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Quantum gravity remains one of the most challenging and unresolved issues in modern 
physics. A promising approach to address this problem is through the introduction of NC 
geometry, which states that the quantization of spacetime naturally leads to the quanti-zation 
of gravity. This approach parallels quantum mechanics, where the commutation relations 
between observables define the rules of quantization. In the NC framework, spacetime 
coordinates follow non-trivial commutation relations given by [��, ��] = ����, where ��� 
is the NC parameter, encoding the fundamental discretization of spacetime. This relation 
introduces a modified Heisenberg uncertainty principle, expressed as:

In the NC spacetime, the coordinates satisfy the commutation relation:

where ��� is an anti-symmetric real matrix which determines the fundamental cell discret-
ization of space-time. In our work we use the NC formalism in the GTG to describe the
background of our calculation [1]

and

where the brackets are defined as

and the real deformed metric is given by the formula [4]

where ∗ denots the star product

Remark: All calculations in this work are carried out to second order in the NC parameter Θ.

Our aim is to use NC gauge theory of gravity (GTG) [1] to construct a deformed 
Schwarzschild metric [2] and study how NC corrections affect the motion of a massive test 
particle. We derive the corrected effective potential and geodesic equation up to second 
order in the NC parameter, obtain an approximate analytical solution in the weak-field 
regime [3], and analyze the resulting orbital trajectories.

The NC geodesic equation for massive particle in the NC Schwarzschild spacetime, in the 
second order in Θ, is given by:

To solve this equation we use an approximation solution, to do this, let us rewrite the 
above equation in the following form:

with the following changes                          we obtain: 

The solution of this equation can be expressed by using successive-approximation method 
[3], where we assume a general solution of the form u = �� + �� , where �� is the 
solution of the first order (Newtonian equation),

Fig. 1: Periodic orbits of neutral massive particle around Schwarzschild BH 
for fixed mass.

In this present work, we obtain an analytical solution to the NC geodesic equation of neutral 
massive test particle around the Schwarzschild BH, using an approximation method. Then 
we plot some orbits and show the effect of the non-commutativity on the orbital motion of 
neutral massive test particles. Our results show that non-commutativity of the
spacetime affects the orbital motion of the test particle, and its effect is confined to the 
deformation on the periastron advance of this particle’s orbit. 

In order to estimate an upper bound on the NC parameter, we use the fact that the NC 
corrections remain smaller than the experimental accuracy [5]. However, the actual 
observational accuracy is approximately 1%-10% according to Event Horizon Telescope 
measurements [6]. In this application we choice the smaller accuracy, , and the upper 
bound becomes:

Upper bound on the NC parameter:

with
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As an application we use a typical primordial BH with mass � = �X~5 × 10−� � 
and size �~1.5 × 10−� � at the final stage of inflation [5]. By using S2-like orbit 
system, the physical upper limit for the NC parameter is [7]:

���� ≤ 2.18 × 10−�� �


