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Background of energy teleportation

Theory was proposed in 2008 by Dr. Hotta at Tohoku U

Physics Letters A (2008)



Three Steps for QET
(1) Alice injects energy  into system by projective measurement ⟨EA⟩ PA(μ) =

1
2

(1 + μσA)

(2) Alice observes  & tells  to Bob by classical channelμ ∈ {−1, + 1} μ

(3) Bob applies  & measures his local Hamiltonian to receive energyUB(μ)

E1

E0

[H − HA, PA(μ)] = 0

H = ∑
n

Hn

⟨EA⟩ = ∑
μ=±1

1
pA(μ)

⟨g |PA(μ)HAPA(μ) |g⟩ > 0

Alice’s operations do not affect Bob’s system

Sharing the ground state |g⟩

⟨EB⟩ = ∑
μ=±1

1
pA(μ)

⟨g |PA(μ)U†
B(μ)HBUB(μ)PA(μ) |g⟩

⟨g |H |g⟩ = ⟨g |Hn |g⟩ = 0

< 0

Due to energy conservation, he will get  −⟨EB⟩ > 0



Setup and model of QET

H = HA + HB + Vint Hn = hZn +
h2

h2 + k2
, (n = A, B) Vint = 2kXAXB +
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Hamiltonian

Ground state

Alice’s projective measurement

UB(μ) = RY(2ϕμ)

PA(μ) =
1
2

(1 + μXA)

Bob’s conditional operation



Quantum Circuit for QET

0→ 0 0→ 1
0

U1(+1) U1(↑1)
=

U1(+1) U1(↑1)

Alice deposits →E0↑ Bob receives →V ↑
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Alice deposits →E0↑ Bob receives →H1↑
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(A) Preparation of ground state and Alice’s operation

(B) Classical communication and conditional operations for Bob to receive energy

(C) Conditional operations in a quantum computer
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Prepare |g→ Alice deposits ↑E0→
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K. Ikeda, “Demonstration of quantum energy teleportation on superconducting quantum hardware” 
Physical Review Applied (2023)

https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.20.024051


5 qubits 7 qubits 27 qubits

QET on IBM’s superconducting hardware



Negative values 
(Succeeded in QET)

Very close to 
 exact solutions

Simulations perfectly  
agree with theory



Summary of my contributions

What I did in Phys. Rev. Applied (2023)

・Created quantum circuits and tested with IBM Q 

・Confirmed negative  on real superconducting quantum hardware 

・All simulated results completely agreed with analytical prediction  

・Extended the protocol for long-range and large-scale quantum network 

・Reproduced phase diagrams with the QET protocol 

⟨EB⟩

Milestone

The First QET Demonstration at Zero Temperature

Link to paper

https://journals.aps.org/prapplied/abstract/10.1103/PhysRevApplied.20.024051


Applications of QET



Testable with SBU/BNL quantum network

Prepare |g→ Alice sends ↑E0→ Conditional operation

Quantum teleportation of state Bob receives ↑V →

0↓ 0 0↓ 1
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H

X Z H

(1) Alice and Charlie share the same ground state in a laboratory 
and Charlie and Bob share a Bell state 

(2) Alice performs operations and announces results to Bob and Charlie 

(4) Bob receives energy by performing conditional operations and measurement

(3) Charlie sends the state to Bob by quantum teleportation 
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−EB

Laboratory

Alice Charlie Bob

Quantum teleportation

|00⟩ + |11⟩

2
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Protocol for long-range quantum network

Image: The Long Island Quantum Ring (LIQR) 

https://www.bnl.gov/instrumentation/quantum/research.php
K. Ikeda, IET Quantum Communication (2024)

https://www.bnl.gov/instrumentation/quantum/research.php
https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/qtc2.12090


 tiling and dual  tiling{3,7} {7,3}

(1) Step 1: generate entanglement

(2) Step 2: energy injection

(3) Step 3: energy reception
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Protocol for large-scale quantum network

Teleported energy

Link: IET Quantum Communication

https://ietresearch.onlinelibrary.wiley.com/doi/10.1049/qtc2.12090


Symmetry protected topological phases Verresen, Moessner & Pollmann, PRB (2017)
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(1) Alice measures her qubit and tells the result to Bob by a classical channel

(2) Bob applies conditional operation(s) to receive energy
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Quantum teleportation protocol

QET with Topological Materials

K. Ikeda, AVS Quantum Science (2023)

https://doi.org/10.1116/5.0164999


Models of SPT states

Haldane

KitaevAFM

Haldane

H = ∑
n

(Zn − J1XnXn+1 − J2Xn−1ZnXn+1 +
1
2

ZnZn+1)

Bob’s local energy

K. Ikeda, AVS Quantum Science (2023)

https://doi.org/10.1116/5.0164999


Other Works of QET
・Long-distance QET on quantum network (K. Ikeda, IET Quantum Communication, 2023) 

・Detecting topological phases (K. Ikeda, AVS Quantum Science, 2023) 

・QET in Quantum Field Theory (K. Ikeda, PRD, 2023) 

・Quantum Zero Knowledge Proofs by QET (K. Ikeda & A. Lowe, Quantum Information 

Processing, 2023) 

・Quantum Discord and QET (K. Ikeda & A. Lowe, PRD, 2024) 

・Quantum Batteries by QET (M. Hotta & K. Ikeda, Quantum Information Processing, 2025)  

・Quantum Charge & Current Teleportation (K. Ikeda, PTEP, 2025)  

・Review on QET (K. Ikeda, Canadian Journal of Physics, 2025) 

・Quantum Games & Economics by QET (K. Ikeda, SSRN 5168193, 2025)  

・Timelike QET (K. Ikeda, arXiv 2504.05353, 2025) 

・Quantum Key Distribution by QET (S. Dolev, K. Ikeda, Y. Oz, PRA, 2026)  

・QET across lattice and continuum (K. Ikeda, arXiv 2604.09973, 2026) 
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