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Motivations

Set the experimental ground for a young NEWS & VIEWS
branch  of science: the

, i.e., the complementary of Quantum interference heats up
CO h eren ‘|' e | ec 'I'ro N | CS Now cxposimontaly vetfod, heefioct Conla et the v lopersat of oot controllng deviees- Sex LEvremndol

RAYMOND W. SIMMONDS

-manipulate & master heat transfer
in a solid-state environment

Provide original & novel approaches to
realize (heat transistors,
splitters,  diodes,  refrigerators,  exofic
quantum circuits)

Address & understand fundamental

and phenomena at
nanoscale (coherent dynamics, heat
interference,  time-dependent  effects,
quantum thermodynamics, decoherence)

Main goal: develop quantum technology for managing heat in nanoscale circuits
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Physical basis of coherent caloritronics
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Towards phase-coherent caloritronics in .
superconducting circuits TU ﬂlﬂg
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Principle of phase-dependent heat current conftrol

S
Temperature-biased Josephson tunnel junction

|

Heat current is predicted to be phase dependent and stationary

Thof

Maki and Griffin, PRL 15, 921 (1965);
Zhao et al., PRL 91, 077003 (2003);
Zhao et al., PRB 69, 134503 (2004)
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Heat current in a temperature-biased JJ

Qtot Maki and Griffin, PRL 15, 921 (1965);
Zhao et al., PRL 91, 077003 (2003);
Zhao et al., PRB 69, 134503 (2004
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Temperature-biased DC-SQUID: theory (i)

Qtot = qu (Ty,Ty) — Qint(T1: T2, ®a> Pb)
qu (T, T,) = Qgp(T1; T;) + Qgp(T1, T,)
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FG and M. J. Martinez-Perez, APL 101, 102601 (2012)
20/09/2018 QT60

[{*sing, = [" sing,

Flux quantization

Circulating charge
current conservation

r + cos(2mx)

X = cI)/CI)O
\/1 + r22r cos(2mx)
1 + cos(2mx)
r=I7/17
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Temperature-biased DC-SQUID: theory (ii

Role of critical current asymmetry

Maximum

Minimum

Total heat current behavior
(symmetric SQUID)

FG and M. J. Marfinez-Perez, APL 101, 102601 (2012)
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“Josephson heat interferometer’: setup (i)

LETTER

thermometer

thermometer

(:J SQUID I’ o :' — ‘-]:(\.}u;p — 2 int

FG and M. J. Martinez-Perez, Nature 492, 401 (2012)
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Behavior @ 235 mK (i)

8T yrein ~ 21 MK

Tcouree (MK) 9% relative
modulation amplitude

04

Source ( )

FG and M. J. Martinez-Perez, Nature 492, 401 (2012)
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Comparison to theory
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Good agreement with theoretical prediction
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Electric vs thermal guantum diffraction

Rectangular Josephson junction
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a rectangular slit

Diffraction of heat current
through a rectangular slit
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Heat current quantum diffraction in extended short JJs
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FG, M. J. Martinez-Perez, and P. Solinas, Phys. Rev.B 88, 094506 (2013)
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A “quantum diffractor” for thermal flux: experimental setup
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Temperature diffraction pattern @ 240 mK

Device A Device A Device B

T.E-n:: =720 mK

M. J. Martinez-Perezand FG, Nat. Commun. 5, 3579 (2014)
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Fully-balanced heat interferometer

»  Enhanced control over the flux-to
heat current transfer function

»  Complete suppression of the
phase-coherent part

J, i nr/ J. :

mrt
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0.0 0.5-0.5

M. J. Martinez-Perezand FG, APL 102, 401 (2013)
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Nanoscale phase-engineering of thermal transport
1) Electrical response

LETTERS nature

PUBLISHED ONLINE: 7 DECEMBER 2015 | DO 10.1038/NNANO 2015281 na I‘Il_l[t‘t.‘hﬂk‘l(-)g_\-"

Nanoscale phase engineering of thermal transport
with a Josephson heat modulator

Antonio Fornieri', Christophe Blanc’, Riccardo Bosisio', Sophie D'Ambrosio’ and Francesco Giazotto™

Fully-balanced quantum thermal modulator structure:
full phase-engineering of heat currents
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Nanoscale phase-engineering of thermal transport
i) Thermal response at base T,

W‘W J..r suppression ~
ANALARRNAAA
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A. Fomnieri, C. Blanc, R. Bosisio, S. D’ Ambrosio, and FG, Nat.Nanotech. 11, 258 (2016)
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Phase-controllable O-r thermal Josephson junction

LETTERS

PUBLISHED ONLINE: 13 MARCH 2017 | DOI: 10.1038/NNAND.2017.25

O-7t phase-controllable thermal Josephson junction

Antonio Fornieri', Giuliano Timossi', Pauli Virtanen', Paclo Solinas? and Francesco Giazotto'™

Josephson
thermometer

Heater

A. Fornieri, G. Timossi, P. Solinas, P. Virtanen, and FG, Natf. Nanotechnol. 12, 425-429 (2017);
A. Fornieri, G. Timossi, R. Bosisio, P. Solinas, and FG, Phys. Rev.B 93, 134508 (2016)
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A. Fornieri, G. Timossi, P. Solinas, P. Virtanen, and FG, Nat. Nanotechnol. 12, 425-429 (2017);
A. Fornieri, G. Timossi, R. Bosisio, P. Solinas, and FG, Phys. Rev.B 93, 134508 (2016)
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Single output caloritronic devices

Nanoscale phase engineering
of thermal fransport with a
Josephson heat modulator

The Josephson heat A quantum diffractor for
interferometer thermal flux

Rectification of electronic heat
current by a hybrid thermal

O-m phose—con’rroolloble. thermal
el Josephson junction
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Phase-tunable thermal router: General scheme
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) ) 2D
Qint = 04 (Ts1,Tsz) |1+ 12+ 21 cos .
0

Heater Thermometer Thermometer

G. Timossi, A. Fornieri, F. Paolucci, C. Puglia, and FG, Nano Lett. 18, 1764 (2018)
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Phase-tunable thermal router: Experiment
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G. Timossi, A. Fornieri, F. Paolucci, C. Puglia, and FG, Nano Lett. 18, 1764 (2018)
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Phase-tunable thermal router: Experiment
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Conclusions

Realization of the first heat interferometer: confirmation of the existence,
magnitude and sign of the phase-dependent heat current

Realization of the first quantum diffractor for thermal flux, complementary
proof of the “thermal” Josephson effect

Double-loop Josephson thermal modulator: complete phase-engineering of
electronic heat current at the nanoscale

4. Redlization of the first controllable O-r thermal Josephson junction
5. Readlization of the first phase-tunable Josephson thermal router with large T

separation and sizeable T inversion: gateway to realize mesoscopic “thermal
machines”

20/09/2018 QT40 26



A. Fornieri

M. J. Martinez-Perez
P. Solinas

F. Paolucci
G. Timossi

R. Bosisio

S. D'Ambrosio
C. Blanc

C. Alfimiras

P. Virtanen

C. Puglia

MIUR-FIRB2013-Project Coca

FARFAS 2014-Project SCIADRO

ERC consolidator grant No. 615187 - COMANCHE

20/09/2018

Acknowledgments

REGIONE
TOSCANA

QT40

CNRNANO

27



