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e For any length scales ag £p and +/Bg £p between electroweak
(¢pw ~ 107" m) and Planck (/p =~ 107° m) scales

e Apply GUP to quantum mechanical and gravitational systems

o Goals

» Derivation of GUP from path integrals

» Is there a version of GUP for non-relativistic QFT?
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» Feynman-Matthews-Salam (FMS) formula
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e Path integrals in non-relativistic QF T
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Example in standard quantum mechanics

e The Schwinger-Dyson equation

<5F _ ! F55>
§xk S h (SLL']C S
e The GUP action: SGUP = /dt LGUP

e To obtain the modified Heisenberg commutator: F' = xy,

o Arrive at the GUP commutator in 1D, using FMS formula

[z, p] = ih(1 — 2ap + 48p°)
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GUP modification
P =Py (1 — aPy +2BPF), where Py = \/Py; Py;
The Hamiltonian H also obtains GUP modifications, bot does NOT

contribute to the modification of the uncertainty relations in
non-relativistic QFTs (Bosso, 2024)

» The commutators arise from time derivatives in the action!

e The GUP modifications in NR-QFTs appear only in the case where
there is some intrinsic motion in the system, i.e., the term v - P

We define X = /dgrrzp*(r)w(r) and set X = X

e As operators (FMS formula), X, and Py satisfy [Xoi, 130]'] = ihéijN
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e Pair of Schwinger-Dyson equations
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e To obtain the GUP modified commutation relation: F = 17 (r)
o GUP modified commutator algebra
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@ Observables in statistical mechanics
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o Critical temperature
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@ Fraction of bosons in the ground state
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Conclusion

@ Derivation of modified uncertainty relations from the path integral
formalism

o Novel field operator algebra modifications

e Such modifications can be widely used in condensed matter physics
and statistical mechanics to search for quantum gravity signatures

o Consideration of relativistc BECs in Das & Fridman, 2021

e Constraints ag < 10! and By < 10%® weaker than the electro-weak
scale

e With increasing experimental precision, BECs are a viable way to test
quantum gravity signatures
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