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Quantum Gravity Phenomenology (our work thus far)

Relativistic Generalized Uncertainty Principle arXiv:1810.117611

[xµ, pν ] = i~ (1 + γpρpρ) ηµν + i ~γpµpν

where γ = γ0/(MP lc)2

Field theory with Minimum length arXiv:2005.037712

20(1 + 2αγ20)φ = −m2φ︸ ︷︷ ︸
RGUP modified Klein-Gordon equation

[iτµ∂µ(1 + αγ∂ρ∂
ρ) −m]ψ = 0︸ ︷︷ ︸

RGUP modified Dirac equation

Maximal momentum GUP leads to quadratic gravity arXiv:2106.041413

SStelle =
∫

d4x
√

−g
[

1
2κ2R− γ RµνRµν + γ

2 R
2
]
,

1V. Todorinov, P. Bosso, S. Das, Ann. of Phys. 405, 2019, 92-100
2P. Bosso, S. Das, V. Todorinov, Ann. of Phys. 422, 2020, 168319
3V. Nenmeli, S. Shankaranarayanan, V. Todorinov, S. Das, Phys. Lett. B 821, 2021
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Quadratic Gravity to f(R) + C2

Stelle gravity shortcomings:
Spherically symmetric solutions are perturbatively isolated.

SEH =
∫

d4x
√

−g
[

1
2κ2R− γ RµνRµν + γ

2 R
2
]

Describes the same dynamics as

Sf = 1
2κ

∫
d4x

√
−g

R+ 1
6γR

2︸ ︷︷ ︸
f(R)

− γCαβρσC
αβρσ︸ ︷︷ ︸

LWeyl

 ,
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Inflation observables
Fakeon Quantization

S̃ =
∫
d4x
√

−g̃

 1
2κR̃− 1

2 g̃
µν∂µχ∂νχ− U(χ)︸ ︷︷ ︸

inflaton χ

− γ

2κLWeyl︸ ︷︷ ︸
fakeon φ

 ,
Yields the following observables

AR =
m2

φN
2

3πM2
Pl

= N2

18πγ0

AT =
8m2

χm
2
φ

π(m2
φ + 2m2

χ)M2
Pl

= 4
7πγ0

Comparing to experimental estimations arXiv:1502.02114 4

γN=40
0 ≈ 3.430 × 1010

γN=60
0 ≈ 7.719 × 1010

4Planck Collaboration Astron.Astrophys. 594 (2016) A20
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Inflation observables

0.950 0.955 0.960 0.965 0.970
nR

0.002

0.003

0.004

0.005

0.006

0.007

r

f(R) + C 2

Starobinsky

Vasil Todorinov Quantum gravity effects in primordial gravity waves 5 / 9



Quantum Gravity relics in Primordial Gravitational
Waves

Tensor modes EoMs

2h̄ij − 2H h̄′
ij − γ

a222h̄ij︸ ︷︷ ︸
RGUP

= 0

Split by polarization

d2µ
(1)
k

dz2 +
(

1 − 2
z2

)
µ

(1)
k = 0 ,

d2µ
(2)
k

dz2 +
(

1 + 1
γ H2 z2

)
µ

(2)
k = 0

Primordial Gravitational wave Power spectrum

P(k) = 2κH2

π2
1

1 + 2γ H2

(
1 +

(
k

k∗

)2
− π

2

(
k

k∗

)3
|eiπ ν/2 H(1)

ν (
(
k

k∗

)
)|2
)
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Detectability of corrections in next generation detectors
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Conclusions

1 We were able to find values for the additional Lorentz invariant scale.

2 There are Quantum Gravitational signatures present in the
power spectrum of primordial gravitational waves.

3 The characteristic strain of PGWs is a few orders of magnitude lower
than the projected LISA sensitivity.

4 Future land based telescopes might be able to detect PGWs and the QG
signatures in them.

5 The powrer spectrum of PGWs contains information of the exact number
of e-folds the universe expanded.

6 A preview available at arXiv:2208.11095
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Thank you for your attention!
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