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Quantum Thermal Machines
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Quantum Batteries
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Quantum Batteries
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Experimental Platforms
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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
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Physical Realization:

e Continuous energy Measurement

* Noisy external classical field for TLS
Va\ x y
H,n(t) = B(t)o,, B(t) = \/;f(t)



Battery + Dephased Charger
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Iwo Level Systems (T1.Ss)
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Harmonie Osecillators (HOs)
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Hybrid TLS-HO
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Figures of Merit

Battery Energy

Ep = Irp [ﬁBﬁB]

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

Ly — minﬁBTrB [ ABﬁBﬁE AB] % Tf[ﬁBI"AIB] - Tl‘[ﬁPI'AIB]
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Figures of Merit

Battery Energy

Eg = It [ﬁBﬁB]
Ergotropy

Charging Time

EB(T) 5 EB(OO)
Eg(0) — Ep(o0)




Figures of Merit - TLS

Battery Energy

EB=%((6ZB)+1)

Ergotropy

&y == (\/ (55)* + H(65)(85) + <a—g>>

Charging Time

EB(T) T EB(OO)
Eg(0) — Ep(o0)




Figures of Merit - HO

Battery Energy

Ly = wB<&E&B>
Ergotropy

Charging Time

Ep(t) — Eg(c0)
Eg(0) — Eg()
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TLS at Resonance - Steady State

We = Wy = g

0.25
e 0.2()t
3 |
> |
g 0.15]
I 0.10*
= |
W o005
0.00 4
0 2 4 6 8 10
Fl/g
EB(t — 00) = —
E
glgt—>'C>C= =
( ) 1+4’;—j



Eg(0)/ws

TLS at Resonance - Charging Dynamics

F/g = 0.5 (intermediate optimal driving)
g = wg (throughout)
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Moderate Dephasing Leads to Fast Charging!
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TLS at Resonance - Charging Dynamics

07"

06:

05

0.4; ,\é.j
03 Ei
0.0:.
0.
Flg=0.1 Flg =10
Weak Driving Strong Driving
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TLS at Resonance - Charging Dynamics

Moderate Dephasing Leads to Fast Charging
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Universal Competition under Dephasing

Competition:

Coherent Oscillation

Universal for systems under dephasing

VS Quantum Zeno Freezing

HQOs at resonance
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Universal Competition under Dephasing

Competition:

Quantum Zeno Freezing

VS

Coherent Oscillation

Universal for systems under dephasing

TLS-HO at resonance
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Ty A Chargmg Time vs Dephasing
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TLS - Optimal Dephasing Analytical Results
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Charging Strategy

Choose F/g = 0.5, maximising steady state ergotropy

F
Since y~ ~ a—F + bg, make {F, g} as large as possible
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TLS - Robustness To Detuning
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TLS - Robustness To Detuning
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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
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Outlook- Experimental Implementation

(a) Star topology system () TTSS
(H3C)3Si 2.5 Haz
(H3C)3Si-., o
NMR System 981 Si(CHa)s
(HsC)3Si
1 Battery - coupled to multiple charger
Battery - Central Nuclear Spin (I =1/2)
Charger - 1H Nuclear Spin
5,y - Battery spin
H=JS1 +S.1

Y y) A e A\ j :
Ly = Z I, .- Battery spin
=l

Joshi & Mahesh, PRA 106, 042601 (2022)



Outlook- Experimental Implementation

(a)
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storage times: battery 77 > T charger

Asymptotic Charging -iteratively re-energizing chargers after delay

Joshi & Mahesh, PRA 106, 042601 (2022)



Other Topics of Current Interest

Collective Dissipation of Oscillator Dipoles
Strongly Coupled to 1-D Electromagnetic Reservoirs
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tem as p, the maximum amount of work which can be
extracted from it during this cyclic process is known as
ergotropy [9,199,279-282|, defined as

gl = W;j =TT [[)h()] -

min
U(r)eSU(d

= Tr [pho] — Tr [o,ho]

Jnax

){Tl‘ [U(7)pU(7)The|}
(139)

where the superscript ‘1’ denotes that we are working

with a single cell or single copy of the system., V_V:;‘max
denotes the maximum work that can be extracted (neg-
ative of the work done, W = —W) using unitary
operations, and U(7) are unitary time-evolution oper-
ators acting for the duration of time 7. Note that the

state corresponding to p, defined as the state having
zero ergotropy. Hence, no energy can be extracted from
o, through cyclic unitary processes, that is

—W,
Tr [Uo,U'hg| — Tr[o,ho] >0, Y U € SU(d),
(140)

AFE

where a positive value of AE corresponds to a negative
work extraction, or equivalently, a work deposition on
the system. In general, it can be shown that a state is
passive if it is diagonal in the energy eigen-basis of the
system with non-decreasing diagonal elements (popu-
lations), when arranged in the order of non-increasing
energies, i.e., 0 = Z;l:lsj 17) (7| with s; > s;4 for
gj < €541 [197,198]. Consequently, the passive state
o, which can be attained by means of local unitary
operations on p is unique in nature. Unless otherwise
mentioned, we shall use the notation o, to denote the
unique passive state corresponding to p in the rest of
the article.



Response: We would like to first point out a scaling property present in the dynamics of the charger-
battery system described via Egs. (11) and (12) in the previous version or Egs. (A3) and (A4) in
the modified version of the draft in the resonant case. The solutions only depend on the ratios of
quantities F'//g and ¢ /g. While we have chosen g = wg in the results for the sake of presentation, the
results hold good for even smaller coupling g, as long as we make a proportional change in yc. Thus
we can always understand our results as being calculated for small values of g/wg such that the local
master equation is valid. Moreover, since this leads even smaller values of yc/wp as per the scaling we
described, the weak dissipation limit required for usual GKLS master equation is well satisfied. Note
that in this case, 7¢/g can still be significantly large but since the system’s energy scale is determined
by {wp = wc} > g in this regime, this does not violate the Born approximation required for the
GKLS master equations. To illustrate this, in Fig. R2 we have plotted the charging dynamics for the
same values of 7c/g and F/g as in Fig. 2 of the paper, but with much smaller value of g = 0.1wg. It

is clear that the results remain exactly the same. In the revised draft, we have added a remark in the
NPJQI-04207
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Figure R2: Figure 2 of main paper with F' = 0.05wg, and g = 0.1wg (F/g = 0.5).



