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Original Concept of QUP
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As a pioneering hub, it will lead the creation and development of value in

higher-level interdisciplinary fields, encompassing not only academic
contributions but also the return of value to society.
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The new QUP pioneers new scientific
'summits' and 'horizons' through
detectors and measurement
techniques.

Golden pillar
Many summits




Hanagaki-san’s talk at the first day

QUP Overview

New Eyes to Humanity

® Goals
» QUP/KEK becomes International hub for measurement system
development
» Reveal mysteries in Universe, Particle, and Life
» Create interdisciplinary academic area by fusion of wide range of
research

@ Strategy
» Now focus on three categories of detector technology
e Cryogenics
¢ Quantum
e Non-cryogenics (semi-conductor)
» Theory and Al groups for cross-connections of different detector groups
» Develop cutting edge detector technologies, and apply them to various
science missions
— this leads to fusions of different fields
» Strong collaboration with industry such as Toyota Central R&D Lab



Hanagaki-san’s talk at the first day

Research Groups
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A series of presentations over three days

Cygnus X-3

X-3 is a high
ray binary system

sly @ black hole)

This is the first, and
surprising result.

QUP cryogenic tacility

XRISM Resolve Spectrum of Cygnus X-3

Who Am I?

R&D ¢ for ting and

Aritoki Suzuki - https://sites. google.com/Ibl.gov/asuzuki/
Scientist at Physics division, Lawrence Berkeley National
15+ years of superconducting and RF device developme
tecl

el

BT

CMB-54:
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With IPMU cryostat
BlueFors LD400

In the shield room
BlueFors XLD40O
1000 uW @ 100 mK

QUP cryo-facility @ Fuji
* Deployed fieet of DR systems in FY2022,
and successfully commissioned them after

a fow troubles (superieak,
vacuum leak ) in FY2023

»/

AtKamioka
BiueFors LD400
400 UW @ 100 mK

400 W @ 100 mK

Newly arrived.
In the commission
BleFors SD

Shared by Solar-Axion
and Optical TES
BlueFors LD400

New QUP building with new laboratory
=> start-up and movement starting from Summer 2025
e Jul
New Building ¢8tar 2025 completion) EI6G

Light dark matter search with
quantum technology

Ground based CMB experiment, Detector lead

+ LiteBIRD: Space based CMB experiment, Cold readout lea
+ TESSERACT/DM:  Light Dark Matter experiment, Readout and De!
* PHONON-NEXT: Phonon-control for qubit and sensors

* LuSEE-Night: Lunar based 21 cm experiment, Antenna systen

Cooper pair a‘f’? pai I'c es

L4xA

at the end of FY 2024

Where are we now?

- Dilution Refrigerator relocation to Kamioka last November

Quplvack2025, Apnl/S

TES coupled with aluminum target

Low energy threshold is crucial to search sub-MeV dark matter.

Noemal metal

ew TES
Al 1 Candidate for TES material
signals Ti/Au bilayer film
. High energy resolution (67 meV FWHM)
— Q'?f'gm'ms TES 'Tisd"':ﬂy Thin Ti film is required to couple Al and TES
Al " amux AlMn film
AlMn TES bolometers have been used
. for CMB experiments
y T
, Q"’f famc = TES Easy to couple with Al target
Al [ |
quasiparticl

-assisted TES (QET)
n, 66, 5322

K. Irwia ot al. Rev. (1938).




A series of presentations over three day

. . . QUP Workshop f : S .
Qubit apphcatlonsI K o o S

Cavity tuning Direct excitation AR 2 3
o o 0 Thansgorns PRI 133,021801 . Gravity Meets Antimatter:

Moress PRI 131211000 i
Zhaos arXiv 2501 06852 Makoto C. Fujiwara
Thanagorns PRD 110, 115021 ] An Experimental Frontier
ALPHA-Canada Spokesperson

‘Watanabes Patras 2024
Kuage wXiv 250318315 Senior Sclentist, Particle Physics Dept N in Quantum Sensing
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4 N - defect with nitrogen (substituting for carbon) and vacancy
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or formed naturally during the diamond growth process
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s Casimir forces and possible applications

vy © New quantum field search

PRL 116, 221102(2016)

Equilibrium Casimir force
(Attractive in vacuum)

Direct dark matter detection | v aa mmme

with liquid gas experiments
ndustry/Social implementation

Muping Chen (QUP-KEK) QUP Workshop 04/09/2025
" Non-contact shaft-bearing system

Chen, G
Chen, Ge

B ©

wpi KEK
(Hiroshima Univ.!, QUPIP?, QUP®, KEK*) Neisity ] on probability:
lications

| * Acknowledgement : QUP members

Masaya Miyahara, Masaya Hasegawa, Hiroki Akamatsu,
o University

(]
Ryota Takaku, Hideo lizuka, Suerfu Burkhant,
desu Ryota Hayakawa, Kaori Hattori

Current smi
4 Photon Colliders (SRPC)
3. Sensitivity projections




We enjoyed a bunch of presentations in 3 days.

Two good news:

1. Ongoing projects are steadily going forward.




We enjoyed a bunch of presentations in 3 days.

Two good news:

1. Ongoing projects are steadily going forward.

2. The new breeze starts blowing in QUP.




New breeze

Candidates of “New Quantum Eyes”

® Cold Atom / Penning Trap
< This will be started up near future

@ Laser cooling technology
» Gravity, Clock, Fundamental constants
® Atomic (Nuclear) clock
® High Fines Interferometer for MZ application

® Superconducting cavity as gravitational wave sensor ]
® Superconducting cavity as memory in quantum computing j

< A new Pl is being hired for these projects
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Horizon New Concept of QUP Qup

Two news:
1. New breeze will be introduced by a new coordinator.

2. Another symposium will be held soon.




Horizon

TES for X-ray Absorption Fine Structure (XAFS) : an example T E S d
- j etector

ous “post-edge”

st/ o~
device ’
Material Analysis o Compton camera
application o Radiation
——— application

Bio-Medica
application

Imaging detector







What happened to me in 3 months

experiments




What happened to me in 3 months Quw

Installation of two new TES covering 150 keV collaboration with NIST

- 50keVTES = 130keVTES
Saturation Energy 70 keV 150 keV
Absorber material Au/Bi Sn
Absorber thickness 1.85um / 120 - 250 um

20um

Absorber area 0.73x0.73 mm  1.3x1.3 mm
Pixel number 96 96
Total collection area 50 mm? 160 mm?
Absorption at 45 keV 22 % 92 %
Absorption at 100 keV - 26%

Table 1 Specification of two new TES detectors.

Fig. 1 Photos of 50 keV and 130 keV TES detectors.




What happened to me in 3 months Quw

Just yesterday, transferred from RIKEN to J-PARC (muon beam line)




What happened to me in 3 months

Installation of two new TES covering 150 keV

From AMO Physics to Nuclear Physics

Precise measurement
of nuclear radius of heavy element

All previous figures in the table will be updated.




Precise measurement of charge radius of nuclei

Electron scattering and muonic atom X-ray spectroscopy have comparable
experimental precision (~0.01 fm).

A key feature is their ability to measure the absolute value of the radius.
Their model dependencies differ, making them complementary.

Electron scattering  Isotope shift Conventional
H X ray spectroscopy
precision
Absolute value

Charge density
distribution
©Takeshi Saito




Preliminary results

Preliminary data (50 keV TES)
muonic x-rays from pAr

44 keV

=

(b) Preliminary data (130 keV TES)

muonic x-rays from pSi

77 keV
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Fig. 2 obtained spectra (preliminary):
(a) 44 keV muonic x-rays from pAr (4f;,-3ds,, and 4f5/,-3d;, transitions)
(b) 76 keV muonic x-rays from u?8Si (3ds,-2ps, and 3d;,-3p,, transitions)




What happened to me in 3 months




What happened to me in 3 months Quw

We submitted one theory paper arXiv:2412.18747v1 [physics.atom-ph]

Orbital Collapse in Exotic Atoms and Its Effect on Dynamics

X. M. Tong ®,1* K. Tékési 2 D. Kato ©,34 T. Okumura ©,5 S. Okada ©,3:¢ and T. Azuma ©7f|

L Center for Computational Sciences, University of Tsukuba, Tsukuba, Ibaraki 305-8573, Japan
2HUN-REN Institute for Nuclear Research (ATOMKI), 4026 Debrecen, Hungary
3 National Institute for Fusion Science (NIFS), Toki, Gifu 509-5292, Japan
4 Interdisciplinary Graduate School of Engineering Sciences,
Kyushu University, Kasuga, Fukuoka 816-8580, Japan
® Department of Chemistry, Tokyo Metropolitan University, Hachioji, Tokyo 192-0397, Japan
6 Department of Mathematical and Physical Sciences,
Chubu University, Kasugai, Aichi 487-8501, Japan
" Atomic, Molecular and Optical Physics Laboratory, RIKEN, Wako, Saitama 351-0198, Japan

THYF v I RFICH T S0rbital Collapse




’ HAYIRZEEE 20256F4H = Butsuri Vol. 80, No. 4 (monthly published by JPS)
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Muonic Atom

electron

He-like
electron
Li-like

electron

electron

many electrons



Muonic Atom

H-, He-, Li- like muonic Ar
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Muonic Molecule




Muonic Molecule
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’ Our puzzle: Initial captured states of muon ?

Simulation Assuming n,; = 37

This initial condition is required to reproduce
muonic x-ray spectrum

0.45

(@ | Experiment UAr electronic K"a
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It 18pA1-9
’ Our puzzle: Initial captured states of muon “? [18pA1-9]

| ‘ condition:
\ the same velocities of muon and electron
7 my/mo =207 = 1472

What happens for multi-electron system ?

Sao



.. : 18pA1-9
’ muon and electron dynamics in muonic atom H8PA19)

MAr

negative muon electron
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’ Enrico Fermi & Maria Goppert Mayer found Orbital Collapse

Enrico Fermi : Nobel Prize 1938

(The Nobel Prize for Physics was awarded for his work on the artificial radioactivity produced by
neutrons, and for nuclear reactions brought about by slow neutrons. )

The Thomas-Fermi model treats many-electron systems by considering
an active electron and screening the nucleus with other electrons

He speculated OC (1928)

Maria Goppert Mayer : Nobel Prize 1963
nuclear shell structure

She calculated OC (1941)




’ Collapse of the 4f orbital  sudden decrease in energy and size of the 4f wave function

V.Y

For f electron of heavy atoms (Z > ~58), the effective potential consists of two wells

outer well

inner well

separated by a potential barrier.

the effective potential for 7 electron:

Ve (r) =V (1) + [(1+1)/2r?

atomic central potential + centrifugal term

(xn)

outer well: broad and shallow, dominated by
long-range Coulpmb potential as asymptotically
as—1/r

inner well: narrow and deep enough to support
an electron in the bound state



Answer to Puzzle: Radial wave function of muon by DFT

2.0 (e
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’ Critical n,, for Orbital Collapse = Initial Capture Level

MuonicAtom1 14 28 37 43
105""["""111111111

100 ¢

Prefer to a circular state

nﬂzlﬂ+1

20 30 40 50 60




’ State-specified muon capture probabilities

Ic =37 g

TDSE a5
(time-dependent schrodinger equation)

= 20

TDSE
10 Ar3p 10 eV

VS 0
25 30 35 40 45 50

CTMCm

(modified classical trajectory Monte Carlo)

CTMCm
Ar3p 10 eV

open circles: states with large overlap
solid circles: states with a long interaction time 25 30 35 40 45 50



Q Equivalent Quantum Angular Momenta of Antiproton (/)

Atom Ne Ar
Le | 1.98 2.65 3.03 3.53
p: scaled) 84 112 129 150

p
c (p: DFT) 82 109 125 153




From Yamada-san’s talk at the first day ©Yamada

The following is a quote from "A Century of the Nobel Prize” (P163): @I il 4+ A ¢ s iy

r/—RIJIVEDBE; P163

New ideas often emerge from the "borderlands" between different disciplines. SR RUMARLEL S, AL, WA
ZNFiEaT, lﬁfzﬂ"ﬁg\‘(.hk“;:u",‘

Creative environments can sometimes appear almost chaotic. R BTV S e
OTHEAD,

.. In such unstable states, it becomes easier to go beyond s e kL kel e

pipd, R, S B, MEvo 6ot
545, BRHEEZLOE ISR LAY, B52

conventional patterns of thinking and established systems of rules .... Eeammke, RRCEGESEaNATE

BIM AES, nvnnmtﬂm&
233

Inspired by this perspective, | have pursued a research that actively seeks the "seeds of
new science" -- not only through experimental studies of black holes, :::::‘;:;f
X-ray microcalorimeters, and space science, but also by valuing interdisciplinary

exploration across different fields.

If things get a bit chaotic, it just means you're getting close to the borderlands of creativity.

S. Yamada (Rikkyo U.)
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Sydney Brenner
2002 Nobel Prize Laureate
in Physiology or Medicine

Progress in science depends on new techniques, new discoveries
and new ideas, probably in that order.”




Freeman Dyson
Schwinger-Dyson equation

New directions in science are launched by new tools much more often than

by new concepts.
The effect of a concept-driven revolution is to explain old things in new ways.

The effect of a tool-driven revolution is to discover new things that have to
be explained.

via Hanagaki-san




Thank you for your contribution to the QUP symposium
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Thank you






