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Abstract – much more precise measurement of atomic transition (Rb, Cs) 



Introduction – precision spectroscopy at VUV region 

http://www.biox.kth.se/research/softxraysources/sxrproject.htm  

One of the outstanding challenges in laser spectroscopy is the precise measurement of transitions in the vacuum 

ultraviolet (VUV: λ~10-200nm) region. (e.g. atomic & molecular energy structure of small elements such as 

hydrogen, helium and antihydrogen, antiprotonic helium) 

 

However, there is no widely tunable narrow-linewidth lasers below about 180nm that would be suitable for 

precision spectroscopy. 

http://www.biox.kth.se/research/softxraysources/sxrproject.htm
http://www.biox.kth.se/research/softxraysources/sxrproject.htm


Introduction - A combination of two Nobel ideas 

Basically, Ramsey-comb spectroscopy combines two spectroscopic methods 

to solve this problem, both of them are part of the Nobel Prize in Physics. 

J. Hall T. Hänsch 

Optical frequency comb 

(Nobel Prize 2005) 

N. Ramsey Jr. 

Ramsey spectroscopy 

(Nobel Prize 1989) 

Ramsey-comb 

spectroscopy 



Ramsey spectroscopy in atomic physics 

First pulse excites the atom. 

Upper state pop. ~ 𝐜𝐨𝐬(𝟐𝝅𝒇𝒊𝒕 + ∆𝝋) 

(oscillates with frequency 𝜔0 =
𝑊𝑖−𝑊𝑓

ℎ 
) 

Second pulse detects the energy state of atom. DFT 

Time delay T 



Ramsey spectroscopy – what if transition mode is not unique? 

Excitation signal is much more complex if more than one transition modes are involved. 

-> Hard to measure precise amplitude 𝐴𝑖 and frequency 𝜔𝑖 simultaneously (∆𝐸 ∙ ∆𝑡 ≥
ℎ

2
) 

𝑆 = 𝐴𝑖cos(2𝜋𝑓𝑖𝑡 + ∆𝜑) 𝑆 = 𝐴𝑖cos(2𝜋𝑓𝑖𝑡 + ∆𝜑)

𝑖

 



Optical frequency comb 

S. Cundiff & J. Ye, Rev. Mod. Phys., 75, 1. (2003) 

A frequency comb is a light source 

whose spectrum consists of a series 

of discrete, equally spaced elements. 

In frequency comb, phase relation 

between different modes is precisely 

defined. 



Ramsey spectroscopy + Optical frequency comb = ? 

 1 2 1 2 0( ; , ,...; , ,...; ) arg exp( 2 ) 2fit i ii
t A A f f A i f t f t            

Since full spectral parameters 

are encoded in phase evolution, 

one can calculate the spectrum 

from the phase information, 

which is experimentally more 

robust than amplitude. 



Ramsey-comb spectroscopy : principle 



Ramsey-comb spectroscopy : setup 



Ramsey-comb spectroscopy : results 



Ramsey-comb spectroscopy : results 



Conclusion 

• Atomic transitions in vacuum ultraviolet (VUV: 

λ~10-200nm) region were detected by new 

spectroscopic method combining Ramsey 

spectroscopy and frequency comb technique, 

namely Ramsey-comb spectroscopy. 

 

• Much precise transition frequency of Rubidum 

and Caesium were experimentally determined. 


