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Goal of the C04

Making the elusive quantum phenomena in the early universe visible
with superconducting quantum circuits

Key features of the C04

A largely open direction
Simulating 3+1-dimensional inflationary mode dynamics in laboratory systems

( [
Superconducting qguantum technology
_ Fasttemporal control / Microwave quantum measurements

-

( [ ) [
Future directions
_ Nonlinearity: non-Gaussianity / Classicalization / Thermalization




Questions Explored in This Project
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What analogue systems make possible

[ Repeatable tests ] [ Model comparisons } Toward complex processes




Research Strategy and Team Structure

I An integrated approach from modeling to circuit design and experiments

Kyushu Univ. Hiroshima Univ. Yokohama Natl. Univ.
A. Matsumura H. Katayama A Y. Yamanashi
Quantum gravity & ‘ Analogue gravity

cosmology theory

Bridge cosmology and

Analyze quantum dynamics /s 10gy and
superconducting circuits

in the early universe
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Specify feasible parameters

Extract target Translate model into
and measurement methods

What to measure How to build
quantum dynamics superconducting circuits




Related Previous Studies

Analogue = same dynamics, different physical system

Hawking radiation
Quantum correlations from effective horizons
 Analogue black holes ;.. pre 46 1351 (1981)]
fluids, optics, BECs, circuits, etc.
« BEC experiments (ginnauer. Nat. Phys. 12, 959 2016)]
correlations / entanglement

/ Effective horizons from engineered flows \

Escape %
Impossible

Flow
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Black I
hole :
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Event horizon

Quantum correlations from evolving backgrounds
* Analogue expanding universes
BECs, ion traps, fluids of light, circuits etc.
 BEC experiments [viermann et al., Nature 611, 260264 (2022)]
particle production / correlations

a(t) « t¥ (1 e—fold)

CO04 targets inflationary FLRW modes
with access to quantum correlations.

I Controllability

programmable de Sitter dynamics |
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microwave quantum
measurement

Quantum measurement
access to entanglement
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nonlinearity
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non-Gaussianity



[ Modeling ] Target Dynamics: Inflationary Field Modes

-
Inflaton scalar field

. Friedmann—Robertson—\Walker metric

p(x,t) = @o(t) + dp(x,t)

~

background fluctuations

ds? = a*(n)(—dn? + dx?)

Conformal time: n)

Lagrangian density x(x,n) =amdép(x,n)

Equation of motion
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b ] Circuit translation : SQUID Array

Cosmological observable imprint

Underlying quantum nature
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Measurement Scheme: Microwave Readout

Amplification ]
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Role in the Research Area and Internal Collaboration

| Make quantum processes of the early universe measurable in the laboratory.

r — ) | Cosmology| Quantum . X
Offer a new perspective

Reframe early-universe quantum Interpretive guidelines /
processes experimentally Condensed observational proposals

. ) matter \ Clues to mechanisms )

Develop a new approach combining
quantum cosmology and low-temperature condensed-matter physics

AO01/A02 B0O1/B02

Internal -

collaboration Theoretical models, =S EMEVIISCENIILES Sup?rgcﬁgriﬁgg;:mwt
key observables to cosmological observables p

and microwave readout



Postdoctoral Researcher Recruitment

We are looking for a postdoc to join C04. For application details,

please scan the QR code.

Affiliation: Hiroshima University
Location: Higashi-Hiroshima, Hiroshima

Research background:
Quantum field theory / cosmology / gravity
Quantum information / quantum optics

Superconducting circuits / condensed matter
or related fields

If you know someone who may be interested, please let us know.
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  a  ( t ) ∝  t 𝛾  


  d  s 2 =  a 2 ( 𝜂 ) ( − d  𝜂 2 + d  𝒙 2 )


  𝜑 ( 𝒙 , t ) =  𝜑 0  ( t ) + 𝛿 𝜑 ( 𝒙 , t )


  ℒ =  [   1 2    𝜕 𝜂 𝜒 2 −  1 2   ∇ 𝜒 2 +  1   𝜂 2  (  2 −    m 2   H 2 )    𝜒 2 2 ]


     𝜕 𝜂 2 𝜒 −  ∇ 2 𝜒 −  1   𝜂 2  (  2 −    m 2   H 2 ) 𝜒 = 0


  𝜒  (  𝒙 , 𝜂 ) = a ( 𝜂 ) 𝛿 𝜑  (  𝒙 , 𝜂 )
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