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» ; Con qué precisidon podemos estimar la temperatura de un sistema usando mediciones
de grano grueso?
» ;Cuales son las mediciones optimas?

» Ejemplos con Many-Body Lattice Models



Termometria Cuantica

Topical Review

Thermometry in the quantum regime:
Recent theoretical progress

Mohammad Mehboudi ', Anna Sanpera >° and Luis A. Correa *>°

Consideramos un sistema con Hamiltoniano H = Z e, le) (el
k

en estado de equilibrio p(T') = Z > | €,) (€]
k

¢;, Con cuanta precision podemos estimar la temperatura del sistema®?
., Cual es la mejor estrategia (Qqué mediciones hacer)?

Mohammad Mehboudi et al 2019 J. Phys. A: Math. Theor. 52 303001
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Termometria Cuantica

Consideremos un sistema cuyo estado depende de un parametro &: p(&)
Para ganar informacion sobre & tenemos que hacer mediciones en el sistema.

Mediciones (POVM): IT = {T1,,}  p, = Tr{[,p(®} ) T, =1

» Mido N veces obteniendo un conjunto de resultados X.
» Construyo un estimador &, (X). Estudiamos el caso donde (&, (X)), = & (unbiased estimators)

» El error en la estimacion esta dado por la varianza [Aéfest(H)]2

Mohammad Mehboudi et al 2019 J. Phys. A: Math. Theor. 52 303001

3



Termometria Cuantica

El limite a qué tan pequefo puede ser el error esta dado por la regla de Cramér-Rao:

AL, (D) =

VNFILE)

(0: p(x 1))
px| &)

Donde F(IL, £) es lainformacion de Fisher (I, &) = ((0; log p(x| &)%), = Z

X

¢, Cuanto varia p(x | &) ante pequefios cambios en &£?
Encontrar I1 que maximiza & (11, &) (minimiza el error)

Mohammad Mehboudi et al 2019 J. Phys. A: Math. Theor. 52 303001
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Termometria Cuantica

Se muestra que para estimar la temperatura la mejor estrategia es usar
mediciones proyectivas en la base de la energia.

A H* AT 1
Se obtiene F(T') = >

T* T /N Cr

Mohammad Mehboudi et al 2019 J. Phys. A: Math. Theor. 52 303001
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Termometria con mediciones de grano grueso
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— %) Q2 O FIG. 1. (a) Thermometry with coarse-grained energy measure-
— © g ments. The measurement can be understood as resulting from
Q — postprocessing of a fine-grained, projective energy measurement.
Energies are grouped into bins, and a single outcome 1s assigned
Measurement Spectrum System

to each bin. (b) Thermometry with probe-based measurements.
A probe interacts unitarily with a target system. A measure-
(b)  ~ ment 1s then performed on the probe alone and used to infer the

temperature of the target.
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Termometria con mediciones de grano grueso

Mediciones de grano grueso: Consideran un sistema de dimension D y mediciones con d resultados
posibles. d < D

_IBH

d
Consideran POVM /L = {Ma} L yun sistema en estado térmico 7 = Z
o=

4] dp :
Informacion de Fisher de grano grueso ¢ = Z — ( a) con p, = 1r[M 7]

a=1 Pa or

€ < P}'/(T) Encontrar ./ que maximiza ¢



Medicion de grano grueso optima

Encuentran que la medicion optima consiste en agrupar los niveles de energia en bines de manera
consecutiva y sin overlap.
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Para demostrar esto usan que sdlo los elementos diagonales de M, en la base de la
energia aparecenen 6.



Bineado optimo

- J»ba i Jba
— _ E) = Q& P, = dE q(E) €, = —
Q(E) = Z o(E — E)) q(E) (£) / b, Pa Jp,
d
La informacion de Fisher de grano grueso es entonces: € = p° Z Py (€, — (H))
a=1

¢ + < ylominimizan

d b,
Definen 2 = p° Z J dEq(E)(E — ¢,)" talque %
a=1 ba—l

h — a=1,...,d—1 (Ecuaciones implicitas)

dE qg(E)E
0

=0
0b



Ejemplos: N qubits no interactuantes

E, =0y E, = 1. Porlo tanto
0 < E < Ncon pasosde 1.

En el caso d = 2 donde la medicidn
es binaria, para N>>1 se obtiene

2
6 = —F
T

Es decir, gue con solamente 2
posibles resultados se recupera un
63% de la informacion de Fisher
optima.

Para d = 3 se recupera un 82%
Con el bineado 6ptimo
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Ejemplos: Densidad de estados lineal <) ~ E

@ @ |

FIG. 3. Optimal thermometry binning for a system described
by a linear density of states: Q2(E£) o« E. (a) Optimal binned
Fisher information, Eq. (17), as a function of d. The curves are
N normalized by the full Fisher information, which in this case
) reads F = 28%. The inset shows the ratio C/F as a function
of the binning position b for d = 2. The optimal bin occurs at
Bb = 2.58975. The points in the main plot are already optimized
over the binning positions. (b) The corresponding probabilities py
and average bins b, for d = 8.
d
b)) ————— :
0.20: ]
0.158 e i Con 8 bins se recupera el 97% de la informacién de
= 0.101 | Fisher optima.
0.05"
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Mediciones imperfectas

FIG. 4. The role of imperfect measurements in optimal ther-
mometry. (a) Example of smoothed boxcars, Eq. (30), for o0 =
0.2. (b) Worsening of the coarse-grained Fisher information C
for the linear DOS example studied in Sec. III C 2. The red curve
1s the same as 1n Fig. 3(a), while the other curves are computed
using the smoothed boxcars (30) with o = 0.2, 0.3, and 0.4 (in
the unit of g = 1).

Pa =f dEq(E)By (E),

o0

151

Con un error de ~ 30 % del ancho del bin —
F

C/F

empeora ~ 7%

Es mas robusto para bines mas anchos
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Many-Body Lattice Models

N =20
Cadena de Fermiones (1D) 02_'(5)' T T T
tlght_blndlng . Numerical results .
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H = Zecljck—z (c]j+lck+ C;Ck+1> S
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Este resultado es universal para modelos de Lattice _".‘;
gue tengan distribucion de energia gaussiana S 0.1T )
aw
1) Correlaciones decaen exponencialmente _
2) Varianza en la energia escala linealmente con N 0345678910 Y3510 1 2 3
Dimension d Bins (unit of u)

Teorema de Berry-Esseen
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Mediciones usando una sonda

P
) > O () I
Qe @ © Medir usando una sonda de d dimensiones tiene la misma
e h) yF e precision (6ptima) que usar una medicidn con d resultados
J

posibles sobre el sistema

Eiemplod = 2
El POVM optimo en S se define con los bines I} = {E;: E; <b}, I, = {E;: E; > D]

Sonda:
D - e—,BEj
H =) EdEQ (Edl + b1 (N) Py (1) = sin’ (A1) ) , ——
k=1 Ej >b
+4 Z (8N @ |Ek + D) {Ex| + H.c.) La probabilidad de medir al qubit en el estado
Ep<Ep—b

excitado es equivalente a medir el bin de mayor
energia en el sistema S
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Undecidability in resource theory: can you tell theories apart?

Matteo Scand and Jacopo Suraceﬂ
ICFO-Institut de Ciencies Fotoniques, The Barcelona Institute of
Science and Technology, Castelldefels (Barcelona), 08860, Spain

(Dated: May 21, 2021)

A central question in resource theory is whether one can find a set of monotones that completely
characterise the allowed transitions dictated by a set of free operations. This is part of the more
general problem about the possibility of certifying the equivalence of two different characterisations
of the same resource theory. A similar question is whether two distinct sets of free operations
generate the same class of transitions. In the present letter we prove that in the context of quantum
resource theories this class of problems is undecidable in general. This is done by proving the
undecidability of the reachability problem for CPTP maps, which subsumes all the other results.
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Maximum efficiency of absorption refrigerators at arbitrary cooling power
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We consider absorption refrigerators consisting of simultaneously operating Carnot-type heat engine and
refrigerator. Their maximum efficiency at given power (MEGP) 1s given by the product of MEGPs for the internal
engine and refrigerator. The only subtlety of the derivation lies in the fact that the maximum cooling power of
the absorption refrigerator is not limited just by the maximum power of the internal refrigerator, but, due to the
first law, also by that of the internal engine. As a specific example, we consider the simultaneous absorption
refrigerators composed of low-dissipation (LD) heat engines and refrigerators, for which the expressions for
MEGPs are known. The derived expression for maximum efficiency implies bounds on the MEGP of LD
absorption refrigerators. It also implies that a slight decrease in power of the absorption refrigerator from
its maximum value results in a large nonlinear increase in efficiency, observed in heat engines, whenever the
ratio of maximum powers of the internal engine and the refrigerator does not diverge. Otherwise, the increase
in efficiency i1s linear as observed in LD refrigerators. Thus, 1n all practical situations, the efficiency of LD
absorption refrigerators significantly increases when their cooling power is slightly decreased from its maximum.

DOI: 10.1103/PhysRevE.103.052125
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Multipartite quantum correlations in a two-mode Dicke model

Rodolfo R. Soldati,’**>'* Mark T. Mitchison,> " and Gabriel T. Landi'’*
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We analyze multipartite correlations in a generalized Dicke model involving two optical modes interacting
with an ensemble of two-level atoms. In particular, we examine correlations beyond the standard bipartite en-
tanglement and derive exact results in the thermodynamic limit. The model presents two superradiant phases
involving the spontaneous breaking of either a Z, or U(1) symmetry. The latter is characterized by the emer-
gence of a Goldstone excitation, found to significantly affect the correlation profiles. Focusing on the correla-
tions between macroscopic subsystems, we analyze both the mutual information as well as the entanglement of
formation for all possible bipartitions among the optical and matter degrees of freedom. It is found that while
each mode entangles with the atoms, the bipartite entanglement between the modes 1s zero, and they share only
classical correlations and quantum discord. We also study the monogamy of multipartite entanglement and
show that there exists genuine tripartite entanglement, 1.e. quantum correlations that the atoms share with the
two modes but that are not shared with them individually, only in the vicinity of the critical lines. Our results
elucidate the intricate correlation structures underlying superradiant phase transitions in multimode systems.
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Abstract

We investigate three types of amplification processes for light fields coupling to an atom near the
end of a one-dimensional (1D) semi-infinite waveguide. We consider two setups where a drive
creates population inversion in the bare or dressed basis of a three-level atom and one setup where
the amplification is due to higher-order processes in a driven two-level atom. In all cases, the end
of the waveguide acts as a mirror for the light. We find that this enhances the amplification in two
ways compared to the same setups in an open waveguide. Firstly, the mirror forces all output from
the atom to travel in one direction instead of being split up into two output channels. Secondly,
interference due to the mirror enables tuning of the ratio of relaxation rates for different
transitions in the atom to increase population inversion. We quantify the enhancement in

amplification due to these factors and show that it can be demonstrated for standard parameters in

experiments with superconducting quantum circuits.
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Figure 1. Sketches of the systems considered in this article. (a) All systems we study are variations on a setup with an atom in
front of a mirror (short). The atom interacts with a strong drive field (orange) and a weak probe field (purple). (b) A three-level
atom with transition frequencies w;j; between the states |i) and |j). The atom is strongly driven with a drive amplitude 24 on the
|0) <> |2) transition. The probe field with amplitude €2, is applied to the |0) <> [1) transition. The decay rates are denoted by I';;
for the transition from |i) to |j). (c) A two-level system both driven and probed around its transition frequency wg. (d) A
three-level atom like in (b), but driven at half the frequency of the |0) <> |2) transition, resulting in a two-photon driving that
dresses all states of the weakly anharmonic system.

Setup 3 levels, wqg = wyy 2 levels, wg = wyg 3 levels, wqy = wy/2
Schematic 1(b) 1(c) 1(d)
Gain with mirror 25% 6.9% 6.2%

Gain in open waveguide 12.5% 3.4% 3%




