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que�mpq.mpg.de.The advent of laser frequen
y 
ombs a de
ade ago has already revolutionized opti
al frequen
y metrology and pre
ision spe
tros
opy.Extensions of laser 
ombs from the THz region to the extreme ultraviolet and soft x-ray frequen
ies are now under exploration. Su
hlaser 
ombs have be
ome enabling tools for a growing tree of appli
ations, from opti
al atomi
 
lo
ks to attose
ond s
ien
e.Re
ently, the millions of pre
isely 
ontrolled laser 
omb lines that 
an be produ
ed with a train of ultrashort laser pulses have been har-nessed for highly multiplexed mole
ular spe
tros
opy. Fourier multi-heterodyne spe
tros
opy, dual 
omb spe
tros
opy, or asyn
hronousopti
al sampling spe
tros
opy with frequen
y 
ombs are emerging as powerful new spe
tros
opi
 tools. Even the �rst proof-of-prin
ipleexperiments have demonstrated a very ex
iting potential for ultra-rapid and ultra-sensitive re
ording of 
omplex mole
ular spe
tra. Com-pared to 
onventional Fourier transform spe
tros
opy, re
ording times 
ould be shortened from se
onds to mi
rose
onds, with intriguingprospe
ts for spe
tros
opy of short lived transient spe
ies. Longer re
ording times allow high resolution spe
tros
opy of mole
ules withextreme pre
ision, sin
e the absolute frequen
y of ea
h laser 
omb line 
an be known with the a

ura
y of an atomi
 
lo
k.The spe
tral stru
ture of sharp lines of a laser 
omb 
an be very useful even in the re
ording of broadband spe
tra without sharp features,as they are e.g. en
ountered for mole
ular gases or in the liquid phase. A se
ond frequen
y 
omb of different line spa
ing permits thegeneration of a 
omb of radio frequen
y beat notes, whi
h effe
tively map the opti
al spe
trum into the radio frequen
y regime, so thatit 
an be re
orded with a single fast photodete
tor, followed by digital signal analysis. In the time domain, a pulse train of a mode-lo
kedfemtose
ond laser ex
ites some mole
ular medium at regular time intervals. A se
ond pulse train of different repetition frequen
yinterferometri
ally samples the transient response or free indu
tion de
ay of the medium, akin to an opti
al sampling os
illos
ope.


