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» Can we achieve a dynamical model without
hidden thermodynamic costs?

— Talk overview:

v" Yes: derive a continuous time dynamical model
for circuit model

- But: difficult due to “catalytic embezzling”

- New physics: — 3™ |aw without light cone

— laws only apply in equilibrium
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pd— ps if 3 7B and (U, Hs + Hg] = 0

«T.O.s pS -+ “1+ |rll.'

KL

st. ps ZtI‘B[Ul(Pg@@TB)UH

005 8 4 LF + .m‘,1 +
p(S) — pé = B, p%at and [Ul,HS + ‘[A{Cat —I—IA{B] — ()
st P ®play = trg[Ur(pg ® pEay © m8)U7 ]

«If ™8 ¢ 1p we say C.N.O not C.T.O.
« David Jennings, 3*4 KIAS workshop on Q. Info & and Thermo (2017).
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Hamiltonian formulation of transitions

Assume transition occurs during time interval ¢ € (tl, t2)

0 o1
Ps TO Ps
t <1t to <1

pscatB(t) = e_iﬁscatBé(t)(PS ® pcat @ TB)eiﬁscatBé(t)a

\5 0ift <t
1ift > tq

Open quantum system

pscatB(t) s Hscarn (t)




Time independent Hamiltonian formulation of transitions

Closed quantum system HscatBC

J

pscats(t), Control device
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With free Hamiltonians ﬁs = IA{Cat = 1, ﬁB, ﬁc
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* [deally need pc(t) to be:

- “free” resource, i.e. a “dynamic catalyst”:
po(t) = e e po ette for t € [0,81] U [to, t3]

* Solution: yes, buy unphysical: ﬁc = Pc




Time independent Hamiltonian formulation of transitions

Closed quantum system HscatBC

pscats(t), Control device
pc(t)

F —itHsca it Hson
Pscarpc(t) = €7 TSCBC (pg @ prat @ TR ® po e’ TECBe

With free Hamiltonians ETS = IA{Cat = 1, ﬁB, ﬁc

* [deally need pc(t) to be:

- “free” resource, i.e. a “dynamic catalyst”:
po(t) = e e po ette for t € [0,81] U [to, t3]

* Solution: yes, buy unphysical: ﬁc
Requires Infinite energy !

* Therefore need inexact catalysis




Why 1s there a potential issue? N. Ng et al NJP (2015)

» Consider Inexact Catalysis:
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Why 1s there a potential issue? N. Ng et al NJP (2015)

» Consider Inexact Catalysis:

0 0 L Al
PS @ PCat g P58 ® PCat

* Where
ds
+ (ds — 1)10gdsd0at

”p%at — p’CatHl — 1 — 0 as dCat — 00

PS @ Poat —c P5 D Poar 75, Ps

Theory of
thermodynamics
becomes triviall

* A lot is still unknown about inexact catalysis




Conclusion:

. . . 0 1
* Consider implementation of CTO : >
P Ps oTO Ps

d — o itHsca 0 it Hsca
Pscape () = e HHSCaBC (pe @ pe . ® TR R po et T8CaBe

* Dynamics to be close to idealized” case:

> After tracing out the bath, for all times ¢ € [0,%1] U [to, t3]

”ngatC(t) o pS(t) %Y p%at %Y pC(t)Hl — 0 as dc — 0

—’l',tI:IC

— e pC e’itﬁc

pQ for t € [0, t4]
pé for t € [tg,tg]

* This is not sufficient to conclude CTO!




Thm 1: Consider /g = 1/dsp

Plcacn (t) = e H0wem ()0 @ Q@ pl @ ri)eltHsomcr,

1pScacc(t) = P8 () @ peay @ pe(t)ll1 < cemb(t; ds, doardc)
« There exists ag(t) which is €res close to pf (t), i.e.

los(t) — pd (D)1 < €res (ds, doardc, Eemp(t; ds, dcardc))
where pg ® pla; ® pe g os(t) @ plar ® pc(t) for some fcy.

* Explicitly:

- _ 5\/dg/3 + 4(111 deCatdC) In dg

K _
* Example 1: Eemb X dg ™, « Example 1: Eemp X € %C

X W’




* Quasi-ideal clock

Wer),  He + Vo

M. Woods, R. Silva, J. Oppenheim,
J. Annales Henri Poincaré (2018)

Thm 2:

* The Quasi-ldeal Clock can achieve V t € [0,t1] U [ta, t3]

Eemb(t; ds, dcardc) = O(poly(dc) exp {—codé/ﬂ ), as dc — o0




* Quasi-ideal clock

Wer),  He + Vo

M. Woods, R. Silva, J. Oppenheim,
J. Annales Henri Poincaré (2018)

Thm 2:

* The Quasi-ldeal Clock can achieve V t € [0,t1] U [ta, t3]

Eemb(t; ds, dcardc) = O(poly(dc) exp {—codé/ﬂ ), as dc — o0

» Therefore 'V t € [0,t1] U [to,t3],  €res — 0, as dc — 00 V




* Definition: The embezzlement-free Control model

Let Hgcaren = Hs + Hea + Hp + HiS o @ HE + He
and Ais%atg satisfy:
1) [Hs & Fom + g, I 5] = 0
2) trple” M5 (8 © pl,, @ 1R)e TEn] = pL @ pl,
for some P, Plats TB
PSEEB (1) = e OORw ((1) © ply © ) €O

5(0) = {0 for ¢ € [0, 1]
Thm 3: 1 fort € [ta, t3).
» The deviation from the idealised dynamics is bounded by
IpScasc () = p§ (1) @ peae(t) @ p(B)[IT < dsdeardstr [15] Ac(t)
> The final state o (t) is
108 (£) = P ()]s < \/dsdcaedrtr [73] Ac ()

close to one which can be reached via t-CTO: Forall ¢t € [0,¢1] U [t2, t3]

the transition pg ® pla; ® p& to pa 8 (t) ® pd.. () @ p&(t) is possible
viaa TO.
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Selection Open Questions

* Does the control need to be highly coherent?
* Characterization of 3" law without light-cone bound

* Do the 2" laws of quantum thermodynamics hold out of equilibrium?




