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Three Nobel Laureates
Funded in 1872 (precursor)
Moved to Tsukuba in 1973 ~ 60 km





How did physicists convince 
the formulation of quantum mechanics?



From one to two in QM

The amplitude depends on the indistinguishability.



Two-photon interference

Photons recognize the indistinguishability?



Another two-particle system in QM



Information-dependent 
quantum state description

1. When Alice measures the spin, Alice can evaluate Bob’s spin state.

2. When Bob evaluate his own state, 
The quantum state does not only depend on the particle 

but also the measurement-object information.



Today’s main question

Is there the information-dependent 
indistinguishability setup?



From two to three in QM:
Three identical particles 
with Two configurations 40Ca+

Coherent tunneling hopping



Experimental setup: 
Ion trap using the segmented Paul trap

CCD



Potential of 3 ions

40Ca+



The challenge for 2D crystals in Paul trap

Challenge： never cooled

Heating from micro-motion
Trapped ions are driven except 
for the center line of the trap.

RF zero line

Here, we demonstrate the one of the 2D phonon 
mode can be cooled to near the ground state.



The crystal of N ions has 3N collective mode.

For the 1D chain and 2D triangular structure  of 3 ions:

Technical idea:
    Collective modes of a 2D crystal

“rotational mode”

Can the rotational mode be 
affected by driving force?



Our configuration

① ② ③ ④

① ② ③ ④
= Quantum Tunneling Rotor



Experimental Procedures

Quantum 
tunneling

+

For laser 
cooling



Ground-State Cooling of 2D crystal
Laser cooling of 2D crystal

○ Doppler cooling
○ Sideband cooling

After sideband coolingBefore sideband cooling
Sideband
cooling



Three indistinguishable charged particles

Transition probability with AB effect

Aharonov-Bohm (AB) phase interference



M MSC

Magnetic field

confinement

Tunneling 
(50 msec)

A. Noguchi, YS, K. Toyoda, and S. Urabe, Nat. Comm. 5, 3868 (2014).

Experimental demonstration
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Two configuration setup: 



Six configuration setup: 
Local spin flip

No interference



Information-dependent setup



Information-dependent setup:
Three charged particles

By changing the magnetic field, 
the transition probability is experimentally evaluated.



Ontic distinguishability

1 2

When the particles themselves recognize the distinguishability, 
this setting should be labelled to the particle. 

12

2



In this setup, 
there is NO interference.



Epistemic distinguishability 

1 2

The observers did not know which particles was hopped.
-> The coherence seems to be kept.

?

2



Epistemic distinguishability:
Coherent hopping case

Interference pattern



In this setup, 
there is the AB interference.



Ontic/epistemic distinguishability can 
experimentally be clarified.

1) Particles (ontic)          -> NO interference
2) Observers (epistemic) -> AB interference



Conclusion and Outlooks
• We propose to clarify the situation whether the 

distinguishability of the particles is known by particles 
themselves or the observers. 

• This experimental realization is to use the ion trap 
experiment with the Aharonov-Bohm effect. 

     YS, in preparation.
• How to affect many-body physics?
• How to understand the time crystal?



Invited Speakers (* TBD):
Caslav Brukner (IQOQI Vienna) *
Bob Coecke (Quantinuum)
Fay Dowker (Imperial College London)
Justin Dressel (Chapman University)
Laurent Freidel (Perimeter Institute) 
Philipp Höhn (OIST)*
Hidetoshi Katori (University of Tokyo)
Adrian Kent (University of Cambridge)
Akira Matsumura (Kyushu University) 
Shunji Matsuura (RIKEN) 
Djordje Minic (Virginia Tech)
Takayuki Miyadera (Meiji Gakuin University)
Daniele Oriti (Complutense University of Madrid)
Tamiaki Yoneya (University of Tokyo)

Registration fee: 20,000 JPY
Important Days (Japan Standard Time)
Deadline for requesting visa support: 

January 05, 2026
Dormitory reservation starting date (see below):

 January 22, 2026
Deadline for abstract submission: 

February 02, 2026
Deadline for registration and payment: 

February 10, 2026
Deadline for cancelation: 

February 20, 2026


	Ontic- or epistemic-distinguishability of identical particles by using �Aharonov-Bohm effect
	スライド番号 2
	スライド番号 3
	スライド番号 4
	How did physicists convince �the formulation of quantum mechanics?
	From one to two in QM
	Two-photon interference
	Another two-particle system in QM
	Information-dependent �quantum state description
	Today’s main question��Is there the information-dependent indistinguishability setup?
	From two to three in QM:�Three identical particles �with Two configurations
	Experimental setup: �Ion trap using the segmented Paul trap
	Potential of 3 ions
	The challenge for 2D crystals in Paul trap
	スライド番号 15
	Our configuration
	Experimental Procedures
	Ground-State Cooling of 2D crystal
	Aharonov-Bohm (AB) phase interference
	スライド番号 20
	Two configuration setup: �
	Six configuration setup: �Local spin flip
	Information-dependent setup
	Information-dependent setup:�Three charged particles
	Ontic distinguishability
	In this setup, �there is NO interference.
	Epistemic distinguishability 
	Epistemic distinguishability:�Coherent hopping case
	In this setup, �there is the AB interference.
	Ontic/epistemic distinguishability can experimentally be clarified.
	Conclusion and Outlooks
	スライド番号 32

