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VOLUME 83, NUMBER 17 PHYSICAL REVIEW LETTERS 25 OCTOBER 1999

Entanglement-Assisted Local Manipulation of Pure Quantum States
Daniel Jonathan and Martin B. Plenio

Alice Bob LQCC Alice Bob

hy,> s>
but

Alice . Bob

"W‘”’

/iﬂs’\

ELQCC



4 MOTIVATION

Cycloaddition

Green Chem., 2012, 14, 2410



5 MOTIVATION

Cycloaddition

Green Chem., 2012, 14, 2410
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7 MOTIVATION

CATALYSIS IN ACTION

1) understand what happens during catayss

VIA ELEMENTARY THERMAL OPERATIONS




8 MOTIVATION: THERMAL OPERATIONS

TO
ps — Ng <= N = lrp [USB (PS ® Tg> UQfB]

where
o [: fixed ambient temperature
« H¢, Hp are fixed once chosen

o Tg = e PHs/Z: Gibbs state w.r.t. B, Hp
e Ugp: global unitary s.t. [Ugg, Hg + Hg] = 0



9 MOTIVATION: THERMAL OPERATIONS

ng = lrg | Ugp (PS ® Tg) U;fB

Needs complicated bath and unitary
R ha I‘d to implement Horodecki and Oppenheim, Nat. Comm. 4, 2059 (2013)

Focus only on initial/final states
— elusive dynamics



10 ELEMENTARY THERMAL OPERATIONS (ETO)

better mplementability
Lostaglio et al., Quantum 2, 52 (2018)

Elementary Thermal

Operations (ETO)

TO
e hard to Implement

e clusive dynamics \/

better characterization
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ELEMENTARY THERMAL OPERATIONS (ETO)
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12 CATALYTIC ELEMENTARY THERMAL OPERATIONS (CETO)

Catalytic advaniage w/
e straightforward recipe
e real-time trajectory

Catalytic ETO
(CETO)

>



13 CATALYST SETUP

Naglell

e quirit sys @ qubit cat = 6 dim. = manageable

e EXQCt

e NO correlation & error = Mmost conservative



14 RESULTS

1. Useful qubit catalysis exists for ETO




15 RESULT 1: USEFUL QUBIT CATALYSIS EXISTS
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16 RESULT 1: USEFUL QUBIT CATALYSIS EXISTS

SUrpassing
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17 RESULTS

1. Useful qubit catalysis exists for ETO

2. Catalysts can be understood as temporary free
energy storage




18 RESULT 2: TRACKING CATALYSIS — AN EXAMPLE
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RESULT 2: TRACKING CATALYSIS — AN EXAMPLE

Total free energy
%

where does this
differences
come from?
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stored in
catalyst and
correlation

01234567 012345617
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23 RESULTS

1. Useful qubit catalysis exists for ETO

2. Catalysts can be understood as femporary free
energy storage

3. Existing computational cost for ETO is improved




24 RESULT 3: TIGHTENING THE BOUND

Lostaglio et al., Quantum 2, 52 (2018)
Theorem 6 (Extremal points of ETO cone). All ez-

tremal points q of Cgro(p) can be written as

q — /B(inajn) APt /B(ilajl)p’

d! — 4
< d! <
wheren < d n {d—3J

B maximal swap between levels i and j



25 RESULT 3: TIGHTENING THE BOUND

polynomial scaling of

£ .« fOr special classes
of inifial states

3 (proved separately)
20

58




26 TAKE-HOME MESSAGES

e Simple catalyfic process exists

*ETO Is a nice playground to study catalysis

e Free energy evolution provides insights intfo the

arXiv:2209. 1521 3

origin of catalyfic power




