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My Science Vision Fusion: Precision Frontier with Quantum Technology + GU)
Energy Frontier with Large Colliders

Ultimate Goal of
understanding
the fundamental physics

Physics at the GUT
and Planck scales

Energy Frontier
through Particle physics

J-PARC, SuperKEKB, LHC




My Science Vision Fusion: Precision Frontier with Quantum Technology + QU)
Energy Frontier with Large Colliders

] QUP pioneers a new frontier,
Weak coupling bringing new ways to explore physics
at high-energy scale

O‘ly Precision Frontier
through Quantum technology

Dark Matter, Axion, Gravity, ...

Ultimate Goal of
understanding
the fundamental physics

Physics at the GUT
and Planck scales

Fusion

Energy Frontier
through Particle physics

J-PARC, SuperKEKB, LHC




Ultimate goal of the research reveal the invisible Universe with quantum eyes

B Dark Matter (DM) the projects outside QUP
- ~85% of matter in the Universe is dark and remains unknown w o iR 1

- Compelling Ultra-Light DM candidates («1 €V), such as axions
and dark photons, remain experimentally elusive

wave-like  particle-like macroscopic
| | | [ .
1 | 1 — mass
1022 gV 0.1eV 101° GeV 10%° GeV
QCD Axion WIMP Primodal
Axion-Like particle Blackhole
(ALP)



Ultimate goal of the research reveal the invisible Universe with quantum eyes

B Dark Matter (DM) the projects outside QUP
- ~85% of matter in the Universe is dark and remains unknown e O MG Ly
- Compelling Ultra-Light DM candidates («1 €V), such as axions : 3
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B Gravity
- Weakest fundamental force with several insufficiently tested regimes
- Probing gravity at sub-micron scales and with antimatter

- LIGO/VIRGO/KAGRA established sub-kHz gravitational wave
detection, higher frequencies remain uncharted territory g\L;’eH/l}n -
Xperi

LIGO
experiment



Ultimate goal of the research reveal the invisible Universe with quantum eyes

B Dark Matter (DM)

- ~85% of matter in the Universe is dark and remains unknown
- Compelling Ultra-Light DM candidates («1 eV), such as axions
and dark photons, remain experimentally elusive

wave-like  particle-like macroscopic
| | | [
| | | > mass
1022 gV 0.1eV 101° GeV 10%° GeV
QCD Axion WIMP Primodal
Axion-Like particle Blackhole

(ALP)
B Gravity
- Weakest fundamental force with several insufficiently tested regimes
- Probing gravity at sub-micron scales and with antimatter

- LIGO/VIRGO/KAGRA established sub-kHz gravitational wave
detection, higher frequencies remain uncharted territory

ALPHA
experiment ;
LIGO

B New Regimes of Other Fundamental Forces, Symmetries “"™"

Opening new research frontiers to drive discovery at the intersection of particle physics,

astrophysics and quantum science



New framework

Theory Group Pls: Nakayama, Takhistov

Pillar 1 Pillar 2
Fundamental Forces Light Dark Matter
& Hidden Sectors

PI: e PI:
Nitta, Garcia-Sciveres Nitta, Fujiwara
Hasegawa, Herbschleb

Technology Advancement

Superconducting Detectors Semiconductor Detectors Cryogenic Engineering
Pls: Pls: Pl: Okamura
Yamasaki, Lee Bortoletto, Takahashi, Togawa,
Miyahara, Nakahama

| CErgneormgsuportsection ledby Heba |3



New framework

Superconducting TES

Technology Advancement
Platform

Superconducting Qubits

\ Fundamental Force Superconducting detectors
Hidden Sector

Semiconductor detectors
Technologies, including
Cryo-CMOS + Al

Superconducting RF Cavities —

Light Dark Matter

Laser Cooling &

Atomic fountain Cryogenic Engineering

S ————

NV-center Diamond




QUP as a Core of KEK Quantum Research

7L TOYOTA CENTRAL R&D LABS

TOYOTA

Joint research
with companies
and national
laboratories

Alliance
promotion
department

a4 AIST

NATIONAL INSTITUTE OF
ADVANCED INDUSTRIAL SCIENCE
AND TECHNOLOGY (AIST)

NIMS

and more

Different types of particle and
photon beams allow us to
probe the spin and other
quantum states of atoms,
electrons, and nuclei.

Material science

Quantum material
using multi-beam

©KEK

Toward International
Excellence in the
Quantum Frontier

« Sensor for basic science
* Gravity

* Quantum connection

« Dark Matter detection

AR~

World-wide research

collaboration
using KEK’s network

Particle physics

IPNS
Cryo-CMOS
Theory

y 5 ) \
Accelerator and Applied Research Laboratories

Cryo technology F
SC cavity Q>10'! |

) Berkeley

UNIVERSITY OF CALIFORNIA

UNIVERSITY OF

@ler

2= Fermilab
::& THE UNIVERSITY OF

&/ CHICAGO

& TRIUMF

o

UTokyo  YNu

and more 5



QUP Excellence: World Leadership QUP's Position in the Global Research Landscape

Growing Global Momentum

- Worldwide expansion of quantum-enabled searches for fundamental physics
- Similar initiatives emerging at major laboratories and universities

Strong communications with leading international partners: CERN, CEA, Fermilab, DESY, INFN

Cryogenic Detectors for LDM

Center for Fi f the talk Beli Krosiak
DESY DESY. HIBItuR Technoloay igure from Je a ‘by‘ elina von Krosig
QUANTUM | and Applications i T
nnnnnnnnnn :/I/ /‘
=0
INFN )
FNL =S Q M S =

SUPERCONDUCTING QUANTUM
MATERIALS & SYSTEMS CENTER

" CONMOAIGINDTS PSS ICOUABGRATON?  PUBUICATIONS® O
QUANTUM
CERN IQ) oo sirdd DRD5 A Global Network to
NITATIVE search for High Frequency m’\l et

Gravitational Waves e

irfu iramis o
CER @ N D UK Oau;:m

TECHNOLOGIES

GRAMME



QUP Excellence: World Leadership QUP's Position in the Global Research Landscape

What makes QUP so unique?

QUP integrates multiple quantum technologies and experimental approaches
within a single organization for a single science goal of new physics

Many other groups focus on one detector or one experimental approach
No institute combines these searches as broadly as QUP.

/ QUP: the same points, connected into a p/lane — under one roof \

SC qubits

Atomic fountain

plus: cross-disciplinary interactions based on shared technology platforms and
KEK’s accelerator-based and detector-based knowledge accelerates innovation and discovery.




New Building for under one roof

The new QUP building in FY2025

e

- Office space

- Experimental space (~1,000 m?2)

- Cryostats and other cryogenic equipment
relocated to the new facility

- Semi-clean room i energy consCmpLion

- Large anechoic chamber for microwave
measurements

An international research hub for
ultra-sensitive measurements in
low-noise, low-background
environments

The Kamioka underground facility is one
of the hub’s core facilities.

W8 anechoic chamber




Five Cryogenics (Dilution Refrigerators)

DM search by qubit & sensor o
DR1 N — :
development - o
: BlueFors XLD400

DR? commissioning— DM/axion search by for qubit & sensor
velopment

qubit w, KJ -
D_R?quioka DM search e — —- s

DR; Optical“FEg& Solar axion search

/ & e T

DR5 commissionwide applications DR? : BlueFors LD400

DR3 : BlueFors XLD400 -
s | moved to Kamioka for -

N DM search
Bl |

DR5 : BlueFors SD250 (not in photo)
under commissioning 8




New QUP: output and perspective

QU




Science Target I:
QED Test with Muonic Atoms
N

AT .

Superconducting TES (Transition Edge-type Sensor)
for x-ray detection covering the energy region from 1 keV to 150 keV
led by T. Azuma

Drastic improvement in the resolution (more than 50 times) compared
with the traditional semiconductor device (ex. Silicon Drift Detector)

NIST
for 6 keV X-rays
SDD —> TES
FWHM ~150 eV FWHM ~5 eV
o Lingg J:f:;ffff‘ff: The world’s highest-intensity slow-muon beam Tl M,onic
5 supplied from J-PARC/KEK T N xray
enables the preparation of muonic atoms isolated in a vacuum (' . \‘:

already excellent results based on our original idea:

[1] BSQED test: PRL126,173001(2021) + PRL130,173001(2023)
[2] Exotic highly-charged ions: PRL134,193001(2025) + PRL134,243001(2025 ) Editors’ Suggestion
9

[3] fs dynamics of muon and electrons: PRL127, 053001(2021) Editors’ Suggestion




Science Target I:

QED Test with Muonic Atoms

muonic atom The orbit of a negative muon is located very close to, or even inside,
) the nucleus of a muonic atom.
B : Muonic
Z e -

; ‘ WAL Ideal probe to explore

| ! - -

/ QED (Quantum ElectroDynamics) test under the strongest fields

. HNe pAr
accuracy of 5.8% — < 1%
NNe Ar Kr Xe Pb U

€ 6297.6 1 xperimen
% NFXt target // . EE; %6297.4- i 'IE'hZOry t
s WAr 4-3: QED=100eV for 44 keV line |——" TR e } { {
g — e T @
g L /%; = (i 6297.01
§ o5 //%/ﬁ : g ! A 6296.8 . . . .
é %/ ____________________________________ 00 02 P(:(;ssure (aot.fn) o8 "
2 muonic-Né"": f jons e seesast
g ae il I"\-‘::‘:e highly charge iof 6260 6280 6300 6320 6340 the 5g9/2- 4f7/2 transition energy of puNe :
2 2] reducedx®=1.116 our experiment:

6297.08 = 0.04 (stat.) £ 0.13 (syst.) eV
most advanced theory:
6297.26 eV.

atomic unit of electric field : 5.14 x 10" [V/m]

||||||||||||||||||||||I|||||||||||||1||l| 6260 6280 6300 6320 6340
10 20 30 40 50 60 70 80 90 Energy (eV)

o2 | Phys. Rev. Lett. 126,173001(2021) + Phys. Rev. Lett. 130,173001(2023) 10




QED Test with Qyp

X-ray region: 44 keV

Muonic Ar 4f-3d transition :
under analysis

- Ar gas target 0.9 atm, 17 hours - o
- Fit with double Voigt + constant 1000~ prellmlnaﬁy; Expectied QED
_ o Unger, - A ' |
- Estimated statistical error QUP Postdoc " A | !
~ 0.4 eV against 100 eV QED - 72— 3ds2 |
; N ; 4f5/2 — 3d3/0
50 keV TES 600— R ?
Saturation energy 70 keV : E E T
Readout system microwave 400 B ‘ :
Absorber thickness 1.85 pm (Au) = vt !
(material) & 20 pm (Bi) - i i
Absorber area 0.73 x 0.73 mm? 2001— E E :
Absorber collimated area 0.67 x 0.67 mm2 : : ! i
Number of pixel 96 _I:I:I'Il
Total collection area 43.1 mm2 0 4415 442 4425 43 4435 444 4445 445
E [keV]
20 eV @ 40 keV
AE (FWHM) (8eV @17 keV)

11



QU

Science Advances 12 (2026) eaed3321

X-ray energy: 2 keV

We are also pioneering precision studies of Imuonic molecules

—an extension of muonic atom research—where the vibrational structure can only be
described through rigorous few-body calculations. This represents the first high-precision
experimental exploration of such systems.

A) B)

400 =7 TRl T I Tr T T LR L L
© 50E 1 H
3 i ) ol
3 o ]um o, %WWM:“@' ﬁnyﬂMHWM;MMM,WW muonic molecule 0.005 nm
3 -50 :Jr = —
100 - g : g - RN '
* 600 :_[ | ] T I T l T W L l Ll B 120 Bt Ll %
O ddu Total fit
500 - Background dun=2) +d
s ddp*
® e - LI
8 ol T . M
7 - . ] =
d d ‘g 3001]1 ﬁ"ﬁ% It " 5 6
8 F el m ] o 2 keV X ray
3do, v=0 w
200 . i \ —
- ‘ ' '“ILU'”WJ*J!I‘% , du(1s) +d
1] =
100 [— 3do, v=3 L = -3 ‘
Rev. Sci. Instrum. 90, 123107 (2019) st 7"“"’;" 1 T ‘ 1‘ | | 1 d,ssoc,a“on
1.5 1.6 l 1.7 I 1.8 ‘ I‘119I = 2.0I - l2.1l - ‘2.21 H2.3 0.0 10 20 30 40 50 60

Energy (keV
Wy (hey) d-d distance (pm)

X-ray spectrum associated with the dissociation of resonance states in the muonic deuterium

molecule. A) Schematic diagram of ddu*. B) Observed X-ray energy spectrum and the
theoretical calculation.
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Overview: A Coherent Strategy for the Low-Mass Frontier

. Approach DM-type Interaction
(eV)

[1] Superconducting Qubit wave-like 105 - 102 photon

coupling
[2] NV-diamond wave-like 102 -10% fermion spin
coupling
[3] TES @ Kamioka particle-like 10° - 10° scattering
21 [1] [3]
wave-like  particle-like macroscopic
I » MNass
1022 eV 0.1eV 101 GeV 1050 GeV
QCD Axion WIMP Primodal
Axion-Like particle Blackhole

(ALP)

13



Science Target II: led by T. Nitta

with a Qubit System in Superconducting Circuits

old exp. using a huge state-of-the-art quantum technologies: A
magnet at CERN quantum qubit (~ cm size)
(~10 m size) - Coil G

Bosonic Qubit Ancilla qubit readout

fabricated by our team resonator

- Working at GHz
perfectly match the promising dark matter signal frequency range

- Very sensitive
- Designable circuit

Our original proposal: PRL131,211001 (2023) + PRL133,021801 (2024) REN U—Tokyo 32 IBM 14



Pillar 1 Pillar 2 Hllarl 3
Fundamental Forces |y - Light Dark Matter | Gravity
i tors.

Qubit System in Superconducting Circuits

I-fidge
& DarQ-Lamb
Cavity Tuning with qubits
E: = M}"gz) _ (aw

A

Cavity
B

b

-field-shieldy

3.8cm

Developed cavity for qubit control under cryogenic environments

DarQ-Direct
Quantum computer is DM sensor
DM
—2)
wave 1)
VAVAV
o ——0

O\)

15



- 2 of 5 QUP dilution refrigerators equip
qubit RF lines

- Recently qubit control system was
installed

— Established qubit readout system

Run69 T; decay

T ! |
020} —— Raw data | la \
—— Fitdata: 71=115.7+11.5ps - R
i
0.15 y "’
TH&’
% |
ooooo §o1o |
=
0.05
0.00
0 100 200 300 400 500 600 700
Delay time (us)

In-group fabricated qubits have
decent performance
(T1 and T2 > 100ps)

Qubit control system

QUP dilution refrigerator

Pls: Pls: Pl: Okamura
Yamasaki, Lee Bortoletto, Takahashi, Togawa,

EEEEEEER Technology Advancement EEEEEEEDN
Superconducting Detectors Semiconductor Detectors Cryogenic Engineering
Miyahara, Nakahama

16



DarQ-Lamb Results

Frequency [GHZ]

10.U

Proof of Principle experiment 1077

already submitted to

arXiv:2505.15619 | (DarQ Collaboration)  19-10
10711 4

Next Step: -

: >3 (cos?6) =1/3
a v:ilde frequency range _,5 ;’5,10 2] K4 ol : e -
o= -13

an .. c9 ‘Ll g 3614 3.616] 3618

more sensitive measurement 35 x107°
10—13

Ll

Tuning range is proportional to the coupling
between the qubit and the cavity 10-14

|

Ll

We are now trying to enlarge the coupling with

. . . 10—15
optimized qubits. 0.1 02 03 04 05 06 07 08 09 1.0

Dark Photon Mass  [¢V] x10~4

17



Future outlook

The Essence of Quantum: Quantum Entanglement

/Single qubit Independent 4 qubits /Entangled 4 qubits \
\(M/ec\ M/)ﬂlzg_at\e
VAVAV] S =
et e |
1) - /9: VAVAV /)
0) =S VWV / R
KSensitivity: 1 J kSensitivity:4 ) & Sensitivity: 4 J
It is not bad because N? Enhancement (Heisenberg limit)

Already started . o .
integration is possible _ Huge scaling benefit

18



Science Target III:

led by D. Herbschleb -

Using NV center in diamond

New ideas beyond qubits for DM search, including qutrits,
are emerging from QUP theory
(QUPR, Kyoto-U, Tohoku-U)

Goal:

Ensemble NV measurements under cryogenic (4K) conditions
Searching for axion-like particles and dark-photon-type dark
matter using a magnetic sensor based on NV-center electron
and nuclear spins.

Setting constraints on their couplings to electrons at least at
one mass point in the range M=1022 ~ 108 eV

Approach:

High-purity diamond synthesis by Mizuochi-Lab. for longer
coherence time

Lensing system and broader laser irradiation

Antenna development for a cryogenic environment in
collaboration with TOYOTA Satellites

Parallel setup at QUP and Kyoto for simultaneous
measurements

Confocal image at RT

e

Diamond
trogen

cancy
@ _0
o@a

mg= Excited triplet state (°E)
.

NS
S
NS
Q
Singlet state
.

ZPL R
637 nm

LY ¥

Ground triplet state, S=1 (°A,)

19



one-to-one electron-nuclear spin

Hybrid-spin decoupling for noise-resilient DC quantum sensing

uHz mHz Hz kHz MHz

Sensor: nuclear spin 10701 A i
Method: novel 10702 | Torsion A I|
T -03 | alance
Le fe 1079 | 22 o — - —
2 N 2 10-% ¢ |
-05
i 10 I
8 1079 t

Magnetic field sensitivity: none

. =109
Frequency range: broad = 10_09_ wwork s f
0 (state-of-the-art \,,/ Oé‘?lz
. e 107° [ potential) «j L&
Pseudo magnetic field jo-10 | %0
B~ 4% 10% aT X (gaNN) 10-M T S lerrestrlalbounds
ps 10-10 1072 10-2010-1810-1910-1410-1240-10 1008 0-05

ma (eV)

Axion sensitivity: excellent o E e s IV, FEZID E.

N. Mizuochi, K. Nakayama,jarXiv:2511.16732 (2025).

extended coherence time at low-temperature 20

aki,




led by Garcia-Sciveres_.

e | b 1 Science Target IV :
at the underground of Kamioka Using Superconducting TES

& Hidden Sectors

Cryogenic platform in a low-background underground environment
(collaboration of QUP, LBNL, Tohoku-U.)

- Dilution Refrigerator successfully commissioned, and SQUID is ready
- The movable table for Lead Shielding was already installed in April, and
full construction is scheduled to finish in September 2026.

Cryostat

*1 EAIA TR

o

Voltage-flux from Same SQUID

SQUID in Ka}mioka measured in LBL Rails for lead
(measured in Sep) .
shield
TES detector 21




Pillar 1 Pillar 2
Fundamental Forces I Ligl

e = - . | Detector operation results from Kamioka

* TES for
with M

Low-Energy Excess (origin of major background)
LEE Measurement on Silicon QET chips

Coincident vs single pulses: TES 1 vs TES 2 (14272 coincidences)

2 2500F
ERE
O 0 L 1" WU W SR T [N WU ST SN [N SO T ST S N N
1200 ' 10
«  TES 2only e
>;; 1000 - s
< S00F @
= I~ 3. 1 'l /5\
E L Pl 0 \S;
2 G00f =
s C <
[\ YN N
= 400F : i
€3} - » =0
F - s
200 ;
L1 .X. I T S S Y I I = —10
100 200 300 400 0 2000
ES 1 \mplitude (mV) Counts

Coincidence Rate Evolution Across Time

9
T

o Clean runs
o Runs that had detector saturation

bulk LEE
metal film LEE

Coincidence rate (Hz)

J\ 9 N 20 NN Q)
oY < 7 ot ot >
NG NG G R\ NG S\

7 NS NS 7 RS A7

Run date

LEE decreases as time advances

Laser calibration on single TES (on Si)

single photon signal

Laser cal rate spectr /

3 Tau=5f5(T=90105)

iy = YBI8, pp = 7.243 mV
0ps (T = 900.0 s)

2.350, 1y = 7.537 mV

10°E

101K,

Count rate (Hz / mV)

0 5 10 15
Optimal-filter amplitude (mV)

TES <1% of area

laser +
diffuser

22






Science Target V : {2y I Fdfitere

: j Using Atomic Fountain

Test of CPT & Weak Equivalence Principle

H
Precision Antimatter Gravity Measurement
with Quantum Techniques H
— (Anti)Atomic Fountains, (Anti)Atom Interferometer T —
interferometer

3D laser cooling

Key technologies: high-intensity, short-wavelength lasers Magnetic trap

originally cultivated in
low-energy muon beam applications
@J-PARC, KEK plays a central role.

H source and

decelerator
Joint Research and

Cross-disciplinary Collaboration with KEK D/-__—_m'@'

starting with hydrogen
@ TRIUMF, Canada

23



2Py, e
28,,
2P,

Relative

energy (GHz)
1 !

Antihydrogen / Hydrogen

50 -
403
304 ,
IO-L'AVV: - HE () 1) 2P,
o= ' =B ERNRES
i3 ) i ©.1) 1) 2P,
203 25, ©omn ) 2P
: f 2s, L
o] Fundamental Transitions
40
e | 121 nm
| 3
- z
~——s 5 (1 0.2 ev)
=" 1S, v 5 114 18,
e —T1 3 ¥
o — Ly 18,
gh=—""
1073 il Ly 14} 18,
o I B s,
0.0 05 1.0 s

Magnetic field (T)

Vacuum-ultra violet light:

* Does not transmit in air

* No solid-state laser medium

* Optics; e.g. windows only 50% efficiency

10 pJd/pulse
100 MHz width

5 ns pulse length

World’s Highest Power
Narrow Line Pulse
Laser at 121 nm

New VUV technologies
(phase & time shape control
of ns pulses)

Insight through Accelerators.

@KEK

24



5 led by T. Nitta with
. Science Target VI : T. Kugo (KEK)
4

Using Superconducting RF (SRF) Cavities

KEK’s SRF technology gravitational wave
(~ m size) @ interferometers ( ~ km size)

state-of-the-art
quantum technologies:
(~ cm size)

Superconducting
RF Cavities

Q-value: 10"
minimal energy loss

fabricat
by our team

Joint Research and Cross-disciplinary Collaboration with KEK

C .
'® o)
B E Gravitation wave detection in the unexplored high-frequency region:

> ()
ORE
-g . Lico
T, — kHz - MHz GW can be detectable
G,

1040 25

frequency region



Superconducting RF (SRF) Cavities

Phys. Rev. Applied 25, 034076 (2026)
Editors’ suggestion

Achievement 2025

Three-dimensional niobium coaxial cavity

Q-value: 3 x 10° =T, ~0.1 sec
World record in coaxial cavities

Stable upon exposure to air

T. Kubo (2024)°

Insight through Accelerato

© KEK 26



Superconducting RF (SRF) Cavities

Outlook
Gravitational Wave

A. Cavity Q-factor at single photon regime Collaboration with Akito KUSAKA (Uni.of Tokyo)
Conservative: 4x10% with Nb coax cavity (almost achieved) C03 MBI - EFRAMI-LB~< A 7O

N e eS| & = ===
B. Magnetic field introduced in the superconducting cavity ENRERTHROTHEAIE
(Nobodly realized yet) Grant-in-Aid for Transformative Research Areas (A)
Conservative: 100 Gauss Nb cavity for cavity tuning with lower Q

Quantum Memories - Hybrid with Transmon Q-bit + Cavity _
a different approach from

integrated quantum bits on a chip

e) \—/13)
|2> Measurement Transmon Cavity 1
9 )
Transmon Q-bit |0y oo
Cavity qlc| o X

Keeping photons rcui Measurement Transmon  Cavity 2

for the longer time

bosonic encoding

Yale group: Brock et al., Nature 2025 Company: Quantum Circuit 27




Technology Advancement Platform




N Iy Tectnology Atvancomen S Superconducting Detector Platform

Pls: Pls: PI: Okamura

Yomesn tes o e, Nakahama closely connected with the JAXA satellite

Frisz Y
Takeda Crean Room NIMS

RIKKYO Tohoku Yif ;*Ej._j
Univ. e ;é
TOHOKU
Tokyo Kyoto
Met. Sangyo
Univ. SSAS/ \  Univ.
JAXA NIMS/QUP

UNIVERSITY

LKA Berkeley/QUP
29



ErdBhnWllodf Allalerlindll W

dicer® Criogenc Enneerng Semiconductor platform

Yamasaki, Lee Bortoletto, Takahashi, Togawa,
Miyahara, Nakahama

[QUP Semiconductor Group]

Manabu Togawa PI

Yu Nakahama PI

©
KEK DAQ & AI/ML methods

Detector-response modeling
Validated in the ATLAS experiment ‘

Charged-particle trackers
Si pixel detectors (&)

& Radiation-hard device KEK
(at KEK and CERN)

ATLAS \ @
Radiation-hard materials )
Tadayuki Takahashi Pi Radiationzhard, device .
Quantum beam Imaging Masaya Miyahara PI
Space observation ASICs
~_instruments, , Embedded Al (DAQ) Ultra-low-noise readout circuits
Si & CdTe imaging detectors = = ASIC & CryoCMOS development
for X-rays and y-rays i
& Driving interdisciplinary
collaboration / | \ (E_)
iP ) KEK

Daniela Bortoletto PI
Charged-particle trackers 6

y
vl / BN W I. & Strengthening international Jiro
WP G y v leadership Atsuhiro c
y y huan New . g s
/ 1 3 ‘& European detector community Umemoto Liao Postdoc Nishinaga
o

Affili
(QUP Scientist) (Postdoc) (From Sep.) {Affiliate)

Form an indispensable technological
foundation for QUP's quantum

Strong international collaboration
network

measurement programs.

30



ErdBhnWllodf Allalerlindll W

Yamasaki, Lee

D

Pls:
Bortoletto, Takahashi, Togawa,
Miyahara, Nakahama

Cryogenic Engineering
Pl: Okamura

Essential technologies for high-density quantum computers
This technology is a key to QUP Superconducting Qubits (led by Nitta)

I
% RN

:

SEEEREBREERRNR

Cryo-CMOS ADC

70 K

3-4 K

Supoerconducting Qubits

CryoCMOS development:

Cryo-CMOS ADC Verified at 4.2 K

Cryo-CMOS ASIC for Quantum Qubit control
/ Quantum Computing

Final Goal

Cryo CMOS SoCs

Qubits

Cryo-CMOS SoC

~Ihb, ﬁ-iﬁﬂ&«
MOONSHOT

RESEARCH & DEVELOPMENT PROGRAM

% 50-80K stage

= 1

) Wiring

<. (Pl Okamura)
4K stage

#{ Cryo-CMOS SoC
(P1 Miyahara)
QUP Qubit
—N (P! Nitta)

SoC-based qubit control @KEK 31

mK stage




Somicond 5
: Pls:

Yamasaki, Lee Bortoletto, Takahashi, Togawa,
Miyahara, Nakahama

Technology Advancement E. E BB EEED

G E Cryogenic Engineering platform Q}})

led by T. Okamura

Newly established platform due to its strategic importance to QUP

In collaboration with
Toyota Central R&D Labs

— Cryogenic system development for Cryo-CMOS

Research Field of Pl Okamura (from KEK)

©1020 heat sink _
e

— Sub-Kelvin Cryogenic system development
for Quantum Technologies. oo §

il

I i
Reduced He consumption and increased cooling capacity through . :]MHH‘

' CRYO CMOS substrate
s — 1

o

optimized Kapitza thermal resistance, fluid control, and Adsorption. m ‘

il
]l

|

0.8 K stage

lowAP
High efficiency
HEX

100 mK stage

1
|

structure
* 10 mK stage

Qubit implementation

Reduced He consumption &
enhanced colling power

Kapitza reduction + Efficient
utilization of He heat-transfer

GIRP

lowAP 4He sorption
High efficiency film berning 0.8K >1.5mW
High heat-transfer coefficient 3He sorption

film burner 0.3K > 100 uW

QUP member: Dr. H. Fukuyama
(Former Director of Cryogenic Research
Center, The University of Tokyo)

Specialist in mK cryogenic
system 32
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led by K. Nakayama, V. Takhistov

Foundational role in QUP’s scientific program :
defining observables, developing search concepts, guiding sensitivity

studies, and connecting QUP programs to fundamental physics
discovery

- 22 small-team papers submitted or published since July 2025
- 9 WPI posters, multiple visiting international student/postdoc projects N ‘ | ﬁ
near publication g

QUPIPs (internship students) were actively involved in
research resulting in scientific publications" (ex: Arakawa,
Takhistov, et al, JCAP 02 (2026) 026; de Giorgi, Takhistov, et al,
JHEP accepted)
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Advertisement: Quposium 2026 Dec 8-10, 2026@Tsukuba

December 8 - 10, 2026 (Tue - Thu)

Tsukuba International Congress Center
Tsukuba, Japan

QUPosium2026

Keynote talks

"New QUP: we have changed", Toshiyuki Azuma (QUP)
"Hamessing Molecular Complexity for Quantum Science", John Doyle (Harvard)
"New perspectives on CP violation and ultralight dark matter’’, Gilad Perez (WWezmann)
"Photonic Quantum Sensing Using Entangled Photons", Shigeki Takeuchi (Kyoto)

Confirmed invited speakers

Rana Adhikari (QM) | Claudio Gatti (INFN)
Maurice Garcia-Sciveres (QUP) | David Herbschleb (QUP) | Hitoshi Ishiwata (QST)
Kana Iwakuni (UElecto-Comm) | Akito Kusaka (Tokyo) | Tatsumi Nitta (QUP)
Nancy Paul ( KB) | Surjeet Rajendran (Johns Hopkins) | Boon Kok Tan (Oxford)




Conclusion Quantum Sensing for New Physics

Not one detector. Not one experiment.
One international center exploring nature through many quantum technologies.

/ QUP: the same points, connected into a p/lane — under one roof \

SC qubits

Atomic fountain
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Thank you




