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. LUTOEXIE “Deep-Learning Generation of High-Resolution Images of Live Cells in Cultur
e Using Tri-Frequency Acoustic Images” (Phys. Rev. X 15, 021015 DOI: 10.1103/PhysRevX.15.

021015)MPopular SummaryTH Y . FEREZAL-EREHEBEORELZERAICALEE:
EVSTHRICOVTHERTIND, COEXEHEA. UTOBWLIZEZZELY,

(Hi#2 : Fujisawa, N. et al Deep-Leaming Generation of High-Resolution Images of Live Cells in
Culture Using Tri-Frequency Acoustic Images. Phys. Rev. X. 2025, 15, 021015, DOI:10.1103/P
hysRevX.15.021015, https://journals.aps.org/pr/abstract/10.1103/PhysRevX.15.021015, (cited

2025-06-12).)

Ultrasound is widely recognized as a safe imaging technology, as evidenced by its use in prenat
al scans. However, its long wavelength limits image resolution, making it difficult to capture fine
details. In this study, we present a breakthrough in ultrasound imaging resolution using a novel
Al-based approach. Unexpectedly, we find that incorporating both low- and high-frequency acou
stic images significantly enhances resolution, enabling long-term observation of living cells at hi

gh frame rates.

Long-term imaging of live cells is crucial in biophysical science but has been constrained by the

limitations of optical microscopy, where light exposure can damage cells over time. Our deep-le

arning methodology challenges the conventional belief that only high-frequency signals improve
resolution. Instead, we discover that low-frequency components play a crucial role due to mech
anical resonance effects in the cell nucleus. This novel insight enables high-resolution, damage-

free imaging of live cells for days.

This Al-driven approach overturns the traditional reliance on short wavelengths for high resolutio
n. The implications extend beyond cellular imaging, suggesting that by leveraging specific reson
ant frequencies of microscopic structures, Al can generate high-resolution images across variou
s fields. Further integration with high-resolution fluorescence imaging will push the boundaries o

f our understanding of complex biological systems.
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(Hi 82 : M. Valentini. et al Demonstration of Two—Dimensional Connectivity for a
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Quantum computers hold the potential to solve problems that are far beyond the
reach of even the fastest classical supercomputers. Among the various hardware
platforms, trapped ions have emerged as one of the most promising technologies,
successfully demonstrating small- to medium—scale quantum processors. However,
scaling up these systems has been challenging: In existing trap architectures. which

re one dimensional, dividing a lar, f ions into smaller subregisters intr

significant complexi hen the subregisters need to interact. To rcome thi

introduce a 2D ion—trap architecture called the guantum spring array, which arranges
ion subregisters in a lattice to reduce this communication overhead.

In our work, we demonstrate the key components required for such a 2D trapped—ion
quantum computer. We show that ions can be reliably transported along both
directions of the lattice, and we characterize how ions in different subregisters
interact. Using this interaction, we successfully create and verify entanglement—a
quantum link essential for computation—between two distinct subregisters through
universal quantum operations.

These results show that our architecture can maintain high control and low error
rates while offering a promising path toward large quantum computers. The next steps
will focus on improving the efficiency of ion transport and entangling operations, as
well as integrating optical and electronic control components directly into the

trapping structure.
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22l (C) 1Y TR EARE kT & v ZAVTEXRE WV, BHOBEBEL LRIV,
5. ~NIVARLY DEBHIFLF X

F=E-TS ‘ )
TEHEING, M3 4 0EREAVS L, Thid
" F=—NksTlog Z @)

PWSHICEL DB I LA TES, Boh Z 13, HEEE f(m) 2HBATEL

o0 3
Z = Z e-—-f(m)hv/kBT (9)

m=0

WS XS IIERETCRE 2, f(m) BEXRS VW, BHOBEDELLAE W,
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. iz}
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I, MEIOEEL, ThENBIORERICEEALRZI V.

I RkoEZERMERLEE.
(W84 : M. D. Schwartz ¥, “Quantum Field Theory and the Standard Model”, 1st Edition, Cambridge
University Press, 2014, pp.10-11 & b &8 L —EFZE.)

Quantum field theory is the result of combining quantum mechanics with special relativity. Special
relativity is relevant when velocities are a reasonable fraction of the speed of light, v ~ ¢. In this limit,
a new symmetry emerges: Lorentz invariance. A system is Lorentz invariant if it is symmetric under the
Lorentz group, which is the generalization of the rotation group to include both the rotations and boosts.

Normally, the more symmetric a system, the easier it is to solve problems. For example, solving the
Schrodinger equation with a spherically symmetric potential (as in the hydrogen atom) is much easier than
solving it with cylindrically symmetric potential (such as for the hydrogen molecule). So why is quantum
field theory so much harder than quantum mechanics? The answer, as Sidney Coleman put it, is because
E = mc?. This famous relation holds for particles at rest. When particles move relativistically, their kinetic
energy is comparable to or exceeds their rest mass, Eiin mc?, which is only a factor of 2 away from the
threshold for producing two particles. Thus, there is no regime in which the relativistic corrections of order
v/c are relevant, but the effect from producing new particles is not.

11 cprs s r HE T 288 % 100 EREOXECTRAR LR X V.
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L = ("0, ~m)y. (1)
Z 2T, Minkowski RFZEDFBZ 7, L L7l & (v 1/} =29 THY, ¢ =y 0 TH3. %72, miZ
Dirac TR Z NI FOEBTH 3. X515 % 7° = iy'yy2P TEHT 2.

1. Dirac B TED L1-IED L DEEEHLD S, o IZHH$ 3 Dirac ﬁﬁfﬁ%ﬁ% AW,

2. YBINI—=FT, 4, 7% VPIARIAVI—-PDEE, Y¥YHRINVLI—-FTHEILERLEIL.

Rz, Dirac BOEEMNE D (m =0) DHFITOWTHEZ 5.

3. A4 SINEHY - 0, Pt o Yle T DB LT Dirac HOEADBFETH 2 Z L ERLERE L,
FRELIZTORERTHS.

4. AASNBEBINTEX—R—HL Y JPE
I = iy (2)
THEALNS. \,a)z:'éf Oyl = 073)=ﬁ2')_L’)\,2:%/7‘L7&‘3‘L‘

RIZ, m#£O0DFEELERS.
5. BRE m BH A4 FNEBRCH L TRETRVWI L EBRLARIW.
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