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Foreword

Greetings everyone!

In the sixth issue of Science Ascend, the
usual 5 articles were again compiled and written
by Giiray Hatipoglu, and for the sixth article
Selected Works from Machine Learning, the
guest author Oguz Demirtag prepared the arXiv
preprint reviews. The reason why this issue got
out quite later than what it should have been is
mostly my personal challenges in the preceding
weeks. Unfortunately, FIRE Arastirma Egitim
Ltd. Sti. is affected by this quite a lot, since
there is no human resource buffer to prevent this.
Nevertheless, preprint screening and reference
recording steps were streamlined to reduce the
time lost for these parts of this work and instead
focus on actual reading-reviewing. See you all at
the next issue!

Giiray Hatipoglu



Last week in Astrophysics

Author: Yasin Giray Hatipoglu

The preprints summarized here were pub-
lished between October 8 - October 14, 2024.
These are from arXiv’s astro.EP cross-fields
without high-energy main cross-list papers.

Astrochemistry

Hénni et al.[I] investigated the high-resolution
mass spectra (HR-MS) measurements from the
67P /Churyumov-Gerasimenko comet with a spe-
cific focus on dimethylsulfide (DMS).
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Figure 1: Dimethylsulfide molecule

DMS is one of the critical molecules related
to the life presence. There has not been a nat-
ural abiotic source for this molecule and it may
imply a biogenesis had it discovered in any other
exoplanets, such as its detection and subsequent
controversies around K2-18b. Nevertheless, the
researchers of this study reported that rather than
the isomer ethanethiol, they actually detected
DMS in this comet, indicating an abiotic source
for the robust biosignature.

Stellar Systems - Populations - Clus-
ters

Sharma et al.[2] aimed to better understand the
exoplanet evolution through the chemical abun-
dances (C, N, O and alpha—elementeﬂ of Mg and
Si and several abundance ratios of planet-hosting
star atmosphere from the high-resolution spec-
tra of 149 F, G, and K type dwarf and giant
stars (and 1071 comparison sample stars with-
out any detected planets). They utilized the Vil-
nius University Echelle Spectrograph on the 1.65
m Molétai Observatory. They used the observa-
tions with the resolution modes 36000 and 68000,
and the spectroscopy ranged from 400 to 880

IThese are produced within the stellar core via alpha
particle captures starting from the carbon element, along
several others more.

nm wavelength. Their signal-to-noise ratios were
between 75 and 200. For the determination of
the stellar atmospheric parameters (effective tem-
perature, surface gravity, microturbulence veloc-
ity, and metallicity) they combined DAOSPEC
and MOOG codes. The abundances were cal-
culated with the TURBOSPECTRUM code and
they utilized MARCS stellar atmosphere models
in this procedure. They used galpy Python pack-
age for the kinematics and orbital properties and
the UniDAM (unified tool to estimate distances,
ages, and masses) to determine stellar ages. In
order to check the extent of the difference (or
if there is any significant difference) between the
planet hosts and the control sample, they applied
the Kolmogorov-Smirnov and Anderson-Darling
tests. They reported interesting correlations be-
tween the stellar parameters, being a planet host
or not, age, and other relevant characters.

Diamond and Parker[3] studied the formation
of the Jupiter mass binary objects in the Orion
Nebula Cluster (ONC) theoretically. The way
they approach it includes a photoerosion mech-
anism (by the Lyman continuum radiation from
massive stars) of normally binary or higher-order
multiple systems generating fragmented protostel-
lar cores. Luhman et al.[4], on the other hand,
utilized the JWST/NIRSpec observations of 22
Brown Dwarfs in the ONC. A considerable dis-
cussion and measurements were made on proplyds
(ionized protoplanetary disks), and their sample
included proplyds (Source 69, 117 near and be-
low the hydrogen burning limit and a protostellar
brown dwarf (Source 126).

Single Star System (Star, Exoplanet)

Cooke and Madhusudhan[5] made an intriguing
study on K2-18 b considering the photochemical
modeling and whether or not it is an uninhabited
or inhabited Hycean world ﬂ For the pressure-
temperature profiling and initial states, they used
PICASO and Photochem, as well as VULCAN
and FastChem (the last pair was for the mini-
Neptunes, while for a Hycean, only VULCAN was
used). They reported that the previously favored
mini-Neptune was not compatible with the re-
trievals, but the inhabited HYcean scenario was
a better match.

Liu et al.[6] tried to constrain the shape of
Kepler-51d with the James Webb Space Telescope
(JWST) Near Infrared Spectroscopy (NIRSpec)
data. The observation was done with the follow-
ing settings: The bright object time-series mode

2Hycean is hydrogen + ocean, a hydrogen-rich atmo-
sphere and a water ocean beneath. The inhabited and un-
inhabited difference is a marked methane (C'Hy) difference,
where the former has a higher, biogenic methane source



(BOTS) of NIRSpec, CLEAR filter, PRISM dis-
perser, SUB512 subarray, and the NRSRAPID
readout pattern for 15 hours of science data du-
ration. They reduced the data with the standard
jwst 1.15.1 following no. 29 JWebbinars, and the
generated white light curve from the full wave-
length range was reduced with the Eureka! pack-
age in addition to the jwst package to compare the
oblateness (ellipticity) constraints. In the oblate-
ness modelling, JoJo computed the oblate planet
lightcurve with the quadratic limb darkening pro-
file, and the celerite2 generated the light curve
baseline (Matern-3/2) and red noises with a Gaus-
sian process. They reported that the shape of
Kepler-51d is probably spherical, excluding the
oblateness values higher than 0.08 within 30 de-
grees of planet-spin alignment, and 0.2 if the mis-
alignment is higher.

Noack et al.[7] prepared the ‘Surface and Inte-
riors chapter for the first edition of the Encyclo-
pedia of Astrophysics, including the composition
and interior structure of exoplanets and the feed-
back between the exoplanet’s interior and surface,
synthesizing the accumulated knowledge and link-
ing them between the star, its exoplanets, their
atmospheres, surfaces, and the interior structures.
Thus, the focus was on rocky planets, especially
the super-Earths and mini-Neptunes.

Conzo et al.[8] confirmed the discovery of the
TIC 393818343 c with the differential photometry
method using ground-based telescopes (Toni Scar-
mato’s Observatory MPC-L92 - Briatico, Italy;
Nastro Verde Observatory MPC-C82 - Sorrento,
Italy; and LCO-Telescopes Observatory MPC-
721 - Teide, Spain.) and synthetic radial curve
analysis with Forecaster package.

Casewell et al.[9] studied the GD1400, white
dwarf-brown dwarf binary system, with the UVES
Echelle Spectrometer in the UT2 of the ESO VLT
for radial velocity measurements, the STE4 CCD
imager and UCT high-speed camera at the South
African Astronomical Observatory for the optical
wavelength time-series photometry, the Son OF
Isaac on the New Technology Telescope La Silla
with the J, H, andK filters for the near-infrared,
and for the mid-infrared region ALLWISE catalog
was utilized. They reported a lower-than-previous
day-night temperature differential for the brown
dwarf and discussed how this system of the ZZ
Ceti pulsator white dwarf and a brown dwarf came
it to be.

Damiano et al.[I0] summarized the meth-
ods developed to suppress exozodiacal disk and
relevant noises in the hypothetical starshade-
produced exoplanet system images from the
Starshade Exoplanetary Data Challengeﬂ The
team Quartus Engineered removed the back-

3The webpage for the challenge is here.

ground with the Independent Component Anal-
ysif'] technique and worked on the resulting im-
age with point-spread functions (PSFs). The
other team, Mississippi State University used the
PSF subtraction, disk modelling, and multi-epoch
differential imaging methods to separate non-
exoplanetary signals. Other teams and reports
can be downloaded from the challenge website.
They cautioned the added errors with the ap-
proaches chosen and false positives/negatives.

Elms et al.[1I] presented 17 new and cooler
white dwarfs as spectrophotometric flux stan-
dards for the Hubble Space Telescope. For the
study, they employed HST, Gaia DR3, 2MASS,
and WISE data. They provided the model for
these 17 WD here.

Lalande et al.[12] utilized machine learning
techniques and found that k-nearest neighbors
Kernel Density Estimates (KNNxKDE) to esti-
mate exoplanet mass and make imputation. They
used the NASA Exoplanet Archive data with
mostly missing planetary mass values, but still
a non-negligible part containing all planet mass,
planet radius, orbital period, planet equilibrium
temperature, stellar mass, and number of known
planets in the corresponding system. Other than
kNNxKDE, they also used MissForest, Genera-
tive Adversarial Imputation Nets, Multiple Impu-
tation Chained Equations, and kNN-Imputer. In
the end, they generally found similar good per-
formances for the random forest based MissFor-
est and kNNxKDE, but preferred the latter as it
provides a probability density instead of point es-
timates.

On the public interaction of exoplanet sci-
ence, Deeg[I3] reported interesting results on cit-
izen science, STEM education interests, and the
impact of the information that there are “other
Earths” beyond our Solar System. Similarly,
Wright et al.[14] reviewed the developments in the
SETT in 2022, categorizing them under searches,
instrumentation and methodology, target and fre-
quency selection, development of technosigna-
tures, theory of extraterrestrial intelligences, and
social aspects.

Placco et al.[I5] made high-resolution (R ap-
prox. 100000) and signal-to-noise ratio (ap-
prox. 800) observations of BD+44°493. Pri-
mary observations were made with the WIYN
3.5-meter Telescope NEID echelle spectrograph,
but they also compiled many radial velocity data,
atmospheric parameters, Gaia DR3, K magni-
tude of the 2M ASS, and complementary chemical
abundances from Subaru/HDS, HST/STIS, and
HST/COS. They confirmed that it was born out

4The application of a whitening technique like PCA,
then iteratively ensuring that the resulting components are
statistically independent of each other.


https://exoplanets.nasa.gov/exep/technology/starshade-data-challenge/
https://www.stsci.edu/hst/instrumentation/reference-data-for-calibration-and-tools/astronomical-catalogs/calspec

of the remnants of a 20.5 solar mass metal-free
star in the early universe, among many other in-
teresting and more constrained values.

Terry et al.[16] analyzed the Keck-I telescope
adaptive optics images of the microlensing event
MOA-2011-BLG-262 from the Galactic Bulge. In
the data reduction step, they used Keck Adap-
tive Optics Imaging Data Reduction Pipeline, and
DAOPHOT-II for the PSF Fitting Photometry.
They found that among the previously postulated
two scenarios, the one with the very low mass
star and a planetary companion in the galactic
bulge was closer to explain the observation results.
More specifically, they reported a host star mass
of 0.19 &£ 0.03 solar mass and planetary compan-
ion mass of 28.92 + 4.75 Earth mass in 7.49 +
0.91 kiloparsecs of distance. They also stated that
with the transverse velocity of 541.31 + 65.75 km
s~ 1, it was the highest velocity exoplanet system
as of that time (October 11, 2024).

Exoplanet Atmospheres

Kirk et al.[17] studied the hot Jupiter WASP-15H]
with the JWST NIRSpec via G395HE] grating and
F290LF|filter combination. They observed a sin-
gle transit of WASP-15b on January 26, 2024,
for 7.72 hours (685 integrations). They reduced
the data in three different ways: with Tiberius,
and Eureka! using two different parameter val-
ues. Then, they interpreted the spectra obtained
from these pipelines with the petitRADTRANS
1D forward model and compared them to the
BeAR (Bern Atmospheric Retrieval) and PLA-
TON retrievals. In addition to these 1D mod-
els, 3D Met Office Unified Model was also used
for making a 3D climate model and investigating
spatial inhomogeneities. For the photochemical
modelling, the updated C-H-N-O-S network from
the VULCAN setup was used, especially for the
subsequent discussion on sulfur chemistries. They
reported the potential first detection of the OCS
(carbonyl sulfide) molecule in an exoplanet atmo-
sphere.

Valentine et al.[I8] studied the atmosphere of
the WASP-17b exoplanet in JWST-Telescope Sci-
entist Team (TST) guaranteed time observations
for the Deep Reconnaissance of Exoplanet Atmo-
spheres through Multi-instrument Spectroscopy
(DREAMS), with the Mid-Infrared Instrument
Low Resolution Spectroscopy (MIRI/LRS) in the
slitless mode on March 14, 2023. The observa-

5Naming comes from the detection via the ‘Wide Angle
Search for Planets, one in Spain (SuperWASP-North, one
in South Africa (Super WASP-South).

6G for grating, H for high-resolution, and 395 is related
to the 3.95-micrometer wavelength

7F is for the filter, LP is low pass, 290 is related to the
2.90-micrometer wavelength

tion had an exposure length of 9.92 hours (1276
integrations) in the FASTR1 fast readout pat-
tern. They reduced the data with the ExoTiC-
MIRI and Eureka!. For the atmospheric for-
ward modelling they used the PICASO thermal
equilibrium model version 3.2. This forward
model result, then, was subtracted from the spec-
trum and the residuals were trying to be mod-
elled with the dynesty and the Virga packages.
For eclipse mapping, ThERESA was used. This
approach permitted them to study WASP-17b’s
day-night temperature contrast and eclipse maps.
Gressier et al.[19] further worked on WASP-17b,
this time with the NIRISS (Near-Infrared Im-
ager and Slitless Spectrograph) SOSS (Single Ob-
ject Slitless Spectroscopy) Eclipse Spectroscopy.
Their observation was on March 22, 2023, for
9.89 hours (720 integrations), with the SUB-
STRIP256 subarray and GR700XD/CLEAR fil-
ter, and also 0.137-seconds and 10 integrations
with the F277W filter. They reduced the data
with the transitspectroscopy, supreme-SPOON,
and Ahsokaﬁ pipelines (Ahsoka was developed by
them). The ATMO was used for the atmospheric
forward modelling and TauREx v 3.1 and PO-
SEIDON were used for the atmospheric retrieval
analyses. The variations in the spectral reduc-
tion steps from the three aforementioned methods
were reported to be mostly from how they han-
dled the denoising, light curve creation, and over-
all differences of the Ahsoka and SupremeSPOON
from the transitspectroscopy. There were interest-
ing results regarding the water abundances, tem-
perature profiles, and ways to handle the neg-
ative eclipse depth without introducing a Lucy-
Sweeney-type biaaﬂ

Panwar et al.[20] used the archival Very
Large Telescope (VLT) CRIRES (cryogenic high-
resolution InfraRed Echelle Spectrograph) obser-
vations of the 7 Bootis b to examine the water
presence in its atmosphere with different stellar
and telluric effect removal techniques and free-
chemistry Bayesian atmospheric retrievals. They
conducted a principal component analysis (PCA)
on time series spectral data cubes to remove
telluric and stellar effects as they assumed the
wavelength-stationary state of these effects, while
this is not so for the exoplanet. After that,
they masked the insufficiently-detrended channels
and optimized the choice of the number of prin-
cipal components to retrieve. They chose this
number (or more properly, the tuning parame-
ter of the PCA method) according to the ex-
tent it suppresses the telluric lines (the higher the

8The GitHub repository can be found in this link

9The procedures that force positive-definite parameters
can result in this systematic bias towards more positive
results than the actual cases


https://github.com/Witchblade101/ahsoka

better). Then, they used cross-correlation func-
tions to retrieve planetary component using the
GENESIS, which is a numerical radiative transfer
method that generates a spectrum according to
the provided atmospheric temperature and chem-
ical species information. After measuring the im-
pact of the PCA on the exoplanet signal, they
used Bayesian methods for the atmospheric re-
trieval step. In the end, they reported the carbon
monoxide confirmation, marginal evidence for the
water presence, and the details on the super-solar
carbon/oxygen (C/O) ratio and sub-solar metal-
licity of the 7 Bootis b.

Lavvas et al.[21] worked on the atmosphere of
the GJ1214b using transit and eclipse{r_U] observa-
tions with the JWST/MIRI bands from 5 to 12
pm. They did not provide the code or data of
this study, and reported the high likelihood of
photochemical haze production, KCI, NaCl, ZnS-
composed clouds, 2000-3000x solar metallicities,
and also detected carbonyl sulfide (OCS).

Ashtari et al.[22] automated the light curve
and spectroscopic data processing of transiting
exoplanets with artificial intelligence (AI) based
techniques, focusing on Hubble Space Telescope
Wide Field Camera (WFC3). They chose para-
metric optimization, as opposed to the genetic one
for the Eureka! optimization, which optimizes the
range of values for the parameters one at a time
and moves on to the next after that. They first
confirmed the relationship between the equilib-
rium temperatures of hot Jupiters and the water-
related band (1.4 pm). Moreover, a novel sim-
ilar trend with cooler-shifted temperatures was
found for the Neptune/sub-Neptunes, and there
is a clear sky corridor between the planet mass
vs. equilibrium temperature diagram, hinting at
a relation between the metallicity and aerosol for-
mation.

Kawahara et al.[23] expanded the previ-
ous JAX-based ExoJAX code, which can uti-
lize Hamiltonian Monte Carlo method for the
gradient-based Bayesian inference with the ad-
dition of atomic database access, a novel
GPU memory-efficient opacity calculator (Pre-
MODIT), and a systematic treatment of the ra-
diative transfeI{E Available molecular, metal,
and continuum opacities are the ExoMol,
HITEMP, HITRAN with or without air broad-
ening, Kurucz and VALD3 metal lines, CIA, H-
, Rayleigh scattering, and Cloud Mie scattering
continuums. In addition to the pure absorption,
their new code also incorporated the reflection

10T ransit is when the exoplanet passes in front of the star
it orbits, and eclipse is when the exoplanet passes behind
its star, hence eclipsed by it.

11 The GitHub repository for their new code can be found
here.

and scattering cases and transmission spectrum.
In the end, they demonstrated this for three cases:
a clear sky T-dwarf emission GI229B, a medium-
resolution transmission spectroscopy of a hot Sat-
urn WASP-39b, and the high-resolution reflection
spectroscopy of Jupiter.

Protoplanetary - Circumstellar Disks

Okmoto and Ida[24] simulated the solar system
conditions and aimed to illuminate the excessive
carbon depletion in the Earth and other rocky
bodies of the Solar System. They started with
a 100 au radius protoplanetary disk and conven-
tional gas accretion model by turbulent diffusion
without disk-wind driven accretion. The Monte
Carlo simulations considered the amorphous hy-
drocarbons as refractory carbons, modeled the
photolysis/oxidation, set the fragmentation limit
velocity as 10 m/s for ice (1 m/s for silicates), con-
sidered the ice evaporation/recondensation, and
carbon destruction rate (photolysis-oxidation).
Unlike other studies, they were able to simulate
the carbon-depleted conditions in the rocky com-
ponents of the solar system with a lower fragmen-
tation limit velocity of silicate than for the icy
pebbles, and a considerably higher gas temper-
ature in the upper, optically-thin layer near the
mid-plane.

Schéfer et al.[25] conducted a simulation study
to mitigate the lack of works in the literature on
along-orbital direction filaments in the protoplan-
etary discs. They used the Pencil Code for the
gas, dust, and planetesimal component simula-
tions. Their main difference was comparatively
much larger simulation sizes for the streaming in-
stabilityEl up to 6.4 gas scale heights in the plane.
They reported a much better high-mass end of the
initial mass function.

Tang et al.[26] studied sub-Neptune forma-
tion and proposed a new numerical model com-
pared to the Ginzburg et al.[27]’s analytical mod-
elling approach. The thermal contraction step
started with the main equation that links the en-
velope luminosity to the rate of change of the spe-
cific entropy, and then, to the intrinsic luminos-
ity, advective luminosity, radiogenic heating, and
core temperature change. This was solved by a
fifth-order ordinary differential equation (ODE)
solver. The radiative atmosphere and adiabatic
interior of the exoplanet were considered, and the
planetary mass evolution was solved as another
ODE problem. The Parker Wind, boil-off transi-
tion, and stellar extreme ultraviolet (XUV)-driven
mass escape were also considered (XUV-related
escape was not in the model). An important con-

12The hypothesis of planetesimal formation because of
the drag within the gas disk spontaneously


https://github.com/HajimeKawahara/exojax

clusion of this study was that highly-irradiated
planets with smaller masses than 4 times Earth’s
mass should have another mechanism to drive
gaseous envelope complete loss.

Nazari et al.[28] made a simulation study on
the absence of exoplanet indicators in Class0/I
protoplanetary discs. Firstly, they used models
from the literature to simulate the evolution of the
Class 0 protoplanetary disk to the Class II phase.
Then, the RADMC-3D version 2.0 was used for
the temperature calculations via radiative trans-
fer computation at nine different times through-
out the disk evolution. Works were also conducted
on the minimum gap-opening mass for a forming
planet in the Class 0/I cases, in addition to what
was available as hydrodynamic simulation-based
ones for Class II. They report cases where a spe-
cific mass planet opens an observable gap in Class
IT disks while not being able to open in earlier
classes: a rocky planet at 1 au or a giant planet
with 505 times Earth mass at 10 au.

Tyagi et al.[29] studied the protostellar ac-
cretion by observing the protostar HOPS 370
(OMC2-FIR3) with JWST NIRSpec/Integral
Field Unit (IFU) and MIRI/Medium Resolution
Spectroscopy (MRS). They reported the evidence
for inner disk ice thermal processing and mapped
the volatile ice species within approximately 80
au spatial resolution. They reported a highly in-
homogeneous protostellar envelope.

Moon

Janhunen[30] reported that the lunar gravity
anomalies might be beneficial on lunar sample
capture by an active spacecraft without requiring
a stream of materials from the Earth. The model
used in the study was derived from the GRAIL
mission, and it was the order-1200 spherical har-
monic model of the lunar gravity field. There were
three equatorial sites to hurl the projectile with-
out a chemical propellant between 66 to 78 easting
degrees.

Near-Earth Objects

Taylor et al.[31] studied the non-gravitational ac-
celerations{T_S] on the identification challenges of
near-eath objects (NEOs). Most importantly, an
insufficient account of the non-gravitational accel-
erations on NEOs might lead to identify the same
object as more than one distinct objects, i.e., false
linking. They tested this on dark comet cases
(1998 K Yo and 2003RM '] synthetic data, and

13Phenomena like outgassing in an unbalanced direction,
radiolytic processes, etc. Observed activites (e.g., comae)
may or may not be present.

14 Asteroid naming convention. The first set of 4 num-
bers correspond to the discovery year, the first letter fol-

currently-known NEOs. For dark comets, they
used the N-body integrator ASSIST code. Then,
the results were generalized into the 100000 syn-
thetic objects with the semimajor axis from [0.5,
4.2) au, eccentricity from [0, 1), orbital inclination
[0, 15) degrees, argument of perihelion from [0,
360) degrees, longitude of ascending node from [0,
360) degreeﬂ and true anomaly at epoch fj from
[0, 360) degreed™| distributions. After adding
these, non-gravitational accelerations were added
to see how much they change their on-sky posi-
tions from [10712,1077] au/d? distribution. They
calculated the on-sky positions after integrating
the equations for 1 and 10 years. After this sim-
ulation, the known NEO population from the Jet
Propulsion Laboratory Small-Body Database was
considered in the last section. The final part was
checking the pair-linking of currently-in-use algo-
rithm for NEOs and found that even though the
objects with large non-gravitational accelerations
(= 1078) might be missed, otherwise the current
algorithm was robust against non-gravitational
accelerations.

Burnett et al.[32] rubble pile binary secon-
daries similar to the Didymos—Dimosphoﬂ They
modeled the bigger, central of the duo as a single
point mass and gravitational attraction while con-
sidering the secondary in much finer details as a
rubble pile, with the Chrono-based N-body simu-
lation architecture GRAINS. They elaborated on
two cases: non-principal axis rotation and super-
synchronous rotation. They reported tidal dis-
sipation results non-negligibly different than the
literature for similar cases, as well as other related
tidal quantities.

Earth - Space relationship

Li et al.[33] reported the continuation of their
multi-station meteor monitoring system in this
paper. Their system upgrade increased the num-
ber of cameras to 4 from 1, reduced the field of
view to 77° x 51°, the focal length became 8.0
mm, the RAM doubled to 16 GB, storage to 480

lowing is for the half month, January’s first half starting
from A. The remaining part is ordered alphabetically, we
start with the A and goes in the normal order, when we
finish the alphabet, we begin over by putting a 1 to the
right, when it finishes we increase 1 by one and follow the
alphabet. We always skip the “I” letter in both cases.

15These describe the orientation of the elliptical orbit.
The argument of perihelion is the rotation angle of the
ellipse around the Z-plane of x-y plane elliptical orbit. The
inclination is the angle of the orbit with the x-y plane.
The ascending nose is, according to us, the node where
the orbiting object passes from the “southern” part of the
orbit to the “northern” part of it in terms of the z-axis.
Further information and schema can be found here.

16The initial position of the object in the ellipse.

17Check the DART mission from here, which hit Dimor-
phos.


https://astronomy.swin.edu.au/cosmos/*/argument+of+perihelion
https://science.nasa.gov/planetary-defense-dart/

GB, and power consumption increased from 30W
to 50W, and the gain from 480 to 361. They had
four different stations several hundred kilometers
apart at first, then, they added 14 stations more
in December 2023.

Katsuda et al.[34] reported the impacts of the
explosive eruption of the Hunga Tonga-Hunga
Ha’apai volcano on January 15, 2022, on the
mesosphere and lower thermosphere with changes
in x-ray observations from the Insight-HXMT X-
ray astronomy satellite. The reported effects in-
cluded a severe impact up to 1000 km away from
the epicenter and weaker effects up to 7000 kilo-
meters away.

Magnetohydrodynamics

Dymott et al.[35] studied the local magnetohy-
drodynamical (MHD) instabilities of differential
rotations. They aimed to understand the poorly-
characterized angular momentum transport in
stellar zones by investigating the Goldreich-
Schuburt-Fricke (GSF) and the MagnetoRota-
tional Instability (MRI) with analytical and nu-
merical methods. Later, they applied their mod-
els to the solar tachochlind™® and core of the red
giants and reported the estimated significance of
GSF or MRI on them under different local effec-
tive gravity vector-related angles for them.

Verma et al.[36] utilized a regularization tech-
nique for a complex limb darkening estimation
and reported its accurate and precise results.
They re-analyzed 43 lightcurves from the Ke-
pler and Transiting Exoplanet Survey Satellite
(TESS) missions. They used the BATMAN pack-
age, the Monte Carlo Markov Chain approach,
and a new regularization routine to keep in check
the parameters so that overfitting or underfitting
would be minimal. Their model, BETMpy, was
compared to the 1D non-magnetic models from
the MPS-ATLAS and PHOENIX-COND and cau-
tioned that potentially assuming a homogeneous
magnetic field can introduce a discrepancy in the
estimations, but overall, they still performed bet-
ter with a 3D model than non-magnetic 1D mod-
els. These modifications reduced the standard de-
viations in astrometric fitting both in declination
and right ascension angles. The orbital trajectory
estimations were also improved, and the network
was targeted to be expanded for more detailed
analyses.

Huguet et al.[37] studied the planetary core
solid-liquid phase changes with laboratory anal-
yses. How the Earth’s magnetic field is created
and sustained was generally explained by the ther-

18The transition region between the radiative interior
and convective zone of stars with larger masses than 0.3
solar masses.

mal convection, crystallization, and latent heat re-
lease. This review study stated the scalable prop-
erties of the solid-liquid phase change between the
Earth’s core and metallurgy and elaborated on
mushy and slurry layers.

Presa et al.[38] studied the atmo-
spheric escape with numerical 3D radiation-
magnetohydrodynamic models. They generated
40 models from varying dipolar field strength of
the planet and magnetic obliquityETI and worked
on them under the presence and absence of stellar
winds, resulting in 80 models. They reported
the transition from the magnetically unconfined
regime of the night side tail to the polar escape
with a changing planetary magnetic field. They
also showed a way to link Lyman-a transitions
and stellar wind characteristics, among many
other interesting results.

19The angle between the rotational and magnetic axes.



Last week in Chemistry

Author: Yasin Gilray Hatipoglu

The preprints summarized here were pub-
lished between October 8 - October 14, 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

Paul[39] developed a novel analytical toolkit con-
cept for the characterization and development
of halogen-free flame retardants (the case study
is phosphorus and phosphorus-nitrogen basis).
They used thermogravimetric analysi&{m_T] measure-
ments to derive the surface ignition tempera-
ture and kinetic degradation parameters. To-
tal volatile organic compounds were measured by
Thermal Desorption/Gas Chromatography/Mass
Spectrometry. They also analyzed the gas phase
and condensed phase flame retardant content with
the Inductively Coupled Plasma and surface Fo-
cused Mass Spectrometer. All these methods were
necessary to construct the big picture from the
generated gases (which shows the efficiency of the
flame retardants), to see the thermal behavior of
the material, and to check the phase distribution
of the phosphorus.

Brungs et al.[40] reported a workflow to gen-
erate a multi-stage fragmentation (more than two
consecutive mass spectrometry to further identify
the fragmentations of the fragmentations from the
analyte). They provide their workflows, codes,
and generated libraries through GitHub reposi-
tory links and Zenodo links. Their flow-injection
multi-stage MS was done by the Vanquish duo
UltraHPLC coupled to an Orbitrap ID-X. Data-
dependent acquisition picked the three most in-
tense ions for the aforementioned multi-stage MS.,

Danischewski et al.[41] attempted to mitigate
the loss and contamination problems of commonly
used electrostatic ion gates in mass spectrometry
instruments with a novel atmospheric-pressure ion
gate. They used ultrasonic piezoelectric speakers
TCT40-16R/T. Its response time and gating effi-
ciency were found adequate and cost-efficient.

Infrared Spectroscopy - IR

In a cocrystal polymorph synthesis with a cus-
tom ball-milling platform, Parlier et al.[42] com-

20TGA measures the gravimetric change with each ther-
mal differential on the specimen. Desorbed/generated
matter/gas can also be collected and analyzed.
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bined Raman spectroscopy (WP 785 Raman Spec-
trometer from the Wasatch Photonics), thermal
imaging (infrared, with a OPTRIS PI450i thermal
imaging camera), and acoustic and high-speed
optical video recording for the operando analy-
sis. All mentioned methods complemented one
another in figuring out the reaction mechanism.
They also made ex situ characterizations with the
FTIR, powderXRD, Raman, solid state NMR, of
1H and 3C,

Electrochemistry

Nikzad et al.[43] developed a pipette-type thin
layer electrode with a highly enhanced am-
pere/voltage ratio owing to the thin thickness
of the confined solution for the electrochem-
istry operations. Not only did the pipette per-
mit the subsequent analyses with the confined
sample solution, but also it could monitor the
reaction real-time via a hosted microelectrode.
They benchmarked this utility with the oxida-
tion of acetaminophen, acebutolol, and 2-acetyl-4-
butyramidophenol. They reported the success of
this method and pointed at the superior perfor-
mance via an adjustable timeframe from minutes
to hours.

Nuclear Magnetic Resonance - NMR

Boerkamp et al.[44] used NMR techniques to an-
notate oxidised lipid substructures. Firstly, using
standard Bruker pulse programs, they recorded
950 MHz heteronuclear single quantum correla-
tion, total correlation spectroscopy, and HSQC-
TOCSYE] and processed the spectra in TopSpin
or MestReNova softwares. More spectra were col-
lected at 600 MHz with the Bruker Avance III
NMR spectrometer for 2D 'H —13 C' heteronu-
clear multiple bond correlation in addition to
the HSQC obtained at 950 MHz. Further fo-
cus was on hydroperoxyl hydrogen annotation and
ROESY and HMBC spectra were taken for them.
They reported that it is appropriate to deploy
this NMR, workflow for several related targets in
oxylipidomic studies.

21 purther information on such 2-dimensional NMR tech-
niques can be found here


https://chem.libretexts.org/Ancillary_Materials/Worksheets/Spectroscopy_(Worksheets)

Last week in Remote Sensing

Author: Yasin Giray Hatipoglu

The preprints summarized here were pub-
lished between October 8 - October 14, 2024.
These are generally based on the preprints
retrieved when “remote sensing” words are given
between quotation marks within arXiv’s ¢s.CV
and similar cross-fields.

Segmentation

Haidar and Oramas trained an encoder, then,
used this encoder to guide a single-label classifi-
cation task and multi-label classification task for
the hyperspectral image classification cases, re-
spectively. The first stage of the contrastive-based
encoder training was training with the unlabeled
data and it created a pair, one original, the other a
vertical or horizontal-transformed. Later, this re-
sulted in two hidden representations (after ReLU
activation and dropout layers) of the same loca-
tion and these representations were to be max-
imally similar. Their contrastive loss function
was the Normalised Temperature-scaled Cross
Entropy Loss (NT-Xent). They, then, encoder re-
sults were fed to a previously-studied network for
hyperspectral image analysis, and for the multi-
label classification they used the Binary Cross En-
tropy with Logits Loss. They worked with the fol-
lowing four public data: Pavia University, Salinas,
Housten 2013, and Houston 2018. The modifica-
tion of their method, CL-tune, meaning the en-
coder’s weights are also to be updated in the clas-
sification task, outperformed other models, and
also “Joint” scheme when the autoencodeer and
classifier were unified, was among the best per-
forming networks.

Polewski et al.[45] came up with a solution
to the problem of the natural resource monitor-
ing requirements and the available benchmark
dataset. They have a Bayesian approach that can
be initialized with locations, masks, or bounding
boxes, and the contour was initialized by pro-
jecting it onto the learned shape. They com-
pared a vanilla eigenshape model and their deep
shape model with the Mask R-CNN and K-net
baselines on a precision forestry task and ac-
quired the images themselves. Briefly, the task
was finding the dead trees from the canopy im-
ages, and individual contours were to be cover-
ing the dead tree canopy. They evaluated the re-
sults via pixel-level and object-level metrics, and
found that the deep shape model performed bet-
ter. Another contour extraction study was done
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by Miao et al.[46]. They presented Direct Seg-
ment Anything Model - Remote Sensing version
(DirectSAM-RS)?| and they evaluated it under
zero-shot and fine-tuning settings. They gen-
erated a large-scale dataset with Mask2Contour
transformation from LoveDA, iSAID, DeepGlobe,
and RefSegRS datasets, resulting in 34 thousand
image-text-contour triplets. They found their
novel approach successful and on par with the
state-of-the-art.

Dong et al.[47] not only presented theCro-
BIME] framework to refer to segmentation in re-
mote sensing tasks, but also provided RISBench
large-scale benchmark dataset (52472 image-
language-label triplets), and their model per-
formed either the first- or the second-best. in
many other datasets against the state-of-the-art
several methods on the RRSIS-D, RefSegRS, and
RISBench datasets.

Cao et al.[48] introduced a less computa-
tionally expensive state space model, the hybrid
CVMH-UNet based on vision Mamba. In the end,
their method was not the most computationally
efficient one, albeit still comparatively closer to
the efficient ones, but its accuracy was mostly the
best for different cases (ISPRS Vaihingen and IS-
PRS Potsdam).

Modelling-Forecast

Garibov and Strielkowski[49] utilized AT and re-
mote sensing techniques to retrieve suitable lo-
cations for tree planting. The identification
step was done by the YOLOv8 and Retrieval-
Augmented Generation-Gemini API combined
approach. Then, they also incorporated time-
series modeling and forecast to estimate the im-
pact of reforestation on C'O5 emissions with the
Holt-Winters. They used Google Earth Pro to
access satellite imagery[?l7 and collected and com-
piled the climate, soil, and tree species data from
various mediums. They reported that Al methods
can indeed assist in this task successfully.

Object Detection

Ciocarlan et al.[50] worked on an object detec-
tion task with the self-supervised learning ap-
proach, where unlabeled datasets are used for
training. They started with the COCO dataset
for the benchmarking, then, for the domain-
specific tasks, they used the VEDAI dataset for

22Based on a DirectSAM, the SegFormer encoder con-
sidered in previous issues of Science Ascend as well.

23They have a GitHub repository without the code yet.

241t is suspicious that they might have actually used
aerial imagery, considering the spatial resolution of the
provided several images.


https://github.com/HIT-SIRS/CroBIM

small vehicle detection, and SSL-IR images col-
lected from publicly available infrared datasets.
They reported that different architectures’ per-
formances improved differently with different ap-
proaches (especially among instance discrimina-
tion and masked image modelling methods.

Shamsi et al.[51] considered the ship detection
objects in marine environments via optical and
hyperspectral data/methods, and reviewed and
discussed the literature. In the end, they made
a comparison table to aid in selecting the appro-
priate method for the task at hand.

Seth et al.[52] presented the Alberta Wells
Dataset to aid in pinpointing oil and gas wells
by remote sensing techniques. Their dataset in-
cluded over 213000 wells (active, suspended, or
abandoned). This dataset looks vastly superior to
other available datasets with its sheer number. It
is from Alberta, Canada, and the imagery source
is Planet Labs. They also applied several algo-
rithms for binary segmentation and binary object
detection marks.

Zhang et al.[53] zeroed in on neglecting the
global statistical information in the remote sens-
ing images during the content-based remote sens-
ing object retrieval tasks. They presented the gen-
eralized likelihood ratio test-based metric learn-
ing (GLRT-ML), which focused the network on
the difficult sample in the training phase. For
the real-world distribution shift between the train-
ing and test data, they introduced the cluster-
ing pseudo-labels-based fast parameter adapta-
tion (CPLFPA) method. They followed these
approaches in FGSRSI-23 and MAR20 datasets
for ship and military aircraft recognitions, respec-
tively, and reported that their novel methodology
was highly effective.

Change Detection

Yu et al.[54] provided an extensive survey on the
use and development of foundation models for im-
age change detection tasks utilizing remote sens-
ing data.

Xiao et al.[55] presented their bi-temporal
Gaussian distribution feature-dependent network
(BGFD) for more robust change detection in re-
mote sensing. Firstly, to prevent overfitting and
redundant feature capture, or domain knowledge
change capture as the actual change, they used a
new Gaussian Noise Domain Disturbance which
perturbs the network. Their network had a fea-
ture dependency facilitation module with the mu-
tual information difference loss and global at-
tention mechanism integrated in it. The detail
feature compensation balanced the global/detail
loss-gains. They used four change detection-
related datasets: DSIFN-CD, LEVIR-CD, SYSU-
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CD, and S2Looking. They compared the results
to the FC-Siam-Conc, DTCDSCN, STANet, L-
Unet, BIT, ChangeFormer, P2V, ChangeCLIP,
and also the ground truth. Their approach was
either the best or the second best performing.
Wang et al.[56] worked on change detection
and change captioning in remote sensing, devel-
oped an algorithm that can track the change,
caption them, and use both text and image to
efficiently learn and process the datﬂ Their
network is composed of three main steps: a
transformer-based Siamese Encoder, which uses
both pre-change and post-change images, this is
followed by a ChangeLSTM module, and then,
by the multi-task predictor that outputs a change
captioning classifier and change detection classi-
fier. They evaluated the performance of their
model on the LEVIR-MCI dataset, and checked
the method efficiency with five common change
detection datasets and the DUBAI-change cap-
tioning dataset. Their method with the multi-
task training was the best in all evaluations.

25The authors stated that the code related to the study
will be published in this GitHub repo.


https://github.com/Y-D-Wang/ChangeMinds

Last week in Environmental

Chemistry

Author: Yasin Giray Hatipoglu

The preprints summarized here were pub-
lished between October 8 - October 14, 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.

Pati et al.[57] studied the photochemical
oxygen isotope fractionation. They used sin-
glet oxygen (103) selective chromophoric dis-
solved organic matter (CDOM) to probe the rel-
evant kinetics. The chemical quenchers were
three aminoacids (L-histidine, L-methionine, L-
tyrosine), and furfuryl alcohol. Rose bengal was
used to generate 1Oy after irradiation with a 30 W
fluorescent light bulb at varying distances. They
stated that photochemical-sourced isotope frac-
tionation in oxygen is comparable to that of the
typical DOM concentrations of aquatic environ-
ments.

Dettmann et al.[58] developed an automated
parametrization way for the Vienna Soil Organic
Matter Modeler 2 (VSOMM?2). This VSOMM2
model, and similar approaches attempt to miti-
gate the complexity of the SOM structure esti-
mation through modelling and simulation. Their
parameterization started with the Swarm-CG for
the individual fragments of smaller humic sub-
stances. For the coarse-grained models, the
ETKDG (experimental-torsion basic knowledge
distance geometry) approach was chosen. They
cross-benchmarked the novel approach, and also
used the GROMACS tool gmx velacc to calculate
the vibrational power spectra of the fragments.
This approach is also computationally more effi-
cient than the previous tools.

Guo et al.[59] studied the photochemical gen-
eration pathways of trifluoroacetic acid (TFA).
They focused on a degradation product of the flu-
oxetine, 4-TFMP and observed that ultraviolet-
B light results in TFA generation in different
pH environments. After radioactive-marked iso-
tope tracking, they found that spontaneously-
generated reactive oxygen species result in the
formation of TFA via more than one mecha-
nisms.  Throughout the research study, they
utilized HPLC-UV to measure 4-TFMP, fluox-
etine, and other relevant compounds, the Ion
Chromatography to detect fluoride and TFA,
UHPLC-MS/MS to quantify the marked TFA,
and UHPLC-Orbitrap-HRMS to quantify marked
4-TFMP and marked 4-TFMP, and ° F NMR to
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Figure 2: Molecular structure of rose bengal

elucidate the structure of the '9F-bearing com-
pounds. They also modelled the kinetics in the
pseudo-first order way in the COPASI software,
focusing on TFA.

The oxygen isotope ratio was measured by Gas
Chromatography/Isotope Ratio Mass Spectrome-
try (GC/IRMS).



Last week in Data Decomposi-
tion/Transformation

Author: Yasin Giray Hatipoglu

The preprints summarized here were pub-
lished between October 8 - October 14, 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.

Dimensional Reduction

Agterberg and Zhang[60] studied low Tucker
rank tensorsF_G] having additive noise in the high-
dimensions and examined the inference and un-
certainty quantification, especially for the higher-
order orthogonal iteration algorithm. They rigor-
ously explained and tested their approaches and
also provided relevant numerical simulations.

Kim and Oh[61] presented the gFreqPCA, the
PCA for the graph frequency domairﬂ This is
very relevant for the spatial analysis as well, but
more on to the connections with the points-nodes
than just locations, like a metro network. They
reported that it was promising and had further
room for development.

Time Series

Chang et al.[62] studied the canonical polyadic
(CP)-decomposition for the high-dimensional
time-series data. The CP-factor model is as
follows:

VA s

X, is the diagonal of the time series z;, and
A-B are factor loading matrices, Their algorithm
was more robust and faster than the available
ones in the literature.

Schér et al.[63] modelled dynamical systems
driven by time-varying exogenous excitations,
with the approach named the Functional Nonlin-
ear AutoRegressive with eXogenous inputs (F-
NARX). They chose the perspective from the
continuous perspective to better understand and
model the system response rather than discrete.
They considered that this way was physically
more meaningful and applied it to the eight-story

260ne can check the following UCLA slides on low-rank
tensors and Tucker rank via here.
2"They provided the data and R code here.
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building under wind loading, and three-story steel
frame under seismic loading cases. They found
their method successful under highly oversampled
and more complex conditions of these cases.

Vrotsos and West[64] worked on the simultane-
ous graphical dynamic linear models (SGDLMs)
theoretical background, structure, and applica-
tion case on global macroecomomic time series
datasets. Its representation resembles that of
eigenvalue decomposition. Its core representation
is:

(I —T¢)y: = ps + vs with vinN(0, A; 1)

iy is trend, seasonality like terms, and A; is
positive residual diagonal-containing sparse
matrix. They successfully used this model to
interpret the focused dataset from the global
macroeconomy.

Rocha and Garcia65] improved the Variable
Length Markov Chains with Exogenous Covari-
ates (VLMCX) to make it incorporate time-
independent and -invariant exogenous covariates,
too. The dataset they worked on was the previ-
ous and subsequent Dengue rates, socioeconomic
factors, and weather conditions.

Data Compression

Radiinz et al.[66] constructed a data-independent
Karhunen-Loeve Transform (KLT') approximation
to reduce the computational cost of the KLT, and
selected the convenient 8 for the block length as
it is common in the image and video compres-
sion. They applied the related KLT approxima-
tion methods available from the literature on the
Lena image and a grass image. They were suc-
cessful in developing faster and better-compressed
results.

Modelling

Kwon et al.[67] introduced group Shapley values
in the context of counterfactual simulations after
setting its stage. They described the Shapley val-
ues, and then, introduced their novel group Shap-
ley values to solve a constrained weighted least
squares problem, with and without missing in-
puts. Then, they provided a machine learning
use-case followed by the counterfactual simulation
quantitative evaluation. They even go so far as to
elaborate on two additional studies from the lit-
erature with their methods as well.

Nghiem and Hui[68] improved the sufficient
dimension reduction technique for the clustered
samples and made it more robust in that it did
not assume the linear transformation was iden-
tical across all clusters. They incorporated the
random effect heterogeneity among the clusters


https://www.math.ucla.edu/~deanna/JMM2020_AMS_RG.pdf
https://github.com/qsoon/gFreqPCA

through a Grassmann manifold. They applied this
method to the dataset of women life expectancy
and socioeconomic variables.

Ge et al.[69] utilized principal component
analysis in measurement error correction tasks
for the spatial environmental exposure estimation
analyses. One case study example was a person
being near green areas, where this can be mea-
sured via Normalized Difference Vegetation Index
(NDVI) from remote sensing data, and the depres-
sion onset. For the validation, GPS-tracked data
were also available, while the actual dataset was
statement and other less-certain sources. They
also considered determining the measurement er-
ror model and stated that the entire workflow of
the study is robust and beneficial for these tasks.
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Selected Works From Machine
Learning

Author: Oguz Demirtas

Ba et al. [70] released a new study for model
calibration with synthetic data. They propose a
new calibration method that achieves decreasing
both accuracy and misclassification errors at the
same time. The study, which is derived from the
Probably Approximately Correct(PAC) learning
framework, first derives the Expected Calibration
Error(EC), which is a well-known metric to mea-
sure a model’s prediction to the accuracy, to see
the possibility of achieving high accuracy and low
ECE. Then LLM-generated synthetic data is put
into the dataset. The size of the syntethic data in
the training set is between 7%-18%. They report
that after four different natural language process-
ing tasks, 34% increase in accuracy and 33% de-
crease in ECE. They also emphasize in the article
that using synthetic data is necessary for model
calibration.

Calatvara-Nicolas and Mozos [71] proposed a
new adversarial deep learning framework for the
human activity recognition(HAR) problem. They
studied HAR to recognize the activities of daily
living (ADL), which is one of the fields in which
HAR is applied. The framework they propose in-
cludes both the user dimension and activity di-
mension. It means they build a binary classifica-
tion task that detects the activity features com-
ing from the same person and the same activity
or from a different person but still the same activ-
ity. This information flow creates a deep feature
space for activities even if they come from differ-
ent people and makes classifying the activities eas-
ier. The study reports that their discrimination
task has better classification results compared to
other well-known tasks for ADL.

Rigter et al. [72], from Microsoft Research,
UK, developed an approach called AVID to gen-
erate videos using a pretrained video model with-
out learning the parameters of the model. In
this work, they assume that they have access to
the noise predictions of the pretrained diffusion
model. AVID, as a domain-specific adapter, mod-
ifies these noise predictions and generates video.
They tested AVID on video game data generated
by Procgen and RT1 and reported that AVID can
generate accurate videos without accessing pa-
rameters of the pretrained diffusion model.
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