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A b s tr a c t . We report the use of a digital lock to  measure the line profile and center frequency of 
rubidium  5S-7S two-photon transitions w ith a cw laser referenced to  an optical frequency comb. 
The narrow, two-photon transition, 5S-7S (760 nm), insensitive to  first-order in a magnetic field, 
is a promising candidate for frequency reference.

1. In tro d u ctio n
The International Com m ittee for Weights and Measures recommended several radiations 
for the practical realization of the metre. At the border of the visible and near-infrared 
ranges, in particular, the International Bureau of Weights and Measures (BIPM ) recommends 
the 5S1/ 2(F=3)-5D 5/ 2(F=5) two-photon transition  in 85Rb w ith a standard  uncertainty of 
5 kHz [1]. Recent development in phase-stabilized optical frequency combs based on mode-locked 
femtosecond lasers allowed determ ination of the absolute frequency of a similar transition  in Rb, 
5S1/ 2-7S1/ 2, which is 100 times weaker than  5S-5D, yet less sensitive to  stray magnetic fields. 
At the 5S-5D transition  the rubidium  atom s m ust be carefully shielded against the magnetic 
field to  avoid any linear Zeeman shifts. On the o ther hand, the 5S and 7S levels have the same 
Lande g factors which cancels the linear Zeeman shifts in the 5S-7S transition. The ac-Stark 
effect in the 5S-7S transition  is also smaller th an  in the 5S-5D case. All these factors explain 
the growing interest in the 5S1/ 2-7S1/ 2 transition  in rubidium  [2, 3, 4, 5].

2. E xp er im en ta l arrangem ent
The details of the experim ental set-up and apparatus are described elsewhere [6]. Here, we focus 
only on the description of the digital lock system and its application to  the m easurem ents of the 
line profile.

The idea of the digital lock is depicted in Fig. 1. An acousto-optic m odulator (AOM) 
driven by a direct digital synthesizer (DDS) square-wave m odulates the light frequency with
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F igu re 1. The scheme of 
the digital lock.

the step 2 A /  equal to the half-width of the line. The AOM carrier frequency / a o m  is chosen 
such th a t the AOM efficiency with f + =  / a o M +  A f  and f -  =  / a o M — A f  is the same. 
The m icrocontroller (Atmel AT91SAM7S), which controls the DDS, counts the photom ultiplier 
pulses from the fluorescence signal of the 6P-5S transition. The error signal for the laser lock is 
calculated from the difference of the counts corresponding to fluorescence for f + and f - . The 
software PI regulator in the microcontroller calculates the correction A fL and applies it to  the 
TiSa laser. Switching between the f±  frequencies in the DDS is completed in 150 ns and the 
acoustic wave needs few /is to completely propagate the frequency changes through the AOM 
PbM o04 crystal. The following acquisition of the photom ultiplier pulses takes 38 ms which is 
long enough to  ignore chirping effects from switching the f±  frequencies. The frequency of the 
laser / l a s e r , before shifting by the AOM, is m easured in the real-tim e by an optical frequency 
comb.

The digital lock can be easily used to measure the line profile (Fig. 2) by changing A f  in 
the digital lock algorithm  and recording accordingly the fluorescence intensity. Furtherm ore, 
recording the frequency m easured by the optical frequency comb for different A f  detects a 
potential asym m etry of the line profile.

F igu re 2. The m easurem ent of the 
line profile.

3. R e su lts
The examples of the m easured profiles are presented in Fig. 3. The two series of graphs 
correspond to the m easurem ents of the 87Rb F = 2 -F ’=2 and 85Rb F = 3 -F ’=3 transitions for 
different intensities of the probing light. In the two-photon spectroscopy the counter-propagating 
beams are not focused, the transition  is characterized by a power-broadened Lorentzian profile. 
The m easurem ent accuracy may be reduced at the line center where the digital lock is less 
precise because of small value of the fluorescence derivative with respect to the laser frequency 
leading to underestim ation of m easured fluorescence at given frequency.

In Table 1 we present the m easured frequencies of four 5 S ^ 2-7 S ^ 2 transitions in 87Rb and 
85Rb. W ith  the knowledge of the hyperfine splitting of the 5Si / 2 sta te  [7, 8] the hyperfine A 
constants of the 7Si / 2 sta te  were derived (94678.4(2.3) kHz for 85Rb 7S and 319747.9(2.3) kHz 
for 87Rb 7S) as well as the 5Si / 2-7S i / 2 transition  isotope shift (131529.6(6.6) kHz) [6].
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F igure 3. The measurem ents of the 87R b F = 2 -F ’=2 (top) and 85Rb F = 3 -F ’=3 (bottom ) 
transitions for different intensities of the probing light.

4. C on clu sion
We present the use of a digital lock to  m easure the line profile and center frequency of rubidium  
5S1/ 2-7S1/ 2 two-photon transitions. We have performed a series of m easurem ents of the line 
profile and the absolute frequency of the 5S1/ 2-7S1/ 2 transitions in rubidium  vapor w ith a cw 
laser referenced to  an optical frequency comb. We have also estim ated the A  constants of 
the hyperfine splitting of the 7S1/ 2 sta te  and the isotope shift between 85Rb and 87R b of the 
5S1/2-7S1/2 transition.
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T able 1. M easured absolute frequencies of the two-photon 5S1/ 2-7S1/ 2 transitions [6].

Transitions Frequency [kHz]

85Rb F = 2 -F ’=2 394399282854.2(2.4)
85Rb F = 3 -F ’=3 394397907005.6(2.8)
87Rb F = 1 -F ’=1 394400482036.5(3.8)
87Rb F = 2 -F ’=2 394397384443.1(2.6)
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