently recombined

relative timing is tightly locked using balanced optical cross-correlators (BOCs)
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Optical Pulse Synthesizer
photon energy (eV)
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