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ABSTRACT

In the recent paper mentioned in the title above, the authors have proposed the concept of

a delocalised time. We note here that the concept of a delocalised time has already been

introduced by the present author, in a series of earlier papers. Our motivation for such

a quantum operator time comes from requiring a reformulation of quantum theory which

does not depend on classical time. We have suggested that collapse of the wave function is

responsible for the emergence of local space-time, from an underlying delocalised space-time.

In a recent paper [1] the concept of cosmological time as a quantum observable, which is

also a delocalised time, has been proposed. In particular, the authors conclude:

“As we have speculated, it could also be that time is always quantum in our Universe and

it is only the existence of matter that creates the illusion of classical time on a purely local

level”.

The concept of a delocalised time is an important one, which will probably have far-

reaching consequences for quantum theory, and for cosmology. However, the concept is not

new. It has already been introduced by us in a series of earlier papers, in a context more

general than, and including, cosmological space-time [2–10]. For instance, in [6] we write

that

“In order to arrive at a formulation of quantum theory without classical time, we first gener-

alized Trace Dynamics so as to make space-time coordinates also into operators. ...Because

the space-time operators have arbitrary commutation relations, there is no point structure or

light-cone structure, nor a notion of causality, despite the line-element being Lorentz invari-

ant...The localization of macroscopic objects is accompanied by the emergence of a classical

space-time, in accordance with the Einstein hole argument. If, and only if, the Universe is

dominated by macroscopic objects, as the Universe today is, can one also talk of the existence

of a classical space-time.”

In [7] we say

“In this space-time, because it is non-commutative, there is no point structure or light-cone

structure, nor a notion of spatial distance or temporal interval....The collapse of the wave

function is responsible for the emergence of classical macroscopic bodies, and also for the

emergence of classical space and time.”
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In [10]:

“We then suggest that similar jumps take place for a hypothetical time operator in Hilbert

space, and classical time as we know it emerges from localisation of this time operator for

macroscopic objects. More generally, the jumps are suggested to take place in an operator

space-time in Hilbert space, leading to an emergent classical space-time.”

Our motivation for such a quantum operator time comes from requiring a reformulation

of quantum theory which does not depend on classical time [2]. We have suggested that

collapse of the wave function is responsible for the emergence of local space-time, from an

underlying delocalised space-time [10].
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