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Abstract

Under MEXT Quantum Leap Flagship Program, we are conducting the basic study for the high-harmonic generation
driven by mid-infrared (MIR) free electron laser (FEL) collaborating with QST, Kyoto university, Nihon university and
KEK. In this work, we are developing the carrier-envelope phase (CEP) stabilized MIR pulse source to seed the FEL. By
taking the difference frequency generation (DFG) between the Raman-shifted soliton pulse in a highly nonlinear photonic
crystal fiber (HN-PCF) and the replica pulse driving the HN-PCF, we can generate the CEP stabilized MIR pulse. We
report the present status and the recent results on the development of the CEP stabilized DFG-MIR source system.
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Figure 1: Experimental setup.
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Figure 2: Comparison of the wavelength shifted output
spectra from the PCF between (a) measurement and (b)
calculations and (c) calculated temporal structures. From
the comparison of the spectra, the input power if the
measured spectrum can be estimated to be about 3.3 kW.
In this calculation, each color shows the different input
power. The black line shows the input power of 3.3 kW,
red is 2.5 kW, green is 1.8 kW and blue is 1.3 kW.
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Figure 3: Signal waveform from MCP (red) and
synchronized signal from the chopper (blue). In the MCP
signal, by summing up the signal values in the region Sum
1 and Sum 2 and taking the difference of them, the DFG
signals are made and recorded.

LY. B O 7 A M AA—RE 5D HEIC IR EL
72T AV A XA T CILEEZE 72 DEG 23 En T,
IVIRWEPHOT AL AZA T TIE BIRERTHIET,
VN DFG 2 5% 187, 7 F AN R 75D

E— AR ED ST, E BRI KL, SFG &
[FAEIZ NI A 7 i C DFG 15 5 A3 e S 7= (Fig.
4), ZOHFEICHETHE BRI S % OMETH D,

BITE DFG SEZ SO RESE, 10 mW 2 x5 H

NE/DTZOIT, 7 FIVBIOR 7 etk it
RO E L TWDEEBIT, BT o easz v
7‘:1/\°7F/1/§HE'J%5E&)ZD%ETE?>Z>O
600 - . .
| ¥2/ ndf 4.124e404 /73
r \ Constant 5326+ 10.1 ]
sear :’ Mean 13.26 £ 0.01427
Sigma 0.667 +0.01545
. 400/~ | —
_Té, 300— f ]
5L ‘ ]
= z00 T -
100 ) ~ ‘.a\ -
‘ i |
E L ,), t\ | "'..K,_J R g
% 10 20 30 0 50

delay time (ps)

Figure 4: Variation of the DFG signal changing the pump
timing (black line). The largest peak might correspond to
the cross correlation between the Raman shifted pulse and
the pump pulse and the correlation width is evaluated to be
0.667 ps in root-mean-square with gaussian fitting (red
line). The origin of the satellite signals is not clear at now.
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