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htTime delay observable in 
lassi
al and quantum geometriesAuthors: I. KhavkineA 
lass of di�eomorphism invariant, physi
al observables, so-
alled astrometri
 observ-ables, is introdu
ed. A parti
ularly simple example, the time delay, whi
h expressesthe di�eren
e between two initially syn
hronized proper time 
lo
ks in relative inertialmotion, is analyzed in detail. It is found to satisfy some interesting inequalities relatedto the 
ausal stru
ture of 
lassi
al Lorentzian spa
etimes. Thus it 
an serve as a probeof 
ausal stru
ture and in parti
ular of violations of 
ausality. A quantum model ofthis observable as well as the 
al
ulation of its varian
e due to va
uum �u
tuations inquantum linearized gravity are sket
hed. The question of whether the 
ausal inequali-ties are still satis�ed by quantized gravity, whi
h is pertinent to the nature of 
ausalityin quantum gravity, is raised, but it is shown that perturbative 
al
ulations 
annotprovide a de�nite answer. Some potential appli
ations of astrometri
 observables inquantum gravity are dis
ussed. [arXiv:1111.7127℄


