
• Scenario: Extended quantum system with internal DOF, with a massive particle nearby.

• Assumption: T = 0, massive particle is brought adiabatically near the system.

• (A) Total Hamiltonian (hence, the ground state) depends on the redshift profile - the

relative position of mass from the spin chain.

• (B) If mass is prepared in a spatial superposition, the ground state of spin chain is

entangled with the position of mass:

• Inference:
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• N number of spin chains lying at the same relative position wrt. 

the massive particle.

• Each contributes equally to the decoherence : MN→0.

• Limit 𝛼 arbitrarily close to 0, defined by the limit of experimental 

observation. MN→ ⅇ−𝛂, N = −𝛂/ln(M)

• Question: How many fundamental particles are present in the universe?

• Approach:

• Fundamental particles in the universe are quantization of fundamental fields.

• Fundamental fields can be visualized as many interacting quantum DOF.

• Background: Probe gravitational effects in quantum systems in the low energy regime.

• Refined question: Can we devise an experiment in the low energy regime to constrain the number of quantum DOF?

• Theoretical framework: Gravitational redshift and gravitational decoherence due to time dilation.
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Hcm = trivial

H = Hcm+ H0 + Hint
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