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T. Yanagida, Y. Kobayashi, K. Maeda, S. Ito, F. Sakai, K. Torizuka, and A. Endo: Proc. SPIE 5194 (2003) 149[AIP].
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Control of Ti:sappnire ancd Cr:

NIST, coherent synthesis (< ms)
A. Bartels, et. al. Opt. Lett. 29, 403 (2004,
MIT 0.3-fs timing jitter, phase relation observation
T. Schipli et. al. Opt. Lett. 28, 947 (2003)
ST 1-fs timing jitter (2002), phase control (2003
0.1-fs timing jitter
D. Yoshitorni et. al. Opt. Lett. 3
Tlght optical phase locking (
Y. Koobayasni et. al. Opt. Lett. 3
TiS CrF




Passively synchronized two-wavelength laser
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Movie of passive synchronization

Changing the cavity length by PZT,

Two-wavelength laser

TiS

Oscilloscope

How about the timing jitter?




Timing jitter in various
observation bandwidths

1kHz BW 100kHz BW 1MHz BW

Delay (1fs/div)
Delay (1fs/div)
Delay (1fs/div)

Slow jitter (1kHz BW) was significantly
reduced by active control!

98 + 18 as (10mHz — 100kHz )
126 = 20 as (10mHz — IMHZz)

D. Yoshitomi et. al. Opt. Lett. 30, 1408 (2005)
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Intensity [dBm]

Optical phase control — RF spectrum of locked beat

Previous work in 2003
Span 1 MHz
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This work (2005)
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Y. Kobayashi et. al. Opt. Lett. 30, 2496 (2005) a1€r
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Timing control

- - Timing or clock delivery

Mode-locked Fiber laser

Precise timing control of the fiber laser is required for clock
delivery in a short range application (10-km region).

10-fs timing jitter with active control was demonstrated [*]

eHow precise can we control the timing jitter?

[*] D. D. Hudson, et. al., Opt. Lett. 31, 1951 (2006).
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Pulse timing of fiber laser is passively locked to the

master laser by cross-phase modulation.

Intensity fluctuation of the sum frequency
corresponds to the timing fluctuation.




Results -Timing synchronization

Picture of master (upper) Tolerance of cavity mismatch

and slave (lower) pulses
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*Repetition rate of fiber laser is
synchronized to that of master laser.
eTolerance is ~ 400 Hz. *




Result - Timing jitter
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Femtosecond frequency comb
AQ
Mode-locked laser L T v :H<

Time domain

¢ /

Pulse train

frequency comb [*]

frequency
domain

f,., : Tepetition rate, Av: spectrum width, 0: offset frequency

Comparable to hundred-thousand narrow cw lasers!
Frequency ruler, precision measurement- Frequency, timing, clock deliveries.

7
] D. J. Jones, et al., Science, 288, (2000) 635 o Ak l;ﬁ




Cavity mode and frequency comb

frequency comb
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