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�Generalized Uncertainty Principle (GUP) from String 
theory and Black hole physics.

�Testing quantum gravity effects.

�Is the Space Fundamentally Discrete?

�The GUP and Liouville theorem

�The effect of GUP on The Holographic Entropy Bound

�Do black holes exist at LHC?



Where α is the string tension

String Theory
The GUP can be thought of as arising from the studies of string scattering at very high energies. It 
is not possible to test distances shorter than the characteristic string length

There is a modification of the uncertainty relation at the Planck scale in the form of

D. Amati, M. Ciafaloni, and G. Veneziano, ``Can Spac e-Time Be Probed Below the 
String Size?,’’ Phys. Lett. B216 (1989) 41

(where Y is a suitable constant) and consequently the existence of a minimal observable 
length of the order of string size.



The Gedanken experiment proceeds by observing the photons scattered by the studied black hole. 
The main physical hypothesis of the experiment is that the black hole emits Hawking radiation. 
Recording many photons of the Hawking radiation, it is obtained an `image' of the black hole. 

This measurement suffers two kinds of errors. The first one is, as in Heisenberg
classical analysis, the resolving power of the microscope

which is the generalized uncertainty principle. The numerical constant k cannot be
predicted by the model-independent arguments presented.

M. Maggiore, `A Generalized uncertainty principle i n quantum gravity,’’Phys.Lett.B304 (1993) 
65-69 



There is a remnant of gravity in the flat space-time limit as an invariant length and a 
modification of the QM commutators, i.e. New Physics . This implies a modification of 
Poincare Algebra.
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J. L. Cort´es, J. Gamboa. Phys.Rev.D71:065015,2005. hep-th/0405285
Joao Magueijo, and Lee Smolin, Phys.Rev.D67:044017,2003. gr-qc/0207085.

showing explicitly the existence of the invariant energy scale.

The commutation relation between the canonical variables x and p should be modified in 
doubly special relativity.
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We found a commutator consistent with String Theory, Black Holes Physics, DSR, and which 
ensure (via the Jacobi identity) have the following form

A. Farag Ali, S. Das, and E. C. Vagenas, Phys. Lett . B678 (2009) 497{499, 
arXiv:0906.5396 [hep-th].

I. Pikovski, et al. Nature Physics. 8, 393 (2012) [ arXiv:1111.1979]



These imply a minimum measurable length and maximum 
measurable  momentum

Now, Defining 

Where, 

For  any system with well defined quantum or even c lassical Hamiltonian, 
we have

Quantum gravity effects are in some sense universal! 



The transmission coefficient has been calculated wi th GUP corrections:

Where we have chosen α0 = 1 and T0= 10-3 . Thus GUP induces a new current to give 
difference of the charge of just one electron , one  have to wait a time.

�The Electron Tunneling

or around 4 months!

� Simple harmonic oscillator (SHO) 

The charmonium is represented by simple harmonic os cillator, so the energy shift 
due to GUP becomes :

The current accuracy of precision measurements in t he case of J/ ψ is at level of 
10-5 , so the upper bound on α0 becomes

or around 4 months!



The bound derived in SHO is in fact consistent with that set by the electroweak 
scale ( α0 ≤ 1017 ). Therefore, it could signal a new and intermediat e length scale 
between the electroweak and the Planck scale.

�The Lamb shift
The shift in ground state due to GUP is 

If α0= 1, then it predicts non-zero but un-measurable effect s of GUP and thus of 
quantum gravity. On the other hand, the current acc uracy of precision 
measurement of Lamb shift  of about 1 part in 10 12, sets an upper bound on α :

A. Farag Ali, S. Das, and E. C. Vagenas, Phys. Rev.  D84 (2011) 044013, 
arXiv:1107.3164 [hep-th].

measurement of Lamb shift  of about 1 part in 10 12, sets an upper bound on α0:

This bound is consistent with that set by the electroweak scale ( α0 ≤ 1017 ).
Therefore, again it could signal a new and intermed iate length scale between the 
electroweak and the Planck scale.

I. Pikovski, et al. Nature Physics. 8, 393 (2012) [ arXiv:1111.1979]



We apply GUP formalism to a test particle in a box with length L with boundaries ψ=0 at x=0, 
x=L. The solution will be

The First two terms  with the boundary conditions give rise to the normal quantization of 
energyenergy

The new oscillatory term has a significant effect! It implies, to the leading order, the 
following two solutions

A. Farag Ali, S. Das, and E. C. Vagenas, Phys. Lett . B678 (2009) 497-499.

This shows that there can’t be a particle in the box unless its length is quantized as above.

Therefore, all measurable  lengths are quantized in units of

This can be interpreted as a discreteness of the space!



The GUP-corrected Dirac equation can thus be writte n to O(α )

Confine a relativistic particle in a d-dimensional box, and applying MIT bag boundary 
conditions (to Avoid the Klein paradox in which an increasing number of negative energy 
particles are excited). We getparticles are excited). We get

This give rise to the quantization of area( N=2) and  volumes( N=3) as follows

S. Das, E. C. Vagenas, and A. Farag Ali, Phys. Lett . B690 (2010) 407-412, arXiv:1005.3368



What we are looking for is an analog of the Liouvil le theorem in presence of the 
GUP. 

We assume the time evolutions of the position and m omentum during δt are

The infinitesimal phase space volume after this inf initesimal time evolution is

This has consequences on the calculation of the ent ropy bound of local quantum 
field theory, the cosmological constant, black body  radiation, etc.

We found: the number of quantum states per momentum  space volume can be



The total number of the quantized modes will be modi fied as follows,

Note that, this result is valid subject to:

This leads to a natural boundary on the cutoff. 

Now turning to the modifications implied by GUP on the energy boundNow turning to the modifications implied by GUP on the energy bound

We find the bound for the maximum entropy will be m odified as follows:

This shows that the conjectured entropy of the trun cated Fock space corrected by 
the GUP

Ahmed Farag Ali, Class. Quantum Grav. 28 (2011) 065013



A possible discrepancy has been found between the r esults of recent experiment 
in LHC and the predictions of large extra dimension s theories. This experiment 
suggests that no signs of black holes at energies 3.5 - 4.7 TeV, which large extra 
dimension theories cannot explain.

We study two versions of GUP with black hole thermo dynamics

The Hawking temperature will be modified and  this implies the existence of  
minimal black hole mass given by
1-GUP quadratic in ∆p





Calculating the black hole mass for different dimen sions with assuming M p ~ 1 TeV

We found that black holes can be formed at energies much higher than the 
current energy scales of LHC.  This possibly  agree with the experimental results!

CMS Collaboration Collaboration, V. Khachatryan et al., ``Search for Microscopic Black Hole 
Signatures at the Large Hadron Collider," Phys.Lett . B697 (2011) 434-453, arXiv:1012.3375 
[hep-ex]



� Calculating  quantum gravity effects in various quantum phenomena might imply the 
existence of intermediate length scale between electroweak scale and Planck scale. 

� GUP implies the fundamental discreteness of space in non-relativistic case as well as the 
relativistic case in one, two and three dimensions.

� We found a new form of an invariant phase space in the presence of the GUP which has 
consequences on the calculation of the entropy bound of local quantum field theory.consequences on the calculation of the entropy bound of local quantum field theory.

� GUP can possibly explain the recent experimentally results at LHC which says no black 
holes at 3.5-4.7 TeV.  We found that by considering GUP,  the  formation of black holes will 
be at energies higher than the energy scales of LHC. 



Perhaps the success of the Heisenberg method points 

to a purely algebraic method of description of 

nature, that is, to the elimination of continuous 

functions from physics. Then, however, we must give 

up, by principle, the space-time continuum.
A. Einstein, Physics and Reality, 1936. (Reprinted in Essays in Physics,

Philosophical Library, New York, 1950)






