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MAIN IDEA: quantum estimation approach to quantum thermodynamics

° | ocal quantum thermometry: LOCAL QUANTUM THERMAL SUSCEPTIBILITY
e | ow temperature regime:a measure of STATE DISTINGUISHABILITY

e MANY-BODY SYSTEMS and quantum phase transitions



Thermodynamical description

large systems at equilibrium are characterized
by only very few quantities: “typical behavior” of microstates

I Thermodynamic Limit

at thermal equilibrium the interactions between
limiting regions, provided they are short ranged,

1 become negligible as far as the spatial extension of the
; system is increased

- ACCURACY LEVEL?
- MICROSCOPIC SYSTEM?
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Microscopic limit of the thermodynamics
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Heat condution across a carbon nanotube
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“Locality” of temperature

DEFINITION: LOCAL TEMPERATURE exists if the considered
(Hartmann, Mahler '04) part of the system is in a CANONICAL state

Hartmann, Mahler, Hess, PRL 93, 8 (2004); EPL 70, 579 (2005)
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exp. decay function

dependent on only
one parameter
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E.g. harmonic chain (iron, carbon, silicon)

Saez, Ferraro, Acin, PRA 79,052340(2009); EPL 98, 10009 (2012)
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Our approach

Temperature is always measured INDIRECTLY via quantum observables
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QUANTUM ESTIMATION THEORY
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Quantum Fisher Information
e optimal quantum measurements

e depends on the geometrical
structure of the statistical model
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Local quantum thermometry

Temperature is always measured INDIRECTLY via quantum observables
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QUANTUM ESTIMATION THEORY

how is the ACTUAL TEMPERATURE perceived LOCALLY?

e PH

only hp: P§ = P3 = —=

NO HYPOTHESIS ON
THE REDUCED STATE OF A

!

NO NOTION OF EFFECTIVE
LOCAL TEMPERATURE




Local quantum thermometry
quantum

Cramer-Rao bound on [’
for 1/ LOCAL VE[(Test —T)2] > kBTz/\/VGA[PB]
measurements on A ‘

Local Quantum
Thermal Susceptibility

L (LQTS) y

: 2 21
' Sslppl = TrlppgH”| — Tr[pgH|"|
heat capacity of global system i

Zanardi, PRL 99, 100603 (2007) "{;{




Local Quantum Thermal Susceptibility

We introduce the ancillary system a = BS’ and apply the Uhlmann’s theorem for the fidelity
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*if H=H i+ Hg = G 4|ps] = heat capacity of A



Low T regime: a measure of state distinguishability
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LQTS: how much does the ground state

of the GLOBAL system S differ
from the first excited subspaces,
when observing it LOCALLY on A?

11, = normalized projector on [, subspace
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Examples with 2 qubits
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Local quantum thermometry in many-body systems
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® LQTS monotonically decreases
with decreasing the number 1 4
of contiguous spins in 4

* ny = 2,3 :similar thermal behavior
of the global system

® LQTS is sensitive to the presence
of critical regions

if n 4 = L seealso P.Zanardi, et al., PRA 76,062318 (2007);

M. Mehboudi, et al, arXiv:1501.03095vI (2015)



Local quantum thermometry in many-body systems

LANDAU ZENER SCHEME
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Local quantum thermometry in many-body systems

(a) AEun, > AE (b) AE.im < AE* (c) AE.. < AE*




Conclusions

e We have introduced a quantum estimation approach
to quantum thermodynamics

e By removing the theoretical testbed of conserving thermal-like structure by parts of the
total system in thermal state, we have introduced a functional (LQTS) with a clear operative
meaning

e In the low temperature limit, our approach can be translated in terms of a receipt able
to quantify the local distinguishability of the ground state from the first exicited levels

e Many-body systems: the thermal behavior
of the system heat capacity can be
predicted by optimal measurements on
local subsystems, with reminiscences of
critical regions




