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Gaussian boson sampling with 1,024 squeezed states in 8,176 modes
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A Abstract(

The development of large-scale, high-fidelity quantum processors is a fundamental scientific challenge,
essential for exploring the boundaries of classical computation and advancing towards fault-tolerant systems.
Gaussian boson sampling not only serves as a prominent model for demonstrating quantum computational
advantage but can also generate bosonic error-correcting codes for fault-tolerant quantum computing.
However, its scalability has been hindered by significant photon loss in increasingly large and complex
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encoding circuits. Here we show a programmable photonic quantum processor, Jiuzhang 4.0, which
incorporates 1,024 high-efficiency squeezed states into a hybrid spatial— temporal encoded 8,176-mode
circuit. By achieving 92% source efficiency and 51% overall system efficiency, the processor produces
samples with detection events up to 3,050 photons, representing an order-of-magnitude increase in scale
over previous demonstrations. This architecture realizes a cubic scaling of connectivity (163 = 4, 096),
enabling sampling within a Hilbert space of dimension approximately 102,461. The experimental results are
rigorously validated against all current classical simulation methods, especially the matrix product state
algorithms recently designed to exploit photon loss11. The ability to control thousands of photons in
programmable low-loss quantum processors pushes the experimental frontier into a regime far beyond
classical tractability and opens a pathway to trillion-qumode three-dimensional cluster states and fault-
tolerant photonic quantum hardware.
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A Abstractd

Light-detection and ranging (LIDAR) is being increasingly deployed for consumer imaging across handheld,
wearable and robotic applicationsl,2,3,4. These sensors measure the time-of-flight of light at picosecond
resolution, which could enable them to image objects hidden from their field of view. Although such non-
line-of-sight (NLOS) imaging capabilities have been shown on research-grade LiDAR devices, they remain
challenging to achieve on consumer devices due to poor signal quality resulting from low laser power, low
spatial resolution, and object and camera motion. Here we propose a multi-frame fusion strategy to
overcome these challenges and demonstrate NLOS imaging on consumer LIDAR. We introduce the motion-
induced aperture sampling model to unify the effects of object shape, object motion and camera motion
under a single measurement model. Using this model, we demonstrate several NLOS capabilities on a
smartphone-grade LiDAR: (1) three-dimensional reconstruction; (2) single- and multi-object tracking; and
(3) camera localization using hidden objects. Previously, NLOS imaging capabilities were restricted to bulky
and expensive research-grade hardware that requires extensive set-up and calibration. Our results represent a
shift towards plug-and-play NLOS imaging, where anyone can image hidden objects with off-the-shelf
hardware (for less than US$100) and no additional set-up. We believe democratization of such capabilities
will advance consumer applications of NLOS imaging.
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A Abstract(

Gyroscopes, as fundamental inertial sensors, are crucial for rotation measurements in the consumer
electronics, automotive and aerospace industries, with the most widely used kind relying on the Coriolis
effect. The chip-scale Coriolis vibratory gyroscopes (CVGs) show reduced size, weight and cost but have far
lower performance than traditional macroscale CVGs, as the weak intrinsic Coriolis factor sets a fundamental
limit on scaling the sensitivity against the inherently louder Brownian noise in microchips compared with the
macroscale ones. Here, to overcome this physical limit, we propose and experimentally demonstrate the use
of third-order singularities lying within cusp catastrophes in the phase-tracked oscillations of an on-chip
CVG to facilitate a cubic-root scaling of the Coriolis-effect-induced frequency modulation. Using this effect,
we achieve a three-orders-of-magnitude enhancement in the Coriolis factor, yielding a 253-fold
improvement in the signal-to-noise ratio and a 297-fold increase in precision. Moreover, the cusp singularity
enables a previously unattainable ultrasensitive phase-modulated sublinear measurement, achieving record
signal-to-noise ratio performance for silicon-chip gyroscopes. These findings not only provide revolutionary
advancements in gyroscope technologies, by filling the gap in observing and controlling the singularity-
enhanced Coriolis effect, but also shed new light on other ultrasensitive sensing applications.
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A Abstractd

Controlling individual atoms using lasers, ion traps and scanning probe tips has transformed our
understanding of matter and enabled breakthroughs in quantum science. Extending this control into three-
dimensional (3D) solids and across mesoscopic scales, however, remains a foundational challenge. Electron
irradiation in electron microscopes is known to induce atomic displacements7, and atomic manipulation has
been proposed8 and demonstrated9,10. Yet repeated and deterministic control has remained elusive. Here
we demonstrate deterministic atomic engineering in a 3D crystal, creating ordered arrangements of more
than 40,000 user-defined defects within minutes across a 150 nm x 100 nm x 13 nm volume. By steering
individual Cr atoms in the magnetic semiconductor CrSBr into selected interstitial sites using an electron
beam directed with sub-20-pm-scale accuracy, we create vacancy— interstitial complexes. The resulting
impurity array forms a mesoscale crystal embedded within the host lattice, a new form of engineered artificial
matter that remains stable at room temperature and outside the microscope. By tracking Cr atom
displacements, we identify conditions under which the defect structures are predictable. Our calculations
suggest that these defects form correlated impurity states with intra-defect optical transitions and inter-defect
kinetic and Coulomb interactions. This establishes a generalizable platform for atomic defect engineering at
mesoscopic, and potentially macroscopic, scales, opening opportunities for scalable quantum technologies,
including deterministic colour-centre placement, quantum simulation of many-body lattice models and
atomic-scale manufacturing.
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Clinical application of base editing for treating 3 -thalassaemia
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A Abstractd

B -Thalassaemia is caused by reduced or absent production of 3 -haemoglobin. Previously, we performed
laboratory-scale electroporation of CD34+ haematopoietic stem and progenitor cells from patients with 3 -
thalassaemia using a transformer base editor. The aim was to target the binding motif of the transcription
repressor BCL11A in the HBG1 and HBG2 promoters7 to reactivate fetal haemoglobin (HbF) production.
Here we present results of a phase 1 clinical trial (ClinicalTrials.gov identifier: NCT06024876) of five patients
who received autologous CD34+ cells modified using a transformer base editor at clinical scale (CS-101).
With a median follow-up of 23.0 months after CS-101 infusion, the median times to neutrophil and platelet
engraftment were 16 days and 25 days, respectively. Moreover, all patients had stopped red blood cell
transfusions, with a median time to the last transfusion of 18 days after CS-101 infusion. The mean total
haemoglobin and HbF concentrations were 12.4+ 1.0and 11.5+ 0.9 g dl-1, respectively, at month 3 after
infusion. These levels remained at similar or higher levels throughout the follow-up period, which indicated
rapid haematopoietic reconstitution. The adverse events of CS-101 were generally consistent with those of
busulfan myeloablative conditioning and autologous haematopoietic stem and progenitor cell
transplantation. No deaths or cancer occurrences were reported. In summary, CS-101 can lead to rapid and
sustained increases in both total haemoglobin and HbF levels, which resulted in early and enduring
transfusion independence.
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A Abstractd

Limited understanding of the biological processes that govern metastatic dissemination hinders its prevention
and treatmentl. Here, using 501 longitudinally collected primary and metastatic tumour samples from 24
patients with non-small cell lung cancer (NSCLC) enrolled in the TRACERX lung study and PEACE
autopsy programme, we infer tumour evolution from diagnosis to death. With DNA-sequencing data
encompassing 70% of the metastases that were radiologically detected before death and paired multi-region
sampled primary tumours, we show that the genomes of metastases diverge markedly from those of their
ancestral primary tumour, with additional driver alterations and genome doubling events occurring after
metastatic dissemination. In 62.5% of patients, multiple primary tumour subclones disseminated, each
founding a distinct metastasis. These metastases served as sources of onward spread: more than half of the
metastases sampled were seeded by other metastases. The duration that metastases existed in situ influenced
their likelihood of seeding further metastases. Most metastatic migrations started and ended in the same
anatomical cavity. The few subclones that exited the thorax to seed metastases disseminated widely and were
enriched for somatic copy-number alterations, suggesting that chromosomal instability may facilitate
extrathoracic spread. This spatial and temporal evolutionary analysis sheds light on the extent of metastatic
diversity and seeding in advanced NSCLC—uwhich tends to be underestimated in single metastasis
biopsies—and identifies genomic and clinical mediators of metastatic progression.
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