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01 O t h e r

Today's Three Key Developments

Exponentially accurate open-system

simulation with just four ancilla qubits A

research team has shown that simulating open

quantum systems that exchange energy with

their environment (quantum systems that

dissipate to the outside world) requires only

four additional qubits to achieve exponentially

accurate modeling[12] — the abstract gives no

comparison baseline for the qubit overhead

required.
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PSI's Giacomo Sala wins €2.2 million

European Research Council grant The
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02 H a r d w a r e

Hardware Frontier

funding targets the combination of spintronics

and quantum geometry (the mathematical

quantity describing the shape of electron

wavefunctions), aiming at novel data storage[9]

— Europe is betting money on the translation

chain from quantum materials to memory

devices.

RIKEN to link the Fugaku supercomputer to

quantum chips using QunaSys software The

JHPC-quantum project will adopt QURI SDK

Enterprise to connect Fugaku with quantum

chips including IBM's "ibm_kobe" and

"Reimei"[15] — Japan's national

supercomputing center and a quantum

software vendor are teaming up to turn hybrid

computing into a standard product stack.
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Superconductors and Materials

MIT makes ultrathin superconductors air-

stable

An MIT team grew niobium diselenide (NbSe₂)

beneath a graphene capping layer, yielding an

ultrathin superconducting material that is stable in

air[8].

Technical implications: Niobium diselenide has

long been the workhorse material for ultrathin

superconductivity research, and its core limitation

was precisely its instability in air; the graphene

cap turns "grow-and-encapsulate" into a single-

step process, letting the material leave the lab and

become devices[8].

Landscape impact: The affected areas are two-

dimensional superconducting devices and novel

Josephson junctions (the core switching element

of superconducting qubits) — this does not

change the near-term roadmap for the mainstream

transmon route, but it opens a process window for

alternative junction materials beyond aluminum

and niobium films, on a timescale measured in

years. It should be noted that the abstract gives

no critical temperature, critical current, or specific

survival time in air for this material, so its

engineering value awaits further data.
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Neutral Atoms and Photonics

PhotonDelta's photonic chip corrects light

distortion on-chip

Zhiyu Chen's research moves the functions of

controlling and measuring light onto a photonic

chip, with a focus on recovering light after it

passes through a scattering medium such as

biological tissue[7].

Technical implications: Light passing through a

turbid medium is scattered into random speckle,

and existing systems for controlling and

measuring light have inherent limitations of their

own; building this distortion correction into a

waveguide chip is an attempt to compress

benchtop-scale optics into a centimeter-scale

package[7].

Landscape impact: The direct beneficiaries are

high-speed wireless communication front-ends

and biomedical imaging, not the main line of

quantum computing; but yield and loss control in

photonic integration are the same underlying

process capabilities shared with PsiQuantum's

300 mm wafer photonics route — the same

foundry capacity is being pulled by two markets at

once, and the commercialization pace is faster

than for purely quantum applications.

https://quantumzeitgeist.com/photonic-chips-correct-photondeltas-light/
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Magnetism and Spin Devices

Science Tokyo reliably switches magnetization

direction at the 190 nanometer scale

A Science Tokyo team achieved reliable

magnetization reversal in 190 nanometer

structures of the multiferroic material

BiFe₀.₉Co₀.₁O₃ (a material that is simultaneously

magnetic and ferroelectric)[11].

Technical implications: The selling point of

multiferroics is switching magnetic moments with

voltage rather than current, eliminating Joule

heating; the persistent difficulty has been that

switching becomes unreliable and fails randomly

as dimensions shrink. Achieving reliable reversal

at 190 nanometers is a step toward practical

memory-cell densities[11].

Landscape impact: The target is the low-power

non-volatile memory (MRAM-class) industry, with

no direct bearing on the main line of quantum

computing, but it points to the same track as the

€2.2 million ERC grant to PSI above — memory

devices driven by spin and quantum geometry,

being pushed simultaneously in Europe and

Japan, with an industrialization window of more

than 5 years.

03 A l g o r i t h m s
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Algorithms and Software

Four extra qubits buy exponentially accurate

open-system simulation

Researchers used just four ancilla qubits to

achieve exponentially accurate modeling of open

quantum systems (systems that exchange energy

with their environment and decohere)[12].

Technical implications: The traditional difficulty in

open-system simulation is that environmental

degrees of freedom must be explicitly

represented, so as the number of environment

modes grows, the required qubits grow linearly or

faster; "exponentially accurate" means precision

improves exponentially with the number of ancilla

qubits, and this work used only four additional

qubits[12]. The abstract gives neither the error

level nor a comparison of qubit overhead against

existing schemes.

Landscape impact: The affected areas are

quantum chemistry, photosynthetic energy

transfer, and materials transport — scenarios

https://quantumzeitgeist.com/quantum-phase-transitions-state-space-condensation-locations/
https://quantumzeitgeist.com/quantum-phase-transitions-state-space-condensation-locations/


where dissipation must be accounted for — as

well as every team hoping to run realistic systems

on 100-qubit-class machines. The pace of

deployment depends on circuit depth rather than

qubit count — the abstract gives no gate count or

depth, and this is the critical gap for judging

whether it can actually run on hardware, worth

watching in follow-up papers.

Four-qubit entanglement structure fully

characterized

Advances in quantum control techniques have

made it possible to fully characterize the

entanglement structure of many-body systems;

the subject here is a four-qubit system[13].

Technical implications: Two-qubit entanglement

has well-established criteria, while entanglement

of three or more qubits falls into multiple

inequivalent classes (such as GHZ-type and W-

type), and the four-qubit classification problem is

more complex still. "Full characterization" means

pinning down which class of entanglement the

system falls into, not merely measuring a single

entanglement value[13].

Landscape impact: This is a foundational tool for

error-correcting-code verification and

benchmarking — determining whether the many-

body state a machine produces really is the target

state bears directly on the credibility of logical-

qubit claims. The four-qubit characterization itself

https://quantumzeitgeist.com/nanoscale-magnetic-polarization-science-tokyo/
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sets no scale record; its value lies on the

verification-methodology side.

Perfect qubit transfer no longer depends on

carefully shaped laser pulses

Previously, in chiral waveguides (waveguides in

which light propagates in only one direction),

perfect qubit-state transfer was capped at 4/

e²≈0.54 due to pulse waveform mismatch, even

with identical qubits[14].

Technical implications: The physical origin of the

0.54 figure is the mismatch between the

exponentially decaying waveform of spontaneous

emission at the sending end and the time-

reversed waveform required at the receiving end;

the industry-standard fix is to actively modulate

the emitted waveform with an external shaping

laser pulse, at the cost of extra control circuitry

and calibration overhead. Bypassing pulse

shaping means one less hardware layer in inter-

module links[14].

Landscape impact: This speaks directly to optical

qubit-to-qubit interconnects in modular quantum

computers — the necessary step for stitching

multiple small- and medium-scale machines into a

large one. Against SOTA, PsiQuantum reports

chip-to-chip interconnect fidelity of 99.72%

±0.04% (42 meters of fiber, conditional fidelity),

showing that optical interconnects themselves

already have high-quality implementations; what

https://quantumzeitgeist.com/lindblad-dynamics-quantum-simulations-four-extra/
https://quantumzeitgeist.com/lindblad-dynamics-quantum-simulations-four-extra/


this work solves is the engineering simplification of

"efficient transfer without active shaping." The

abstract gives no actual transfer efficiency figure

with pulse shaping removed, and that is the

criterion for whether it can replace existing

schemes.

04 I n d u s t r y

Industry and Ecosystem

Northeastern University wins U.S. Department

of Energy funding for error-correcting codes

under unreliable connectivity

A professor at Northeastern University has

received funding from the U.S. Department of

Energy to develop error-correcting codes for

linking modular quantum systems, with the goal of

maintaining error correction even when inter-

module connections are unreliable[6].

Commercial implications: This grant

acknowledges a reality — optical interconnect

https://quantumzeitgeist.com/northeastern-university-codes-aim-link-quantum/


fidelity between modules will remain below on-

chip gate fidelity for a long time, and rather than

waiting for hardware to catch up, better to make

the codes tolerate link errors. The shift in research

framing from "improve link quality" to "design

codes that tolerate poor links" is a signal of a

change in roadmap judgment[6].

Landscape impact: This affects every vendor

pursuing modular scaling — IBM's chip-to-chip

coupling, Quantinuum's QCCD transport, and

photonic-route chip interconnects all depend on

such codes. The abstract does not disclose the

grant amount or project duration. Read alongside

the chiral waveguide item above[14], the theme of

"modular interconnects" is being advanced today

from both the hardware and coding sides

simultaneously.

RIKEN to connect the Fugaku supercomputer

to quantum chips, selecting the QunaSys

software stack

RIKEN's JHPC-quantum project will integrate

QunaSys's QURI SDK Enterprise to connect the

Fugaku supercomputer with quantum chips

including IBM's "ibm_kobe" and "Reimei"[15].

Commercial implications: This is a textbook case

of a software vendor locking in national-level

infrastructure — the revenue model of quantum

software companies is shifting from "selling

algorithm projects" to "selling scheduling and

https://quantumzeitgeist.com/northeastern-university-codes-aim-link-quantum/
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integration middleware," with supercomputing

centers rather than end-industry users as

customers, long contract cycles, and high

switching costs[15].

Landscape impact: Japan has assembled a three-

part combination of "domestic supercomputer +

purchased quantum hardware + local software

(QunaSys)," structurally identical to how European

national supercomputing centers are attaching

quantum machines. The real thing to watch is who

owns the scheduling layer for hybrid workloads —

the current answer is the local software vendor,

which draws a boundary line against the native

stacks of vendors like IBM Qiskit, on a timescale

set by project delivery cycles (several years).

Leadership changes at QuIC, Atom Computing,

and Qilimanjaro

Cécile Perrault has been appointed Executive

Director of QuIC (the European Quantum Industry

Consortium), Kevin Messerle Chief Financial

Officer of Atom Computing, and Albert Solana

Chief of Staff at Qilimanjaro Quantum Tech[2].

Commercial implications: Atom Computing's

addition of a CFO deserves separate attention —

one of the leaders on the neutral-atom route filling

out its finance leadership typically appears as a

precursor to a large funding round, an acquisition,

or IPO preparation[2].

https://quantumzeitgeist.com/quantum-circuits-four-qubit-entanglement-structure/
https://quantumcomputingreport.com/whos-news-strategic-appointments-at-quic-atom-computing-and-qilimanjaro-quantum-tech/
https://quantumcomputingreport.com/whos-news-strategic-appointments-at-quic-atom-computing-and-qilimanjaro-quantum-tech/


Landscape impact: The QuIC leadership change

affects policy lobbying and standards coordination

for the European quantum industry; taken

together, the three appointments show an industry

in a personnel phase shifting from "scientist-led"

to "operations- and capital-led."

Brian Gaucher: what limits quantum progress

is now engineering, not physics

In Yuval Boger's interview with Brian Gaucher, the

IBM veteran who co-chaired the ERVA

(Engineering Research Visioning Alliance) quantum

engineering research report argues that the

current bottleneck on quantum progress is

engineering capability rather than physical

principles, that U.S. quantum science remains

strong, but that global competition is

intensifying[19].

Commercial implications: If this judgment holds,

the investment logic has to change — the

"unsexy" supply-chain links of refrigeration,

packaging, control electronics, interconnects, and

yield will determine who can scale more than

shaving another decimal off fidelity.

Landscape impact: The beneficiaries are upstream

suppliers in control electronics, cryogenic

engineering, and optoelectronic packaging; for

pure-algorithm and pure-physics teams, the

center of gravity of the valuation narrative is

shifting outward. This is an opinion rather than an

https://www.scientificamerican.com/article/new-brain-scan-tool-could-help-treat-huntingtons-disease-a-devastating-genetic-condition/


experimental result, and should be read as an

industry-sentiment indicator.

Q+AI 2026 and PQC+IQT conferences

scheduled for New York

Q+AI 2026 (the third edition) will be held October

25–27, 2026 in New York City, with the companion

PQC+IQT conference on October 25–26[1].

Holding the post-quantum cryptography (PQC)

theme as a companion conference in the same

city and timeframe as the main quantum

technology event continues the transmission of

enterprise-side post-quantum compliance

pressure, reported on September 1, into industry

conference agendas.

05 O t h e r

Academic Frontier

A spatial image of vacuum fluctuations

captured directly

https://www.insidequantumtechnology.com/news-archive/what-do-you-wanna-talk-about/


Researchers used imaging of a Bose-Einstein

condensate (BEC, the state of matter formed

when large numbers of atoms occupy the same

quantum state at ultralow temperature) to obtain

the spatial patterns produced by quantum vacuum

fluctuations (the vacuum is not empty; its energy

fluctuates constantly); previously only their indirect

effects could be observed via electromagnetic

sampling[3]. The system simulates a massive

relativistic sine-Gordon field[3].

Technical implications: The key is the move from

indirect effects to direct visualization of spatial

distribution — what was measured in the past was

the influence of vacuum fluctuations on something

else (such as the Casimir force or the Lamb shift),

whereas what is measured now is the spatial

structure of the fluctuations themselves. The BEC

as a simulator of quantum field theory brings

relativistic field-theory experiments that are hard

to do on accelerators onto the atomic-physics

benchtop[3].

Landscape impact: The affected community is the

academic one around quantum field theory

simulation and quantum simulators, with no direct

intersection with the engineering roadmap of

quantum computing; it belongs to the "quantum

simulator as scientific instrument" value

proposition — useful for winning basic research

funding, with no effect on hardware roadmaps.

https://quantumzeitgeist.com/quantum-field-vacuum-fluctuations-spatial-imaging-technique/
https://quantumzeitgeist.com/quantum-field-vacuum-fluctuations-spatial-imaging-technique/
https://quantumzeitgeist.com/quantum-field-vacuum-fluctuations-spatial-imaging-technique/


Above a critical repulsion of 1/4, the bosonic

ground state no longer collapses

Research predicts that when inter-particle

repulsion exceeds the critical value of 1/4,

quantum collapse (wavefunction destabilization

under attraction) can be suppressed; the repulsion

not only prevents collapse but can also create

ground states that would not otherwise exist[5].

Localized bound states can be maintained even

when the potential expands rapidly[5].

Technical implications: Collapse is a long-standing

theoretical headache for bosonic systems with

strong attractive interactions (such as attractive

BECs), and 1/4 is a clean analytic threshold rather

than a numerical fit — having a threshold means

experimental parameters can be checked directly

against it to judge whether a system is stable[5].

This is a theoretical prediction, still awaiting

experimental verification.

Landscape impact: Cold-atom experimentalists

can use this to choose scattering-length

parameters and avoid the collapse regime; no

direct impact on quantum computing, this is a

foundational advance in many-body theory.

Bounds on the location of quantum phase

transitions extended to second-order

transitions

https://quantumzeitgeist.com/bosonic-ground-state-collapse-suppression-theory/
https://quantumzeitgeist.com/bosonic-ground-state-collapse-suppression-theory/
https://quantumzeitgeist.com/bosonic-ground-state-collapse-suppression-theory/


Analytic methods for determining where quantum

phase transitions occur in complex materials

previously applied only to first-order transitions

(abrupt changes of state); the new work extends

the technique to both first- and second-order

transitions, giving improved critical-point bounds

for general single-parameter lattices[10].

Technical implications: First-order transitions have

a jump to latch onto, while second-order

transitions are continuous with no jump, making

them far harder to bound analytically. This work

brings both classes of transition into a single

framework and hints that all such transitions may

ultimately manifest as condensation in the

system's accessible state space[10].

Landscape impact: The beneficiaries are algorithm

designers in condensed-matter theory and

quantum simulation — knowing where the critical

point of a transition lies tells you which parameter

range a quantum simulator should scan, saving a

great deal of wasted sampling.

HSE University proposes a new construction

for coherent states in billiard systems

HSE University has proposed a mathematical

method for constructing coherent states for

quantum billiards (model systems in which a

particle bounces inside a closed boundary) of

particular geometries without explicitly computing

https://quantumzeitgeist.com/qutech-integrate-full-quantum-computers/
https://quantumzeitgeist.com/qutech-integrate-full-quantum-computers/


eigenstates, using known functions such as

Jacobi functions and yielding analytic solutions[4].

Technical implications: Coherent states for

complex systems previously required either large-

scale numerical computation of eigenstates or

approximations that fail on irregular boundaries.

Constructing them directly while skipping the

eigenstates reduces the computational load from

numerical solution to function evaluation[4].

Landscape impact: Researchers in quantum

chaos and semiclassical approximations benefit;

this is an addition to the theoretical toolbox, with

no industrial timeline.

Quantum oscillations in zirconium

pentatelluride exceed theoretical expectations

Scientists have found anomalous electronic

behavior in zirconium pentatelluride (ZrTe₅): near

absolute zero and in magnetic fields as high as 60

tesla, quantum oscillations persist beyond the

point where conventional physics predicts they

should vanish[16]. The material can behave as

either an insulator or a conductor[16].

Technical implications: Quantum oscillations

normally arise from Landau levels at the Fermi

surface, and theory expects them to stop once

electrons are pushed into the lowest Landau level

at very high fields; their persistence suggests the

oscillation mechanism here may not originate from

https://quantumzeitgeist.com/quantum-billiards-coherent-state-construction-method/
https://quantumzeitgeist.com/quantum-billiards-coherent-state-construction-method/
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the Fermi surface — anomalies of this kind in

topological materials often point to new

correlation mechanisms[16].

Landscape impact: The topological-materials and

strongly-correlated-electronics communities are

affected; ZrTe₅ has long been a contested

candidate topological insulator, and this result will

drive a round of theoretical rework. Any device

application is far off — 60 tesla and near absolute

zero are pulsed high-field laboratory conditions,

not an engineerable environment.

06 I m p a c t

Today's Impact

Two pieces of the modular quantum machine

puzzle moved on the same day

Who is affected: every vendor and national

laboratory pursuing the "many modules into one

big machine" route. What changed: on the coding

side, DOE-funded research on fault-tolerant link

https://quantumzeitgeist.com/qubit-transfer-laser-perfect-longer/


codes[6]; on the hardware side, progress on chiral

waveguide transfer freed from dependence on

pulse shaping[14]. What to watch next: the code

rate and threshold parameters of the DOE project,

and whether the actual transfer efficiency of the

chiral waveguide scheme without shaping is

clearly above the old 0.54 ceiling.

Four-ancilla open-system simulation pulls the

"usefulness" threshold closer to current

hardware

Who is affected: quantum chemistry and materials

simulation teams, and companies whose story

rests on "chemistry is the first killer application."

What changed: a class of simulation that

previously required vast numbers of qubits to

explicitly represent the environment can now be

done to exponential accuracy with four ancilla

qubits[12]. What to watch next: the required circuit

depth and two-qubit gate count — at production-

grade gate fidelities of 99.5%–99.9%, depth is the

real ceiling, and without that figure in the abstract

there is no way to judge whether it can actually

run on hardware.

Japan's hybrid computing stack is about to be

settled, and software middleware has become

the new chokepoint

Who is affected: QunaSys, IBM, and every

quantum software vendor hoping to get into a

https://quantumzeitgeist.com/northeastern-university-codes-aim-link-quantum/
https://quantumzeitgeist.com/lindblad-dynamics-quantum-simulations-four-extra/
https://quantumzeitgeist.com/quantum-phase-transitions-state-space-condensation-locations/


national supercomputing center. What changed:

the connection between Fugaku and quantum

chips such as ibm_kobe and Reimei will be

handled by a third-party SDK rather than the

hardware vendor's native stack[15]. What to watch

next: whether U.S. and European supercomputing

centers pick local software vendors or hardware

vendors' native solutions in comparable

procurements — this determines whether

"quantum middleware" can grow into an

independent category.

Atom Computing fills its CFO seat; capital

moves in the neutral-atom camp are worth

anticipating

Who is affected: investors in and competitors on

the neutral-atom route (QuEra, Pasqal). What

changed: the company has completed its financial

leadership on the personnel side[2]. What to

watch next: whether a funding round, acquisition,

or IPO disclosure appears in the coming months.

"The bottleneck is engineering, not physics" —

if it holds, the due-diligence checklist has to

change

Who is affected: investors and industry analysts in

the quantum field. What changed: Brian Gaucher

has publicly argued that the limiting factor has

shifted from physical principles to engineering

capability[19]. What to watch next: order and

https://quantumzeitgeist.com/quantum-circuits-four-qubit-entanglement-structure/
https://quantumcomputingreport.com/whos-news-strategic-appointments-at-quic-atom-computing-and-qilimanjaro-quantum-tech/
https://www.scientificamerican.com/article/new-brain-scan-tool-could-help-treat-huntingtons-disease-a-devastating-genetic-condition/


capacity announcements from upstream suppliers

of cryocoolers, control electronics, and

optoelectronic packaging — if this judgment is

right, growth in these links will show up before

revenue growth at the quantum computing

companies themselves.

07 O t h e r

Editor's Take

Today's batch of developments shares a common

shape: not pushing some metric higher, but

pushing the cost of some capability down. Open-

system simulation with four ancilla qubits, qubit

transfer without shaped pulses, coherent-state

construction without computing eigenstates,

ultrathin air-stable superconductors grown in one

step under graphene — four items spanning four

different layers of algorithms, interconnects,

mathematical tools, and materials processing, yet

the logic is the same: turning "possible in principle

but absurdly expensive" into "affordable." Work of



this kind never looks good in a headline, because

there is no record-breaking number to write about,

but it determines whether laboratory results can

become routine operations on a production line.

Worth noting is a shift of stance on coding

strategy. The DOE-funded research starts from the

assumption that inter-module connections will

remain unreliable for a long time — which

amounts to conceding that optical interconnect

fidelity catching up to on-chip gate fidelity will not

happen within any foreseeable timeframe, and

turning instead to designing codes that tolerate

poor links. This points to the same place as the

"bottleneck is engineering, not physics" judgment:

the industry is no longer waiting for some physical

metric to suddenly improve, and has begun

redesigning systems around known hardware

shortcomings. The roadmap logic of recent years

was "wait for hardware to mature before talking

architecture"; now it has flipped — architecture is

starting to adapt to imperfect hardware. For

judging who can scale first, this turn is more

informative than any further decimal place on

fidelity.
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