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Foreword

Greetings everyone!

This issue covers the preprints between Oc-
tober 14-21, 2024.

Astrophysics had many studies on the Solar
System, protoplanetary disks, and more interest-
ingly, three separate research groups published
a preprint on Gliese 229B, where all estimated
that it is actually a brown dwarf duo with similar
masses.

One multifaceted workflow in the remote
sensing preprints had the Adaptive Disaster
Interpretation where it can be highly beneficial
to researchers and policy makers alike.

Analytical and Environmental Chemistry
preprints were comparatively low in number but
not in quality.

For the data decomposition methods, in-
teresting studies took place for missing entry
imputations, root cause identification, denoising,
and other tasks.

See you next week!
Güray Hatipoğlu
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Last week in Astrophysics

Author: Yasin Güray Hatipoğlu

The preprints summarized here were pub-
lished between October 15 - October 21, 2024.
These are from arXiv’s astro.EP cross-fields

Astrochemistry

Tokadjian et al.[1] forward modeled of Archean
and Proterozoic (4 to 2.5 gigayears before and
2.5 to 0.5 gigayears before, respectively) Earth
atmosphere with the ExoRel code to check the
detectability of methane, carbon dioxide, carbon
monoxide, and nitrous oxide from the reflected
light spectrum ranging 0.25 to 1.8 µm. They ap-
plied a Gaussian photon noise to the retrieved
spectra for an SNR of 20 at 0.75 µm with res-
olutions 7, 140, and 70 for UV, optical, and near
IR ranges of this wavelength range. They specif-
ically stated that the ratio of methane to carbon
dioxide (CH4/CO2) and N2O individually might
be better targets to detect.

Stellar Systems - Populations - Clus-
ters

Yamaguchi and El-Badry[2] considered the case
that Kepler data had revealed five self-lensing
binaries (SLB), while no SLB was found with
the TESS data, even considering the fact that
TESS monitors the same period of the sky un-
interrupted for 25 days for the most stars. They
started with approximately 2 million light curves
around 900 000 unique sources, filtering the sam-
ple according to the root mean square error in flux
smaller than 0.001 which would correspond to a
self-lensing pulse from a WD companion. Then,
they tried to find the peak more reminiscent of the
self-lensing with a Gaussian Process fitting using
the Bayesian Information Criterion via the george
Python package. They put additional criteria to
down the sample around 800, then selected a fur-
ther 72 “Gold” samples as the most promising,
and reported that in total, TESS observed around
4 times more detectable SLBs than Kepler.

O’Connor and Lai[3] studied the origin of the
metal pollution in Sun-like stars from the perspec-
tive of engulfing ultra-short-period (USP) planets.
The calculations used a low-eccentricity migration
scenario in mind, in which the future USP planet’s
eccentricity remained low because of the inter-
planetary interactions. Among many interest-
ing insights, they reported that most FGK-type
dwarfs should have a compact multi-planetary

system with the innermost having 5 times Earth
mass and smaller than 0.1 au semi-major axis.

Ofir et al.[4] examined the 64 systems contain-
ing 218 planets with PyDynamicaLC, and among
them, 88 gained a higher than 3σ significant
masses, with 23 had their first mass determina-
tion. The data was from the Kepler mission and
the technique was the Transit Timing Variation.
The PyDynamicalLC package utilizes TTVFaster
and MultiNest packages’ techniques and develops
over them. Their approach was particularly effec-
tive for the comparatively low-quality, low SNR
TTV signals.

Lin et al.[5] examined the hypothesis of the
“naked core” hypothesis, where an unlikely high-
density exoplanet was assumed to be a rem-
nant core of previous giant planets with a lost
envelope. First, they constructed a planetary
interior model with a nonrotation and spheri-
cally symmetric planet in hydrostatic equilibrium.
The outer boundary conditions for the naked-core
planets were their equilibrium pressure, while for
self-compressed ones it was a set 0.1 bar. Their
planets had a fully differentiated Fe (iron) core,
MgSiO3 mantle, and H/He or H2O primordial
envelope (it is mostly similar to an atmosphere,
but it still considers parts from the top to the
mantle) to account gas and ice giants, respec-
tively. AQUA was chosen to modelH2O envelope,
while for H/He a 0.275 Helium fraction and a wide
Pressure-Temperature range EOS database were
adopted. The magma ocean profile was consid-
ered with an adiabatic temperature profile, and
then, they evolved the naked core. They gener-
ally found the naked-core hypothesis unlikely, es-
pecially with the added detail of estimated fuzzy
cores of Jupiter and Saturn.

Single Star System (Star, Exoplanet)

Staelen et al.[6] examined the oblate, spheroid,
and prolate-shaped internal cores of celestial bod-
ies. Their approach included a composite of two
homogeneous layers with different characteristics
and rotations. They started from the slow ro-
tators and also discussed the potential extension
to the fast rotators in case of the following core-
envelope matches: oblate-oblate (OO), oblate-
prolate (OP), PO, and PP. They ruled out the
prolate envelope cases as they can not be at equi-
librium, but a prolate core can be permitted along
with OO cases.

Pucacco[7] studied the dynamical stability of
the de Sitter equilibria for the multiresonant plan-
etary systems. Pucacco applied the theoretical
underpinnings presented in the first parts of the
paper to the Jupiter-Galilean system (Io, Europa,
and Ganymede) and the Gliese 876 system. It was
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reported that the sequence of Laplace-resonant
equilibrium configurations could be parametrised
with the single resonance proximity parameter,
and although only first-order resonant terms can
give explicit solutions for this sequence and the bi-
furcation threshold, numerical root-finding meth-
ods were necessary for more accurate estimations.

Yu et al.[8] attempted to model the stel-
lar activity-related signals with a physics-driven
Gaussian process (multi-GP) framework from the
time series of spectral line profiles or cross-
correlation functions, simulated it, made injected-
retrieval tests, and also worked with the HARPS-
N solar data and HARPS observations of HD
13808. Firstly, they explained the FF’ frame-
work (F is flux in specific times), how the line-
of-sight velocity changes similar to the derivative
of F (which is F’) and up-flow velocity behaves
as F. The multi-GP framework involves a quasi-
periodic GP modeling of F 2, and consequently,
G’ is proportional to the FF’. Rather than mod-
eling the line profile, they subtracted the base-
line devoid of active regions from the line profiles
and worked on the perturbations. They divided
the effects on the stellar line profile active regions
into two: the photometric effect, in which a dark
spot or bright faculae may change the mean stellar
line profile in a given point of a star, and the in-
hibition of convective blueshift effect, which, in a
simplified manner, the magnetic field of the active
regions result in a local redshift. After construct-
ing the full model with two effects and combin-
ing the flux and flux derivative-related G and G’,
they approached the multi-GP framework with-
out much inaccuracies regarding the higher-order
effects. They implemented this with the S+LEAF
2 with Matérn 3/2 exponential periodic kernel to
solve GP, and the joint posterior over the param-
eters was sampled with the PolyChord. The sim-
ulated data was generated with the Spot Oscilla-
tion and Planet Code (SOAP2). Their framework
was robust in signal-to-noise ratios down to 100,
and they found the approach successful overall.

Wang et al.[9] studied the PARSEC, BaSTI,
MIST, and BY-SETTL models for ultraviolet
emission fractionation for the F, G, K, and stars
with the Galaxy Evolution Explorer far-UV and
near-UV, China Space Station Telescope near-U,
stellar effective temperatures, and Gaia BP-RP
color differences. They plotted the magnitudes
from the model estimations for different spectral
types and compared them to the observations and
reported the fractional UV contributions to the
total stellar flux.

Venner et al.[10] reanalyzed HD 28185 from
the 22 years of Hipparcos-Gaia radial velocity
observations and precision astrometry measure-
ments. They confirmed the HD 28185 temperate

giant planet character and presented new evidence
for reclassifying HD 28185 c as a super-Jovian
planet with around 25 years orbital period and
6 times Jupiter mass rather than a brown dwarf.

Whitebook et al.[11] discovered that the Gliese
229B system was a binary, with the other com-
ponent being at least 15 times the Jupiter mass.
They used Keck/NIRSPEC to obtain the spec-
tra of the system in the R - 25000 high-resolution
mode. The observations took place in March 2022
and November 2022, with the former in natural
seeing mode with the 0.432” slit while the lat-
ter was in natural guide star adaptive optics with
the the 0.041” slit. They used a custom pipeline
to reduce the data and after the radial velocity
anomaly estimation, constrained the characteris-
tics of the companion object. Similarly, Xuan et
al.[12] studied the same system with the GRAV-
ITY interferometer (data was reduced by ESO
GRAVITY pipeline) and the CRIRES+ spectro-
graph (reduced by excalibuhr of the Very Large
Telescope (VLT) and came up with around 38 and
34.4 Jupiter masses for the two objects detected
for the system. Moreover, they reported a semi-
major axis value of 0.042 au for this tight brown
dwarf binary system.1

Marimbu and Lee[14] examined the erasure of
the initial conditions in the multi-planetary sys-
tems, focusing on orbital periods. They used RE-
BOUND N-body integrator with TRACE for up
to 300 million years, 15 and 20 protoplanets sepa-
rately with 500 randomized initializations in each.
All planets had 2 times Earth mass. Through
their simulations, they observed that till 100 mil-
lion years the information regarding the initial
conditions was erased.

Exoplanet Atmospheres

Agrawal and MacDonald[15] presented an open
source molecular and atomic cross-section com-
putation for exoplanetary atmospheres-Cthulhu,
a Python package2. It can automatically sum-
mon ExoMol and HITRAN/HITEMP lines to
an HDF5 file and supports manual download of
VALD line lists. It utilizes the Vectorised Voigt
method and computes cross-sections after the lo-
cation, temperature, pressure, and wavenumber
range specifications.

Kawashima et al.[13] studied the Gl 229 B
with the Subaru/IRD R approx. 70000 high-
resolution spectroscopy. They retrieved a stellar-
consistent C/O ratio, constrained the tempera-
ture and after considering the previously mea-
sured photometric magnitude, they stated that Gl

1Also check another study under the Exoplanet Atmo-
sphere category on Gl 229 B.[13]

2The related documentation can be found here.
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229 B is a binary system.
Soni and Acharyya[16] constructed 1D chem-

ical kinetic models to examine the impact of the
vertical mixing in exoplanet atmospheres on the
observed spectra from them. Their parameter
space included the planet radius, reference pres-
sure, eddy diffusion, surface gravity, internal and
equilibrium temperature, and metallicity. Firstly,
they explained the extreme atmospheric cases
from very hot and very cold temperatures where
the vertical mixing is not expected to play a signif-
icant role. They applied the vertical mixing time
scale from the eddy diffusion and mixing length,
the chemical time scale from the production and
loss of a chemical species, and the quenching was
incorporated with their newly-developed Python
code and used the model in petitRADTRANS.
They utilized the differences in vertical mixing un-
der the same conditions for different chemicals to
find the signature of vertical mixing in the transit
spectra. In the end, they were more successful in
putting constraints on eddy diffusion between 900
and 1400 K equilibrium temperatures.

Stangret et al.[17] studied the KELT-9b
and KELT-20b (ultra-hot Jupiter exoplanets)
atmospheres spectra considering Fe II winds
with HRAPS-N spectrograph. They interpreted
the blue-shifted signals found with the cross-
correlation method KELT-9b as strong day-to-
night side atmospheric winds, while for KELT-20b
there was no conclusive evidence of such winds
from Fe II signals.

Protoplanetary - Circumstellar Disks

Cesario et al.[18] and the LIFE Collaboration
examined the potential design concepts for the
Large Interferometer for Exoplanets (LIFE) to
find transient magma oceans in cooling protoplan-
ets with its space-based mid-infrared nulling in-
terferometer. As it is not yet out, the work was
done with the LIFE mission instrument simulator
with optimistic, baseline, and pessimistic separate
scenarios for the minimum and maximum wave-
length and aperture diameter. Related code to
reproduce the analysis is here. They estimated
that within a 100-parsec distance, an Earth-sized
magma ocean can be detected by the LIFE instru-
ment in up to several hours of integration times at
most. Moreover, they reported that shorter wave-
length will be better at hot protoplanet detection,
and the non-blackbody nature of the protoplane-
tary atmospheres, the inner working angle of the
LIFE for distant systems, and a realistic instru-
mental noise model are needed to further mitigate
the current limitations in estimations.

Dykes et al.[19] monitored the AB Aurigae
protoplanetary disk with the Subaru Telescope’s

SCExAO/Coronagraphic High Angular Resolu-
tion Spectrograph (CHARIS) in 1.1-2.4 µm with
an angular separation of 0.13” to 1.1” (on these
they corresponded to the 20-175 astronomical
units). They reduced the data with the stan-
dard CHARIS cube extraction pipeline, Data Pro-
cessing Pipeline, and the pipeline’s PDI module.
They utilized the double difference method for re-
moving the stellar point spread function (PSF).
After the polarized light processing, they reported
a wavelength-dependent shape change in the pro-
toplanetary disk for different bands. They stated
the successful higher-contrast result of the 22-
channel polarized light contrary to the literature.

A different type of circumstellar disk was mod-
elled by Fröhlich and Regály[20] as a disintegrat-
ing asteroid around a white dwarf star from its
disintegration to the evolution of the remaining
disintegrated parts. The main purpose was to ex-
amine the Calcium triplet (Ca II) emission around
the metal-polluted white dwarfs. GFARGO2
modelled this below WD sublimation radius ec-
centric orbit asteroid. In the end, they stated that
their simulation is in line with the observations of
the persistent Ca II asymmetry, as the periodic
reversal of blue-red shifts of this line could take
place in the timescales of 10.6 to 177.4 days.

Zuleta et al.[21] examined a warped disk struc-
ture where inner and outer annuli have “tilt an-
gles” between them. They estimated the molec-
ular line emissions from their modelled warped
disk with the RADMC3D code and they ex-
tended the eddy package to handle the cases of
this study. They found out that their method is
beneficial and robust in Atacama Large Millime-
ter/Submillimeter Array (ALMA) noises.

Ziampras et al.[22] modelled shadows in proto-
planetary disks and investigated under what con-
ditions the ring formation and/or substructures
in the disk were favored. They used 2D PLUTO
code, its FLD module and FARGO algorithm, and
the HLLC Riemann solver. Then, to test if they
can find these structures with the observations,
RADMC-3D was used to generate synthetic ob-
servations. Their study had limitations for verti-
cally integrated models rather than fully 3D ones,
nevertheless, they were able to report that ALMA
and VLT-SPHERE-like instruments could still de-
tect the shadowing-related dynamics on the disk.

Xu et al.[23] simulated the gravitational insta-
bility by constructing 3D global models with the
Athena++. They started with a gravitoturbulent
disk and included three different ways to consider
the cooling and radiation: a constant cooling coef-
ficient, optically thin cooling, and optically thick
cooling with full radiation transport. The results
of the simulations were: the fragmentation into
gravitationally bound parts was stochastic and
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cooled and contracted clumps were better suited
to create fragmentations, and the initial fragment
mass values were generally lied in the brown dwarf
mass regime.

Genevieve et al.[24] studied the dust clumps
of the Protoplanetary Disk MWC 758 with the
ALMA Band 6 observations from 2017 and 2021.
They calibrated the raw visibility data with
the Common Astronomy Software Application
(CASA) versions, they put the inner disk as a
reference and fitted a 2D Gaussian function to
measure its centre. After they completed the self-
calibration and data alignment, the continuum
images were generated with the tclean function
of CASA. They analyzed and reported the con-
tinuum images in 1.3 mm, and the proper mo-
tion of eccentric dust ring and dust clumps. They
provided insights into the Keplerian and non-
Keplerian alterations in the structure and dust
clumps.

Sun

Kontar et al.[25] studied the type III solar radio
burst accelerated electron behavior and developed
a model and numerically tested it. They chose a
nonlinear way to model this phenomenon with dif-
ferent relaxation for different locations and time.
One of the paper’s main contributions is the ex-
plicit treatment of quasilinear theory and nonlin-
ear diffusion. They provided the change in the
peak electron number density in a nonlinear way
with time or space and followed through the beam
evolution.

Smith et al.[26] modelled the potential impacts
of a nearby supernovae and interstellar cloud
crossing on the solar system’s small bodies, Oort
Cloud, and Kuiper Belt. They started with the
remnant evidence of nearby supernovaes in 3 and
7 million years ago from the 60Fe, and examined
the supernovae blast and cold cloud transit im-
pacts on the solar system. They made these simu-
lations on a Python environment with the astropy,
numpy, matplotlib, and scipy packages. Among
many interesting results, they reported that su-
pernovae closer than 50 parsecs might have im-
pacted Saturn’s Phoebe ring and swept away the
Kuiper belt dust.

Mars

Pahlevan et al.[27] studied the origin of the Mar-
tian atmospheric volatiles. They considered the
nebular capture through the Martian lifetime and
outgassing primarily. They first discussed the lit-
erature and isotopic evidence on different types of
contributions to the Martian atmosphere. From
the different mixing and source contributions,

they considered a hybrid origin and also discussed
the Martian hydrosphere origin and cometary
contribution with isotopic ratios and the litera-
ture, too.

0.1 Jupiter

Arevalo et al.[28] constructed evolutionary models
for Jupiter that accommodate not only the ob-
served quantities by Voyager, Galileo, and Juno
but also a fuzzy heavy-element core. They used
their evolutionary code APPLE and important
foci were the heavy element mass fractionations
and the hydrogen/helium miscibility. Their mod-
els are compared to the equatorial radius of
Jupiter. They considered irradiated atmospheric
boundary conditions and utilized several works
from the literature on the H-He equation of states
(EOS), volume addition law, and multiphase EOS
tables, including supercritical and superionic wa-
ters. They made several core evolution scenarios
and reported that a fuzzy core for Jupiter was
more likely.

0.2 Solar System Ice Giants

Ruiz et al.[29] simulated the dynamical evolution
of Uranus and Neptune together with the modi-
fied REBOUND3 and Mercury v. 6.2 codes. They
made several modifications to these codes without
undermining how they would model the known
initial conditions like Neptune and Uranus. These
helped to explore larger parameter spaces. They
reported that the new codes now can follow plane-
tary evolution and explore their migration, orbital
excitation, and damping.

Near-Earth Objects - Asteroids -
Comets

Dobson et al.[30] analyzed the cometary activ-
ity of the newly-discovered Jupiter-family comet
C/2023 RN3 with 298 observations with the
ATLAS, ZTF, LOOK, and Liverpool Telescope.
They analyzed the evolution of its brightness,
color, dust production rate (from the albedo, dust
grain filling factor, and the aperture radius), and
orbital evolution. They reported that the esti-
mated cometary activity started on August 16,
2023, with no significant color change, a spatially-
extended coma, a generally larger dust produc-
tion rate considering Jupiter-family comets, and
a semi-major axis change owing to an encounter
with Jupiter.

3The relevant GitHub repository can be found here.
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Moon

Brötzner et al.[31] measured laboratory sputter4

yields and compared them to the several modes of
the SDTrimSP v 6.06 and SRIM 2013. They in-
cluded both 1D and 3D simulations and as for the
experiments, the material surface was examined
with an atomic force microscopy. Rough surfaces
also showed a lower amount of sputter, and simu-
lations, especially for flat surfaces, overestimated
the sputter in almost all incidence angles.

Giannakis et al.[32] studied ground penetrat-
ing radar data processing with deep learning
methods. Using simulated data, they focused on
the automatic full waveform inversion and miss-
ing/low quality trace filling. The related Kaggle
Competition GDLC-1 is here.

Earth - Space relationship

Dalal et al.[33] studied the upstream ions to-
wards the Earth and towards the Sun using in
situ measurements from the L1 Lagrange point
(H,4 He, andCNO species were analyzed). The
data can be filtered and retrieved from here, which
were collected by the Suprathermal Energetic Par-
ticle instrument T1 and T2 telescopes of the Wind
spacecraft. They reported several interesting re-
sults, such as comparable softening in the up-
stream ion spectra with decreases in mass.

Zeebe and Kocken[34] reviewed the Astronom-
ical (Milankovic) forcing of climate on tens of
thousands of years timescale and the dating of ge-
ological timescales. They reviewed the concepts,
and studies, and presented the available resources
for different practical needs.

Magnetohydrodynamics

Sgynbayeva et al.[35] studied the circumplanetary
disks, or the likelihood of them around differ-
ent types of planets under different conditions,
and also proposed ways for Jupiter and Saturn
to have their current ring and satellite systems.
They conducted their hydrodynamic simulations
in Athena++. They simulated it for 100 plane-
tary orbits for 0.3, 1, and 3 Jupiter-mass plan-
ets, and various other values for vertical height
/ radius, and thermal mass. They reported sev-
eral cases where it is likely to have circumplan-
etary disks (CPD) and why we haven’t yet ob-
served much of them simultaneously, such as high-
separation orbit amenable to having CPD but not
so for direct imaging techniques.

4Solar wind hits the “airless” surface of celestial bodies,
such as the moon, and ejects materials from that surface.
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Last week inAnalytical Chem-
istry

Author: Yasin Güray Hatipoğlu

The preprints summarized here were pub-
lished between October 15 - October 21, 2024.
They are more in nature of spectroscopy alone,
and hence several studies regarding biochemistry,
chromatography, and several other disciplines
might be missed here.

Mass Spectroscopy

Ngan et al.[36] combined spectral matching in the
non-target screening and machine learning tech-
niques from Reverse-Phased Liquid Chromatog-
raphy with High-Resolution Mass Spectrometry
(RPLC-HRMS). Even though several studies tried
to create databases of spectra and retention times,
the variability in retention times according to the
chromatographic conditions hindered the trans-
ferability of their data, the models they were
based on, and so on. Hence, this study with three
machine learning models and a focus on the re-
tention index (RI)5, a more robust alternative to
the retention time. The models are random for-
est regression with molecular fingerprints used to
predict the RI, another random forest regression
to predict RI from the MS/MS spectra, and a k-
nearest neighbors binary classification to match
ULSA annotation. They found the results promis-
ing and in forthe RI identification cases, success-
ful.

Sehnal et al.[37] from RECETOX6 con-
structed a pull-down-based7 pipeline EnDiTrap to
detect endocrine-disrupting chemicals selectively
and better. They also used this methodology
for freshwater algal bloom sampling and retinoid-
like active compound search. They used mass-
spectrometry-based tandem quadrupole instru-
ments in the target analysis, and also a nontarget
high-resolution mass spectrometry (HRMS), and
full scan MS2 analysis. They applied orthogonal
projections to the latent structures discriminant
analysis (OPLS-DA) technique. While caution-
ing the implementers on different eluting solutions
and other conditions on resulting measurements,

5Briefly, it is a kind of normalization that mitigates the
instrumental-specific nature of retention times using two
other n-alkane retention times that are eluted faster and
slower than the analyte.

6Research Centre for Toxic Compounds in the Environ-
ment, Masaryk University.

7Pulling a sample and downing it to a specific protein
to see how much of them bind that, briefly.

they found the undertaking successful and com-
pared their post-Python processed results to the
Compound Discoverer and MSDial.

Schmitt et al.[38] utilized LC-MS and an
in-house spectral library for a more compre-
hensive metabolic profiling. They emphasized
the pentafluorophenyl chromatography and ex-
tensive annotation positive impact on the pre-
dictive power, specifically for fasting blood glu-
cose (very high R2, 0.97) and reasonably well
for glomerular filtration rate8 calculated by elas-
tic net-regularized linear and logistic regression.
They used plasma samples from 432 patients.

Takemori et al.[39] introduced PEPPI-SP3
workflow (Passively Eluting Proteins from Poly-
acrylamide gels as Intanct species for MS - sin-
gle pot, solid-phase enhanced sample preparation)
for an effective top-down proteomics9 approach.
They used the mostly bottom-up analytics tech-
nique, SP3, after sodium dodecyl sulfate (SDS)
polyacrylamide gel electrophoresis (PAGE) sepa-
ration of proteins. They discussed the optimum
choice for purifying the PEPPI remnants among
the MCW (methanol-chloroform-water precipita-
tion), FASP (filter aided sample preparation, in
this case urea-assisted with ultrafiltration, and
SP3, with several advantages for each of them
while SP3 was generally more robust and overall
superior.

Zhai et al.[40] coupled the size exclusion chro-
matography and native mass spectrometry (nano
electron spray ionization (ESI) to mildly be able
to increase the MS peak intensity with a more
than one order of magnitude lower concentration
solution in protein characterization. Moreover,
they reported that the lower flow rate allowed
them to bypass heated secondary gas use. They
found the approach successful.

In order to provide a rapid and reliable method
to diagnose lung cancer and similar biomolecule-
containing aerosols, Chen et al.[41] presented the
digitalMALDI. They tested it with insulin and the
method was sensitive enough to detect as low as
approx. 1 pg insulin in aerosol particles.

Immunoassays

Mao et al.[42] reviewed the digital immunoassay
techniques and discussed their theoretical foun-
dations, and made simulations and new tech-
niqueus to further the absolute quantification
of proteins through magnetic bead-related pro-

8There is more than one method to calculate glomerular
filtration rate.

9Just like their names suggest, top-down approach uti-
lizes the intact protein or its digestion products to charac-
terize/identify the protein content, while bottom-up works
from much smaller peptides to uncover the undigested
unique chains.
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cesses and compared their methods to the single
molecule immunoassay and electrochemilumines-
cence immunoassay. The related GitHub reposi-
tory for these studies are here.

Electrochemistry

D’Antona et al.[43] examined the proton trans-
fer through the interface between two immisci-
ble electrolyte solutions (ITIES) to uncover the
ion transfer kinetics at such regions. They ex-
perimented with different solutions and exchange
current densities, and interpreted both experi-
mental and COMSOL multiphysics simulation re-
sults together. The chemical 2,6-diphenylpyridine
(DPP) favored the direct proton transfer across
the hydrochloric acid (HClaq—Trifluorotoluene
interface according to the cyclic voltammetry and
aforementioned experimental/simulation results.

Nuclear Magnetic Resonance - NMR

Pais, Reile, and Ausmees[44] mitigated the prob-
lem of too-low concentration in the conventional
nuclear magnetic resonance (NMR) analyses by
using non-hydrogenative parahydrogen induced
polarization (nh-PHIP). This technique results
in analyte-related peaks in a conventional-NMR
blank regions with the transient iridium com-
plex coordinate compounds through the inter-
actions with the parahydrogens in the complex.
They found their complex successful in blood
sample adenine phosphonucleotide analyses. The
resulting shape of the octahedral Iridium com-
plex had two 1-methyl-1,2,3-triazol substrates and
(IMes) = 1,3-bis(2,4,6-trimethylphenyl)imidazol-
2-ylidene.

Fluorescence

Roy et al.[45] studied a specific method to detect
inorganic polyphosphate while not getting inter-
ference from cyclic metaphosphates and biological
polyphosphates, pyrophosphate, and ATP, ADP,
and GTP. The name of their technique is the ex-
cited state intramolecular proton transfer-based
(ESIPT) fluorescent turn-on sensors. The sensor
chemicals complexation with copper cations re-
sults in fluorescent quenching at will. Their sen-
sor chemical was 2-hydroxy-phenyl-benzoxazole
derivatives, where their nitrogen and hydroxyl-
oxygen played the complexing agent role. They
were successful in making a reversible, selective
sensor and even were able to monitor polyphos-
phate digestion using these sensors.
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Last week in Remote Sensing

Author: Yasin Güray Hatipoğlu

The preprints summarized here were pub-
lished between October 15 - October 21, 2024.
These are generally based on the preprints
retrieved when “remote sensing” words are given
between quotation marks within arXiv’s cs.CV
and similar cross-fields.

Tao et al.[46] reviewed the recent advance-
ments in the visual language models for remote
sensing tasks, where the enhancements took place,
and provided future directions.

Segmentation

Mahara et al.[47] introduced the Dense Depth-
wise Dilated Separable Spatial Pyramid Pool-
ing (DenseDDSSPP) with the DeepLabV3+ for
road extraction from remote sensing images. The
data they used were the Massachusetts Road
Dataset and DeepGlobe Road Dataset. They re-
ported the optimal backbone network as Xception
among others, such as VGG19, ResNet50, and
more. Their proposed model outperformed U-
Net, DeepLabV3+ with ASSP instead of DenseD-
DSSPP, SegNet, D-LinkNet, and Attention-UNet
in both datasets and was the second best in terms
of F1 score after RFE-LinkNet, while it was the
best in IoU and Precision metrics.

Liu et al.[48] developed the Adaptive Disaster
Interpretation (ADI) that goes beyond an indi-
vidual segmentation or object detection approach
by combining such tasks with also large language
models using autonomous agents. They provided
the RescueADI dataset to develop and test their
novel method. They improved upon Visual Ques-
tion Answering (like the number of vehicles on a
scene) to the planning and reporting in the ADI.
The basic categories of annotated requests that
ADI can work with are 1) Rescue Path Search, 2)
Object Perception, 3) Basic Task Execution (like
locating buildings), and 4) Fine-grained dam-
age assessment. Their method outperformed the
GeoChat and visualGLM in all tasks checked, and
among the chosen LLM backends, GPT 4o mini
generally outperformed Deepseek 7b, Qwen1.5 7b,
Qwen2.5 7b, and Llama3.1 8b.

Ma et al.[49] finetuned MANet segment any-
thing model for the multimodal remote sensing
scene semantic segmentation task. The relevant
code was said to be available in the following
GitHub repository. They introduced a novel
adapter, MMAdapter which extracted and fused
multimodal remote sensing features to finetune a

segment anything module and worked with the
ISPRS Vaihingen and ISPRS Potsdam datasets
to compare MANet’s performance, and it was
the best-performing algorithm in most classes and
metrics.

Modelling-Forecast

Hirner and Fraundorfer[50] developed SAda-Net10

to make a self-supervised stereo estimation from
unannotated data with convolutional neural net-
work approach having 495 thousands of trainable
weights, comparatively lightweight. In the end,
they took stereo-rectified satellite image tiles and
generated a point cloud and digital surface models
after the feature extraction, similarity function,
and disparity maps. They trained the model with
the SpaceNet challenge dataset of WorldView-3
panchromatic satellite images. They also show-
case the superiority of their method using the
Jacksonville data, Middlebury, and KITTI2015.

Object Detection

Ren et al.[51] introduced the RemoteDet-Mamba,
the hybrid Mamba-CNN network with a cross-
modal fusion Mamba module for the object detec-
tion tasks from remote sensing images. they fo-
cused on UAV data as inputs. The dataset was the
DroneVehicle, 28439 visible and infrared image
pairs with a total of 953087 detection instances.
They evaluated the performance with the mean
average precision metric. For comparison, the
chosen rival methodologies were as follows: Re-
tianNet, Refined rotation RetianNet, Single-shot
alignment networks, Faster R-CNN, Region of In-
terest Transformer, Rotation equivariant detec-
tor, uncertainty-aware cross-modality vehicle de-
tection, Multimodal Knowledge Distillation, Two-
stream Feature Alignment Detector, Calibrated
and complementary Transformer, and Disparity-
guided multispectral Mamba. Their method per-
formed better than others in terms of car, truck,
freight car, bus, and van detections, mAP met-
ric, and model size, and it was moderately fast
between the slower and faster choices.

10The algorithm and details can be found in the follow-
ing GitHub repository.
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Last week in Environmental
Chemistry

Author: Yasin Güray Hatipoğlu

The preprints summarized here were pub-
lished between October 15 - October 21, 2024
in chemRxiv’s Earth, Space, and Environmental
chemistry preprints are being surveyed, and
unfortunately, not many preprints are published
under environmental topics in this field.

Li et al.[52] utilized liquid chromatography-
high resolution mass spectrometry (LC-HRMS)
with iodine kinetics to identify different classes of
organic peroxides in α-pinene11 secondary organic
aerosols (SOA). They first checked the iodine-
related kinetics of commercially available organic
peroxides, then analyzed the SOA they generated
with the iodometry-assisted LC-HRMS and non-
target analysis. They stated that the added speci-
ficity gained from the iodometry can aid in organic
peroxide identification for atmospheric studies as
well.

Murphy[53] presented a novel fluorescence in-
dex ARIX to determine the dissolved organic
compound structure and aromaticity. There
are already several indices, such as the fluores-
cence index, biological index, humification index,
or PARIX from a study using the PARAFAC
analysis components (one peaked around 500
nm and another around 400 nm) ratio to each
other. This study reanalyzed the available data (9
datasets with more than a thousand data points)
to circumvent factor analysis-related potentially
dataset-specific factors and develop a more gener-
alizable model, ARIX. The focus was on predict-
ing the specific UV absorbance (SUVA) by these
indices, and the relations between the predictions
and actual measurements were satisfactory.

Petric et al.[54] comprehensively reviewed the
meteorological normalization/deweathering step
in air pollutant concentration prediction work-
flows from the literature and presented the as-
sumptions, pitfalls, and limitations. They clar-
ified two propositions regarding them and con-
ducted three numerical experiments in Python
numpy, and scikit-learn packages on the normal-
ization in 1) correlated inputs, 2) forecasting, and
3) extrapolating cases. They provided several al-
ternative ways to mitigate the present problems
in resampling and normalization cases.

11They expose this chemical to ozone and generate or-
ganic aerosols as a result of that.
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Last week in Data Decomposi-
tion/Transformation

Author: Yasin Güray Hatipoğlu

The preprints summarized here were pub-
lished between October 15 - October 21, 2024.
This is generally from arXiv’s stat.ML or
stat.ME cross-list. The section focuses on
preprints heavily worked with or developed data
decomposition/transformation techniques, such
as principal component analysis (PCA) or Fourier
Transformation.

Denoising

Cao et al.[55] made a network-related denoising
algorithm, a variant of the lifting one coefficient
at a time (LOCAAT) line graph (LG-LOCAAT)
using the data from the Hydrology Data Explorer
of the United Kingdom. As a river is much
more than just the sampling points, it is intu-
itive to think that a better consideration of the
entire river network in the denoising step pro-
duces more accurate results. The river network
water flow/quality data has always errors to vary-
ing extent and it is nontrivial to model these
inhomogeneously-sampled points with a graph
network or similar approaches. The main con-
cepts behind this approach are line graph con-
ceptualization of the river network and wavelet
decomposition methods. They made both simula-
tion analyses and worked with the real river water
quality data (dissolved oxygen). The information
for the new vertices was estimated via Euclidean
distances between the vertices. The algorithm has
the Split, Predict, Update, and Relink steps and
the iterations of that order for weight updates.
The algorithm performed well for both the simu-
lation and real-world cases.

Modelling

Sinha et al.[56] utilized a disentanglement routine
for the explainable deep learning model creation.
Similar to exploratory factor analysis, the infer-
ences from the data were attempted to be exam-
ined under the latent generative factors for a more
explainable model overall. This has been done by
a structural causal model in this paper, and a vari-
ational autoencoder tried to learn them. Their
datasets were D-Sprites with 6 independent gen-
erative factors consisting of 737280 images, and
Shapes3D with again 6 independent factors with
480000 images. They found their method success-
ful in identifying causal factors.

Tang et al.[57] examined the canonical
polyadic tensor decomposition concept with un-
aligned observations. They applied their new
methodology to the synthetic data for numerical
tests and also to the early childhood human micro-
biome dataset. The loss mechanisms tested were
l2-loss and general loss (and among the examples,
Poisson loss). They implemented a sketching al-
gorithm for higher efficiency while using l2-loss,
and an optimization algorithm besides stochastic
gradient.

Li et al.[58] worked on root cause identifica-
tion and utilized permutations and the Cholesky
decomposition (decomposing a matrix A to LL*)
for this purpose in the rare genetic disease source
gene search. They started with a directed acyclic
graph to show the causality and identified 3 out
of 5 options with three descendants as the in-
tervention root cause. They discussed that if
the root cause is identifiable at all, then tried
to reduce the required/sufficient number of per-
mutations to identify the root cause, apply this
method to the high-dimensional settings and a
disease-causing gene expression dataset12 later on.
The high-dimensional scenario utilized a cross-
validated Lasso in a node-by-node way and in-
terpreted the results according to the expected
scenarios whether or not a specific node is a root
cause. They found the new approach promising.

Missing Data Imputation

Feitelberg et al.[59] studied the matrix com-
pletion problem over distribution functions and
how they can successfully complete missing data
with a proper latent factor model considering the
Wasserstein norm. They start with a simulated
dataset with missing/unobserved entries: Three
schools, three different courses with and without
digital resources (6 dimensions), and 100 data-
points in each except four of them devoid of en-
tries. They had a Lipschitz latent factor model
on Wasserstein space. Their completion approach
was nearest-neighbor-like, rather than singular
value-based ones. They showed that their method
improved the estimation compared to only using
the observed values.

12Here are the Zenodo links for the strand-specific and
non-strand-specific datasets.
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slowly rotating bipolytropes with prolate
cores. arXiv, 2024. URL https://arxiv.

org/abs/2410.14482v1.

[7] Giuseppe Pucacco. Dynamical stability of
the laplace resonance. arXiv, 2024. URL
https://arxiv.org/abs/2410.12768v1.

[8] Haochuan Yu, Suzanne Aigrain, Baptiste
Klein, Michael Cretignier, Florian Lienhard,
and Stephen J. Roberts. A gaussian pro-
cess model for stellar activity in 2-d line pro-
file time-series. arXiv, 2024. URL https:

//arxiv.org/abs/2410.12698v1.

[9] Song Wang, Xue Li, Henggeng Han, and
Jifeng Liu. Predicting photospheric uv emis-
sion from stellar evolutionary models. arXiv,
2024. URL https://arxiv.org/abs/2410.

11611v1.

[10] Alexander Venner, Qier An, Chelsea X.
Huang, Timothy D. Brandt, Robert A. Wit-
tenmyer, and Andrew Vanderburg. Hd 28185
revisited: An outer planet, instead of a
brown dwarf, on a saturn-like orbit. arXiv,

2024. URL https://arxiv.org/abs/2410.

14218v1.

[11] Samuel Whitebook, Timothy Brandt, Gre-
gory Mirek Brandt, and Emily Martin. Dis-
covery of the binarity of gliese 229b, and con-
straints on the system’s properties. arXiv,
2024. URL https://arxiv.org/abs/2410.

11999v1.

[12] Jerry W. Xuan, A. Mérand, W. Thomp-
son, Y. Zhang, S. Lacour, D. Blakely,
D. Mawet, R. Oppenheimer, J. Kammerer,
K. Batygin, A. Sanghi, J. Wang, J. B. Ruf-
fio, M. C. Liu, H. Knutson, W. Brandner,
A. Burgasser, E. Rickman, R. Bowens-Rubin,
M. Salama, W. Balmer, S. Blunt, G. Bour-
darot, P. Caselli, G. Chauvin, R. Davies,
A. Drescher, A. Eckart, F. Eisenhauer,
M. Fabricius, H. Feuchtgruber, G. Fin-
ger, N. M. Förster Schreiber, P. Garcia,
R. Genzel, S. Gillessen, S. Grant, M. Hartl,
F. Haußmann, T. Henning, S. Hinkley, S. F.
Hönig, M. Horrobin, M. Houllé, M. Jan-
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