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e Quantum gravity phenomenology: minimal length,
modified dispersion relations, and deformed
quantum mechanics

e Generalized spin operator and the anomalous
magnetic moment of the electron

e Plank-scale effects on Bell nonlocality and
generalized Tsirelson bounds

e Minimal length, Planck scale fluctuations, and
quantum gravitational decoherence
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Quantum gravity phenomenology and generalized dispersion
relations

Quantum gravity regime: gravitational and quantum effects at
the Planck length and energy scales

Ep~10""GeV £, ~10"%m

Phenomenology: where to look for? A common offspring of
different quantum gravity theories are the modified dispersion
relations (MDRs)

M2c* = f(E, k, M)

Searching for effects at scales reachable in the near future:
lowest-order expansion in the Planck-scale parameters

MPc* = E? — K2c® + £, 6f (E, k, M)
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MDRs and generalized Dirac equation

General quantum-gravity induced correction 6f:

2 3-n E 3—n—m
MPct = E? — KPP+ 4p Y ) anm(Mc)"k™ <c>

n=0 m=0

MDRs modify the Dirac spinor wave equation”.
Modified wave equation for the upper component of the Dirac
spinor ¢ in an external field B in the non-relativistic limit:

f2= 20818, sy .
iatsoz( an o)"ky ) BT Ki=Ki- M4
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Anomalous magnetic moment of the electron

Modified electron magnetic moment and g-factor:

3
. ¢ . .
s = —<1 - ﬁZﬁn(MC)nki n) gspusB'.

A n=1

Via high-precision tests of g with Penning traps*, one can set
bounds on the correction factors £,. The estimates

(K2) = (MV)2 ~ (10°5Mc)®  (KD) = (MIAT)" ~ (10*3/\/1(:)"

yield the bounds
Gt 0SB
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Minimal-length quantum mechanics

MDRs with n = 0, m = 3 yield deformed CCRs and generalized
uncertainty relations typically associated with the existence of a
minimal scale of length*:

(5,81 =i (1+ BE2P?)
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*C. A. Mead, Phys. Rev. (1964); A. Kempf, G. Mangano and R. B. Mann,
Phys. Rev. D (1995); F. Scardigli, Phys. Lett. B (1999). 611



Phenomenological implications

Important phenomenological implications:

Deformed spin operator,
generalized Bell nonlocal-
ity, and modified Tsirelson
bound?
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Shitam = 2V 2(f*(p?)

2P. Bosso, L. P, F. Wagner, and
F. llluminati, Comm. Phys. (2023).

Universal quantum gravita-
tional decoherence inspired
by spin-foam models?

p = h°/16mP Lot E*

4L. P. and F. llluminati, Nat.

Comm. (2021).
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Spin deformation and generalized Bell nonlocality

0] = |1 ()3 +0(5) 32

In the non-relativistic limit of the modified Dirac equation the
spin expectations are momentum-dependent”:
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Fluctuating deformation parameter at the Planck scale and
quantum gravitational decoherence

B=Vix(t)  ®)=8  (Ox(t))=0s(t—1)

With this assumption, minimal-length quantum mechanics
predicts a universal decoherence mechanism consistent with

observational data and experimentally falsifiable*
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Take-home message

e MDRs yield potentially accessible phenomenological
predictions of quantum gravity effects

e High-precision tests (e.g. anomalous magnetic moment of
the electron) can put stringent constraints on MDRs

e Quantum gravity induced deformations can give rise to
testable far-reaching consequences (generalized Bell
nonlocality and generalized Tsirelson bound, universal
quantum gravitational decoherence, etc.)
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