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Hamiltonian limit: coupled oscillators (undamped) AP sireoteisdonce

H/hf, = (@hap + alas) + fo/ £,
+g (bal, + btay + bal + blag)

+§ (apag + ahas)
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resonators
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f. =6.4GHz

fd = 74 GHZ

fabrication
+ Nb (200 nm) on sapphire
- EBL mask patterning
+ RIE etching

design
- coplanar waveguides
Z. ~ 500
- interdigitated capacitors
C, ~ 10fF
Cy ~ 3fF



transmon qubit

hfy(®) = /8E;(®)Ec — E

EJ(CI)) ~ EJO‘ COS(W@/@ON
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fabrication (SQUID)
+ EBL shadow mask
« Ar milling
+ Al/Ox/Al deposition

design
- Josephson junctions
Ry~ 7kQ
- Max. Josephson energy
E ;0/h =~ 45 GHz
- Charging energy
Es/h =~ 0.15 GHz



two-tone spectroscopy
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parameters
f. = 5.39 GHz
g=2.0x10"2

G=—15x10"2
E ;o/h = 45.0 GHz
Eo/h =0.15GHz



now with reservoirs: thermal model AP sireoteisdonce
Y g g Y
source fq(®) drain
Ts —_— To
/ Pp(®) =-Ps(®) N
Pe.s Gerph, s Gelph, D Pen, 0
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now with reservoirs: chip design AP sireoteisdonce
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reservoirs: waveguide terminations AP sireoteisdonce

fabrication (SQUID)
« EBL shadow mask

« Ar milling
+ Al/Ox/Cu/Al deposition

design
+ Tunnel probe electrodes
R ~ 25k
+ Al/ Cu / Al shunt
Ry ~2Q
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PD = Z p’L’L E'LJ Fi—)l,D (Steady—state)

i, 7

density matrix: p  transition energy: Eij transition rate: Fi—)l,D



quasi Hamiltonian picture A” Sehool of Science

g Y

T summary

Y g
source 0 - .+ ° drain
+ moderate dissipation
N[ ] IE
r =7=9

+ delocalized modes
« transport bottleneck: v

~ cavity
eigenmodes symmetric + heat transport present

when qubit is detuned
antisymmetric
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quasi Hamiltonian experiment

Aalto University
School of Science

A! J

power (fW)

0.4 4

0.0

experiment

QH model
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parameters
f. =5.30 GHz

Q. =20
g=193x10"2
g=—2.01x10"2
E;9/h = 28.8 GHz
Es/h =0.15GHz
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non Hamiltonian picture

Y
summary

source °  drain
+ strong dissipation
g E H i -
r =7>9

+ localized modes
- transport bottleneck: g

~ cavity
eigenmodes right - heat transport absent
: when qubit is detuned
left
. whg 2 n(0s) — n(0p)
P T4 Q2(f/f. — £/ )7 coth(8s/2) + coth(6p/2)
h
fa_ n(x) = .
exp(z) — 1

O p = 29
5P KIg 1 ’
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non Hamiltonian picture

Y
summary

source ° drain
+ strong dissipation
. % u i i
=g

+ localized modes
« transport bottleneck: g

~ cavity
eigenmodes right - heat transport absent
: when qubit is detuned
left
o wh f? n(0s) = n(0p)
=

1+ Q2(fo/ fe — fi/f4)? coth(fs/2) + coth(b/2)

o [T n(zhf,/kTs) — n(x hf,/kTp)
Ry / I+ Qe -1/ ° %




non Hamiltonian experiment A” Sehool of Science

o experiment NH model parameters
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performance
« NET.~ 0.1mK/vHz
- incertitude in power estimates < 5 aW
- typical power modulation: ~ 200 aW

two limiting regimes
- quasi Hamiltonian: g ~ -, nonlocal mixed eigenmodes

+ non Hamiltonian: g << +, transmon acts as spectral filter
for more details

Ik =

preprint:

Realisation of a quantum heat valve

Ronzani, Karimi, Senior, Chang, Peltonen, Chen, Pekola

arXiv:1801.09312
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http://arxiv.org/abs/1801.09312

