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Outline

• (1) Introduce Quantum Reference Frames (QRFs)
+ Entanglement Degradation

• (2) Results in Relativistic Quantum Information (RQI)
and in Quantum Information (QI)

• (3) Discussion



Why Quantum Reference Frames?

• All physics is described relative to some Reference Frame
• Implicitly or Explicitly

• Assume the Universe is fundamentally quantum
• Self-consistent description of Quantum Theory?

• Requires notion of Quantum Reference Frame (QRF)

• Renewed interest in last 10 years



Example (QRF) Cepollaro et al. 2025 PRL



Entanglement & Coherence (QRF) Cepollaro et al. 2025 PRL



Entanglement Degradation

• “Entanglement is observer-dependent quantity in non-inertial 
frames”

• “Consequence of the Unruh effect”

Fuentes, Mann 2005 PRL
Alsing, Fuentes, Mann, Tessier 2006 PRA

20 years ago!

~ acceleration



Entanglement Degradation

• Fermionic field in flat spacetime
• Alice and Rob share a pair of entangled field modes

• Rob undergoes uniform acceleration 
-> Rindler modes

Fuentes, Mann 2005 PRL
Alsing, Fuentes, Mann, Tessier 2006 PRA



Entanglement Degradation

• Joint state

• Want entanglement between
Alice and Rob

• Trace over anti-Rob

• Compute entanglement of 
reduced density matrix

Fuentes, Mann 2005 PRL
Alsing, Fuentes, Mann, Tessier 2006 PRA



Entanglement Deg. w QRFs

• Same set up as before 

• But ‘Perspective Assignment’ 
rather than trace:



Entanglement Deg. w QRFs

Global state

Compute Entanglement Entropy:

• Entanglement Degrades!

Perspectival State



Entanglement Deg. w QRFs

Global state Perspectival State

Plot from Alsing, et al. 2006 PRA



Coherence Generation(!) w QRFs

• What about coherence?



Coherence Generation(!) w QRFs

• What about coherence?

• Coherence increases 
with acceleration!



E+C for RQI

• What about coherence?

• Coherence increases 
with acceleration!



E+C for RQI

• What about coherence?

• Coherence increases 
with acceleration!

• AND exactly offsets the 
lost entanglement!

• Thermalization no longer 
a good explanation!



E+C for RQI

• What about other 
subsystem coherence?

• E+C should be invariant 
for QRF transformations.



E+C for RQI

Alice

Rob

Anti-Rob



E+C for RQI
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E+C for RQI
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E+C for RQI
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E+C for RQI

Alice

Rob

Plot from Alsing, et al. 2006 PRA



Entanglement Transference

• Connects perspectival and 
global quantum resources!

• Restricted to “Parity States”
• Because of perspective 

assignment procedure



Concluding Remarks

• QRFs seem interesting and useful

Open questions include:
• Other resources?
• Apply QRFs to the ‘non-inertial frames’
• QRFs insights for you?

https://arxiv.org/
abs/2603.23601

https://arxiv.org/abs/2603.23601


Supplementary 
Materials



Perspective Assignment

• Describe the 5-step procedure
• Comment on the reduction of state space and compression of 

information



Perspective Assignment



Perspective Assignment (1-3)



Perspective Assignment (4-5)



Ent. Deg. Set-Up (RQI)

• Include figure of set-up
• Mention Dirac (fermionic) fields
• Bogoliubov transformation
• Single-Mode Approximation



QI Definitions

• Entanglement Entropy
• Relative Entropy of Coherence

• Entanglement of Formation

• Linear Entropy
• L_2-norm of Coherence


