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A distant brown dwarf coplanar to a warm Jupiter and a hot super-Earth

guooobbtoooooobobboogoog

A 000 Mati asl.Jones, Luca Naponiello, Trifon Trifonov, Rafael Brahm, Gabriele Pichierri, Lorena

Acu?a-Aguirre, et al.

AUDO

2/9



https://www.nature.com/articles/s41586-026-10586-5
A0

guoobobbtudoooobobbugoooobobbboooooooboTrvsbooooo
goboboobboorvbbboooooooooobobboogoogoboooood

guobbobbbuodggogobobbobbugoogoboobbuooooooo

OO00000o0ob0oboboboboobogoobTol-01boboRrRvObog/TTVOODODO
goooooboboooogd

gopobooboossgiobbobbodgoooseEdgonooobboooooos3agoon
gobowioboouodoggooosoibbouddte=0e20 D000 ooBebOggnd
goooboomMBDUOUOlOOOODOO

gpbbUbddorRvibuoooogooooobboooooobbboooooobn
goboooood

gobbobbbuoggosegtgggooobouodoogoobobboooooonoboon
goobobobbooooooobbobobowiooooooobooo

guouobobbooosbbobbdoouobobobbogoooooboboooooobbood
goboooood

A Abstract(

In transiting planetary systems, in which planetary sizes are accurately determined from transit observations,
the presence of transit-timing variations (TTVs), especially when combined with radial velocity (RV) data,
provides powerful constraints on masses and orbital eccentricities. Together, these measurements offer
crucial insights into system architecture, formation mechanisms and dynamical evolution. We present long-
term RV and transit/ TTV monitoring of the relatively young star (age approximately 1 Gyr) TOI-201,
revealing an exceptional multi-planet system composed of a hot super-Earth (SE) size planet transiting every
5.8 days, a warm Jupiter (WJ) on a 53-day orbit and an eccentric (¢=0.62) low-mass brown dwarf (BD) on
an approximately 8-year orbit, with an estimated mass MBD of about 16 Jupiter masses. The BD is the
longest-period transiting substellar object ever characterized by means of RVs and the only one known to be
coplanar with inner planets. The architecture of this system suggests that the SE was formed isolated and in
the innermost region of the gaseous disk. On the other hand, the orbital configuration of the outer
companions suggests a nearly in situ formation of both objects, with the WJ forming in a dense inner disk.
Alternatively, the BD might have formed farther out and migrated inward, while increasing its eccentricity
owing to interactions with the disk.
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Nuclear shell structure governs short-range nucleon pairing
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A Abstract(

Atomic nuclei are intricate quantum systems in which nucleons (protons and neutrons) are held together by
the strong nuclear force. At very short distances, nucleons can momentarily form high-momentum
pairs—known as short-range-correlated pairs—that shape the high-momentum structure of nuclear matter.
Studying how nucleons form short-range-correlated pairs provides a rare experimental window into the
short-distance behaviour of the strong interaction. Here we use the scattering of high-energy electrons from
40Ca, 48Ca and 54Fe, chosen for their distinct shell structures, to probe the formation of short-range-
correlated pairs. Unexpectedly, we find that short-range-correlated pairing depends far more on the specific
quantum orbitals occupied by protons and neutrons than on the nuclear mass or neutron— proton
imbalance. This dependence is much stronger than that predicted by theoretical models. Our results point to
a need for new angular-momentum quantum selection rules governing short-range nucleon pairing and
reveal a deep connection between long-range nuclear shell structure and short-range interactions.
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A Abstractd

Macroscopic quantum coherence emerges when bosons condense into a Bose— Einstein condensate (BEC).
Excitons are a long-sought solid-state route to high-temperature BECs with strong interactions, electrical
tunability and potentially multicomponent spinor order, but conclusive evidence for equilibrium
condensation has remained elusive. Here we report evidence for two-component exciton BECs in
MoSe2/hBN/WSe2 electron— hole bilayers by probing the spin— valley susceptibility of constituent
electrons and holes. This heterostructure hosts equilibrium exciton fluids with four spin— valley flavours.
Magneto-optical spectroscopy in a dilution refrigerator reveals three exciton condensate phases with distinct
flavour polarizations. At zero magnetic field, the many-body ground state is a coherent superposition of two
condensed intravalley exciton flavours. Under a magnetic field, the intravalley exciton condensate first
switches to a two-component intervalley condensate through a first-order quantum phase transition at a
weak critical field and then turns into a fully polarized single-component condensate at high fields. The
condensate signatures form a dome in density— temperature space, persisting up to approximately 1.8 K.
Our results establish van der Waals electron— hole bilayers as a versatile platform for strongly interacting,
multicomponent exciton BECs.
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A Abstractd

The resilience of van der Waals (vdW) materials to large strain fields makes them an ideal platform for tuning
electronic, optical and magnetic properties. Although in-plane strain is readily mapped, non-invasive and
quantitative characterization of out-of-plane strain remains a formidable challenge, particularly for picometre-
scale deformations buried at interfaces. Here we demonstrate a polaritonic optical method that uses the mid-
infrared out-of-plane hyperbolic polaritons (0HPs) mode to detect interlayer deformations in prototypical
vdW polar insulator— hexagonal boron nitride (hBN). This method uses the softening mechanism of out-of-
plane transverse optical (0TO) phonons induced by interlayer strain, enabling highly sensitive detection of
picometre-scale deformations. Although these oTO phonon modes are typically spectroscopically *  dark’ ,
their strain response is activated through the oHPs, achieving an atomic displacement sensitivity of about 10
pm (about 8 x 10-7 times the probing wavelength), enabling ultradeep-subwavelength mechanical
interlayer deformation detection. This is experimentally validated in both planar hBN and at the buried
interface of quantum dot— hBN nanotube heterostructures. This polariton-based picometrology bridges
nanomechanics and photonics, providing a non-destructive lens to visualize hidden stress landscapes with
atomic precision.
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A Abstractd

Interfacial losses at perovskite/charge transport layer (CTL) heterojunctions persist as a critical barrier to
achieving high-performance perovskite solar cells (PSCs). Although molecular ligands can passivate
interfacial vacancy defects, their vertical anchoring geometry compromises charge transport by increasing
interfacial transport pathways. Here we demonstrate that stereoelectronic manipulation of ligand adsorption
topology advances interfacial minimum energy loss for efficient and stable PSCs. By strategically replacing
benzene carbons with nitrogen atoms to create pyridine or pyrimidine rings, we design ligands that
concurrently anchor to the perovskite through Pb— N coordination bonds and Pb— I— 1t interactions,
endowing a single molecule with dual, synergistic binding modes. This mutually reinforcing stereoelectronic
interplay drives thermodynamically favourable planar alignment of ligands, enabling atomic-scale defect
mitigation while maintaining sub-nanometre-scale charge transfer across the interface. The optimized
interfacial architecture achieves a stabilized power output of 26.85%, with certificated reverse-scan and
forward-scan efficiencies of 27.41% and 26.35%, respectively. Furthermore, the solar modules exhibit
exceptional operational stability, retaining 85.8% of initial module efficiency after 258 days of outdoor real-
time field testing.
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A Abstractd

Earth’ salbedo is fundamental to the planetary energy budgetl. The Northern Hemisphere (NH) and
Southern Hemisphere (SH) contribute essentially equally to the planetary albedo—a remarkable yet puzzling
phenomenon known as hemispheric albedo symmetry. Although such symmetry is rare, it is not unique.
Nevertheless, other symmetry pairs have remained unexplored, despite their potential to illuminate possible
causes of albedo symmetries and implications for the planetary energy budget. Using a 25-year satellite
record, here we show that Earth also exhibits a unique and persistent east— west (E— W) albedo symmetry:
the 27° E meridian divides the planet into an Eastern Hemisphere (EH) and a Western Hemisphere (WH)
that reflect nearly identical amounts of sunlight. In contrast to the NH— SH symmetry, the EH— WH
symmetry encapsulates a distinctive *  triple symmetry’ in which clear-sky albedo, cloud radiative effect
and open-ocean fraction all exhibit hemispheric symmetry around this meridian. This EH— WH symmetry
arises from greater high-cloud reflection in the EH balancing greater low-cloud reflection in the WH.
Furthermore, interannual variability in the EH— WH symmetry tracks the phase of the EI Nio— Southern
Oscillation (ENSO), indicating a potential connection to general circulation. This discovery of the

EH- WH albedo symmetry and its emergence as a triple symmetry provides a reduced degree-of-freedom
constraint for Earth system models (ESMs) and stresses the critical nature of continued Earth radiation
budget observations under a rapidly changing climate.
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