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Introduction

The existence of virtual black holes at the scale of quantum gravity is a possible observation of proton
decay [1], a process that 1s forbidden by the standard model due to conservation of baryon number 5.
The proton half life 1s estimated to be larger than ~ 1034 years, by experimental observations [25]. In
Quantum gravity approaches, the proton decay is considered as mediator for the virtual black hole.
Simply, consider the proton as a spherical object of radius rp;oton ~ 10~1° m, and virtual black holes
form 1nside of that space, two of the three point-like quarks could fall into the black hole, to evaporate
away It is observed that the proton half-life depends on the quantum gravity mass of the black hole.
In our analysis , the mass M, 18 equal to the Planck mass M;,. Making the proton half life due to
this process in the order of ~ 10% years. Proton decay via virtual black holes was also studied in
large extra dimensions existed, like in Randal-Strudum model. In this case the half life 1s changed,
because of these extra dimensions, and the probability will change because there 1s more © space’ for

the quarks to move 1n.
(b)

Figure 1: Proton decay Feynman diagram (a) Via the X-boson exchange particle, a decay predicted by GUP models. (b)
Via two quarks falling into a virtual black hole.

(a)

The quantum gravity mass M,, here may not be the Plank mass, but it 1s bounded to be M,, >

(M]? /\4)1/ D where A is the energy scale defined by experimental bound A ~ 101°GeV [13].
However, some theories beyond the standard model, like grand unified theories (GUTs), supersymme-
try (SUSY), electroweak sphaleron anomaly [5] and magnetic monopoles break the baryon number
conservation.

Theory Proton half life in years (Tp>
Quantum gravity in D=4 ~ 10%°
Quantum gravity in D > 4 ~ 10331064(%)4
Georgi-Glashow SU(S) ~ 10%0 — 1031
Mimimal SUSY SU(5) ~ 1028 — 1032
SUSY (MSSM) SU(5) ~ 1074
SUSY (D=5) SU(5) ~ 107
SO(10) GUT < 10%
Mimimal SUSY (MSSM) SO(10) ~ 1074
SUSY SO(10) ~ 1072 — 10%
Supergravity (SUGRA) SU(5) ~ 10%2 — 10
Superstring (Flipped SU(J)) ~ 103 — 105

Figure 2: Proton half life (7,) in various models [1, 18, 24].

The existence of a minimal length scale that commonly predicted by various approaches to quantum
gravity 1s manifested phenomenologically by deformation of the standard momentum dispersion re-
lations [11] to incorporate a cut-off length £), - or equivalently- energy E, scales [17]. This can be
achieved by deformation of Heisenberg algebra [19]. This is known as the Generalized uncertainty
principle (GUP) [20, 21], which is based on deforming the commutation relation between momentum
and position operators in quantum mechanics, but keeping the associative structure. The most general
type of deformation 1s [3]
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Considering the GUP deformation as a phenomenological model of quantum gravity, it would be 1n-

teresting to investigate the GUP deformation on the quantum gravity mass M, and hence the proton
half life.

Virtual black holes and GUP

In order to explicitly calculate the value M7 p, we follow a similar argument made 1n [2, 8, 23] in
order to compute the minimal mass for black holes with minimal length. We make the argument very

general and consider DD dimensional spacetime with all the ) — 1 momenta p; being equal and the
quadratic GUP 1s given by [9, 23]
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where £ = 14.9 (%) . Now, let a particle be bounded at the black hole event horizon Ax ~ rg, this

particle resembles a particle emitted by Hawking radiation from the horizon at Temperature associ-
ated with the resulting uncertainty in the momentum/energy of that particle localized at the horizon.
Therefore the modified Hawking temperature 1s calculated using this argument in [2].
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The GUP modified temperature leads to the existence of a minimal mass M,,,;,, which 1s the mass of
GUP virtual black holes, and it is given by,
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Since what 1s multiplied with « 1s a pure numerical factor that depends on the dimension of spacetime,
we denote such factor by f(D)

D D) D-3
Mgy = f(D)M 9
The proton half life 1s given by the expression :
D
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Another possible, and more general generalized uncertainty relation 1s [3, 2]
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This uncertainty relation can be used similar to (2) to find the mass of GUP-deformed virtual black

holes and study proton decay using the same argument as before
Solving (9) for Ap.
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Such that v = 3.76 (%) and o = 15.28 (%) Just like the quadratic GUP, we denote the

numerical factor for the minimal mass by g(D). Writing the minimal mass as

/(D D) D-—3
MAD) = g(D)MPa (11)
The proton half life 1s given by the expression :
D
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We can use the data for Planck masses in different spacetime dimensions M, [10] and the relations
(8)(12) to estimate the bounds on the GUP deformation parameter. The bound on « 1s given by:
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Table 2 contains the bounds on « and o’ in quadratic and linear-quadratic GUP deformations in dif-
ferent spacetime dimensions, relevant to physical models.

D | Bound on quadratic | Bound on Linear-quadratic o/

4] >437x1077 > 3.64 x 1077

0 > 101.01 > 84.95

9 > (.87 > (.74

10 > (.51 > (.42
Figure 3: Bounds on the GUP deformation parameters « and «'. From the experimentally measured half-life of the
proton.
Conclusion

) In this work, we investigated the production of virtual black holes in higher dimensions in the con-
text of generalized uncertainty principle. We use this black hole production to study the proton decay
process that 1s considered as a mediator for these virtual black holes. We calculate the proton half
life in higher dimensions and we set bound on the GUP deformation parameter v and o/. We found
that the bounds on GUP parameters are around 100, .87, and 0.51 for 6, 9 and 10 dimensions, re-
spectively. These values are stringent and consistent with the bound set by electroweak scale [4]. In
fact, this 1s an improvement for various studies on phenomenological aspects of GUP, if the GUP
parameter o ~ 1, it appears to be a new and interesting result and relevant to be studied at low energy
systems[4, 12]. This indicate that GUP could be useful to explain the proton decay process beyond
the standard model and could open an interesting phenomenological window for studying quantum
gravity effects for low energy systems. We hope to report on these 1ssues in the future.
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