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Quantum Batteries
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Experimental Platforms

• Organic semiconductor microcavities

• Superconducting Circuits

• NMR Spins

• Quantum Dots

• Quantum Computers

Quach et al., Sci. Adv. 8 3160 (2022)
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This Talk

Open Model of Quantum Battery - Dissipation (Dephasing) as a resource

R. Shastri et.al., npj Quantum Inf 11, 9 (2025)
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Dephasing

Decay of coherences in 
energy basis(ρee ρeg

ρge ρgg) → (
ρee ρege−γt

ρgee−γt ρgg )

Physical Realization:

• Continuous energy Measurement

• Noisy external classical field for TLS 

d ̂ρ(t)
dt

= γ (L̂ ̂ρ(t)L̂ −
{L̂2, ̂ρ(t)}

2 ) L̂ ∝ Ĥ

Ĥstoch(t) = B(t) ̂σz, B(t) =
γ
2

ξ(t)
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Battery + Dephased Charger

ĤC
Ĥd(t)

ĤB

ĤCB

Ĥ(t) = ĤC + Ĥd(t) + ĤB + ĤCB

d ̂ρ(t)
dt

= − i [Ĥ, ̂ρ(t)] + γC (L̂C ̂ρ(t)L̂C −
{L̂2

C, ̂ρ(t)}
2 )

γC (L̂C ̂ρ(t)L̂C −
{L̂2

C, ̂ρ(t)}
2 ) , [L̂C, ĤC] = 0



Two Level Systems (TLSs)

ωC ̂σ+
C ̂σ−

C

d ̂ρ(t)
dt

= − i [Ĥ, ̂ρ(t)] + γC (L̂C ̂ρ(t)L̂C −
{L̂2

C, ̂ρ(t)}
2 )

ωC ωBγC

F

g

ωB ̂σ+
B ̂σ−

B

g( ̂σ+
C ̂σ−

B + ̂σ+
B ̂σ−

C)

F( ̂σ−
Ceiωdt + ̂σ+

Ce−iωdt)

L̂C = ̂σ+
C ̂σ−

C = (𝕀 + ̂σz
C)/2



Harmonic Oscillators (HOs)

ωC ̂a†
C ̂aC

d ̂ρ(t)
dt

= − i [Ĥ, ̂ρ(t)] + γC (L̂C ̂ρ(t)L̂C −
{L̂2

C, ̂ρ(t)}
2 )

g( ̂a†
C ̂aB + ̂a†

B ̂aC)

F( ̂aCeiωdt + ̂a†
Ce−iωdt)

L̂C = ̂a†
C ̂aC

ωC
ωB

γC

F

g

ωB ̂a†
B ̂aB



Hybrid TLS-HO

d ̂ρ(t)
dt

= − i [Ĥ, ̂ρ(t)] + γC (L̂C ̂ρ(t)L̂C −
{L̂2

C, ̂ρ(t)}
2 )

ωB

ωB ̂a†
B ̂aBωC ̂σ+

C ̂σ−
C

ωC
γC

F

g

g( ̂σ+
C ̂aB + ̂a†

B ̂σ−
C)

F( ̂σ−
Ceiωdt + ̂σ+

Ce−iωdt)

L̂C = ̂σ+
C ̂σ−

C = (𝕀 + ̂σz
C)/2



Figures of Merit
Battery Energy

EB = TrB [ ̂ρBĤB]
Ergotropy

ℰB = EB − minÛB
TrB [ÛB ̂ρBÛ†

BĤB] = Tr[ ̂ρBĤB] − Tr[ ̂ρPĤB]

Maximum extractable energy 
 “quality of energy” 
Allahverdyan et al. EPL 67, 565 (2004)

ĤB =
N

∑
j=1

ϵj |ϵj⟩⟨ϵj |

ϵ1 ≤ ϵ2 ≤ ⋯ ≤ ϵN

̂ρB =
N

∑
j=1

rj |rj⟩⟨rj |

r1 ≥ r2 ≥ ⋯ ≥ rN

̂ρP =
N

∑
j=1

rj |ϵj⟩⟨ϵj |
ϵ1

ϵ2

ϵ3

ϵ4

ϵ5

ϵ6

ϵ1

ϵ2

ϵ3

ϵ4

ϵ5

ϵ6

r1

r2

r3

r4

r5

r6



Figures of Merit
Battery Energy

EB = TrB [ ̂ρBĤB]

Charging Time

EB(τ) − EB(∞)
EB(0) − EB(∞)

= e−n

Ergotropy

ℰB = EB − minÛB
TrB [ÛB ̂ρBÛ†

BĤB]



Figures of Merit - TLS 

Battery Energy

EB =
ωB

2 (⟨ ̂σz
B⟩ + 1)

Ergotropy

ℰB =
ωB

2 ( ⟨ ̂σz
B⟩2 + 4⟨ ̂σ+

B⟩⟨ ̂σ−
B⟩ + ⟨ ̂σz

B⟩)
Charging Time

EB(τ) − EB(∞)
EB(0) − EB(∞)

= e−n



Figures of Merit - HO 

Battery Energy

EB = ωB⟨ ̂a†
B ̂aB⟩

Charging Time

EB(τ) − EB(∞)
EB(0) − EB(∞)

= e−n

Ergotropy

ℰB = EB − minÛB
TrB [ÛB ̂ρBÛ†

BĤB]
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TLS at Resonance - Steady State
ωC = ωd = ωB



TLS at Resonance - Charging Dynamics

Moderate Dephasing Leads to Fast Charging!

 (intermediate optimal driving)F/g = 0.5

optimal γC

small γC

large γC

 (throughout)g = ωB



TLS at Resonance - Charging Dynamics

Weak Driving

F/g = 0.1 F/g = 10
Strong Driving

Moderate Dephasing Leads to Fast Charging!



TLS at Resonance - Charging Dynamics

Moderate Dephasing Leads to Fast Charging 

Small Dephasing - Oscillation

Large Dephasing - quantum Zeno

Shock Absorber

Transient Maxima - impractical, require fine control



Universal Competition under Dephasing

Coherent Oscillation Quantum Zeno Freezing

Competition:

vs

Universal for systems under dephasing

HOs at resonance

optimal γC

small γC

large γC



Universal Competition under Dephasing

Coherent Oscillation Quantum Zeno Freezing

Competition:

vs

Universal for systems under dephasing

TLS-HO at resonance

optimal γC

small γC

large γC



TLS - Charging Time vs Dephasing

F/g = 0.1 F/g = 10

F/g = 0.5

Weak Dephasing 
γC ≪ {F, g}

τ ∼
1
γC

Strong Dephasing 
γC ≫ {F, g}

τ ∼
γC

[ω2]

Optimal 
γC

Min  when τ
1
γC

∼
γC

[ω2]



TLS - Optimal Dephasing Analytical Results

F/g >> 1 F/g << 1

γC ≪ g

γC ≫ {g, F}

Optimal Dephasing

τ⋆ ∼
4
γ⋆

C



Charging Strategy 

Choose F/g  = 0.5, maximising steady state ergotropy

Since , make {F, g} as large as possible γ⋆
C ∼ a

F
g

F + bg



TLS - Robustness To Detuning

ΔCd = ΔBd = 0.015ωB



TLS - Robustness To Detuning



Summary

Moderate Dephasing of Charger leads to fast and stable battery charging
General Behaviour - Coherent Oscillations vs Quantum Zeno Trade off
Dephasing - Robustness w.r.t. Finite Detuning 

R. Shastri et.al., npj Quantum Inf 11, 9 (2025)



Outlook- Enhancing Ergotropy

Star Config



Outlook- Experimental Implementation

NMR System

1 Battery - coupled to multiple charger

Battery - Central Nuclear Spin (I = 1/2)

Charger -  1H Nuclear Spin

Ĥ = J( ̂Sx
̂Ix + ̂Sy

̂Iy)

 - Battery spin̂Sx,y,z

 - Battery spin̂Ix,y,z =
N

∑
i=1

Ii
x,y,z

Joshi & Mahesh, PRA 106, 042601 (2022)



Outlook- Experimental Implementation

Asymptotic Charging -iteratively re-energizing chargers after delay

delay
energizing

charging

storage times: battery   chargerTB
1 ≫ TC

1

Joshi & Mahesh, PRA 106, 042601 (2022)



Other Topics of Current Interest

Collective Dissipation of Oscillator Dipoles  
Strongly Coupled to 1-D Electromagnetic Reservoirs

Indicators of Chaos in the Closed and Open Dicke Model

Poster Prasad Pawar

Poster Ipsita Bar
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