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Grand view

QUP plays important role
core of new Quantum Business of KEK:
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1) Cryogenic Faci|ity 4 Cryogenic machines are ready.
4 Cryo will be usded at Tsukuba

DR4 (XLD400)

DR3 (LD400)

DR2 (LD400)

DR1 (XLD400)

;Tfé;gfs?é:_u[gl/o[l])fl%%er —, —‘ (Kamioka-DM) -> Move to Kamioka
Base temp. <10mK
Cooling power | 500uW @0.1K DRO (Oxford Triton)
Cables DC/RF +
Ava_ilable Anti vibration stage
P DRS (50250)

otc--
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2) Cryogenic CMOS ASICs for Quantum operation/ Q-Computing

Subject Goal: Implementing ASICs operating at a cryogenic temperature to control
Qubits.

~70K

The 1
properly operated in cryogenic environment.
Various element circuits with further improved
performance are under development.

Cryo CMOS SoCs

Digital

10bit Cryogenic ADC Layout (22nm CMOS)

+250MS/s, 100MHz input

512 -Decimated to 1/1024

3K-4K 384

256

128
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-256

Oscillator
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Cryogenic CMOS ASIC for

-512

Qubit control 0 10 20 30 40 50
_ _ Time(ms) SRR AR IOR T R ]
¥’ Highly integrated Sine wave input test of ADC @4.2K =, ——————
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3) Superconductive Cavity

1.3GHz RF cavity for ILC

Gravity wave detection

KEK has advantage on SRF cavity.

Why SRF cavities for quantum sensing?

SRF cavities are the most efficient engineered
Q>10"11 oscillators

. 1014
Chou et al, Science (2010)

We can keep Q-state > 1 sec Al-Mg atomic clock

Niobium superconducting RF cavities
Romanenko et al, Appl Phys Lett (2014)

Crystalline optical resonator

10
10 Grudinin et al, Phys Rev A (2006)

Devoret & Schoelkopf, Science (2013)
Best superconducting qubits

Optical whispering-gallery resonator
Yang et al, Nat Photon (2018)

Quartz clock, High-Q Copper RF/MW cavity

Best pendulum clock [ Q=o2n energy sto red J

=~ Galieo’s pendulum energy loss per cycle

<100

16 2/23/24 B. Giaccone | Dark Sector and Gravitational Waves Sezuviico wiui i iF cavities at SQMS - f"“’S ° M S S\ i‘i’;iiffL'é'iuﬂs':?n“s”&"ﬁég
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4) Magnet

Strong / precision Magnet filed is important element:
Magnet / superconducting Magnet

Cryogenic Engineering Lab
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5) Develop Quantum Q-Material

material
Atomic : Electron Spin
arrangement Chemical state state
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6) Theory Group
Riken

ITHEM.S
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KEK at the end of 21st century

Waterside? (Tokai? ) Justimage!!l

Insight through Accelerators.
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Compact Accl.

Energy Recover (small Power
consumption)

Future DG not need to take care
of electric price.

(ORey.Hori / KEK



GOAL at the end of 21st century

Understand:
Entanglement
in context of space-time?

ER = EPR

Also in 1935, Einstein and Rosen (ER) showed that widely separated
black holes can be connected by a tunnel through space-time now
often known as a wormhole.

Quantum
entanglement

Par;icle Par;icle

Physicists suspect that the connection in a wormhole
and the connection in quantum entanglement

are the same thing, just on a vastly different scale.
Aside from their size there is no fundamental difference.

Insight through Accelerators.
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4-dimension
& SPACE + TIME + SPIN +( Extra-dim)
%4 ER - EPR

Also in 1935, Einstein and Rosen (ER) showed that widely separated
t black holes can be connected by a tunnel through space-time now
often known as a wormbhole.

Space should be
extended.

>

X

Quantum

R 1 8 T G Particle g Particle

u

4 uv and the connection in quantum entanglement

are the same thing, just on a vastly different scale
C Aside from their size there is no fundamental difference.

— — R g + { s g — Z Physicists suspect that the connection in a wormhole
A% 2 uv uv

A: Exactly same between Boson and Fermion equivalence principle @ Elementary?
(Examined at Atomic level but not Elementary)
1>Ru v B: Constant? Unique? (double metric or function of scale) EP at small scale

C: EP for Entangle / non-Entangle

D: Particle vs Anti-Particle EP? CP violation
Phase shift?

E : Continue? Violation of Lorentz invariance (Planck scale level? )
Insight through Accelerators. E2:P2 _|_ m2 _|_ E2 Z )7 (E/mplanc
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1 St G
RW -—R g+ A g = TW
2 ¢ Archimedes
2) A Experiment  Toysion balance
— 3
A observed — <1O eV ) 10 60 |
N higgs = (1012 eV)4 y B

N gur= (102%°eV)4 10112

A: Vacuum Field feels the R?

B: EP / R function as the distance / energy scale (1B)

Vacuum field contribute to T7

Macro vs Micro where is boundary?

Insight through Accelerators.
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Various fields are hidden in our vacuum

103K _{ 10% eV

=p
104K _| 1020V

104K 1010V

-+
e
—
10K ——-10%eV

-+

103 m
Planck Scale? |
GUT field —1—
— 10'27m
. . o
Higgs Field 1 107
QCD Field ) —
QED Field | 7 V| |
<= - 10‘7m
Dark Eenergy—
Axion Dilaton ? —1~
4 10°m

gamma-ray
X-ray
Visible light

Microwave




1 8t G What makes R?
Ruv - ER guv + A guv = C4 Tuv energy, mass, Entropy?

3) Energy Momentum tensor T

Light makes R? (T)
Vacuum (field) makes R(T)??
BE state ?

Lattice potential

Precision Clock
(Katori 10-18)

Effect is too small Nuclear 10-19

We need “On-0Off” measurement Becomes
Sensor for
Small R

Insight through Accelerators.
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Let’s kick off long adventure
with QUP!!!
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