The 2019 Convention, Quantum Gravity and the definition of Kilogram
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There appears to be a lack of general consensus among the BIPM and the quantum gravity
community regarding the definition of kilogram, in light of the 2019 convention, concerning the role
of the gravitational constant G as a defining constant. Unless a decision is reached, not only the
task of the BIPM to “ensure worldwide unification of measurements” remains unfulfilled, but also
the proposals of experimental tests of quantum gravity remain devoid of any scientific value.

According to the 2019 convention adopted by the BIPM]1, 2], the SI unit of mass, namely, kilogram (kg)
is defined in terms of the Planck constant h, the velocity of light in vacuum ¢ and the Cesium frequency
standard Aw,g, considering these quantities as exact by convention[2]. These are called defining constants
because the base units like kg are defined in terms of these constants. According to the BIPM, the definition
of kg is the following:

hAVes
1 kg ~ 1.475 x 10 TV (1)

The motivation behind adopting such a convention, according to the BIPM, is that “the realizations are
separated conceptually from the definitions so that the units can, as a matter of principle, be realized inde-
pendently at any place and at any time.”[2]. That is, instead of relying on a practically experienced prototype
of unit, now we rely on logical definitions of the units in terms of the defining constants.

Now, the BIPM declare that the defining constants are among the “fundamental constants of nature, such
as the Planck constant and the speed of light, so that the definitions are based on and represent our present
understanding of the laws of physics.” [2]. However, the BIPM do not clarify why the gravitational constant
G can not be considered as one of the defining constants, although “our present understanding of the laws of
physics” do involve well established theories of gravity (like general relativity which the BIPM cite in ref.[2])
which are based on the assumption that G is a fundamental constant. We do not find any reason why kg
can not be defined in terms of G, ¢ and Av, as follows?:

- —26 c?
Lkg & 2133 X 10720 70— (2)
Consequently, a dilemma arises whether to choose the definition (1) or the definition (2) for kg. Even if
any one definition among these two options is chosen over the other, some reason needs to be provided for
this choice. Otherwise, the founding logic of the “worldwide unification of measurements” will depend on an
arbitrary choice and not on reason.

Such shortcoming of the BIPM becomes more profound when we take into account any theory of “quantum
gravity”[3, 4] and any proposed experimental tests of quantum gravity due to the explicit involvement of
the three fundamental constants G, h,c (e.g. see refs.[6-9] and the relevant references therein). In order
to “ensure worldwide unification of measurements’, the BIPM necessarily need to resolve the dilemma
concerning the definition of kg.

Now, as far as the quantum gravity community are concerned, none of the articles which have been
published in and after 2019[6-10] show any glimpse of awareness regarding such logical dilemma that underlies
the definition of kg in light of the 2019 convention adopted by the BIPM. Without the provision of a unique
definition of kg, any proposal of experimental test of quantum gravity remains illogical at its foundation.
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1 We have considered the value only up to three places after the decimal. The precision is not the matter of concern in the
present discussion.

2 We have considered the value of G, up to three places of decimal, as given in the NIST website: https://physics.nist.gov/cgi-
bin/cuu/Value?hbar—search_for=universal_in!
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Hence, the scientific value of such research outputs come into question. Quite interestingly, in and after 2019,
such questionable research outputs have been (i) published in prestigious journals[6, 9, 10] (ii) conceptualized
by eminent scientists like Penrose among others[8] (iii) discussed without any concern in the quantum gravity
community[5]. It appears as if the BIPM and the quantum gravity community are ignorant about each other’s
viewpoints concerning the logical foundations of measurements as far as the 2019 convention is concerned.

Therefore, we believe that a general consensus regarding the definition of kg and the associated role of
the gravitational constant G needs to be achieved worldwide. Otherwise, in light of the 2019 convention, on
one hand the BIPM’s task of ensuring “worldwide unification of measurements’ remains unfulfilled and on
the other hand, any proposal of experimental tests of quantum gravity, in and after 2019, remain devoid of
any scientific value. In view of this, we pose the following questions for both the BIPM and the quantum
gravity community:

o [f the gravitational constant G is one of the fundamental constants according to our present day un-
derstanding of the laws of physics, then why can it not be considered as one of the defining constants
(like Planck constant h, etc.)?

o Which one among (1) and (2) is the definition of kilogram if both h and G are in the BIPM’s list of
defining constants?

o Why any one among the definitions (1) and (2) shall be preferred over the other?

e Can the BIPM and the quantum gravity community reach a general consensus regarding the answers
to the above questions?

We hope that the BIPM and the quantum gravity community will soon come up with answers to the above
questions in near future. However, at the moment, we find an explicit lack of harmony within the worldwide
scientific community as far as the basic conventions of measurements are concerned.
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