
HU1100114 C M Ö Í 4 > 

A bandwidth independent linear method for detection of carrier envelope phase drift 
M. Görbe 1 , K. Osvay1 '2 

department of Optics and Quantum Electronics, University of Szeged, Szeged, Hungary 
2Max-Born-lnstitut für Nichtlineare Optik und Kurzzeitspektroskopie, Berlin, Germany 

Most of the femtosecond-scale physical phenomena can be experimentally investigated by 
using carrier-envelope phase (CEP) stabilized laser pulses only [1-2]. The usual method of 
CEP stabilization [3-4] requires laser pulses with a bandwidth of one octave broad at least. If 
the spectrum of the fundamental pulse itself is not sufficiently broad, then its bandwidth has 
to be broadened by use of any nonlinear method [5], 

Spectrally and spatially resolved interferometry (SSRI) has been proven to be a powerful 
technique for dispersion measurement of various materials and optical elements [6-7]. It typically 
consists of a two-beam interferometer equipped with an imaging spectrograph. The interference 
pattern is imaged onto the input slit of the spectrograph, so that spatially (along the slit) and 
spectrally resolved interference fringes are formed on the 2D detector (CCD camera) inserted 
at the output plane of the spectrograph. 

In this paper we show that the visibility of the spectrally and spatially resolved interference 
fringes depends strongly on the CEP drift of subsequent pulses from a pulse train. When the 
pulses are CEP stabilized then the visibility has a definite extremum. 

To introduce the operation principle, let's assume a black box in the sample arm of the 
interferometer illuminated by train of CEP-stabilized laser pulses. This imaginary black box 
would change only the CEP of the subsequent pulses by txp but leaves their dispersion relative 
to the reference pulse, i.e. the pulse propagating in the other arm of the interferometer, 
unchanged. The spatial position of the interference fringes depends on /Sip. If the subsequent 
fringes are formed by pulses with different CEP, the spatial position of each interference 
fringe changes. The detector, i.e. the C C D chip of the imaging spectrograph is slow, so that 
it actually captures many subsequent interference patterns, on top of each other. As a result, 
the visibility of the resulted and captured interference fringes is substantially degraded. 

If one uses unstabilized femtosecond pulses from an oscillator, then the above described 
situation, when certain number of pulses with different CEP interferes with a given pulse, can 
be experimentally implemented by inserting a ring resonator inside the sample arm of the 
interferometer. So the reference pulse interferes with the remnants of all the previous (sample) 
pulses of the pulse train circulating in the ring resonator, each having the inherited CEP drift 
f rom the oscillator. Our extended simulations show, that the visibility of the interference 
fringes depends on the measure of CEP drift as well as on the number of interfering pulses 
determined by the finesse of the ring resonator. This feature can be used not only for an easy 
detection of CEP fluctuation but also for CEP stabilization of the pulse train itself. Moreover, 
please note that this method is inherently independent on the bandwidth of the pulses to be 
CEP stabilized. 
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