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Quantum information decoupling—Definition

decoupling performance:  ���∼ �����(� ∘ ��(���), ��⨂��),    �� = ��→�( ��
|�|

)

� purified distance :  P(ρ, σ): = 1 −∥ � �∥1
2

relative entropy:  D(ρ ∥ σ): = Trρ���ρ − Trρ���σ

trace distance : ∆(�, �): = 1
2

∥ � − �∥1
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[Cheng, Dupuis, Gao: arxiv: 2409.15149]
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Open question:
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Quantum state merging protocol :
Step 1: Decomposition of Hilbert space ��

Step 2: Construction of decoupling maps

partial isometry: 
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Quantum state merging protocol :
Step 4: Construction of the protocol via Uhlmann’s theorem

LOCC protocol: 
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Entanglement distillation protocol :

Trace out the system A, B and R

Entanglement distillation protocol: 
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LOCC-assisted quantum channel coding protocol :

��‘� ��→� ��→�(��‘�) ED protocol

��1�1

maximally entangled state 

Teleportation ���1→�1
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Quantum state 
   merging
Entanglement 
   distillation

  Locc-assisted 
channel coding

Achievability Optimality

?

?



Summary

u We establish a one-shot decoupling theorem under the relative entropy 
measure and derive an achievability bound on the error exponent for 
decoupling.

u Our main result can be used to establish one-shot upper bounds for 
quantum state merging, entanglement distillation and LOCC-assisted 
channel coding and achievable error exponents for these tasks. 

u Our achievable error exponents are tight for some states and quantum 
channels. Therefore, the exact error exponents can be determined in 
these special cases.
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