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conventional WPI             our WPI                           

society
academia

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.

Original Concept of QUP 



本拠点が検出器や計測手法で切り拓く新たな
科学の「頂上」と「地平」

The new QUP pioneers new scientific 
'summits' and 'horizons' through 

detectors and measurement 
techniques.

New Concept of QUP 



本拠点が検出器や計測手法で切り拓く新たな
科学の「頂上」と「地平」

The new QUP pioneers new scientific 
'summits' and 'horizons' through 

detectors and measurement 
techniques.

Golden pillar

New Concept of QUP 

Many summits



Hanagaki-san’s talk at the first day
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A series of presentations over three days



A series of presentations over three days



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

TES application to atomic/molecular physics

Cold Atom, Penning Trap
ALP by Qubit, Gravitational Wave with SRF

Antimatter Gravity



本拠点が検出器や計測手法で切り拓く新たな
科学の「頂上」と「地平」

The new QUP pioneers new scientific 
'summits' and 'horizons' through 

detectors and measurement 
techniques.

Horizon

New Concept of QUP 

Many application



Horizon New Concept of QUP 

Two news:

1. New breeze will be introduced by a new coordinator.

2. Another symposium will be held soon.



⽇本原⼦⼒研究開発機構

Horizon New Concept of QUP 

Bio-Medicall
application

Material Analysis 
application Radiation 

application

TES detector

Compton camera

Imaging detector

JAEA



And ….



What happened to me in 3 months

experiments



What happened to me in 3 months
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Installation of two new TES covering 150 keV collaboration with NIST



What happened to me in 3 months

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.



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.

Precise measurement of charge radius of nuclei

©Takeshi Saito

Electron scattering Isotope shift Conventional
µ X ray spectroscopy

precision ◯ ◎ ◯
Absolute value ◯ X ◯
Charge density
distribution

◯ X #



Preliminary results

Fig. 2 obtained spectra (preliminary): 
(a) 44 keV muonic x-rays from µAr (4f7/2-3d5/2 and 4f5/2-3d3/2 transitions) 
(b) 76 keV muonic x-rays from µ28Si (3d5/2-2p3/2 and 3d3/2-3p1/2 transitions) 

Very 

Preliminary

44 keV 77 keV



What happened to me in 3 months

theory



What happened to me in 3 months

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

エキゾチック原子におけるOrbital Collapse



!"#$%&' 2025(4)* Butsuri Vol. 80, No. 4 (monthly published by JPS)



Muonic Atom



Muonic Atom

Electronic
x-ray

e–

H-, He-, Li- like muonic Ar
(e, μ, Ar18+) ~ (e, Cl17+) 



Muonic Molecule



Preliminary

Muonic Molecule



Cl atom

Our puzzle: Initial captured states of muon ?
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Our puzzle: Initial captured states of muon ?



[18pA1-9]
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n=37

negative muon

!"#
electron

why ?

muon and electron dynamics in muonic atom



Enrico Fermi & Maria Göppert 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. )

Maria Göppert Mayer : Nobel Prize 1963
nuclear shell structure

He speculated OC  (1928)

She calculated OC  (1941)

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



For f electron of heavy atoms (Z > ~58), the effective potential consists of two wells 
separated by a potential barrier.

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

the effective potential for f electron: 

Veff (r) =V (r) + l(l+1)/2r2

atomic central potential + centrifugal term
(!!)

centrifugal term

outer well

inner well

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

! %



14 28 37 43 50
Critical n! for Orbital Collapse = Initial Capture Level
Muonic Atom

!"#$#"%&'%(%)*")+,("%-&(&#

"! # $! % &



TDSE
(time-dependent schrödinger equation) 

vs

CTMCm
(modified classical trajectory Monte Carlo)

open circles: states with large overlap
solid circles: states with a long interaction time

State-specified muon capture probabilities

lc = 37



Antiprotonic Atom

Equivalent Quantum Angular Momenta of Antiproton ( lc ) !"#



From Yamada-san’s talk at the first day ?E(3(2(



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

Sydney Brenner
2002 Nobel Prize Laureate
in Physiology or Medicine



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.

Freeman Dyson
Schwinger–Dyson equation

via Hanagaki-san



Thank you for your contribution to the QUP symposium



Thank you




